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8:30 a.m. – 9:15 a.m. 

Hall 3 + Hall 2 

PL1 | Plenary Lecture 1 
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PL1-01 

The structural interplay between cells, organic matrix and mineral in 

collagenous tissues 

Peter Fratzl1, Zhaoyong Zou1, Tengteng Tang1, Elena Macias-Sánchez1, Mahdi Ayoubi1, Andreas 

Roschger1, William J. Landis2, Paul Roschger3, Klaus Klaushofer3, Wolfgang Wagermaier1, Richard 

Weinkamer1, Luca Bertinetti1 

1Max Planck Institute of Colloids and Interfaces, Department of Biomaterials, Potsdam, DE; 2University of California 

San Francisco, Department of Preventive and Restorative Dental Sciences, San Francisco, US; 3Ludwig 

Boltzmann Institute of Osteology, Hanusch Hospital, Vienna, AT 

Introduction 

The deposition of new bone tissue during growth or remodeling is orchestrated in part by osteoblasts, some of which 

differentiate to osteocytes and form a network within the newly formed tissue. Osteocyte networks have a variety of 

functions mostly related to mineral homeostasis in the body [1]. They form complex three-dimensional networks 

where cells are connected through canalicular channels across the mineralized tissue. The arrangement of these 

channels is known to be strongly related to the microarchitecture of collagenous tissue, most notably the local fiber 

orientation and mineral density [2]. Consequently, woven and lamellar bone differ not only in their tissue structure 

but also in the architecture of their lacuno-canalicular network [3]. Previous in-vitro work using osteoblasts [4] and 

fibroblasts [5] suggests that mechanical interaction between cells, mediated by actin fibers, might control the 

orientation of collagen fibrils in the tissue extracellular matrix. While the structure of mineralized collagen fibrils has 

long been studied by transmission electron microscopy [6,7], surprisingly little is known about the three-dimensional 

arrangement of collagen fibrils and mineral with respect to the osteocyte network within a bone matrix undergoing 

mineralization. One of the reasons for such uncertainty is that this type of information requires both a high resolution 

in the nanometer range and a large field of view to visualize several cells with their processes. 

  

Experimental Methods 

We use focused ion-beam scanning electron microscopy combined with confocal microscopy and other methods to 

study the three-dimensional structural relationship between cells, organic matrix and mineral in mineralizing turkey 

leg tendon (TLT) as well as in human bone-forming sites. 

  

Results and Discussion 

When reconstructing the cellular and extracellular matrix organization within highly mineralized regions of TLT, 

tendon fibroblasts were found to generate a cell network connected by canaliculi with a diameter of ~100 nm that 

closely resembles the osteocyte network in bone. In regions of the TLT that just begin to mineralize, strings of 

separate mineral-rich globules were observed in channels between collagen fibrils and interpreted as vesicles 

containing mineralization precursors. Collagen fibrils situated in the neighborhood of these globules are seen to start 

intrafibrillar mineralization. 

Globular mineral foci of a size smaller than about 200 nm were also seen in mineralizing osteoid of human bone. 

Using three-dimensional reconstruction and image analysis, the location of these mineral foci was analyzed with 

respect to the lacuno-canalicular network in mineralizing osteoid. The structure of this network was found sufficiently 

dense, so that any point within the osteoid was no further away than a few micrometers from the closest canaliculus. 
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Mineralization foci were found to appear preferentially at some distance from the canaliculi, typically about 400 nm 

away. 

  

Conclusion 

From these results we conclude that, in mineralizing collagenous tissue, the architecture of a dense network of cells 

not only generates the structure of the collagenous extracellular matrix but also seems to tightly control the patterns 

by which mineral is deposited. This conclusion will also be discussed in the context of in-vivo and in-vitro 

observations, that bone-forming cells deposit lamellar tissue in relation to pre-existing scaffold surfaces with potential 

consequences both for the design of porous tissue engineering scaffolds [8] and for understanding bone fragility [9].    
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Hall 3 + Hall 2 

IntAW | International Award 
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IntAW 

The unbearable lightness of being…a biomaterials scientist     

Paul Ducheyne 

University of Pennsylvania, Philadelphia, USA 

 
 
How do we know we formulate the question right… 

 

Could it be that the answer is to be found in the gradual evolution of biomaterials to include biological functionality? 

In fact, stent surfaces are modified to release Rapamycin; RGD and other peptides are immobilized on device 

surfaces to stimulate tissue formation. In my group we have focused on biological functionality of orthopaedic 

devices, and this from several perspectives. In situ biological functionalization can be invoked to explain the 

excellent tissue response of existing biomaterials, namely the class of bioactive ceramics. Taking a next step, 

biological functionality can also be achieved by modifying surfaces to be controlled release surfaces; sol gel 

processed nanoporous thin films lend themselves very well to this goal. But what is more, these controlled release 

materials can also be used stand-alone to achieve enhanced biological functionality and repair anywhere in tissue, 

not just at implant surfaces. 

 

How do we know that our solutions are patient-centric, and therefore right? 

 

The knowledge base regarding controlled release silica sol gels is extensive. These are room temperature 

processed, porous, resorbable materials with excellent biocompatibility. Many molecules including drugs, proteins 

and growth factors can be released from sol gels and the quantity and duration of the release can vary widely. 

Modifying processing parameters render these release properties exquisitely versatile.  In addition, the 

simultaneous, controlled, local delivery of several molecules can be achieved. Thus, growth factors and adjuvant 

molecules can be released in tandem with antibiotics for achieving a tuned treatment regimen.  

 

But the question still nags, how do we turn such fundamental advances in materials processing into real advances 

in medicine, and especially in orthopaedics, the medical discipline that was at the center of my group’s studies. 

This question gave rise to a unique controlled release particle that adapts to the needs of surgery at the time of the 

surgery, a true patient centric solution. 
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I-OS1-KL01 

Formulating Bioinks for Tissue Bioprinting 

Y. Shrike Zhang 

Harvard Medical School, Department of Medicine, Cambridge, USA 

 
 

Over the last decade, three-dimensional (3D) bioprinting has offered great versatility to fabricate biomimetic 

volumetric tissues that are structurally and functionally relevant. It enables precise control over the composition, 

spatial distribution, and architecture of the bioprinted constructs, facilitating recapitulation of the delicate shapes and 

structures of targeted organs and tissues. In this talk, I will discuss our recent efforts on developing various 

cytocompatible and cell-instructive bioink formulations for the fabrication of engineered tissue constructs, using a 

series of established or customized bioprinting strategies. 
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I-OS1-02 

An injectable scaffold based on temperature responsive hydrogel and 

factors loaded nano-particles for potential application of 

vascularization in tissue engineering 
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Introduction 

Tissue engineering vascularization plays a key role in tissue repair and regeneration.1 At the same time, Stem cells 

homing and vascular endothelial cells target migration, as well as their rapid proliferation in situ play important parts 

in the vascularization process.2,3 Here, we developed an injectable system based on temperature responsive 

hydrogel and stromal derived factor-1 (SDF-1)/vascular endothelial growth factor (VEGF) separately-loaded 

nanoparticles to induce the target migration and rapid proliferation of the mesenchymal stem cells (MSCs) and 

endothelial cells (ECs) via SDF-1/VEGF selective release. 

  

Experimental Methods 

SDF-1 and VEGF release from the nano-composite system  

C5F5@SDF-1 and C2F5@VEGF nano particles were distributed into the hydrogel to prepare the nano-composite 

system (the concentration of both SDF-1 and VEGF solution was 50 ng/ml, the samples were labeled as 

hydrogel@NPVEGF&SDF-1), and then were set onto the table concentrator at 37 oC for gelling. All the gelling hydrogels 

were immersed in Phosphate buffer solution (PBS, pH7.4) at 37 oC and the concentration of the released SDF-1 and 

VEGF from each hydrogel was detected via a typical ELISA assay at the 1st day, 3rd day, 5th day and 7th day, 

respectively. 4 

MSC homing and proliferation  

The protocol of MSC homing was carried out using a Millipore transwell (aperture: 8.0 μm).Cells were fed with freshly 

prepared growth medium every 24 h. After culturing for 1 day and 3 days, the MSC-loaded hydrogels were stained 

with acridine orange (AO) solution (AO: DMEM/F12 = 1: 50) at 37 oC for 10 min and observed under a confocal laser 

scanning microscope (CLSM, Nikon C2 Plus, Japan) in Z-axis scanning mode to investigate the MSC proliferation, 

and a typical Cell Counting Kit-8 (CCK-8) assay was also applied for the quantitative characterization.5 

Establishment of Chick embryo chorioallantoic membrane model 

100 μl of hydrogel@NPVEGF&SDF-1, hydrogel@VEGF&SDF-1, hydrogel@NPSDF-1, hydrogel@NPVEGF and the single 

hydrogel control were placed on the large vascular branches of the CAM (each group has 5 parallel CAM, n=5) at 20 

oC.After 3 days culture, 4% paraformaldehyde was added from the hole for a 15 min fixed step, and then the CAM 

covered by the hydrogels were cut off and rinsed in the PBS; the paraffin embedded sections were stained with HE 

to observe each hydrogel of blood vessel ingrowth. 6 

  

Results and Discussion 

The hydrogels had a porous network structure with uniform pore sizes ranged from 30 μm to 50 μm.The C5f5 @ 

SDF-1 nanoparticles have positive charges and the c2f5 @ VEGF nanoparticles have negative charges. They interact 

with hydrogels through electrostatic interaction (chitosan hydrogels have positive charges), regulating the scaffolds 
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to release more SDF-1 and less VEGF. The MSC migration experiment proved that the SDF-1/VEGF selective 

released scaffold (hydrogel@NPVEGF&SDF-1) induced more MSC homing compared with the non-selective one 

(hydrogel@VEGF&SDF-1), while the cell proliferation and apoptosis investigation verified that the SDF-1/VEGF 

selective released scaffold (hydrogel@NPVEGF&SDF-1) also enhanced cell proliferation and led to less cell 

apoptosis compared to the non-selective scaffold (hydrogel@VEGF&SDF-1). In the typical CAM model, the SDF-

1/VEGF selective released scaffold obviously possessed more areas of blood vessel ingrowth compared with the 

non-selective scaffold, which suggested better ability on vascularization. 

  

Conclusion 

In this contribution, we developed an injectable system composed of temperature responsive hydrogel and factors 

loaded nano-particles for potential application of vascularization in tissue engineering. This composite system can 

control the MSC chemokines (SDF-1) and cell growth factor (VEGF) selective release (more SDF-1 release and less 

VEGF release) via two different nanoparticles co-loading: the SDF-1 nanoparticles possessed positive charge and 

bigger scales (304 nm), while the VEGF nanoparticles possessed negative charge and smaller scales (154 nm); 

wherein smaller nanoscales and the loaded VEGF contributed to in situ cell growth, while the sustained SDF-1 

release was conductive to the MSC homing. The CAM model further demonstrated that the composite system 

significantly improved angiogenesis of the hydrogels scaffold. We expect our research to facilitate the in situ 

vascularization during application of tissue/organ repair and/or regeneration. Future studies will focus on further fine-

tuning the parameters of the functional nanoparticles, such as scales, degradability and/ or more factors, aiming at 

more rapid vascularization. 
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Figure1 
Figure 1 (A) SEM images ; (B) VEGF release ; (C) 

SDF-1 release. 

 

 

Figure2 
Figure 2 (A) Crystal violet staining of MSC 

migrated to the under side of bottom membrane; 

(B) Amounts of migrated MSC; (C) CLSM images of 

MSC distributed in different hydrogels; (D) 

Proliferation of MSC by CCK-8 assay.（E） 

Histological analysis results. 
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Introduction 

The periodontal tissue defects caused by periodontitis occur as a common disease in clinical, not only affects 

the mastication and stable of the teeth, but also leads to a series of physiological and psychological problems. The 

periodontium exhibits a typical 'sandwich structure' that comprises the cementum, alveolar bone and periodontal 

ligament with fiber bundles in different directions. Current methods in periodontal regeneration lack appropriate 

biofabrication techniques to build such complex 3D micro-architectures essential for guiding cell growth 

while promoting hard and soft tissues maturation. Here, we report the use of a microscale continuous digital light 

projection (DLP)-based bioprinting method to create a complex periodontium structure for regenerative medicine 

applications in the periodontal defect in rodent and mammal animal models. 

  

Experimental Methods 

The matrix material used for bioprinting the scaffolds was made by mixing 10% (w/v) GelMA and 0.225% (w/v) LAP 

in α-MEM with 10% fetal bovine serum (FBS, HyClone, USA) solution. Human dental follicle cells (hDFCs) were 

encapsulated within the hydrogels. Digital model of the periodontium module was designed according to the 

computer, which were later imported into a digital micromirror device chip to control the UV light and project an optical 

pattern we designed. Cellar viability and distribution were examined in vitro. The periodontal defects were constructed 

in the jaw bone of Sprague-Dawley rats and Beagles. Orthotopic implantations were carried to further verify the 

regenerative potential. 

  

Results and Discussion 

The GelMA-based solution presented porous structures after curing via SEM (Figure 1A). A fiber-aligned structure 

was fabricated to mimic the natural periodontal fibers (Figure 1B). Whereafter, to improve the stability and mechanical 

properties, a micro-scale mesh and rod structure was constructed and there exists three-dimensional spaces 

between the two types of microstructures for stem cells to exchange of nutrition and metabolism (Figure 1C&D). In 

vitro, more than 90% cell viability of hDFCs encapsulated in the scaffolds was promised after 3-14 days cultured 

(Figure 1E&F). Fiber-like structure generated in vitro, about 300-400 μm in length, which was similar to natural 

human periodontal ligament (Figure 1 G-I). After 2 months in situ implantation in rodent animals, the 

3×2×1 mm periodontal detects were almost completely restored that both hard and soft new-born tissues were 

found (Figure 2A). The alveolar bone was better restored compared to the control group according to the micro-CT 

(Figure 2B). And the regenerated cementu, presented at interface between the scaffolds and host tooth root. Notably, 

in comparision with the random control group, highly-aligned fibers regenerated while presenting a certain angle to 

the root of the tooth according to the H&E and Masson’s trichrome staining (Figure 2 C&D), which is similar to the 

natural periodontal tissues. The immunofluorescence staining showed remarkable specificity about periodontium 

related proteins and extensively vascularized as shown in Figure 2E. Moreover, the imageology results showed good 

efficacy of 3D-bioprinted periodontium modules for repaired the detects of Beagles in 3 months. 
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Conclusion 

DLP-based 3D bioprinting can constructed 3D biomimetic hydrogel cell-contained scaffolds tailored to the 

dimensions of human periodontium in 3-5 s and is scalable to human periodontal tissues sizes and lesion geometries. 

A new born 'sandwich structure', especially the highly-aligned periodontal fibers was found after implantation. Thus, 

the biomimetic 3D-bioprinted periodontium modules offer a means of inducing the periodontium regeneration through 

precision medicine, confirmed to be promising and reliable for periodontal tissue engineering regeneration. 
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Construction of biomimetic 3D bioprinted 

periodontium modules  
The fabrication of mimetic 3D bioprinted 

periodontium modules and cell-guiding properties 

(Figure 1). 

 

 

Regeneration of periodontium tissues  
Both hard and soft new-born tissues were almost 

completely restored after 2 months in situ 

implantation in periodontal detects (Figure A). 

The alveolar bone was well restored and the 

regenerated cementum presented at interface 

between the scaffolds and host tooth root. 

Highly-aligned fibers regenerated while 

presenting a certain angle to the root of the 

tooth (C&D). The 

immunofluorescence staining showed remarkable 

specificity about periodontium related proteins 

and extensively vascularized (E). 
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Fabrication of high-resolution poly(trimethylene)-based scaffolds using 
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Introduction 

When aiming at recreating the architectural features of native tissues, the field of tissue engineering and regenerative 

medicine often relies on advanced technologies, such as additive manufacturing [1]. One of the main bottlenecks is 

the trade-off on the part of resolution when upscaling. Larger constructs lack the resolution, whereas highly intricate 

scaffolds lack the volume to fill a defect. As a proof-of-concept, we employed 2-photon polymerization (2PP) 

technique to fabricate a 3D scaffold based on methacrylated-poly(trimethylene) biomaterial (PTMC-MA). The 

resulting structures were composed of highly complex building blocks (buckyballs) that, when printed in clusters, 

move towards upscaled high-resolution 3D-printing. This study shows that 2-PP is a reliable and advantageous AM 

technique to produce 3D structures with an unprecedented degree of resolution promising great potential in the field 

of tissue engineering. 

  

Experimental Methods 

The three-armed macromer of PTMC was synthesized using ring-opening polymerization, followed by a treatment 

with methacrylic anhydride to obtain PTMC-MA with a molar mass of 4 kg/mol as reported here [2]. A resin based on 

PTMC-MA, dissolved in THF with 0.5 wt% of photo-initiator (M2CMK [3]), was cast and let to dry over night before 2-

PP processing. First, a printability test was conducted to determine the optimal 2-PP laser parameters by screening 

intensities ranging from 150 to 300 mW. Then, a complex structure with intricate geometries was designed by 

clustering an array of 8x8x3 buckyballs, and printed at a laser intensity of 150 mW and a scanning speed of 1000 

mm/sec. The produced structures were extracted with THF, isopropanol and ethanol 70% before being dried and 

then characterized using fluorescence imaging and scanning electron microscopy (SEM). Finally, in vitro 

cytocompatibility of the biomaterials was assessed by seeding the scaffolds with 50.000 GFP-labelled human-

adipose derived stem cells (hASC). The scaffolds were imaged using fluorescence microscopy and SEM after one 

week of culture. 

  

Results and Discussion 

The printability test revealed that a laser power of 150 mW was required to obtain accurate structures without 

damaging the polymer. Above this intensity, the material burned and formed bubbles, preventing efficient 

polymerization. Brightfield-, fluorescence- and scanning electron microscopy confirmed the accuracy of the highly-

detailed scaffolds (Figure 1), composed of a merged array of 8x8x3 buckyballs with an individual diameter of 300 µm 

and struts of approximately 20 µm in thickness. 

The in vitro cytocompatibility test showed that the biomaterial allowed for rapid cell invasion, with hASC being able 

to proliferate not only on the surface of the printed scaffold, but also to colonize its porous core (Figure 2). 
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Conclusion 

In this preliminary study, we demonstrated that 2-PP is a viable technique to produce scaffolds at an extremely high 

resolution. By adjusting the laser intensity and the writing speed, we successfully produced complex structures from 

PTMC-MA. The arrayed design was selected as a proof-of-concept for the printability of a larger, albeit still complex 

structure. This proof-of-concept allows the future fabrication of scaffolds that require complex designs to accurately 

mimic natural features of organs and tissues. Moreover, further fine-tuning of the printing parameters to achieve an 

even higher throughput will encourage the fabrication of even larger macroscaffolds while retaining high-resolution 

features. 
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2-PP is a viable AM technique to produce high-

resolution structures 
Macroscopic (A and B) and SEM (C) observation of 

the 3D scaffolds produced using 2PP, based on 

multiple buckyballs. A) illustrates the sample-

holder on which 4 scaffolds were printed. 

 

2-PP produced PTMC-based scaffolds allow for 

rapid-cell colonization 
Microscopic (A, mag 25 and 100) and SEM (B, mag 

30 and 150) observation of the cell-laden 

scaffolds after 7 days of culture. In A), the 

scaffold appears in red and GFP-hASC in green 

fluorescence. 
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Introduction 

Articular cartilage (AC) tissue lacks the ability to self-repair and significant progress has been made in the field of 

Tissue Engineering over the last two decades demonstrating how combinations of biomaterials and cells can be used 

to engineer cartilage tissue in vitro [1][2]. In this work it was developed a direct contact co-culture between human 

TERT immortalised bone marrow stromal cells (Y201 MSCs) and human articular chondrocyte (hACH) spheroids for 

cartilage regeneration. As co-culture substrate, an innovative 3D thermo-sensitive chitosan (CH)-based hydrogel, 

ionically crosslinked with the addition of β–glycerophosphate (BGP) salt was proposed. This co-culture system aimed 

to facilitate cell-cell interactions through surface receptors and enhance the transduction of molecular signals 

boosting MSCs chondrogenic differentiation. 

 

Purpose of the work 

This work purpose was to manufacture and characterise the CH/BGP hydrogel as in vitro co-culture platform. 

Therefore the hydrogel was firstly physico-chemically characterised (OBJ1), then embedded with Y201 MSCs to 

test its cytocompatibility(OBJ2) and finally the hACHs/Y201 MSCs co-culture technology was investigated to 

analyse the faster hyaline-like cartilage tissue formation compared to hACHs mono-culture (OBJ3). 

  

Experimental Methods 

CH (3.6%w/v) was dissolved in 5 ml of 0.2M HCl and BGP (1.1g in 2.2 ml of PBS) was added to obtain a 2.5% w/v 

solution for sol/gel transition at 37°C and pH 7.4. Hydrogels were physico-chemically (FTIR-ATR, XPS, gelation time, 

thermal-reversibility, swelling, nutrients diffusion), morphologically (ESEM) and mechanically (compression test, 

stress relaxation and rheology) characterised. The cytocompatibility of a Y201 MSC-laden hydrogel was assessed 

with a Live/Dead, PrestoBlue and immunostaining assays. Immunofluorescence analysis on the production of 

collagen type II and the expression of CD44, chondrogenic marker were carried out up to 28 days as well as a 

histological study on GAGs (AlcianBlue) and collagen (SiriusRed) production. 

  

Results and Discussion 

The CH/BGP sol/gel transition occurred at 31-33°C within 5±1 minutes as demonstrated by the tube-inverted test 

and the rheological analysis, with thermo-irreversible behaviour at room temperature and 4 °C. The hydrogel showed 

a hydrophilic nature, leading to a high capacity to hold water molecules and to offer a good nutrient transport matrix, 

as evaluated with glucose diffusion and release test. In fact the CH/BGP hydrogels showed an open porous and 

interconnected network (Fig.1), fundamental for the integration within the surrounding tissue. Pores diameters were 

up to 30 µm, suitable for cells adhesion [4]. Nevertheless, this high porosity did not compromise the mechanical 
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properties and Young’s modulus of ~ 40 kPa and equilibrium modulus of ~17kPa were calculated. Live/dead assay 

confirmed the viability of the encapsulated Y201 MSCs within the hydrogels at day 1 and 3. Immunostaining analysis 

showed the tendency of agglomerates formation after 3 days of culture and cells metabolic activity, assessed via 

Presto- Blue, resulted to be stable without statistically differences up to day 7. Finally, the influence of a hACHS 

spheroid, in close-contact with y201 MSCs-laden hydrogels, was successfully assessed by immunofluorescence and 

confirmed by histological analysis after 28 days (Fig.2), with enhanced GAGs accumulation and collagen production, 

distributed uniformly throughout the sections of the co-culture samples compared with the hACHs mono-culture 

control. 

  

Conclusion 

The manufactured hydrogels presented fast sol/gel transition time allowing the easy MSCs encapsulation, while their 

intrinsic porous structure and high uptake capability were vital for cell maintenance. Finally, the proposed formulation 

offered a new and valuable platform for co-culturing MSCs and hACHs spheroids that supported enhanced 

chondrogenesis and cartilage production. 
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Figure 1 
SEM image of the freeze-dried CH/BGP hydrogel. 
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Figure 2 
(a) Immunofluorescence staining at 7 (dashed 

line inserts represents spheroid area) and 14 

days. Red staining for Col II, Blue for nuclei 

and Green for CD44 marker in co-culture (CC) 

(hACHs spheroid on MSCs-laden hydrogel) and 

mono-culture (MC) (hACHs spheroid on empty 

hydrogel). Bars=100µm. (b) Histological sections 

of the hydrogels after 28 culture days. GAGs 

were visualized by Alcian blue and Collagen by 

Sirius red staining respectively. Bars=200µm. 
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I-OS2 | Biomaterials for tissue engineering 

applications 1 
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Introduction 

Platelet transfusions are key in the treatment of a range of conditions including bone marrow failure, inherited platelet 

disorders and cancer. Unlike red blood cells there are considerable challenges to the supply of blood platelets and a 

real demand for the development of a system for the ex vivo generation of donor independent platelets. Whilst large 

quantities of megakaryocytes (MKs) can be generated from human pluripotent stem cells (hPSC)1, 2D culture can 

limit the numbers of platelets harvested from these MKs. This work considers the development of a porous structurally 

graduated scaffold that can not only provide a structure to support the MKs in a bone marrow-like material but also 

offer sieving capacity and shear flow over the cells surface to enhance the platelet output. Whilst the scaffold has 

been combined with a bespoke bioreactor and highly efficient hPSC culture protocol2 we concentrate here on the 

production and characterisation of the scaffolds and the role of micro-tomography (μCT) and micro-particle filtration 

in predicting cell distribution. 

  

Experimental Methods 

Scaffolds with a graduated pore structure were produced through a multi-stage lyophilisation process from insoluble 

type I collagen from bovine dermis (Collagen Solutions (UK)). Collagen was swollen in 0.05M acetic acid prior to 

blending to produce a 1wt% suspension. In preliminary lyophilisation studies a number of freezing temperatures and 

rates were considered and pore size and interconnectivity analysis carried out from μCT. Based upon this analysis, 

a two-stage freezing process was applied with the base layer frozen at -20°C before the application and freezing of 

a top layer at -40°C; scaffold structure was then defined through sublimation. EDC/NHS cross-linking was carried out 

at a concentration of 100% as defined previously 3, prior to a second lyophilisation step.   

Two methods were considered as predictive tools for cell migration. μCT was carried out on 5mm diameter samples 

with a pixel size of 1.5 µm. Systematic volumes of interest were selected and a detailed 3D pore size analysis carried 

out in CTAn (Bruker Belgium). The shrink-wrap capabilities of CTAn were applied for a directional interconnectivity 

analysis as described elsewhere2. This allowed for calculation of the percentage of pore space theoretically 

accessible from the input surface for a sphere of given diameter. In addition the set-up within the bioreactor was 

replicated and filtration of 20 μm and 10 μm polystyrene microparticles (Sigma Aldrich) (approximately diameters of 

MKs and blood platelets respectively) carried out. Scaffolds after filtration were then imaged using μCT in order to 

analyse particle distribution. 

  

Results and Discussion 

In preliminary studies interconnectivity analysis suggested differential filtration capabilities of scaffolds produced with 

rapid freezing to -20 and -40°C. Application of the 2-stage process resulted in a well-integrated structure with ‘top’ 

regions demonstrating a significantly more open structure.  This result was reinforced in the interconnectivity analysis 
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where the top region maintained high accessibility to a size of up to 50 μm diameter whilst the base region was only 

around 10% accessible to this largest theoretical sphere (Figure 1). However both structures were found to be highly 

accessible to particles of diameters similar to an MK (20-30 μm). 

Micro-particle filtration experiments conversely suggested a high level of cell selection (Figure 2). Very few of the 20 

μm particles were able to fully penetrate the scaffold structure, whilst approximately 60% of the 10 μm particles could 

be counted in the outlet flow. μCT of scaffolds after micro-particle filtration showed 20 μm particles to be well 

distributed through the scaffold structure – encouraging for MK distribution. 

This theoretical analysis is a simplification. No account is taken of cell-substrate interactions, the ability of cells to 

change shape, the blocking of pathways by cells, generated extra-cellular matrix or high cell loiter times. However a 

similar analysis with platelets and megakaryocytes suggested micro-particle filtration to be a predictor of cell 

behaviour in the context discussed here. 

  

Conclusion 

A graded porous collagen material has been produced for in vitro platelet production and parent cell distribution and 

platelet release modelled using a simplified test system of sized beads and μCT simulation. 
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Figure 2: Micro-particle filtration 
Figure 2: Micro-particle filtration experiments 

demonstrated a good degree of separation 

capability for MK and platelet analogues. MK 

sized particles were also observed to be 

uniformly distributed within the scaffold 

structure 

 

 

Figure 1: Porosity and Interconnectivity 

analysis 
Figure 1: The more open and interconnected 

nature of the upper layer was demonstrated by 

pore size and interconnectivity analysis 
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Introduction 

The revascularization of teeth subjected to endodontic treatment has been proposed as a mean to rescue teeth from 

mid-term pathology recurrence or extraction fate. Herein is explored the proangiogenic effect of platelet-origin 

mediators modulated release [1] or hyaluronan oligomers-coated [2] instructive cues in the vascularization of 

hydrogels aiming dentin-pulp complex regeneration. 

  

Experimental Methods 

Hyaluronic acid (HA) hydrogels incorporating PL were produced by mixing equal amounts of 2% aldehyde-modified 

HA solution containing aldehyde-functionalized cellulose nanocrystals (CNCs) with 2% hydrazide- functionalized HA 

dissolved in human platelet lysate (PL). The entrapment and release of PDGF and VEGF after incubation in culture 

medium or 2 U/mL hyaluronidase at 37ºC for up to 21 days was quantified by western blot and ELISA. The sprouting 

of human dental pulp cells (hDPCs) pellets or DPCs/HUVECs 1:1 pellets encapsulated in the HA hydrogels was 

followed during 3 days. The neovascularization promoted by the hydrogels was assessed in a chicken chorioallantoic 

membrane (CAM) assay. 

Aldehyde-modified HA oligomers of low and high (6 kDa and 230 kDa; Lifecore) molecular weights were immobilized 

over methacrylated gelatin hydrogels (GelMA) surfaces, by Schiff’s base reaction. The response of HUVECs to the 

HA oligomer coatings was analyzed in terms of viability, proliferation and network complexity. 

  

Results and Discussion 

Western blot analysis showed that the proangiogenic factors PDGF and VEGF remained stable inside the hydrogels 

up to 21 days in culture conditions. Their release was dependent on HA enzymatic degradation and the release 

kinetics was proportional with the amount of incorporated CNC (p>0.05). PL incorporation enhanced the sprouting of 

DPCs both in the single and co-cultures (p>0.001). Moreover, the combined effect of PL and DPCs encapsulation 

promoted the recruitment of CAM vasculature and the ingrowth of a vascularized pulp-like tissue into the hydrogels 

as soon as three days after implantation (Fig. 1). Moreover, the immobilization of low molecular weight HA oligomers 

over GelMA hydrogels has a significant effect on HUVECs. It enhanced the metabolic activity and promoted the 

organization into reticular structures of HUVECs seeded on its surface (Fig. 2). This could be further explored for the 

creation of instructive paths aiming the revascularization of hydrogels. 
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Conclusion 

Overall, our findings show that both the incorporation of human-origin proangiogenic growth factors and the creation 

of instructive paths of HA oligomers within injectable hydrogels might promote the revascularization required for 

endodontic regeneration. 
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Fig 1. CAM response to HA hydrogels 

encapsulating DPCs or DPCs + PL 

 

 

 

Fig 2. Response of HUVECs to HA oligomers-coated 

GelMA hydrogels 
Metabolic activity per cell and 

Calcein/Propidium iodine stained HUVECs seeded 

over high (HMW) and low (LMW) molecular weight 

HA coated GelMA hydrogels after 7 days in 

culture (* p<0.005). 
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Introduction 

The hallmark of neurodegenerative diseases is the loss of neuronal structure and function. Early stages of neural 

injury are characterized by a decreased neurotrasmission and an overexpression of inflammatory genes [1]. Current 

studies suggest natural and synthetic melanins show several biological and pharmacological properties, including 

photoprotective and immunological action. Specifically melanin antioxidant, anti-inflammatory, immunomodulatory, 

radioprotective benefits have only recently been recognized [2]. Here, the induction of neuroregenerative processes 

from 3D substrates based on eumelanin-coated PLA random and aligned microfibers were investigated. 

  

Experimental Methods 

3D electrospun substrates were prepared combining electrospinning, spin coating and solid-state polymerization 

processes [3]. 3D substrates characterization was performed by SEM analysis to study eumelanin coated microfiber 

orientation and integrity. In order to evaluate if the microfibers produce biological signals to direct the axonal growth 

cone to the distal stump, a pre-neuronal human derived cell line from neuroblastoma (SHSY5Y) was cultured onto 

the 3D electrospun substrates without the adding of any differentiating factor. Cell growth and differentiation on 

eumelanin microfibers were detected using Class-III β tubulin and GAP-43 expression, marker of differentiating 

neurons, by using confocal analysis. Additionally, to investigate microfibers antioxidant and antinflammatory 

potential, microglial cells that play a key role in neuronal homeostasis were seeded on the substrates. In detail, cell 

cultures based on microglial cells were stimulated with lipopolysaccharide (LPS), in order to reproduce an in vitro 

model of inflammation. The biological response in terms of antioxidant and antinflammatory activity [NF-kB and pro-

inflammatory interleukins downregulation, nitrites and reactive oxygen species (ROS) inhibition, antinflammatory 

marker overexpression] was investigated. Furthermore, cell morphology by using SEM analysis and confocal analysis 

was assessed. 

  

Results and Discussion 

3D electrospun substrates represent a valid tool for reproducing more realistically 3D in vivo microenvironments thus 

promoting cell-cell interaction and biological response in terms of viability and differentiation [3]. Biological results 

showed that eumelanin microfibers support pre-neuronal cell survival, adhesion and the formation of neuritic 

processes (GAP-43 expression) over culture time. Recent findings indicate that neuromelanin may prevent CXCL10 

expression through NF-кB inflammatory signaling inhibition [4]. Here, the results on neuroinflammatory response 

related to neural injury suggested that the microfibers inhibited nitrite production induced by LPS in microglia cells. 

Additionally, the microfibers were able also to decrease ROS levels and NF-кB expression thus confirming eumelanin 

antioxidant and antinflammatory properties. Furthermore, morphological studies (SEM and confocal microscopy) 

revealed that eumelanin microfibers were able to induce a good cellular spreading. 
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Conclusion 

Our results show that eumelanin microfibers show promise as new therapeutic strategies for neurodegenerative 

diseases thanks to their ability to eliminate the need of differentiating factors in the media, in driving neuronal cell 

growth and maturation and through their capability to modulate neuroinflammation related to neurodegenerative 

disorders. 
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Introduction 

Bottom-up tissue engineering (TE) is one of the approaches that is catching on TE scientists’ interest for the possibility 

to assembly multiple building blocks into highly complex architectures. An advantage of bottom-up TE is the 

opportunity to embed different biochemical cues within scaffolds while assembling modules. Accurate design of the 

entire 3D structure [1], biochemical cues localization [2] and temporal release kinetic [3] have been demonstrated to 

be an important feature for in vitro and in vivo scaffold-mediated tissue regeneration in many case studies. 

Nevertheless, there is still the need to provide a bottom-up approach enabling complex system design and fabrication 

considering those requisites all together. 

In this context we show a new, bottom-up approach for fabricating 3D scaffolds with controlled microstructural 

properties, namely morphology, porosity, pore size distribution and mechanical properties, as well as spatiotemporal 

release capability of vascular endothelial growth factor (VEGF), for enhancing in vitro and in vivo vascularization. 

  

Experimental Methods 

Polymeric composite modules for drug release and polymeric layers suitable as structural elements were separately 

fabricated through different soft-lithography micromoulding processes. The processing steps to fabricate the different 

modules consisted in (1) mould CAD designing; (2) master fabrication by μ–milling machining; (3) 

polydimethylsiloxane (PDMS) replication of master features and (4) modules fabrication by soft lithography. 

The structural layers were obtained from poly (ε-caprolactone) (PCL) discs (10 mm diameter and 0.6 mm thick) 

previously fabricated by compression moulding. The embossing process was carried out in a custom – made 

compression system into which neodymium magnets are placed in predefined positions to control compression force. 

The process was repeated until the complete removal of any residual layer, resulting in fully interconnected samples. 

The drug releasing modules were designed to have an internal microparticles-sintered structure for VEGF loading 

and an external biodegradable shell made of gelatin that enables fast fluid penetration and promotes VEGF diffusion 

to the exterior. VEGF-loaded poly(lactic-co-glycolic acid) (PLGA) microparticles were fabricated by means of double 

water/oil/water emulsion and analysed to assess their morphology, size distribution, drug loading and release 

capability. Modules were assembled using an automatic micro-positioning apparatus that enabled drug releasing 

modules integration within well-defined PCL layers sites. Layers stacking and precise assembly enabled the 

achievement of the final scaffolds (Figure 1). 

The as obtained scaffolds were characterized by scanning electron microscopy (SEM) and MicroCT techniques to 

assess their morphology, pore structure features and mechanical properties. VEGF release from scaffolds was 

determined by an enzyme-linked immunosorbent assay (ELISA). Scaffolds bioactivity was evaluated in vitro by 

endothelial cells adhesion and in vivo by means of rat subcutaneous implantation. 
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Results and Discussion 

Melt moulding of PCL disks proved as an effective way to fabricate layers with desired geometrical and morphological 

features. In particular, the method was tested for the fabrication of 6.4 x 6.4 x 0.7 mm layers. Stereomicroscope and 

SEM characterization of such layers evidenced proper replica fidelity while MicroCT analysis demonstrated minor 

filling defects. Regarding VEGF delivery modules, the implemented approach enabled the achievement of excellent 

replica fidelity for the external shells (stereomicroscope and SEM) and their uniform filling with PLGA microparticles 

(mean particles diameter equal to 20 μm). 

The ELISA assay indicated that VEGF encapsulation efficiency within microparticles was 40% and its release lasted 

more than 30 days. The automatic micro-positioning apparatus enabled the high–precision positioning of the drug 

delivery composite modules in the PCL layers avoiding microstructures modification (MicroCT image of Figure 1). 

The as obtained scaffolds are biocompatible and promoted in vitro cell adhesion and blood vessels formation. 

  

Conclusion 

This paper presents a pilot study, based on bottom-up TE paradigm, that shows fabrication and integration of multiple 

building blocks with different functionalities to create a modular scaffold capable of VEGF spatiotemporal release. 

The originality of our solution lies in the fact that using the automatic micro-positioning apparatus it is possible to 

precise integrate at the microscale the two systems and achieve porous scaffolds with pre-defined microstructural 

properties and drug release behaviour to stimulate biological properties involved in the in vitro and in vivo new tissue 

genesis. 
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Figure 1: Bottom-up approach for 3D scaffolds 

preparation: process flowchart 
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Introduction 

Besides cellular components, the scaffold represents a main building block in the generation of tissue models. Often 

applied are animal derived materials like decellularized matrices1 or hydrogels2 with collagen as example. To replace 

these with synthetic materials nano fiber scaffolds are developed, which allow cell migration and proliferation in the 

complete scaffold as well as the biologization of this matrix by its own proteins and extracellular matrix. The 

combination of different cell types and a stepwise setup for the tissues allows the generation of several complex 

tissue models. 

  

Experimental Methods 

Materials for the development of 3D nano fiber scaffolds were polycaprolacton (PCL) as a degradable material, and 

polyamide 6 as a non-degradable material. The scaffolds were generated by electrospinning of the concerning 

polymer solutions (PCL: 12 %; PA6: 10 % in HFP) additional to strewing of NaCl particles during the spinning process 

to extent the fiber mesh and to introduce pores into the fiber fleece. Cell compatibility and migration into the scaffolds 

as well as the ECM formation was evaluated with several cell types like hdFs, SMCs and MSCs. Stacking of seeded 

scaffolds as well as the cell differentiation resulted in tissue models on a synthetic base.   

  

Results and Discussion 

The structural composition of the scaffolds was characterized by SEM and LSM. Thereby, the PCL scaffold showed 

with a fiber diameter of around 700 nm an increased size in mesh openings as the PA6 scaffold with a fiber diameter 

of around 400 nm. When seeding with fibroblasts, the more extended network of the PCL scaffold provided a faster 

cell migration as well as an increased ECM synthesis. On the other hand, the denser network of the PA6 scaffold 

formed a more tissue like morphology. The differentiation of MSCs to adipose cells in co-culture with fibroblasts and 

keratinocytes is able to form three-layered skin models, which were characterised by histology and imunhistology. 

When combining the developed extended fiber meshes with standard spun dense membranes, barrier models like 

endothelium in co-culture with tissue cells are developed. 

Concerning further applications, additional cell types and co-cultures are tested on the extended electrospun matrices 

to classify the application range of potential tissue models. 

  

Conclusion 

As a proof of concept, the generated tissue models showed the applicability of highly porous electrospun scaffolds 

for soft tissue engineering. Ongoing characterizations and scaffold modifications will classify the field of adaptable 

engineered tissues. 
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Introduction 

The application of tissue engineering in the field of reproductive organs repair is attracting the interest of the scientific 

community (1). Several biomaterials have been considered to mimic three-dimensional culture systems of ovarian 

follicles, but in most cases they were unsuitable to warrant follicles development (2). Recently, scaffold fabrication 

techniques, like 3D printing were applied for the development of constructs suitable to host follicles, leading to the 

birth of pups in mouse model (3). On this basis, the present work is based on the application of the electrospinning 

technique as convenient alternative to obtain patterned macroporous scaffolds able to mimic the morphology of native 

ovarian cortex and suitable for follicles adhesion and growth (4). 

  

Experimental Methods 

Neat poly(epsilon caprolactone) (PCL) and its blend with gelatin (type A) (PCL/gel) were used for the fabrication of 

electrospun scaffolds. Glacial acetic acid and formic acid were selected as benign solvents. The electrospinning 

process was performed by using a commercial device EC-CLI (IME Medical Electrospinning) with climate chamber 

in which temperature and relative humidity were set at 25°C and 25%, respectively. The optimized process 

parameters were: 15kV applied voltage, 11cm distance tip-collector, 23G needle diameter, while the solution flow 

rate was 0.4mL/h for neat PCL and 0.6 mL/h for the blend. SEM and FTIR analyses were performed on the obtained 

scaffolds. Porcine ovarian follicles were isolated enzymatically from ovarian tissue pieces (collected from 

slaughterhouse, registration number DE09562003821) and incubated for 10 days on the scaffolds. After incubation, 

follicle viability was evaluated via Live/Dead assay and follicle morphology was investigated by fluorescent f-actin 

staining and SEM analysis. 

  

Results and Discussion 

The scaffolds´ morphology and macroporous structure were assessed and macroporosity with an average pore size 

of 0.3 mm was obtained. After 10 days of culture, the number of viable follicles (= >99% granulosa cells alive) was 

76.64% for PCL and 90.21% on the PCL/gel samples. Even if both PCL and PCL/gel electrospun scaffolds showed 

positive results in terms of reduced follicles loss during the seeding and follicles survival, PCL/gel mats led to better 

results in terms of preservation of follicles spheroidal shape and higher number of adhesion points with the 

electrospun mats. 

  

Conclusion 

In the emerging field of reproductive tissue regeneration, patterned fibrous scaffolds obtained by electrospinning of 

PCL/gel represent a promising technology which warrants further research. 

  



ESB 2019 | Abstract Booklet  

Tuesday, 10 September, 2019  

 

Page 37 of 1893 

References 

1. Amorim CA. Special Issue Devoted to a New Field of Regenerative Medicine: Reproductive Tissue Engineering. 

Ann Biomed Eng [Internet]. Springer US; 2017 Jul 31 [cited 2018 Apr 6];45(7):1589–91. Available from: 

http://link.springer.com/10.1007/s10439-017-1862-0  

2. Brito IR, Lima IM, Xu M, Shea LD. Three-dimensional systems for in vitro follicular culture : overview of alginate-

based matrices. Reprod Fertil Dev. 2014;26(7):915–30. 

3. Laronda MM, Rutz AL, Xiao S, Whelan KA, Duncan FE, Roth EW, et al. A bioprosthetic ovary created using 3D 

printed microporous scaffolds restores ovarian function in sterilized mice. Nat Commun [Internet]. Nature Publishing 

Group; 2017 May 16 [cited 2017 Oct 10];8:15261. Available from:  

http://www.nature.com/doifinder/10.1038/ncomms15261  

4.Liverani L, Raffel N, Fattahi A, Preis A, Hoffmann I, Boccaccini AR, et al. Electrospun patterned porous scaffolds 

for the support of ovarian follicles growth: a feasibility study. Sci Rep. 2019;9:1150. 

  

  

http://link.springer.com/10.1007/s10439-017-1862-0
http://www.nature.com/doifinder/10.1038/ncomms15261


ESB 2019 | Abstract Booklet  

Tuesday, 10 September, 2019  

 

Page 38 of 1893 

I-OS2-RF07 

Fiber-based structures lead to superior mechanical properties in 3D 

hydrogel systems 

Ronny Brünler, Dilbar Aibibu, Chokri Cherif 

TU Dresden, Institute of Textile Machinery and High Performance Material Technology, Dresden, DE 

 
Introduction 

Hydrogels and Bioinks are promising substances for realizing three dimensional structures for tissue engineering or 

organ-on-a-chip systems [1]. They may contain living cells and thus have to be deposited at suitable temperatures 

and renouncing cell damaging cross-linking or hardening processes which occur e.g. in many 3D printing approaches 

[2]. The viscosity of such hydrogel or bioink systems has to be precisely adjusted to allow cell migration, growth and 

forming of networks and at the same time avoiding cell immobilization or gravity-driven cell sinking due to unfavorable 

ratios between the traction forces of the cells and the stability of the hydrogel system. The overall low viscosity and 

high water content of the (hydro)gel-based materials results in very low strength, dimensional stability and geometric 

integrity [3]. 

Fiber-reinforced composites (FRC) are well established in multiple applications for lightweight construction, 

mechanical and civil engineering, transport and many more [4]. The overall mechanical strength of FRCs may exceed 

the strength of the matrix material manifold. Since the native structure of the four most important tissue types 

(connective and supporting tissue, nerve, muscle and epithelial tissue), from which organs such as bones, blood 

vessels, muscles, tendons and ligaments are formed, consists of fibrous constructs and thus can be reproduced 

biomimetically with textile structures with particularly high precision [5]. Three-dimensional, complex geometries with 

interconnecting pore spaces can be created with the help of pre-considered fiber layouts [6–8]. Based on these 

findings, a novel approach for the combination of hydrogels as matrix system and fiber-based systems as 

reinforcement structure is presented. 

  

Experimental Methods 

Multiple materials such as the biocompatible thermoplastics PCL or PES and the biopolymers chitosan or silk fibroin 

were processed into fibers with different demand-oriented properties by using spinning plants for melt-spinning and 

solution spinning. The fibers with adjustable properties were subsequently manufactured into multiple three-

dimensional structures by weaving, knitting, warp-knitting, braiding and fiber-based additive manufacturing 

processes. 

The complex fiber-based constructs were infiltrated with polysaccharide hydrogels to serve as reinforcing systems 

for 3D-hydrogel systems and were extensively investigated with regard to their mechanical behavior. 

  

Results and Discussion 

Unique fiber-based structures with specifically adapted geometries, pore-sizes and morphologies were realized and 

infiltrated with hydrogels. The mechanical behavior was tested under static and cyclic compression and tensile 

loading. 

In comparison to the hydrogels alone, the mechanical strength of the novel fiber reinforced 3D-hydrogel structures 

was increased manifold. Seeded cells align according to the fiber orientation within the structures that provide 

excellent overall conditions for cell adhesion and differentiation. 
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Conclusion 

A broad range of biocompatible materials can be processed into fibers via melt spinning and solution spinning. Due 

to the extraordinary ratio between surface and volume fiber-based structures are predestined for use in medical 

products by providing large functional surfaces for cell adhesion and interaction on interfaces. The developed textile 

scaffolds and implants exhibit an excellent strength and offer large, interconnected pore spaces for cells to migrate 

into the structures and for nutrients to supply the cells or metabolic waste to be removed, respectively. The fibers 

serve as guidance structure for cells according to their growth direction and also take up the mechanical loads. The 

wide range of textile technologies allows realizing patient-specific, load-adapted scaffolds and implants for 

regenerative medicine, mimicking the natural tissue that is to be supported or replaced. 
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Introduction 

Surface chemical modification plays an important role in regulating cellular behavior, in vitro. Recent studies showed 

that functional groups on biomaterial surfaces regulate cellular adhesion, migration, proliferation and differentiation 

[1,2]. Self-assembled molecules (SAMs) form organized structures and with these molecules, desired surface 

properties can be easily generated. 

In the present study, we aimed to prepare polydimethylsiloxane (PDMS) substrates in natural myocardium-like 

stiffness range [3] and investigate the effect of their surface modifications with SAMs, having two functional end 

groups (-CH3 and –NH2) and different wettability properties, on cardiac differentiation of murine induced pluripotent 

stem cells (mIPS, TαP4). 

  

Experimental Methods 

PDMS (Sylgard 184, DOWSIL) substrates were prepared with different ratios of silicone elastomer base and curing 

agent (10:1 – 70:1) and spin coated (Brewer Science, CEE 200X) on glass slides. Substrates were cured for a week 

at 60°C. Young’s moduli of substrates were characterized with nanoindentation (Optics 11). 

Next, hydroxyl groups were created on substrate surfaces by using oxygen plasma treatment (Nordson March 

Plasma Systems) for 1 min, followed by dipping into 1% concentrations of either 3-Aminopropoyl triethoxy silane 

(APTES, Sigma) for -NH2 end groups or Trimethoxy (octadecyl) silane for –CH3 end groups. Characterizations of 

these modified substrates were done by water contact angle measurements (WCA) and X-Ray ray photoelectron 

spectroscopy analysis (XPS, Thermo Scientific K-Alpha). 

mIPS cells were cultured and differentiated into cardiomyoctes on native and SAMs modified PDMS substrates by 

using a previously published protocol [4]. Cell viability (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide, 

MTT) and Western Blot (Bio-Rad) analysis were performed. 

  

Results and Discussion 

According to nanoindentation results with different silicone elastomer base crosslinker concentrations of PDMS, the 

ratio of 50:1 was found to be in natural myocardium-like stiffness range with a Young’s modulus of 26.42 ± 6 kPa.  

In low resolution XPS survey spectra of all unmodified and modified PDMS, four characteristic peaks were found as 

O1s, C1s, Si2s and Si2p at 533, 286, 155 and 104 eV, respectively. -CH3 functionalization of PDMS substrates lead 

to a remarkable increase in the carbon peak, due to high carbon content of the molecule, whereas N1s peak appeared 

after modifications with APTES at 401 eV. WCA analysis showed hydrophobic nature of native and –CH3 modified 

PDMS (104.1±5 and 112.7±5, respectively) and hydrophilic properties of –NH2 modified PDMS (61.9±4). 
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MTT analysis of mIPS cells on these substrates showed no statistical difference between SAMs modified PDMS. 

Both modified substrates showed higher viability when compared to native PDMS (p<0.05). Western blot analysis 

results were given in Fig.1 on day 12 of differentiation. Similar to viability analysis, both functional end groups 

enhanced cardiac differentiation significantly, when compared to native PDMS. Cardiac marker Troponin-T (Sc-

20025) expressions were higher in hydrophilic -NH2 groups. 

  

Conclusion 

Conventional SAMs modified PDMS substrates in myocardium-like stiffness range were confirmed to be nontoxic to 

mIPS cells and also these modifications enhanced cardiac differentiation of mIPS cells on PDMS substrates. 
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a.p<0,05 significantly different from PDMS; 
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10:30 a.m. – 12:00 p.m. 

Hall 4 

I-SY1 | Bioactive glasses: from the laboratory to 

the clinic 

 

Aldo R. Boccaccini (Erlangen, DE) 

Delia Brauer (Jena, DE) 

 

The biomaterial “bioactive glass” celebrates this year its first 50 years since its invention by Prof. 

Larry Hench in 1969. The special symposium at ESB 2019 is organized to highlight the current 

status in the broad field of bioactive glasses, both from the fundamental and application 

viewpoints. Indeed, over the last 50 years, bioactive glasses, originally intended for applications 

as bone substituting materials and small orthopedic implants, have expanded in their 

functionalities and applications. Novel chemical compositions and advanced processing 

techniques pave the way to a great variety of medical applications, including biomedical coatings, 

dental care, scaffolds for tissue engineering, advanced drug delivery devices, wound healing, soft 

tissue repair and cancer treatment. Various applications of bioactive glasses will be presented 

and discussed in this special symposium. 
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I-SY1-KL01 

Bouncy Bioglass for Cartilage and Bone Regeneration 

Julian R. Jones 

Imperial College London, Department of Materials, London, GB 

 
Introduction 

Bioglass® has now been used in more than 1.5 million patients as a synthetic bone graft (e.g. NovaBone®, NovaBone 

Products LLC, FL). It has outperformed other bioactive ceramics in comparative in vivo studies and regulatory claims 

of “osteostimulaton” (NovaBone) and antimicrobial properties (BonAlive) show the acceptance that it is the ions that 

they release that provide added bioactivity. Bioglass’ potential for bone regeneration is limited because it is only 

available as a particulate or putty1. Only now are Bioglass scaffolds reaching clinical use (Bio2 Technologies), but 

they remain brittle. For bone regeneration, we need materials that can maintain the biological properties of Bioglass 

but can take cyclic loads and biodegrade at a controlled rate. No materials can currently regenerate articular cartilage. 

  

Experimental Methods 

We have developed sol-gel hybrids of covalently bonded co-networks of degradable polymers and bioactive silica. 

The hybrid acts as a single material with tailored mechanical properties and congruent degradation2. Sol-gel hybrids 

can be 3D extrusion printed to obtain porous scaffolds with regular and reproducible architecture that can be tuned 

in order to match the desired requirements. Herein, I will report on our covalently-linked silica/polycaprolactone 

(SiO2/PCL) hybrid material for regeneration of articular cartilage focal defects. The device is composed of a 3D printed 

porous scaffold capped with a dense thin layer of the same material: while the scaffold is intended to be fixed into 

the defect and promote cartilage regeneration, the cap should have optimised tribological properties to ensure low 

friction in contact with the opposing cartilage. 

 

Hybrid Challenges 

The chemistry and processing is complex to create a successful bioactive hybrid. Challenges to overcome are: 

creating a porous structure while controlling degradation rate and mechanical properties. Critical to the success of 

the hybrids is achieving mechanical properties and controlled congruent degradation. This can only be achieved by 

synthesising hybrids that have covalent coupling between the co-networks. 

  

Hybrids of Synthetic Polymers 

SiO2/PCL hybrids with glycidyloxypropyltrimethoxy-silane (GTPMS) as the coupling agent have unprecedented 

mechanical properties, including elastic recovery and the ability to bounce or be hit by a hammer. Scaffolds can be 

directly printed through extrusion printing (Fig. 1). Chondrocytes seeded on 3D printed scaffolds demonstrated 

chondrogenic differentiation and cartilaginous matrix formation in vitro, showing positive staining for Collagen Type 

II, indicative of articular cartilage. Bone marrow stem cells seeded in the scaffolds also differentiate and produce 

Type II collagen. In vivo subcutaneous implantation in mice showed minimal inflammatory response (similar to sham). 

Bespoke synthetic polymers can be synthesised with the coupling agents built in through controlled polymerisation, 

e.g. acrylate based polymers containing links of TMSPMA, spacer monomers and biodegradable linkers. Degree of 

branching and architecture (star v linear v branched) has a large effect on mechanical properties. 
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Conclusion 

Hybrids have the potential to combine bioactivity of bioactive glasses with controlled degradation and mechanical 

properties. They have potential in bone and cartilage regeneration. 

  

References 

1. Jones J.R. Brauer D.S. Hupa L. Greenspan D.S. Int J Appl Glasses: 2016:7: 423-434. 

2. Jones J.R., Acta Biomater. 9:4457-4486, 2013. 

3. Tallia F. et al. Materials Horizons, 2018, 5, 849-860. 

4. Chung J. et al. Acta Biomaterialia, 2017: 54: 411-418 

  

 

Bouncy bioglass can be printed and stimulate 

type II collagen production 
Clockwise: Flexible silica/PCL hybrids; SEM & 

photo of a 3D printed hybrid; Col II matrix in a 

pore produced by chondrocytes 
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I-SY1-KL02 

Bioactive glass: from the laboratory to the clinic 

Nina Lindfors, Robert Björkenheim, Gustav Strömberg, Jukka Pajarinen, Elin Eriksson 

Helsinki University, Helsinki University Hospital, Helsinki, FI 

 
Introduction 

Bioactive glasses (BAGs) are bone substitutes with proven osteoconductive, osteostimulative, angiogenetic and 

antibacterial properties. Implanted in the body a rapid exchange of Na+ from the glass and H+ and H3O- from the 

solution takes place, forming silanol groups and a SiO2-layer at the glass surface. Migration of Ca2+ and PO4
3- to the 

surface of the BAG results in a CaO-P2O5-rich layer on top of the silica-layer. Subsequent protein adsorption and 

chemical bonding of apatite crystallites around collagen fibrils finally then form a bond between the BAG and the 

surrounding bone. 

Bone formation and fracture healing is a highly regulated process involving several factors e.g. the mechanical 

environment, inflammatory and osteogenic cells, vascular and inflammatory mediators and when needed an 

osteogenic scaffold. 

  

Experimental Methods 

Clinically e.g. BAG-S53P4 granules have been used in benign tumor surgery, head and neck- spine and 

neurosurgery and in the treatment of osteomyelitis.  Osteomyelitis is an infectious process that leads to bone 

destruction. Surgical procedures are often performed in combination with systemic and local antibiotics using a two-

stage procedure, in which autograft or synthetic bone is used for filling the bone defect. In a multinational study 

involving six countries and eleven centers, 116 patients with verified chronic osteomyelitis were treated using 

antibacterial BAG-S53P4 granules as part of the treatment. The success rate was 90%. The study showed that BAG-

S53P4 granules could be used in a one-stage procedure with excellent results. 

  

Results and Discussion 

The iv-vivo behavior of BAGs is also dependent on the manufacturing process. By developing the sintering process 

of BAG-S53P4, new stable scaffolds have been manufactured and designed for a single-stage induced membrane 

technique.  Expressions of BMP and VEGF induced by BAG-S53P4 and PLGA coating, as well as, new bone 

formation have been observed iv-vivo, implying promising preclinical results. 

  

Conclusion 

Preclinical and clinical results of BAG-S53P4 support the use of BAG-S53P4 as bone graft subsitute in the treatment 

of bone defects, as well as in the treatment of infected bone.  
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I-SY1-03 

Development and characterization of B and Co ions co-doped 45S5 

bioactive glass for possible use in angiogenesis 

Si Chen1, Martin Michálek1, Dagmar Galusková2, Monika Michálková2, Peter Švančárek2, Ali Talimian2, 

Hana Kaňková1, Jozef Kraxner1, Liliana Liverani3, Dušan Galusek2, Aldo R. Boccaccini3 

1TnU AD, Centre for Functional and Surface Functionalized Glass, Trenčín, SK; 2TnU AD, Joint Glass Centre of the 

IIC SAS, TnU AD and FChFT STU, Centre for Functional and Surface Functionalized Glass, Trenčín, SK; 
3University of Erlangen-Nuremberg, Institute of Biomaterials, Erlangen, DE 

Introduction 

In the past decade, boron (B) has been increasingly used in bioactive materials to promote angiogenesis, exhibiting 

positive effect on neovascularization [1]. B potently activates the MAPK signaling pathway and borate co-transporter 

to markedly increase vascular endothelial cells (VECs) proliferation and migration. Addition of B also enhances VECs 

tubule formation and secretion of IL-6 and bFGF, which also stimulate the angiogenic response. 

Cobalt (Co) as an essential element in human physiology can also promote angiogenesis, albeit in a different way 

[2]. Hypoxia (low oxygen pressure) in vivo plays a pivotal role in coupling angiogenesis with osteogenesis via 

progenitor cell recruitment, differentiation and angiogenesis. Hypoxia activates a series of angiogenic processes 

mediated by the hypoxia inducing factor-1α (HIF-1α). Hypoxia can be mimicked by stabilizing HIF-1α expression. 

Co2+ ion is a well-established chemical inducer of HIF-1α, which elicits a significant hypoxic cascade including VEGF 

secretion, identified as a key regulator in angiogenesis.   

The incorporation of biologically active ions in bioactive glasses is being increasingly considered to enhance the 

angiogenic effect of these materials [3]. In this study, both B and Co were used as dopants in a 45S5 bioactive glass 

in order to promote angiogenesis by two different mechanisms (Fig. 1). 

  

Experimental Methods 

B (2 wt% and 10 wt% B2O3) and Co (2 wt% and 4 wt% CoO) were added into 45S5 bioactive glass, either alone, or 

in conjunction, replacing Si partially. The glass was prepared by conventional melt quenching method. The samples 

with different compositions were respectively denoted as BG, BG.2B, BG.10B, BG.2Co, BG.4Co, BG.2B2Co, 

BG.2B4Co, BG.10B2Co and BG.10B4Co.   

The composition of the bioactive glasses (BGs) was characterized by Fourier transform infrared spectroscopy (FTIR, 

Shimadzu IRAffinity-1S), energy-dispersive X-ray spectroscopy (EDX; Scanning Electron Microscope JEOL JSM-

7600 F/EDS/WDS/EBSD) and inductively coupled plasma-optical emission spectrometry (ICP-OES; Agilent 5100 

SVDV ICP OES). The release of Si, P, Ca, B and Co ions from the BGs powder (less than 25 μm) was also determined 

by ICP-OES using simulated body fluid (SBF) as immersion medium for 1, 3 and 7 days. Afterwards, the solution was 

centrifugated and filtrated, and the ionic dissolution products (IDPs) were measured by ICP-OES. After immersion, the 

samples were examined by scanning electron microscopy (SEM; Scanning Electron Microscope JEOL JSM-7600 

F/EDS/WDS/EBSD) and X-ray diffraction (XRD; X-ray powder diffractometer Panalytical Empyrean DY1098). 

  

Results and Discussion 

The results of BG.2B2Co and BG.10B4Co were selected to demonstrate B and Co doping in the 45S5 BG. Fig. 2A 

confirms the presence and homogeneous distribution of all elements (Si, Na, P, Ca, B and Co) in the BG.2B2Co and 

BG.10B4Co samples. The compositions determined by ICP were almost identical to the designed compositions (Fig. 
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2B). FTIR spectra of BGs before/after immersion in SBF are shown in Fig. 2C. The main absorption bands of BGs 

before immersion are assigned to: 1479 cm-1 (CO32- ν3), 1396 cm-1 (νB-O of BO3), 1188 cm-1 (νB-O of BO4), 

1100-900 cm-1 (Si-O-Si and phosphate), 866 cm-1 (CO32- ν2), 732 cm-1(O-P-O), 472 cm-1 (Si-O-Si). After 

immersion in SBF for 7 days, four feature absorption bands of hydroxyapatite (HA) at 962 cm-1 (PO43- ν1), 447 cm-

1 (PO43- ν2), 1022 cm-1 (PO43- ν3) and 560-600 cm-1 (PO43- ν4) were identified. The results of XRD (Fig. 2D) also 

confirmed the presence of HA through two observed diffraction lines attributed to HA phase at 2θ=32° (khl=211) and 

2θ=26° (khl=002). Before immersion both tested glasses were amorphous. The crystals of HA can be directly 

observed in Fig. 2E. A burst release of all measured elements during the first day is indicated in Fig. 2F, which almost 

levelled out afterwards. And it can be observed that different composite of B and Co successfully caused significant 

different release of B and Co. 

  

Conclusion 

In this study, B and Co ions were successfully and homogeneously doped into 45S5 bioactive glass. The 

compositions measured by ICP were almost identical to the designed compositions, and different release behaviour 

of B and Co was found. Both BG.2B2Co and BG.10B4Co could induce the production of HA on the surface of BG 

particles upon immersion in SBF. Presented results would lead to better understanding of the possible synergistic 

effect of B and Co on angiogenesis. 
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Figure 1. 
The mechanisms of promoting angiogenesis through 

addition of boron and cobalt to bioactive 

glasses. 

 

 

Figure 2. 
The results of material characterization of 

BG.2B2Co and BG.10B4Co. 
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Oxyfluorophosphate bioactive glasses and glass-ceramics 
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Introduction 

Fluoride containing bioactive glasses have attracted much interest in dental and orthopedic application, pertaining to 

their ability to precipitate fluorapatite rather than hydroxyapatite. Indeed, fluorapatite is more stable and chemically 

resistant than hydroxyapatite and is less sensitive to resorption in-vivo. However, introducing fluoride in silicate based 

bioactive glasses was found to lead to an increase in the silica network connectivity and lack of Si-F bonds, in turns 

leading to a decrease in the glass bioactivity. The consequence of a lower bioactivity is the formation of 

inhomogeneous hydroxyapatite and silica-rich layer at the glass particle surface. Alternatives are the phosphate 

glasses. Invert phosphate glasses (up to the metaphosphate) have been found to be bioactive. However, little is 

known on the impact of Fluorine on the in-vitro dissolution properties and their interaction with cells. 

  

Experimental Methods 

Glass within the 75NaPO3-(25-x)CaO-xCaF2, with from 0 to 20, were processed by melt quenching. The structure of 

the glasses was investigated by Raman, FTIR and NMR in order to assess the role played by the F ions in the glass 

network. The thermal properties were measured using a DTA. Based on the DTA measurement, a series of heat 

treatment were performed to produce glass-ceramics. The in-vitro dissolution of the glasses and glass-ceramics 

produced was tested in TRIS buffer solution. Ion released in solution was quantified by ICP-OES. The index of 

cytotoxicity (IC50) was assessed using MC3T3-E1 cells cultured in extract. Live/dead, cytoplasmic nuclear ratios as 

well as cell proliferation, upon cell exposure to the glass extract was also evaluated 

  

Results and Discussion 

With increasing fluorine content an increase of the P-F bond is reported. The structural changes, associated to the 

increase in F ions, leads to an increase in dissolution rate. The thermal properties were measured using DTA and a 

crystallization study revealed that upon substitution of CaO for CaF2 a progressive change from surface to bulk 

crystallization occurred. This is of particular interest as, typically, bioactive glass crystallize from the surface limiting 

their application as glass-ceramics. An increase in F content leads to a decrease in the IC50, however the glass 

ceramics containing CaF2 was found to have a higher IC50 than its glass counterpart. Furthermore, crystallization 

of the glasses into glass ceramics, was also found to lead to an increase in the cytoplasmic nuclear ratio.   

  

Conclusion 

Overall, the developed glass were found, as expected to favor the precipitation of a fluoroapatite layer. The presence 

of F increase the dissolution rate and leads to a decrease in the glass concentration that can be used, in order to 

maintain over 50% cell viability. The developed F-containing glasses can be processed into glass-ceramics through 

control CaF2 crystal growth. The presence of nanocrystals leads to an increase in the IC50 greater than those 
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reported for the glass counterpart, indicating that the glass-ceramic is less cytotoxic. The developed glasses were 

found to have thermal, in-vitro dissolution and cell bioresponse promising for orthopedic and dental application 
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I-OS3-01 

Can graphene be the key for a successful application of pHEMA in 

cardiovascular devices? 
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Introduction 

Blood contacting devices (BCD) such as vascular grafts, stents, heart valves and catheters are daily used to treat 

cardiovascular diseases (CVD), which are the number one cause of death globally1. This prevalence reflects in 

worldwide costs exceeding US $863 billion/year which includes the treatments, surgical interventions and post-

surgical complications such as the occurrence of fibrosis, thrombosis or infection in implanted devices1. The primary 

therapy for patients with advanced CVD is the arterial bypass grafts. However, there is a lack in efficient synthetic 

grafts for arteries with small diameter (i.d. <6 mm). Poly (2-hydroxyethyl methacrylate) (pHEMA), a synthetic hydrogel 

approved by Food and Drug Administration (FDA), presents a high hemocompatibility due to its non-fouling 

properties, but the poor mechanical properties impair its usage in the designing of blood contacting devices. Thus, 

this work aims to evaluate the effect of graphene-based materials (GBMs) exfoliation, oxidation degree and lateral 

size in the mechanical reinforcement of pHEMA considering its future application in the design of blood contacting 

materials, such as small diameter vascular grafts. 

  

Experimental Methods 

GBMs with different exfoliation, oxidation degree and lateral size were used, namely graphene nanoplatelets (GNP 

M5 and M15), oxidized GNP (GNP M5ox and M15ox) and graphene oxide (GO).GBMs were either purchased or 

produced by modified Hummers’ method and characterized by TEM and XPS. pHEMA/GBMs composites were 

produced by in situ polymerization of 2-hydroxyethyl methacrylate and tetraethylene glycol dimethacrylate in the 

presence of the different GBMs. Resulting composites were evaluated regarding GBM dispersion and surface 

topography (SEM), wettability (contact angle), swelling capacity (gravimetry) and mechanical properties (tensile 

tests). Biocompatibility of pHEMA/GBMs were evaluated by assessing the medium extracts cytotoxicity towards 

HUVECs cells. Non-fouling properties of pHEMA/GBMs were evaluated by the assessment of their capacity to adhere 

human platelets (SEM), HUVECs cells (fluorescence microscopy using a staining of phalloidin and DAPI) and 

bacteria (high-throughput microscopy using a BacLightTMLIVE/DEAD staining kit). A prototype conduit of pHEMA/GO 

(ID: 4 mm; OD: 6mm) was developed to evaluate its blood compatibility in vivo using non-heparinized pigs as animal 

model. The conduits were connected to the pig carotid arteries (A-V shunt) being in contact with circulating blood for 

1 h and materials surface lumen were afterwards evaluated by SEM. 

  

Results and Discussion 

The lateral size of GBMs ranges from 1.5 to 15 µm, being GO the smallest material. Oxidized forms of GBMs show 

a similar oxidation degree between them of about 34% while non-oxidized GBMs have low oxygen content (3%). 
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TEM images of GO show that this material has the highest exfoliation degree. Incorporation of GBMs in pHEMA 

leads to an increase in its roughness, more predominant when the oxidized GBMs were incorporated but keeps its 

surface wettability (contact angle of 25º) and swelling capacity (50%). The oxidation degree and thickness of GBMs 

(as well as particles dispersion) revealed to be crucial factors to achieve the greater improvements in the mechanical 

properties of pHEMA, while particles lateral size had a minor effect. As such, GO, which is an oxidized GBM and the 

thinnest was the most efficient filler among the tested GBMs in the increase of pHEMA stiffness and tensile resistance 

reaching 2 MPa and 0.7 MPa, respectively. These values empower the possible application of pHEMA/GO 

composites in development of some blood contacting devices such as small diameter vascular graft. Regarding the 

biological properties, pHEMA/GBMs extracts are not cytotoxic and pHEMA/GBMs maintain the non-fouling properties 

of pHEMA, exhibiting negligible levels of adherent cells and blood platelets. Bacteria adhesion assay reveals that 

incorporation of non-oxidized forms of GBMs in pHEMA seems to promote higher bacteria adhesion at surface while 

oxidized-GBMs maintain the low levels observed in pHEMA. Preliminaryin vivohemocompatibility studies show that, 

unlike the control ePTFE (currently used in clinics for large diameter vascular grafts), which reveals exuberant 

platelet, erythrocytes and leucocytes adhesion with clot formation and complete occlusion, pHEMA/GO conduits only 

present a few leucocytes adhered to its surface lumen, and maintain blood circulation without clot formation. 

  

Conclusion 

New pHEMA/GBMs composites have been developed, being pHEMA/GO the most promising material with suitable 

mechanical and bio/hemocompatible features to apply in the design of blood contacting devices. 
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Introduction 

The development of bioinks is understood as a critical aspect in the interdisciplinary field of biofabrication. 

Biopolymers are often preferred as bioinks due to their often good cytocompatibility but have also limitations, 

specifically regarding characterization, batch-to-batch variations and suboptimal viscoelastic properties.1 In contrast, 

synthetic polymers can be tuned more easily for specific applications, in particular synthetic platforms that allow fine-

tuning of physicochemical and viscoelastic properties are favorable. Thermoresponsive structures based on poly(2-

oxazoline)s have been investigated over years2 but only few reports on thermogelling poly(2-oxazoline)s can be 

found nowadays. Lorson et al. established a thermogelling (G´ > 1000 Pa, TGel = 10-30 °C), cytocompatible and 

printable poly(2-oxazoline)/poly(2-oxazine) (POx/POzi) supramolecular hydrogel comparable to the well-known 

pluronic® F127.3 We recently established two new hydrogel platforms based on ABA triblock copolymers with varying 

POzi block B and Poly(2-methyl)-2-oxazoline as the hydrophilic shell A. The polymers undergo thermogelation upon 

cooling comparable to the well-known gelatin. The difference between the platforms are time dependency of gelation 

and concentration range at which the gelation occurs. 

  

Experimental Methods 

The Monomers were synthesized via an established method investigated by Wittig and Seeliger.4 Based on that the 

ABA triblock copolymers were synthesized via living cationic ring opening polymerization. The reaction process and 

purified polymers were analyzed via Gelpermeationchromatography and 1H-NMR spectroscopy. The polymers were 

additionally screened on the behavior in aqueous solution at different concentrations and temperatures. The selected 

ABA triblock copolymers which undergo thermogelation upon cooling were investigated via rheology and viscosity 

measurements. To understand the aggregation behavior first dynamic light scattering and small angle X-ray 

scattering experiments were conducted. Also the cytotoxicity assay WST-1 were performed. 

  

Results and Discussion 

Two out of six screened polymers which varying hydrophobic core undergo thermogelation upon cooling only by 

shifting methylene-groups. One of that undergo physical gelation in the range of 5 wt.% up to 40 wt% in water upon 

cooling in the time range of 90 minutes (G´(5 wt.%)= 130 Pa; G´(20 wt.%)= 21 kPa) (Figure 1). Once the gel is 

formed, the physical network is stable until 31 °C, exhibited shear thinning, and structure recovery properties. Also 

first promising extrusion based bioprinting experiments were performed. The polymer solution formed two different 

aggregates. A small micellar structure in the size range of 10-20 nm and a second larger species of 200 nm 

investigated via DLS and SAXS experiments. Upon cooling, the 200 nm species increased in number reversible. The 
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limitation of that platform, the time dependency upon gelation, can be overcome by the second ABA-triblock 

copolymer, which undergoes fast reversible gelation upon cooling investigated and compared with the first polymer 

via rolling ball viscosity measurements (Figure 2). 

  

Conclusion 

To conclude we established two new polymer hydrogels based on Poly(2-oxazoline)Poly(2-oxazine) ABA triblock 

copolymers which undergo unique thermogelation upon cooling.  The platforms can be used as a bioink but also as 

sacrifical and support material for different applications in the field of biofabrication. 
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Figure 1. ABA triblock copolymer undergoes 

thermogelation upon cooling. 

 

 

 

 

 

Figure 2. The second polymer undergoes rapid 

gelation upon cooling at 20 wt.%. 
The gelation was investigated and compared to 

the system I via viscosity  measurements 
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Introduction 

Cancer is the second most common cause of death in Germany. Due to the nature of the rapidly multiplying 

cancerous cells, tumours develop and occlude the passageways of hollow organs such as the windpipe, bile ducts, 

or oesophagus. Current treatments include surgical removal of the tumour or implantation of plastic tubes and metal 

stents to open the occluded hollow organ. These implants have the disadvantage that they reduce the width of the 

passageway of the hollow organ and they cannot prevent the ingrowth of tumour cells into the hollow space, 

respectively. By combining an overheating of the tissue, so-called hyperthermia, with a stent structure, local cancer 

treatment is realised. For this, inductive heatable fibres are produced by compounding magnetic nanoparticles (MNP) 

with a polymer. Then, using these fibres a stent is braided. This stent is inserted at the location of the tumour, where 

it is heated by magnetic induction. This heat destroys the cancer cells. This treatment can be repeated whenever 

necessary to provide a free passageway against the tumour ingrowth. It is crucial for this application, that the stents 

reach the therapeutically relevant temperature of approximately 43 °C, in order to spare the healthy tissue while 

successfully destroying the cancerous tissue. 

In this study, we investigate the effects of MNP incorporation inside polypropylene (PP) compounds on 

magnetic heating. The compounds are the base material used for the production of hybrid stents. We analyse the 

results with respect to MNP dispersion, processability and mechanical properties of the fibres. 

  

Experimental Methods 

Self-synthesized freeze-dried MNP are incorporated with various concentrations into a PP matrix using a twin-screw 

compounder (Brabender, Duisburg, Germany). The MNP had a core diameter of (10.2 ± 2.4) nm and a saturation 

magnetization of (99.4 ± 0.8) Am²/kg. Compounds with MNP concentrations varying from 2 wt% to 8 wt% were 

fabricated. From these compounds, fibres with MNP loading were produced using a small-scale melt spinning setup 

(DSM, Heerlen, Netherlands). Additionally, a commercial particle system (318F Bayferrox ®) was used to develop a 

pilot-scale melt spinning process (Fourné Polymertechnik GmbH, Bonn, Germany) from compounds with the above-

mentioned concentrations varying mass flow and take-up velocity. Fibre thickness was determined using optical 

microscopy. Mechanical properties of the respective fibres were tested using uniaxial tensile tests (Textechno Herbert 

Stein GmbH & Co. KG, Mönchengladbach, Germany) . Compounds as well as fibres were embedded in agarose 

gels (1.5 wt% agarose) and exposed to an alternating magnetic field (AMF) at H = 14 kA/m and f = 100 kHz for 30 

min. The measurements were carried out with a custom-built hyperthermia setup (Trumpf Hüttinger, Freiburg, 

Germany). The MNP dispersion within the PP matrices of compounds as well as fibres was analysed using 

transmission electron microscopy. The processability of the fabricated fibres are analysed by manual braiding 

techniques. 
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Results and Discussion 

Stable spinning conditions were achieved for all tested MNP concentrations. Fibres produced with Bayferrox particles 

had a fineness ranging from 145 µm to 190 µm and exhibited a breaking force of 90 cN to 160 cN. Fibres fabricated 

from compounds loaded with self-synthesised MNP displayed a temperature rise between 0.7 °C and 2.2 °C at the 

given AMF parameters depending on the particle mass concentration. The processability of such fibres is confirmed 

by the successful fabrication of a stent using a one-wire manual braiding technique. 

  

Conclusion 

Inductive heatable fibres consisting of MNP incorporated in a PP matrix were fabricated, characterised and further 

processed into a stent structure. This heatable stent is a promising approach to treat tumours infiltrating hollow 

organs. Further investigations are currently in progress in order to improve heating efficiency and mechanical 

properties. 
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Concept schematic 
Concept schematic of nanoferrite-laden polymer 

fibers which are inductively heated to locally 

destroy tumor tissue infiltrating a hollow organ 

through local hyperthermia 
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Introduction 

The use of synthetic protein and peptides to build functional materials is of great interest in the field of tissue 

engineering and regenerative medicine because they offer versatility, biofunctionality, modular structure as well as 

ease of design and production. A novel protein/peptide composite system (ELP/PA) developed in our lab1,2 is of 

particular interest because of its’ capacity to engineer with molecular control while creating controlled macroscopic 

scaffolds. However, despite the numerous advantages, protein or peptide based biomaterials usually lack mechanical 

strength and reproducibility. Graphene oxide (GO) is a single layer two dimensional nanomaterial with a wide array 

of interesting physical and chemical properties as well as biocompatibility and ease of functionalisation. Due to 

excellent mechanical properties GO offers an interesting approach for development of new generation organic-

inorganic composite biomaterials. 

In this work we aim to manipulate the diffusion-reaction mechanism that takes place upon co-assembling peptides 

and proteins at an interface to organize GO hierarchically. In this way we hope to create a composite 

protein/peptide/GO that has the biofunctionality and complexity of protein/peptide materials as well as increased 

mechanical strength of GO. 

  

Experimental Methods 

The microstructure of the samples and distribution of GO was visualised using scanning electron microscopy (SEM) 

and transmission electron microscopy (TEM) techniques. AFM nanoindentation was used to measure Young’s 

Modulus of the samples. The cell studies were carried out using adipose derived stems cells (ADSCs). Cell metabolic 

activity was investigated using Alamar BlueTM assay. Cell proliferation was established based on Picogreen AssayTM. 

Cell attachment and morphology were examined using fluorescently stained confocal images. Student t-test was 

used to analyse data. Significant differences between the groups were looked for at p < 0.05 and at p < 0.01. 

  

Results and Discussion 

We were able to successfully manipulate GO flakes via diffusion-reaction mechanism and hierarchically organise it 

within the protein/peptide system (ELP/PA) into a hybrid bioactive scaffold material. The GO flakes were shown to 

be organised in a concentric manner parallel to the membrane’s face. In order to explore bioactive properties of the 

new material we investigated cell adhesion, metabolic activity, morphology, and proliferation. We also conducted 

stability assays and AFM nanoindentation. The composite ELP/PA/GO material has shown excellent biocompatibility 

and improved mechanical properties. 

  

Conclusion 

In this study we have introduced a new way to organize GO flakes hierarchically while creating bioactive hybrid 

material that takes advantage of its building blocks’ properties such as: biofunctionality, mechanical strength, 

hierarchical and fibrous microstructure resembling extracellular matrix. These novel composite biomaterials could be 
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used as scaffolds in tissue engineering and regenerative medicine applications such as peripheral nerve regeneration 

or vascular grafts. 

  

References 

1  Inostroza-Brito, K. E. et al. Co-Assembly, spatiotemporal control and morphogenesis of a hybrid protein-peptide 

system. Nat. Chem.7, 897–904 (2015). 

2. Inostroza-Brito, K. E. et al. Cross-linking of a biopolymer-peptide co-assembling system. Acta Biomater.58, 80–89 

(2017). 

  

Acknowledgement 

The funding for this study has been provided by ERC Starting Grant STROFUNSCAFF, Biomorph, Life Sciences 

Institute LSI and Queen Mary University of London 

  

 

Characterisation of the protein/peptide/GO 

system 
Figure 1. A. TEM micrograph of  ELP/PA-K3/GO 

cross-section, GO flakes highlighted with 

arrows, inset- a bright field image of the 

membrane B. SEM micrograph of ELP/PA/GO cross-

section, GO flakes highlighted with arrows C. 

Cell metabolic activity on days 2, 7 and 14 on 

membranes with and without GO D. Cell attachment 

on ELP/PA-K3/GO membrane, nuclei stained with 

DAPI E. Cell proliferation comparison between 

membranes with and without GO F. Cell 

morphology. 
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Introduction 

One of the common and serious complications after surgery are formation of post-operative intra-abdominal 

adhesions, which can cause a series of side-effects such as severe pain, infertility, intestinal obstruction and even 

death. Over recent decades, adhesion prevention materialsin the type of membrane have been used as one of the 

most effective approach for reducing adhesion formation. However, it isdifficult to handle during surgery and is not 

suitable for endoscopic surgery, which is a recent minimally invasive surgical procedure for patient. Therefore, 

adhesion prevention materials with excellent operability and compatibility for endoscopic surgery are required. 

Recently, we reported the successful preparation of temperature-responsive injectable polymer (IP) formulations 

forming chemically cross-linked hydrogel just after physical gelation in response to temperature1. We developed tri-

block copolymer of poly(caprolactone-co-glycolic acid) and PEG (tri-PCG) as a base polymer and acryloyl groups 

were introduced on both termini of a tri-PCG (tri-PCG-Acryl). After mixing each micelle solution of tri-PCG-Acryl, and 

tri-PCG containing hexa-functional polythiol [dipentaerythritol-hexakis(3-mercapto-propionate) (DPMP)], the 

obtained IP formulation exhibited a temperature-responsive irreversible sol-to-gel transition (Scheme 1). In addition, 

the duration time of the gel state after gelation could be easily controlled just by changing mixing ratio of tri-PCG-

Acryl to tri-PCG/DPMP. In this study, we investigated the preventive effects of the IP hydrogel on post-operative 

abdominal adhesions in rat adhesion model. 

  

Experimental Methods 

Tri-PCG-Acryl was synthesized by the method reported previously1. The tri-PCG-Acryl dissolved to form micelle 

solution and the micelle solution was further mixed with tri-PCG micelle solution containing DPMP in various mixing 

ratio to give IP formulations. The sol-gel transition of the IP formulation was investigated by a test tube inverting 

method and rheological measurement using a dynamic rheometer. Adhesion formation in a rat experimental model 

was induced by NaOH treatment. Absorbent cotton (5×5 mm) soaked in NaOHaq. was put on the cecum of a rat, 

and then the area was neutralized by absorbent cotton soaked in HClaq. After this procedure, we applied IP 

formulations with various contents of tri-PCG-Acryl. After14 days, the extent of adhesion formation were scored by a modified 

classification according to the previous report2 and compared with Seprafilm®, which is a membrane sheet clinically used. 

  

Results and Discussion 

The IP formulations can easily be spout out from a micro-catheter, and exhibited sol-to-gel transitions upon heating from r.t. 

to 37°C within 30 sec. After cooling to room temperature, the formulation was still in the gel state. These results show that the 

sol-to-gel transition of the formulation was irreversible by covalent bonds formation. The irreversible sol-to-gel transition of the 

IP formulation was also confirmed by rheological measurements. The anti-adhesive scores in rats group treated with IP 

hydrogel was significantly lower than no treatment group, and slightly lower than Seprafilm®treated group (Figure 1). 
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Conclusion 

These results suggested that the IP formulations worked as physical barriers between treated area and 

normalperitoneum or organs. Therefore the IP hydrogels are expected to be applied as injectable-type adhesion 

prevention materials having good compatibility with endoscopic surgery. 
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Scheme 1. 
Preparation of [DPMP/tri-PCG + tri-PCG-Acryl] IP 

formulation. 

 

 

Figure 1. 
Anti-adhesive scores for the IP formulation in 

rats. 

L-16: tri-PCG/DPMP + tri-PCG-Acryl(16%), R: tri-PCG (R), Se: Seprafilm®,V: control (PBS).The scores are expressed as 

mean of the mice. 0: no adhesion, 1: easy to peal (film-like), 2: difficulty in pealing: Low, 3: difficulty in 

pealing: Medium, 4: difficulty in pealing: High 
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Introduction 

Based on the very limited intrinsic self-regeneration capability of cardiomyocytes, acute or chronic damage to the 

heart muscle, e.g. caused by a myocardial infarction, can lead  to scar formation, the loss of contraction ability, and, 

potentially, to heart failure. Restricted therapies and the lack of donor organs demand new cardiac tissue engineering 

(CTE) strategies like the cardiac patch approach1. Electrospinning has evolved as a suitable processing technique 

due to its ability to closely mimic the highly branched myocardial structure2. In order to imitate the polysaccharide 

component and structural properties of the cardiac extracellular matrix, this study focuses on a blend of collagen 

(Col) and hyaluronic acid (HA). Additionally, polyaniline (PANi), a conductive polymer, was added to the mixture to 

provide electrical conductivity of the fiber mat. Fiber mats made from PANi and gelatin showed already good results 

in previous studies3,4. 

  

Experimental Methods 

Different weight percentages of polyaniline emeraldine base (Mw 65MDa, Sigma-Aldrich) and camphorsulfonic acid 

(CSA, Sigma-Aldrich) (1:1 weight ratio) were dispersed in dimethylsulfoxide (≥99.5 %, Carl Roth) and stirred for 24 

h. Collagen (type I, Symatese) and HA (Mw 1.0-1.5 kDa, Lifecore Biomedical) (9:1 ratio) were dissolved in formic 

acid (≥98 %, Sigma-Aldrich) and stirred for 1 h. Col/HA and PANi/CSA solutions were combined in 9:1 and 7:3 ratios 

15 min prior to electrospinning. Electrospinning parameters were optimized to an applied voltage of 16 kV, a flow 

rate of 0.05 mL/h and a tip-target distance of 10 cm. Fibers were randomly collected on a mandrel with 500 rpm. The 

fiber mats were crosslinked in 25 % aqueous glutaraldehyde (50 % EM grade, Polysciences) vapor for 72 h. The 

morphology (SEM), chemical (ATR-FTIR), mechanical and electrical properties of the fiber mats were investigated. 

In vitro studies with cardiomyocytes of 3 days-old rat pups were conducted and cytocompatibility, beating behavior 

and intercellular communications were examined. 

  

Results and Discussion 

All Col/HA/PANi blends showed homogenous defect-free fibrous morphologies with fiber diameters ranging between 

120 and 340 nm. The increasing PANi content and thereby increasing solution conductivity led to a decreasing fiber 

diameter, whereas the fiber alignment increased. FTIR analysis confirmed the presence of collagen, HA, and PANi 

in the fibrous scaffolds. Ultimate tensile strength and failure strain increased with increasing PANi content before it 

decreased finally; the Young's modulus decreased constantly with increasing PANi volume.The electrical conductivity 

also significantly increased with increasing PANi amount up to 2 ± 0.5 mS/cm. Cytocompatibility assays after 48h 

revealed a slight decrease of cardiomyocyte viability in fiber mats containing PANi/CSA; however, cardiomyocytes 

showed no significant difference in beating rates for the different compositions. The fibrous scaffold with the highest 

PANi content revealed a significant increase in contraction amplitude compared to the other compositions. Also a 

significant increase in connexin43 was observed for the fibers with the highest PANi volume. 
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Conclusion 

After optimization of solution and electrospinning parameters, homogenous Col/HA/PANi fiber mats were 

successfully fabricated. The fiber mat with the highest PANi content showed the best cell results despite being the 

most brittle. However, all reported results meet the requirements for a patch applicable in cardiac tissue engineering. 
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Introduction 

Electrically conductive substrates are used to improve axonal extension and induce a greater release of 

neurotrophins by glial cells when subjected to an exogenous electric field [1-2]. Herein, we develop polylactic acid 

(PLA) - polypyrrole (PPy) nanofiber films with different amounts of PPy, characterizing its physicochemical and 

dielectric properties, as well as its biological validity to be used within the field of neural tissue engineering. 

  

Experimental Methods 

Aligned PLA nanofiber films were obtained by the electrospinning technique and coated with the electrically 

conductive polymer PPy via in situ polymerization. Different mass fractions of PPy were obtained by varying the 

reaction parameters used for the PPy coating (4%, 13%, 18%, 23%, 27% and 34%). Different techniques (Field 

Emission Scanning Electron Microscopy (FESEM), Fourier-Transform InfraRed spectroscopy (FTIR), 

ThermoGravimetric Analysis (TGA), Differential Scanning Calorimetry (DSC) and impedance measurements) were used to 

characterize the physicochemical and dielectric properties of the membranes. The MTS cell proliferation assay and confocal 

microscopy images were employed to assess the adhesion of rat Schwann cells on the surface of the substrates.     

  

Results and Discussion 

FESEM images showed that for mass fractions of PPy below 23% the coating was discontinuous, while many 

aggregates were observed for mass fractions of PPy above 34%. Therefore, a continuous and homogeneous coating 

without aggregates is obtained between these two values. 

The dielectric characterization showed that the greater the mass fraction of PPy, the greater the conductivity of the 

material. A percolation effect was also observed for substrates with a mass fractions of PPy greater than 23%, 

corroborating the continuity of the PPy coating above this value. 

The MTS cell proliferation assay showed a greater cell adhesion of Schwann cells when the mass fraction of PPy is 

low (4%), compared to PLA membranes. However, from this point, the greater the mass fraction of PPy, the lower 

the cell adhesion. Morphological changes of the cells were also observed when increasing the mass fraction of PPy. 

  

Conclusion 

Our experimental data demonstrate the ability to obtain electrically conductive, biodegradable and biocompatible 

PLA-PPy substrates that greatly expand the potential for this composite material to be used for tissue engineering 

and implantable devices applications. 
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Cell proliferation assay, conductivity of 

membranes and confocal microscopy images 
A: MTS Schwann cell proliferation assay. B: 

Conductivity of PLA-PPy films. C-G: Confocal 

images of Schwann cells seeded on PLA and PLA-

PPy substrates. 

 

 

FESEM images of PLA-PPy electrospinning 

membranes 
FESEM images of PLA (EPLA) and PLA-PPy (E04, 

E18, E27 and E34) electrospinning membranes with 

an aligned orientation of the nanofibers. EPLA: 

Smooth surface. E04: Inhomogeneous coating with 

discontinuities. E18: More homogeneous coating, 

but still with some discontinuities. E27: 

Homogeneous coating. E34: Homogeneous coating, 

but with PPy aggregates. Left image: 1.000X 

(Scale bar = 20 μm). Right image: 7.500X (Scale 

bar = 2 μm). 
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Introduction 

The primer function of the skeletal muscle is to provide movement with other musculoskeletal organs. Damages of 

these muscles greatly affect daily life of patients as they cause movement restriction in the human body. The regain 

of the function of damaged muscle depends on the size of the injury. In case of simple injuries muscles can self-heal 

with physical exercises and resting. However, the large volume loss caused by firearms, cancer ablation, etc. cannot 

heal without any surgical treatment. Tissue engineering techniques which use a matrix with/without cells emerge as 

an alternative advanced treatment for damaged muscle tissue regeneration. The function of the carrying matrix is to 

form new muscle tissue by enhancing myotube formation from myofibers. Thus, the materials used in fabrication of 

matrix and final form of matrix are particularly important. We herein designed a spiral form 3D matrix made of 

nanofiber polycaprolactone and polyaniline membrane, which is combined with DCM to repair damaged muscle 

tissue. 

  

Experimental Methods 

The bovine skeletal muscles purchased from local abattoir were decellularized using trypsin-EDTA and Triton-X 

solutions. DNA assay was done by high salt DNA extraction procedure to determine the effectiveness of 

decellularization method. DNA content was measured using Nanodrop (Thermo scientific, USA) after the extraction 

of DNA. To further confirm removal of cellular content, Gel electrophoresis was performed with DNA extracts loaded 

on 1% agarose gels.For production of nanofiber membrane, the mixed was electrospun through a plate collector by 

applying high voltage between tip and collector. The morphology of obtained mats was determined by SEM, where 

the electrical conductivity was measured using a multimeter. The final combined structures were obtained by injecting 

DCM solution in acetic acid into a spirally rolled electrospun mats.   

  

Results and Discussion 

With regard to DNA assay, the decellularization efficiency was found to be around 84% for DCM samples. 

Furthermore, there were no detectable traces of DNA in electrophoresis, confirming the effectiveness in removing 

the DNA component. A nonwoven mesh structure was successfully produced from PCL/PANI via electrospinning 

process without any bead formation on the nanofibers (Fig.1.). The diameters of nanofibers were in the range 

between 200-730nm. The electrical resistance of nanofibrous mats were measured to be around 108Ω. The spiral 

form structures were also formed with a good integration between the components. 

  

Conclusion 

The results obtained from the present work indicate that spiral shape combined structures possess favorable 

properties to serve as a scaffold for the regeneration of damaged skeletal muscle tissue. 
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Morphology of PCL/PANI mats observed by SEM. 
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I-OS4-01 

Biocompatibility of F-127 as lubricant for orthopaedic implants. 

Ruben del Campo, Seunghwan Lee 

Technical University of Denmark, Department of Mechanical Engineering, Lyngby, DK 

 
Introduction 

During the last decades, the number of total replacements of joints increased including young people [1] [2]. The 

most common surgical operation of artificial joints are the substitutions of hip and knee joints. The life span of these 

joints is around 15 to 20 years on the most optimistic cases, which is mostly lower than the remaining life expectancy 

of the patients. 

Some of the implant failures are: surgical error (3 %), periprosthetic fracture (5 %), recurrent dislocation (6 %), 

infection (7 %) and the most predominant one is aseptic osteolysis (75 %). Wear and corrosion products caused by 

articulating implant surfaces induce local inflammatory responses that produce the aseptic osteolysis phenomenon 

[3]. 

In this work, we studied the biocompatibility and tribological properties of Pluronic copolymer F-127 as lubricant for 

articular joint implants. F-127 is a water-soluble triblock copolymer of PEO (polyethylene oxide) and PPO 

(polypropylene oxide) with the capability of reducing interfacial tensions and forming aggregates as micelles [4]. It is 

presented that F-127 polymer can adsorb onto the surface of the implant, creating a protective interface that reduces 

the friction and decrease the wear particles released by the implant. 

  

Experimental Methods 

1. Tribology: 

Pin on disk tests, using CoCrMo alloy pins and UHMWPE disks, were performed in bovine synovial fluid and models 

synovial fluids simulating the articulation environment. This tribopair, metal-on-polymer, currently represents over the 

80 % of the total hip and knee surgeries. At some point during the tests, F-127 solutions in different concentrations 

(0.2 to 20 wt%) were injected in the system. Relations between the coefficients of friction before and after the 

injections were calculated to show the effectiveness of the solutions as lubricant. 

2. Biocompatibility: 

Osteoblast (MC3T3-E1) and fibroblast (L929) cells were cultured in α-MEM and DMEM, respectively, supplemented 

with 10 vol% of fetal bovine serum, 2 mM L-glutamine and 100 UI/ml penicillin and streptomycin. The cells were 

subcultured until at least 7 passages. 

Cytotoxicity assays with MTT and CCK-8 in the cells were performed after 24 and 72 hours of incubation time with 

the polymer in different contents. Proliferation of the cells by Trypan blue exclusion after the same time of exposition 

of the polymer was done as check of the cytotoxicity assays. 

Cell morphology was examined by optical microscopy and necrotic behavior of the cells was evaluated after staining 

the cell nuclei with Hoechst H33258 solution. 

3. Immunology: 

Inflammatory response was monitored with the production of some cytokines, such as TNF-alpha, IL-1, IL-6, IFN-

gamma and IL-10 after incubation of macrophages with lubricants for 24 hours by ELISA assays. 
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Results and Discussion 

The coefficient of friction decreased by about 20 % upon injection of F-127 solution to model synovial fluid. The 

magnitude of decrease was independent of the F-127 solution concentration, but the higher content of F-127 led to 

a faster decrease (Figure 1). 

However, the decrease in the coefficient of friction is not associated with a decrease in the number or amount of wear 

particles in the system. Hip implant simulator tests with liner of UHMWPE under a similar conditions showed F-127 

the capability of protection in the liner surface. 

F-127 has amphiphilic characteristics that allows for the interaction with hydrophobic surfaces such as UHMWPE in 

aqueous systems. The interaction between F-127 and hydrophobic particles was also detected by DLS when F-127 

is over the critical micelle concentration (c.m.c.), in contact with simple proteins. 

Cytotoxicity evaluated by MTT assays shows a metabolic activity of both types of cells higher than the control cells 

incubated without the polymer for all the F-127 concentrations tested. On the other hand, Trypan blue exclusion 

shows a similar proliferation of cells when the concentration of F-127 is under the c.m.c. but when the concentration 

of F-127 is over the c.m.c. the proliferation of cells decreases to toxic levels (Figure 2). 

The morphology studies and immunology results will be further discussed. 

  

Conclusion 

The results of pin on disk together with the hip implant simulator show the capability of F-127 to protect hydrophobic 

surfaces of UHMWPE in model synovial fluid. Hydrophobic-hydrophobic interactions between the unimers of F-127 

and UHWMPE in aqueous solvent allow the UHMWPE surface to be covered by protective layers of F-127, which 

can lengthen its lifespan. 

F-127 over the c.m.c. shows an increment in the particle size that it is detectable by DLS with not only UHMWPE 

particles released by the liner surfaces, also with hydrophobic surfaces of serum components as proteins. 

F-127 in concentration under the c.m.c. is not toxic but in higher concentrations could be, so the data will be analyzed 

together with the immunology tests carefully. 
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Figure 1 
Pin on disk tests 

 

 

Figure 2 
Biocompatibility 
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Graphene and MXene nanomaterial variants for biomedical remediation 
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Introduction 

The effective removal of contaminants which build up in body tissues during infection and chronic disease is currently 

hindered by several challenges including inadequate clearance, long treatment duration and rising antimicrobial 

resistance1. Recent developments suggest that the planar structures, large surface areas and chemical reactivities 

of the 2-dimensional graphene and titanium carbide (Ti3C2) MXene families of nanomaterials make them suited to 

biomedical remediation of such toxins2. The aim of this study was to compare the physicochemical, biological and 

biotoxin removal properties of graphene and Ti3C2 MXene variants in order to investigate their use in medical device 

applications. 

KEY: Graphene nanoplatelets (GNP), graphene oxide (GO), graphene-oxide silver (GO-Ag), multilayer Ti3C2 MXene 

(ML-MXene), delaminated Ti3C2 MXene (DL-MXene). 

  

Experimental Methods 

Nanomaterial physicochemical properties were characterised using scanning electron microscopy, x-ray 

spectroscopy (XPS), dynamic light scattering and nitrogen porosimetry. Biocompatibility was assessed in vitro in 3T3 

fibroblasts and Jurkat T lymphocytes using cytotoxicity and apoptosis assays respectively. Haemocompatibility was 

investigated in human blood using platelet activation, coagulometry and haemolysis assays. Antimicrobial activity 

was investigated in Escherichia coli and Staphylococcus aureus using colony count and Live/Dead staining assays. 

Biotoxin removal capacity was assessed in plasma and cell culture media samples spiked with the pro-inflammatory 

cytokines, IL-6, IL-8 and TNF-α (⁓1000 pg/mL). Cytokine clearance was further investigated using an in vitro inflammation 

model of lipopolysaccharide (LPS)-stimulated THP-1 monocytes. Nanomaterial adsorptive capacity for LPS was investigated 

with the LAL assay to better understand the mechanism by which nanoparticles influence the THP-1 inflammatory response. 

  

Results and Discussion 

XPS confirmed synthesis of GO through increased oxygen content after graphite oxidation, immobilisation of silver 

nanoparticles in GO-Ag and replacement of the Al layer in the Ti3AlC2 precursor with O, OH and F groups in Ti3C2 

MXene. GNP had the largest surface area of 498 m2/g; delamination doubled the surface area of ML-MXene from 

142 to 282 m2/g. GNP, GO, ML-MXene and DL-MXene did not impact 3T3 cell viability or stimulate apoptosis in 

Jurkat cells. The nanomaterials did not induce blood cell activation; however, some haemolysis occurred on direct 

blood contact with GO. GO-Ag caused higher bacterial cell death and at lower doses compared to standard silver 

nanoparticles - this is attributed to smaller particle size and the synergistic contribution of GO sheets3. GNP, GO, ML-

MXene and DL-MXene all removed a significant concentration of cytokines from both spiked plasma and culture 

media. Similarly, incubation of LPS-stimulated THP-1 cells with nanomaterials caused significant reduction of 

previously elevated cytokine levels. Since none of the nanomaterials removed LPS directly, this suggested that the 

reduction of cytokine levels in stimulated THP-1 cells was predominantly driven by direct cytokine adsorption rather 

than LPS clearance or inactivation. Overall, graphenes had higher biotoxin removal efficiencies than the MXenes 

potentially as a result of the unique contribution of hydrophobic bonds and π-π stacking interactions4. 
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Conclusion 

GNP, ML-MXene and DL-MXene were biocompatible, haemocompatible and showed significant biotoxin removal 

which indicated potential for incorporation in therapeutic strategies addressing contamination of biological tissues 

such as dialysis devices and wound dressings. The next step is nanomaterial incorporation into polymer scaffolds for 

stable performance and functional assessment of the resulting composites. 
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Residual TNF-α levels in LPS-stimulated THP-1 

cells after incubation with nanomaterials. 
THP-1 cells were stimulated with LPS (2 µg) 

followed by incubation with GNP, GO, ML-MXene and 

DL-MXene (12.5 mg) over 24 hours. TNF-α levels 

were measured using ELISA (n = 3, mean ± SEM). 

 

 

Confocal microscopy images showing E. coli 

viability after 4-hour incubation with GO and 

GO-Ag.  
Bacteria were stained with SYTO 9 and propidium 

iodide - the green spots represent live cells, 

red spots represent dead cells and yellow spots, 

a combination of both dyes. Scale bar = 25 µm. 
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Introduction 

The association between higher-surface-area textured implants and breast implant-associated anaplastic large cell 

lymphoma (ALCL) has been recently verified, driving European health authorities to remove one the most implanted 

model- namely Allergan’s textured implants - from the market place. Understanding what are the biophysical 

parameters that influence breast implant integration is therefore of fundamental importance. Until now, Baker I 

(asymptomatic) capsules have been considered similarly established and organized irrespective of the type of breast 

implant surface they face. In this paper, we envisaged for the first time that implant surface topography could even 

affect healthy capsule organization. 

  

Experimental Methods 

We collected topographical measurements from 17 different breast implant devices using interferometry and X-ray 

Microtomography. Morphological structures were statistically analyzed to raise a robust breast implant surface 

classification (Figure 1). 

In parallel, we collected 31 Baker I capsules, sorted them accordingly to the new classification, established their 

molecular profile by qPCR and examined related tissue organization on histological sections (Figure 2). A panel of 

extracellular matrix (Timp1, Timp2, Timp4, Mmp2, Mmp9, Mmp12) and inflammatory related (Saa1, Tnsf11, Il8, 

Tgfβ1) genes were analysed by performing quantitative PCR (qPCR) experiments on healthy capsules strictly. 

  

Results and Discussion 

The new classification resulted in 3 topographical categories of textured implants, defined as “peak and valleys”, 

“open cavities” and “semi-opened cavities” based on their cross-section aspect (Figure 1). 

By comparing capsular tissues from different implants, we found that genes associated with extracellular matrix (Timp 

and Mmp members) and to the inflammatory response (Saa1, Tnsf11, Il8) exhibit very specific expression patterns, 

despite originating from healthy capsules. Besides, organization of the capsular tissues was slightly impacted. 

Altogether, our results demonstrate that surface implant texturation modulates the expression of genes related to 

extracellular matrix formation and inflammation. We also highlighted slight dissimilar organization of the capsular 

tissues depending on which implant surface topography they face. In light of our results, we proved that the selected 

surface topography features are bioactive cues per se and confirmed the biological relevance of the classification. 

  

Conclusion 

By combining a novel surface implant classification with gene profiling analysis, we show that surface topography is 

a bioactive cue that can trigger deep changes in gene expression of the surrounding tissue, even in asymptomatic 

capsules. Altogether, our work strongly suggests that variations in gene expression and tissue organization 
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modifications induced by surface topography might participate to subsequent breast-implant associated 

etiopathologies. 

  

 

Figure 1 
New classification; main features of surface 

topographies (top-view and cross-sections) 

shared by implants gathered in one of the 3 

classes (PV, OC and SOC) 

 

 

Figure 2 
Molecular biology workflow overview: implant 

capsule adhering to the breast implant (A) is 

took apart (B), classified (C) and used for both 

molecular sampling and qPCR analyses (D) and 

histological analyses (not shown here). 
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Introduction 

Plasma polymerization is used across a wide range of applications on an industrial scale.[1-3] However, there are 

only a handful of examples where it is being used for biomedical purposes on such a scale.[4] We aim to generate a 

novel diagnostic device by using plasma polymerized oxazoline thin films[5] to bind EpCAM antibodies and use this 

assembly to selectively capture bladder cancer cells from urine.[6] Bladder cancer is the forth most prevalent cancer 

for men and ninth for women with high rate of recurrence.[7] Thus, accurate and frequent monitoring for recurrence 

in patients with bladder cancer after treatment  and early diagnosis in patients with suspected bladder cancer is 

imperative to improve treatment outcomes.[8] 

  

Experimental Methods 

Our non-invasive device will allow for fast, automated and accurate surveillance or screening at lower cost than 

current methods. We aim to realize this vision in a cooperation between the University of South Australia, Motherson 

Innovations and Flinders Medical Centre. Our approach combines the unique chemical and physical properties of 

oxazoline plasma coatings with the specific biological activity of the EpCAM antibody into a complexly moulded 

single-use polymer device that can execute automated dispensing and rinsing. The selectively captured bladder 

cancer cells are then analyzed and evaluated via automated microscopy and image analysis. 

  

Results and Discussion 

We demonstrate the selective cancer cell capture for both cell lines, as well as patient derived samples, with good 

selectivity and specificity. In contrast, cell types not expressing EpCAM are captured at very low levels. 

  

Conclusion 

We would like to present the intricacies, challenges and possibilities throughout our interdisciplinary team’s journey 

developing a university-laboratory procedure into a robust industrial grade process. Furthermore, we would like to 

highlight the synergistic possiblities and avenues possible by collaborating between academia, industry and the 

medical field. 
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Scheme 1 
A complex bladder cancer diagnostic tool, based 

on a plasma polymer immobilized EpCAM antibody 

in a fluidic device, was developed in 

cooperation between academia, industry and 

medical centre   
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Introduction 

Pelvic Organ Prolapse (POP) is a debilitating gynecological disorder that affects over 50% of women over the age of 

50 years. To overcome adverse events associated with transvaginal surgery using non degradable synthetic mesh 

for treating pelvic organ prolapse (POP), we are developing a tissue engineering construct comprising degradable 

nanofibrous mesh and endometrial mesenchymal stem/stromal cells (eMSC). The aim of this study was to investigate 

the in vitro cell-material properties and in vivo foreign body response to a nano-topographically controlled mesh made 

of poly (L-lactic acid)-co-poly(e-caprolactone) and gelatin incorporating eMSC (PLCL/G/eMSC). To overcome 

adverse events associated with transvaginal surgery using non degradable synthetic mesh for treating pelvic organ 

prolapse (POP), we are developing a tissue engineering construct comprising degradable nanofibrous mesh and 

endometrial mesenchymal stem/stromal cells (eMSC). The aim of this study was to investigate the in vitro cell-

material properties and in vivo foreign body response to a nano-topographically controlled mesh made of poly (L-

lactic acid)-co-poly(e-caprolactone) and gelatin incorporating eMSC (PLCL/G/eMSC). 

  

Experimental Methods 

PLCL alone and a 1:1 blend with gelatin (w/w) were electrospun from a 10% solution at 1 ml/hr and 18kV over 12.5 

cm to form uniform nanofibers and assessed for fibre diameter, pore size, hydrophilicity and biomechanical 

properties. SUSD2+ eMSC were purified from single cell suspensions obtained from endometrial biopsies from 

cycling women by magnetic bead sorting and transfected with mCherry lentivirus for cell tracking. SEM was used to 

characterise eMSC incorporation into the PLCL and PLCL/G nanofiber meshes in vitro and their degradation in NSG 

mouse skin wound repair model of vaginal repair (2, 6 wks, 4 mice/gp). IF and confocal microscopy was used to 

assess total (F4/80+), M1 (F4/80+CCR7+) and M2 (F4/80+/CD206+) macrophages. 

  

Results and Discussion 

Addition of G to PLCL increased fiber size 40% (P<0.05) and pore size 25% (P<0.05) rendering meshes hydrophilic 

without change in tensile properties. In vitro, eMSC rapidly adhered, penetrated, incorporated and proliferated 

(P<0.01) in PLCL/G mesh with a 2.5 fold greater coverage than PLCL alone (P<0.05). In vivo, mCherry+ eMSC 

survived 1 wk in PLCL and PLCL/G implanted mesh, but only a few were retained in PLCL/G and none in PLCL at 6 

wk. eMSC prevented PLCL/G nanofiber degradation 2 fold (P <0.0001) and increased cellular infiltration into the 

mesh 1.5 fold (P<0.05) at 6 wks. eMSC seeded on PLCL/G promoted macrophage switching from M1 to M2 

phenotype to a greater extent than similarly seeded PLCL mesh and both meshes implanted without eMSC. There 

was also an influx of endogenous F4/80- cells (possibly fibroblasts) and collagen matrix deposition into 

PLCL/G/eMSC implants. 
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Conclusion 

This study shows that degradable nanofiber meshes, in particular PLCL/G boost cell based tissue regeneration 

without undesirable foreign body response as they enable eMSCs to be retained longer at the site of implantation. 

Such bioengineered nanostructured meshes have significant potential as alternative surgical constructs for the 

treatment of POP due to their integration, biocompatibility and performance, which is further improved by combining 

with eMSC. 
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Introduction 

A hip stem fracture, due to metallurgic problems, was a specific complication well known in the past. Better quality 

stainless steel reduced this problem. In the nineteen-seventies, the concept of head-neck modularity was introduced 

to provide more intra-operative surgical options. Modularity also led to new problems at the trunnion (head-neck 

junction), such as wear and corrosion between the head-neck interface (trunnionosis), fractures of the head-neck 

junction and gross trunnion failures. The problem of corrosion was not recognized, neither seen as a major problem, 

during a long time. However, new studies show that up to 3% of all total hip reoperations are performed because of 

trunnionosis. The exact pathology is unknown, but most likely micromotions between the head and the taper causes 

disruption of the oxide film, leading toa bio-tribocorrosion phenomenon called mechanically assisted crevice corrosion 

(MACC). Loss of material by corrosion could lead to a trunnion fatigue fracture. Fractures of the trunnion are less 

frequent and little literature is available on these fractures. A combination of corrosion, implant factors, surgical 

technique factors and patient factors most likely is the explanation. 

The purpose of our study was to identify potential risk factors for the development of trunnion fractures, as well as 

providing future treatment recommendations in primary hip arthroplasty and hip reoperations to prevent damage of 

the trunnion and trunnion fractures. 

  

Experimental Methods 

A detailed report of two trunnion fractures in one type of hip stem (Mallory Head) is presented, including scanning 

electron microscopy (SEM) and Energy Dispersive X-ray spectroscopy (EDS) analysis. Thereby, a systematic review 

of the available literature was performed following the PRISMA guidelines to identify studies on trunnion fractures in 

Pubmed, Web of Science and Embase. Methodological quality of the included studies was evaluated using a critical 

appraisal instrument. 

  

Results and Discussion 

SEM and EDS analysis were done. SEM analysis demonstrated a typical fatigue fracture with the fatigue fracture 

originated at the neck surface with standard fatigue marks perpendicular to the crack propagation. SEM analysis of 

the head side showed a small notch at the surface of the neck that seemed to be the starting point of the fatigue 

crack. High magnification SEM analysis revealed several specific fatigue fracture features, such as the presence of 

fatigue striations close to and away from the crack origin, secondary cracks and the presence of the dimple like 

patterns which characterize the final overloaded fracture. The elemental analysis of the femoral stem performed by 

EDS indicted that the alloy has a chemical composition close to Ti6Al4V (Ti 90.33wt%, Al 5.69wt% V 3.98wt%). 

The systematic review included 24 eligible studies. The included patients had a mean age of 65 years (range 31y - 

91y, median 67y), a mean weight of 94kg (range 70kg – 129kg, median 91kg) and a mean BMI of 31kg/m2 (range 

24kg/m2– 47kg/m2, median 30kg/m2). Neck fractures occurred on average 8 years (range 1y – 24y, median 6y) after 
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hip stem placement. Male gender, high body weight and obesity were identified as risk factors. Thereby, damage to 

the trunnion during reoperation surgery, is likely to be an important risk factor for fractures. On average, all patients 

were relatively young at the moment of primary total hip arthroplasty. Two groups of neck fractures were identified: 

head-neck (trunnion) fractures and neck-shoulder (base of the neck) fractures. Corrosion and the use of long skirted 

femoral heads were frequently reported in head-neck fractures, whereas 69% of the neck-shoulder fractures were 

associated with specific metal or implant design features. 

  

Conclusion 

In conclusion, several potential and preventable risk factors were identified, leading to specific recommendations for 

future hip arthroplasty. 
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Introduction 

Extracellular matrix (ECM) scaffolds prepared by tissue decellularization preserve the composition, mechanical 

integrity, and biological activity of the native ECM suggesting that the molecular composition of these materials is an 

active factor in remodeling events. ECM scaffolds can be prepared in the form of an injectable hydrogel, which 

enables the non-invasive application. In our previous work, we prepared ECM hydrogel derived from human umbilical 

cord tissue (UC-ECM) and crosslinked it by genipin to improve mechanical stability and endurance to enzymatic 

degradation. The aim of this study is to further investigate biocompatibility and neurotrophic potential genipin 

crosslinked UC-ECM hydrogel in vivo and in vitro. 

  

Experimental Methods 

ECM hydrogel was prepared by the decellularization of the human umbilical cord and crosslinked by 0.5-5 mM 

genipin. The gel was characterized in terms of the crosslinking degree, rheometry, and enzymatic degradation by 

collagenase. The biocompatibility of crosslinked ECM hydrogels was evaluated by measurement of viability and 

proliferation of human mesenchymal stem cells (MSCs). The gel contraction was measured in 3D MSC culture. The 

neurotrophic properties of the crosslinked hydrogels were assessed using dorsal root ganglion (DRG) dissociated 

culture. To prove crosslinked ECM hydrogel stability in vivo, the hydrogel was injected into the rat brain cortical 

ischemic lesion to evaluate its retention within the lesion as well as the reaction of the host macrophages/microglia. 

  

Results and Discussion 

Crosslinking in a concentration of 1mM improved the stability of the UC-ECM hydrogel and did not show any changes 

in MSC proliferation as well as axonal sprouting of DRG neurons when compared to uncrosslinked ECM hydrogel. If 

crosslinked in situ, genipin prolonged the retention of the ECM/G hydrogel within the cortical ischemic lesion without 

any adverse or proinflammatory effects in the host tissue. 

  

Conclusion 

Genipin crosslinking has a significant effect on ECM matrix stabilization and in a concentration 1 mM is biocompatible 

in vitro as well as in vivo. 
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Introduction 

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder, which is predominantly characterised by the 

deposition of insoluble ß-amyloids (Aß) in the brain. AD had an estimated cost to the global economy in 2015 of 

$817.9 billion, which is projected to rise to $2 trillion by 20301 thus there is an unmet clinical need for earlier diagnosis 

and treatment, which could result in decreased morbidity and mortality. Current biomarker diagnostic tools for patients 

presenting with cognitive decline include brain MRI and PET scans and ELISA of biomarkers in cerebrospinal fluid 

(CSF), e.g. Aß analyses. Quantitative data of Aß42 obtained by ELISA are limited by sensitivity thresholds in the pg/ml 

range. 

Short peptides (KLVFF) have been shown to inhibit Aß formation and aggregation both in vivo and in vitro2 by binding 

to residues 16-20 of Aß thus could be utilised as peptide aptamers in both diagnostics and drug administration. 

The linear peptides can be integrated onto hyperbranched molecular structures called dendrons to increase aptamer 

capacity, stability and increased sensitivity of Aß detection. 

Silica magnetic nanoparticles (MNPs) (Fe3O4@SiO2) have been functionalised with both the linear peptide KLVFF 

with glycine spacer (GGKLVFF) and a 3rd generation dendrimeric ε-polylysine modified with 16 linear KLVFF peptides 

(Rgen3K(KLVFF)16) as described previously3. This work aims to use the Rgen3K(KLVFF)16-functionalised MNPs as 

a concentration tool for ELISA and biosensors in early diagnosis of AD. 

  

Experimental Methods 

Third generation ε-polylysine dendrons with an arginine root (Rgen3K) were designed to expose on the uppermost 

branching generation sixteen linear KLVFF peptides. Rgen3K(KLVFF)16 were synthesised using microwave based 

solid phase peptide synthesis (Biotage, UK) on TentaGel™ S-NH2 resin and characterised with mass spectrometry 

and HPLC. 

Rgen3K(KLVFF)16 dendrons were grafted onto single-core Fe3O4@SiO2 MNPs using carbodiimide chemistry and 

characterised using Fourier-transform infrared spectroscopy (FTIR). Non-functionalised MNPs were used as a 

control. 

MNPs were treated with a dispersant solution to reduce aggregation that is commonly seen with MNPs. Both control 

and (KLVFF)16-functionalised MNPs were incubated in 100 µl of 1 pg/ml Aß42. The MNPs were assayed in a human 

Aß42 Quantikine ELISA (R&D Systems, UK) and the optical density (OD) was measured at 450 nm. 
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Results and Discussion 

Single-core Fe3O4@SiO2 MNPs were successfully functionalised with Rgen3K(KLVFF)16 as confirmed by FTIR (see 

figures). 

After assaying MNPs incubated in 1 pg/ml Aß42 using ELISA all samples had OD values above the standard curve. 

The samples were diluted 1 in 10 to bring the OD values within the assay range. The (KLVFF)16-functionalised MNPs 

showed a 4-fold increase in OD compared to the control MNPs indicating the Rgen3K(KLVFF)16 dendron captured 

the Aß42. 

The ELISA kit used has a sensitivity of 4.7 pg/ml, however (KLVFF)16-functionalised MNPs were capable of detecting 

Aß42 at lower concentrations by concentrating the samples due to the hyperbranched dendrons exposing multiple 

KLVFF aptamers. 

  

Conclusion 

The present work shows that single-core Fe3O4@SiO2 MNPs functionalised with Rgen3K(KLVFF)16 have the ability 

to concentrate Aß42 in samples. Such a concentration step will enable a considerable increase in the sensitivity of 

ELISAs for detection of AD biomarkers with potential for earlier diagnosis than current methods. 
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Introduction 

Degenerative disc disease  mainly originates with the dehydration of the nucleus pulposus (NP), which is the inner 

hydrogel-like component of the intervertebral disc. Unfortunately, NP exhibits a very low capacity for regeneration 

[1]. As a consequence synthetic hydrogels have been developed. However, the use of a single polymer does not 

represent a good solution for the foreseen application because the obtainment of sufficient mechanical properties 

does not permit an adequate swelling ratio of the hydrogel. The objective of this study was to evaluate the effect of 

mixing a structural polymer with a hydrophilic polymer in order to join an adequate swelling capability with a correct 

mechanical performance.  Herein, we report the results of preliminary studies on two  hybrid hydrogels with potential 

utility as a nucleus prosthesis. 

  

Experimental Methods 

Hydrogels synthesis: Poly-vinyl alcohol (PVA) hybrid hydrogels were synthesized dissolving PVA in basified water 

(pH= 12). Xanthan gum or Poly-vinyl-pirrolidone (PVP) were then added in different molar ratios to PVA. The 

crosslinking agent (Sodium trimetaphosphate) was added in a molar ratio 1:1 with PVA and the mixture stirred for 2 

h. The obtained hydrogels were purified by washing. 

Hydrogel Characterization was performed using standardized procedures already reported [2-3] 

The crosslinking reactions were verified with infrared spectroscopy (IR) or Time of Flight Mass spectrometry (TOF-

SIMS).  The crosslinking density was calculated basing on Rubber Elasticity Theory (RET) 

Thermal Analysis: Differential scanning calorimetry (DSC) was used to measure the ice melting behaviour of 

completely swollen hydrogels, their mesoporosity and heat capacity. Thermal stability was measured by 

thermogravimetry.  

Swelling behavior: The swelling ratio SR% was determined by dipping samples in NaCl 0.9% at 37 °C. The effect of 

osmotic pressure on swelling ratio was calculated immersing samples in PEG 20000 MW solution 

Rheological analysis: all rheological measurements were performed at 37 °C.Frequency sweep tests in shear and 

compression mode were performed with a shear amplitude over the physiological in the frequency range 1–100 rad/s 

with a 1% strain. Stress-relaxation and injectability were also evaluated. 

Hydrogel cytotoxicity and cytocompatibility: The cytotoxicity and cytocompatibility was evaluated applying the direct 

contact tests using NIH3T3 mouse fibroblasts and  primary Human Chondrocytes. 

  

Results and Discussion 

Hydrogel Synthesis: Different pH values, reaction time and concentrations were tested to find the correct parameters 

to achieve a PVA matrix enclosing  PVP or xanthan gum. Starting from a 5% PVA solution and adding xanthan gum 

in a molar ratio of 1:4 (PX25), 1:2 (PX50) and 1.3:1 (PX75) with PVA, stable hydrogels were obtained as well as 

adding PVP in a molar ratio of 1:1 (PP11) or 1:3 (PP13) with PVA. Since the crosslinking agent was added in a  molar 

ratio of 1:1 with PVA for all the hydrogels, they showed a similar crosslinking density (mean mesh size: 8 nm). The 

crosslinking reaction between PVA and STMP was verified by IR analysis whereas TOF SIMS analysis was used to 
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determine the crosslinking arm length (i.e. one or two phosphate groups) which is affected by the polymer enclosed 

inside the PVA matrix. 

The presence of the hydrophilic polymer (i.e. xanthan gum or PVP) inside the PVA matrix increased the amount of 

not-freezable water (meaured by DSC), which affected not only the swelling ratio of the hydrogels but also 

their injectability.  All the hybrid hydrogels showed a heat capacity superimposable to that found for human tissue. 

Rheological analysis indicated that all the hybrid hydrogel showed a rheological behavior similar to that of human 

nucleus pulposus. However, hydrogels obtained mixing PVA with Xanthan Gum in a molar ratio 3:1 and mixing PVA 

with PVP in a molar ratio 1:1 had a significant better performance both in shear and in compression mode. All the 

hydrogels relaxed very quickly (50% decrease of the peak stress after 1second) and reaching a value close to zero 

after longer time:  600s). 

All the synthesized hydrogels were cytocompatible towards human chondrocytes. 

  

Conclusion 

Two different hybrid hydrogels consisting of a PVA based matrix enclosing PVP or Xanthan-Gum were synthesized. 

The presence of the hydrophilic polymer (i.e. PVP or Xanthan-Gum) inside the matrix was verified with infrared 

spectroscopy, TOF-SIMS measurements and Thermogravimetric analysis. The presence of the hydrophilic polymer 

affected the swelling behavior of the hydrogel conferring them injectability without decreasing the mechanical 

performance guaranteed by the PVA structural polymer or modifying thermal stability and heat capacity of the 

materials. 

Hydrogels obtained mixing PVA with Xanthan Gum in a molar ratio 4:1 (PX25) and mixing PVA with PVP in a molar 

ratio 1:1 (PP11) had the best performance as nucleus substitute. 
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Introduction 

Bladder cancer (BC) is the most common malignant disease of urinary tract and 77,000 new BC cases were 

diagnosed in 2016 in the USA [1]. The recurrence rate of BC is up to 70% after surgery followed by chemotherapy; 

therefore, more efficient strategies are needed to improve therapeutic efficacy for BC. Anti-cancer thermotherapy is 

based on the high sensitivity of cancer cells to increased temperature. Heating of a tumor up to 43.5°С leads to 

irreversible denaturation of proteins, while protein molecules in normal tissue remain intact. Photo-thermal therapy 

(PTT) is currently considered to be a noninvasive treatment which can broke the cell membrane by Near-infrared 

(NIR) laser [2]. In addition, to target the tumor intrinsic weaknesses has attracted more attention on killing cancer 

cells, one of which is the starving therapy [3]. Therefore, to deplete glucose in tumor directly through the glucose-

depletion reaction was proposed to implement this therapy, in which glucose is catalytically oxidized to gluconic acid 

and hydrogen peroxide (H2O2) by glucose oxidase (GOD) and consumption of oxygen (O2). Moreover, many available 

biocompatible O2 generation materials (i.e., manganese dioxide; MnO2) have been utilized to promote endogenous 

H2O2 decomposition to generate O2 and be resolved into water-soluble Mn2+ to enhance the contrast of MR imaging 

within the tumor microenvironment. Herein, we reported an effective strategy to improve the efficacy of BC treatment 

by drug-free cocktail therapy including hypoxia amelioration, NIR PTT and H2O2 bombardment using O2-generating 

magnetic BSA-CuS-MnO2-GOD NPs. 

  

Experimental Methods 

Magnetic BSA-CuS-MnO2-GOD NPs were prepared as follows. Briefly, different concentration of the Fe3O4 and CuS 

NPs were added to the BSA solution and stirring for 1 h. Then, the ethanol was continuous dropwise into the solution 

under magnetic stirring (500 rpm) at room temperature till the solution becomes turbid. To stabilize BSA NPs, the 

turbid solution was stirred continuously for 30 min without further addition of ethanol, and the as-prepared magnetic 

BSA-CuS NPs were denatured at 70°C for 30 min to form stable magnetic BSA-CuS NPs. Magnetic BSA-CuS-MnO2-

GOD NPs were then prepared follows. A 0.2 mL of activation solution (EDC/NHS) was mixed with 0.2 mL of magnetic 

BSA-CuS NPs at 25°C and reacted for 30 min in the dark to activate the carboxylic groups of magnetic BSA-CuS 

NPs then mixed with 0.1 mL of GOD and as-prepared BSA-MnO2 at 4°C by vortexing for 12 h. The product was then 

separated from the solution, washed with DI water to obtain magnetic BSA-CuS-MnO2-GOD NPs. The synthesis of 

magnetic BSA-CuS-MnO2-GOD NPs is illustrated in Scheme 1. 

  

Results and Discussion 

The formation of magnetic BSA-CuS-MnO2-GOD NPs as well as magnetic BSA-CuS NPs, BSA-MnO2 and magnetic 

BSA-MnO2-GOD NPs was investigated by measuring their UV–visible absorption spectra. Compared to magnetic 

BSA-CuS NPs showed a new UV–visible absorption band around 300–400 nm, which could be attributed to the 

surface plasmon band of MnO2. Compared to magnetic BSA-MnO2-GOD NPs showed a new absorption band around 

800–1200 nm, which could be attributed to the surface plasmon band of CuS (Figure 1A). The catalytic effect of 
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magnetic BSA-CuS-MnO2-GOD NPs toward TMB was also confirmed as shown in Figure 1B. We also investigated 

the glucose depletion, O2 generation effect of magnetic BSA-CuS-MnO2-GOD NPs. The glucose concentration could 

be significantly reduced to 279 mg/dL from 500 mg/dL after treatment with magnetic BSA-CuS-MnO2-GOD NPs for 

1 h but no obvious reduction of glucose concentration in magnetic BSA-CuS-MnO2 NPs group (Figure 1C). In addition, 

the MnO2 on magnetic BSA-CuS-MnO2-GOD NPs was also resolved into Mn2+ in the presence of glucose and 

glutathione (GSH), resulting in decrease of catalytic ability toward TMB (Figure 1D). We next investigated the NIR 

PTT effect of magnetic BSA-CuS-MnO2-GOD NPs, the temperature increased to 49.8°C from 31.4°C after irradiation 

with 808 nm laser, 1 W/cm2 for 4 min (Figure 1E and F). Finally, the progression of BC T24 cells could be efficiently 

inhibited by magnetic BSA-CuS-MnO2-GOD NPs in the presence of glucose and NIR laser. 

  

Conclusion 

In this study, we have successfully prepared magnetic BSA-CuS-MnO2-GOD NPs and the results shown the 

magnetic BSA-CuS-MnO2-GOD NPs are highly biocompatible and potential to be used for MR imaging-guiding drug-

free cocktail therapy and tumor microenvironment improvement in BC. 
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Introduction 

Skin consists of multi-structural layers, which range from the outer stiff epidermis to the lower soft dermis. These 

layers contain a variety of different cell types including fibroblasts and keratinocytes. After an injury, fibrinogen is a 

key protein in the process of the following blood coagulation. Further, collagens as fundamental proteins of the 

extracellular matrix (ECM) play an important role in all stages of wound healing. Wound dressings for successful skin 

healing require adequate mechanical support, biochemical cues and prevention of bacterial infection as key factor in 

many steps of the wound healing process. Recently, nanoporous anodized aluminum oxide (AAO) membranes were 

introduced as mechanically stable and biocompatible wound dressing with controlled nanotopography and 

antimicrobial properties.(1) Nevertheless, porous ceramics do not provide any biochemical cues from proteins and 

are more stiff than native skin. Hence, the aim of this project is the development of a wound healing system with 

gradient mechanical properties, which combines biochemical cues from soft protein nanofibers with the advantages 

of stiff AAO nanopores. 

  

Experimental Methods 

First, we used commercial AAO membranes with different pore sizes (20/100/200 nm) for modification with protein 

nanofibers to evaluate a possible influence on the fiber dimensions and protein scaffold porosity. AAO membranes 

with other pore diameters were prepared in a home-built anodization setup using oxalic acid. Subsequently, porous 

nanofiber meshes of collagen and fibrinogen were prepared by pH- and salt-induced self-assembly on glass and on 

AAO. To mimic the native wound environment with its different skin layers more closely nanofibrous composites of 

both proteins were also prepared via several approaches.   

Subsequently, cell culture experiments were carried out with fibroblasts and keratinocytes. Cellular growth on bare 

AAO membranes was compared to protein-modified membranes examining the metabolic cell activity with a 

proliferation assay and the cell morphology and migration using scanning electron microscopy (SEM) and 

immunostaining combined with fluorescence microscopy. 

  

Results and Discussion 

SEM analysis revealed that anodization reproducibly yielded AAO membranes with straight nanochannels (see Fig. 

1A). Using pH-induced self-assembly collagen nanofibers with diameters around 150 nm were directly assembled 

on AAO membranes (see Fig. 1B). For fibrinogen a novel salt-induced self-assembly and transfer method (2,3) was 

used to prepare nanofibers on AAO membranes. Fibrinogen nanofibers on AAO nanopores were 100 to 300 nm in 

diameter. Moreover, fabrication of protein composites was successfully realized by combining and tailoring the two 

different self-assembly routines. The thickness of the respective protein fiber layer in the composites could be 

adjusted by controlling the protein concentration.   

Initial cell culture experiments with fibroblasts and keratinocytes on bare AAO membranes revealed that the metabolic 
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activity of both cell types was comparable to glass references. SEM analysis showed that fibroblasts in particular 

exhibited a spread morphology on AAO membranes, which indicated a close interaction with the ceramic nanopores. 

In preliminary experiments fibroblasts showed adequate cell viability on fiber-modified AAOs compared to 

bare AAO nanopores. 

  

Conclusion 

Our results provide a good base for future cell culture studies on our novel ceramic composites consisting of AAO 

nanopores with tailored protein nanofiber modifications. Moreover, it will be important to tailor the mechanical 

characteristics of our novel composites to mimic the mechanical gradient of native skin. 
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Fig. 1 
SEM images of (A) highly aligned AAO nanopores 

in side view and (B) self-assembled collagen 

nanofibers on AAO nanopores in top view. Yellow 

arrows indicate areas where the underlying AAO 

nanopores are visible. 
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Introduction 

Chronic skin lesions are a global healthcare problem. It is estimated that 2000 people are affected by chronic skin 

wounds (CSWs) in Italy and approx. 8 and 6.5 million in EU and US, respectively. CSWs strongly impact patients’ 

life, increasing their mortality risk, and healthcare system finance. For this reason, innovative treatments are needed, 

triggering better tissue repair/regeneration and improving patient’s life quality. In this work, thermosensitive, injectable 

hydrogels based on amphiphilic polyurethanes have been developed as possible drugs (e.g., ibuprofen) and 

biomolecules (e.g., platelet lysate) carriers. 

  

Experimental Methods 

A poly(ether)urethane (PEU) was synthesized starting from a commercially available poly(ethylene oxide)-

poly(propylene oxide)-poly(ethylene oxide) (PEO-PPO-PEO) triblock copolymer (Poloxamer P407) [1] and 

chemically characterized by Size Exclusion Chromatography (SEC) and Fourier Transformed Infrared (FTIR) 

spectroscopy. PEU aqueous solutions in Phosphate Buffered Saline (PBS) were characterized by tube inverting test 

and gelation time test at 37 °C to assess their gelation properties. Rheological tests were also performed on selected 

compositions and gel swelling and stability to dissolution in aqueous media were also evaluated. Injectability was 

tested in different conditions of temperature (5, 25 and 37 °C) through different needles (G22, G18 and G14) by three 

potential users of the developed systems. Bovine serum albumin (BSA) and horseradish peroxidase (HRP) were 

initially encapsulated in the gels as model proteins and their influence on gelation properties was investigated. 

Release kinetics of both the model proteins and HRP residual activity were studied using colorimetric assays. Finally, 

platelet lysate (PL) was loaded in the gels and its release profile was colorimetrically evaluated. 

  

Results and Discussion 

Success of PEU synthesis was confirmed by FTIR and SEC analysis. Through tube inverting test and gelation time 

test at 37 °C, a selection of PEU aqueous solutions was carried out to obtain a gelation temperature between 30 and 

37 °C and a gelation time in physiological condition within 10 minutes. The selected compositions (8, 15, 18% w/v) 

were found to be injectable from commercial needles (G14, G18, G22) at 5, 25 and 37 °C. Rheological and stability 

tests highlighted the possibility to obtain systems with finely tunable mechanical properties and residence time. For 

instance, systems with an 8% w/v concentration showed fast dissolution in aqueous media, while gels at the two 

higher concentrations presented a greater PBS absorption and stability to dissolution up to 14 days. The possibility 

to load the developed gels with biomolecules was first assessed using two model proteins, BSA and HRP. Protein 

loading within the gel systems did not affect gelation and rheological properties.  BSA and HRP were completely 

released after 3 days of incubation from gels at 8% w/v concentration, while the release was completed after 10-14 

days for compositions with higher concentrations. HRP residual activity was finally evaluated to demonstrate that the 

payload delivered from the gels can retain a biological functionality. About 30-40 % of the enzyme was released in 
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an active form, in accordance with other literature results for similar systems [2-3]. Similar results were obtained 

regarding PL encapsulation and release (Fig.1), with no effect on gel properties upon biomolecule encapsulation and 

a PEU concentration-dependent release kinetics. 

  

Conclusion 

A new library of injectable thermosensitive gels with tunable gelation properties and residence time in aqueous 

systems was successfully designed and thoroughly characterized. The ability of the gels to encapsulate and release 

proteins and biomolecules with a sustained and controlled kinetics  make the newly designed hydrogel platform a 

promising tool for localized drug/biomolecules delivery in CSWs treatment. 
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Platelet lysate release 
Platelet Lysate release profile from PEU_8% w/v, 

PEU_15% w/v and PEU_18% w/v hydrogels. 
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Introduction 

One fourth of the human body consists of white adipose tissue (WAT). WAT interacts with many other organs via 

paracrine and endocrine signals and through sequestration it impacts the distribution and bioavailable levels of drugs. 

Additionally, WAT is the origin of different diseases and thus target of several drugs addressing these diseases [1]. 

Hence, WAT represents a key element for drug screening and safety evaluation and WAT-models are highly needed 

for in vitro investigations. Furthermore, engineered adipose tissue is required as implant to replace lost or damaged 

tissue in case of congenital deformities, traumata, tumor resections or deep burning wounds. 

The transfer of the model’s setup to an automated and therefore standardized additive manufacturing process 

promises to serve with higher reproducibility and thereby higher comparability. Moreover, bioprinting enables the 

production of individual tissue forms, like e. g. the integration of medium channels, which is inevitable for the setup 

of large-scale tissue fragments to ensure sufficient supply with nutrients of all cellular components. Additionally, future 

bioprinting may allow to produce patient- and site specific tissue fragments of distinct shape and volume. 

Most of the current attempts in adipose tissue engineering are based on adipose-derived stem cells (ASCs).  In 

contrast to ASCs, mature adipocyte show the powerful feature of a completed differentiation state, including full 

hormone secretion and mechanical properties in contrast  [2]. In this work, it was intended to develop a suitable 

bioink and adapt the manufacturing process to build up in vitro adipose tissue models, based on mature human 

adipocytes. 

  

Experimental Methods 

Mature adipocytes were isolated from human skin biopsies. For the setup of 3D adipose tissue models, different 

bioink formulations based on methacryl-modified gelatin (varying in composition and concentration) were tested to 

obtain a soft tissue matrix, gelling at room temperature. The cooling period of the bioink was adapted to avoid phase 

separation of the different components. For the bioink, including the photoinitiator lithium phenyl-2,4,6-

trimethylbenzoylphosphinate (LAP), crosslinking times were adapted. Construct stability was evaluated in in vitro 

culture until day 5. Homogenous cell distribution was evaluated through histological staining, and cell viability was 

evaluated after the printing process and continuing through the culture. Animal-derived sera are known to impair 

actual results due to the undefined character of theirs components [3]. Therefore, different serum-free medium 

compositions were developed and evaluated concerning their suitability in adipocyte maintenance in the 3D models. 

Cell viability was assessed by the determination of released lactate dehydrogenase. The maintenance of an 

adipogenic identity was analyzed based on released glycerol and the expression of the adipocyte-specific protein 

perilipin A up to day 7. 
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Results and Discussion 

An optimized bioink was compiled, which is gelling at room temeprature. Further, the setup process of the tissue 

model was adapted concerning the prevention of phase separation, thereby leading to the obtainment of a 

homogenous bioink. Crosslinking time was reduced to the required minimum. By the use of mature adipocytes and 

the bioink based on methacryl-modified gelatin, we were able to set up adipose tissue models in vitro. Tissue models 

showed homogenous cell distribution and stayed stable in in vitro culture. A defined medium for the serum-free 3D 

culture of mature adipocytes was developed. Cultured models showed maintained cell viability at preserved adipocyte 

characteristics, like the expression of perilipin A and a limited release of glycerol. 

  

Conclusion 

Methacryl-modified gelatin is a suitable biomaterial for the 3D setup of adipose tissue models including mature 

adipocytes. By the use of emthacryl-modified gelatin the transfer of the model setup to an extrusion-based bioprinting 

process is enabled. Next steps will include the further adaption of the bioink concerning the polymer composition and 

concentration to obtain an optimized matrix for the extrusion-based bioprinting process and the adjustments of 

corresponding printing parameters. 
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Figure 1: 3D adipose tissue models including 

methacryl-modified gelatin and mature human 

adipocytes 
(A) Macroscopic image (B) Homogenous cell 

distribution visible via a Nile red/Hoechst33342 

staining (C) Maintained cell viability after the 

setup displayed with a live/dead staining via 

fluorescein diacetate, propidium iodid and 

Hoechst33342. 
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Introduction 

Corneal scarring and vascularization are a major cause of blindness worldwide, second only to cataract [1]. This 

study aims to develop a novel biodegradable adhesive to be used in the treatment of keratolysis (active corneal 

melting) and perforations, eradicating the need to use toxic materials such as cyanoacrylates for sealing wounds. 

Due to its excellent biocompatibility, optical clarity and viscoelastic behaviour, silk fibroin (SF, a structural protein) is 

a promising material for ocular tissue engineering. Fibroin contains amino and carboxylic groups that can be modified 

with several functional groups. In order to achieve an adhesive which may be photopolymerized in situ, this work 

focuses on SF methacrylation using glycidyl methacrylate (GMA). 

  

Experimental Methods 

Degummed SF was dissolved in lithium bromide solution at 60°C. GMA was added to the SF solution at a rate of 0.5 

mL/min and allowed to react for 3h at 60°C. Methacrylated-silk fibroin (SF-MA) was then dialysed against deionised 

water for 7 days. Finally, the solution was lyophilised for 2 days to generate a white porous foam. The degree of 

methacrylation (DM%) was quantified by proton nuclear magnetic resonance (1H-NMR). Hydrogel precursor solutions 

were prepared by dissolving freeze-dried SF-MA in PBS at various concentrations. Then, both SF-MA and 

photoinitiator solutions were mixed together and injected in a custom-made mould. The hydrogel precursor solutions 

were photocured with UV light a using an OmniCure S1500 (Lumen Dynamics, Ontario, Canada) and characterized 

in terms of transmittance (Spark Multimode, Tecan, Switzerland) and mechanical properties (Kinexus pro+, Malvern, 

UK). 

  

Results and Discussion 

Fibroin was methacrylated through the reaction with GMA with the free amines in the lysines introducing vinyl groups 

in the SF polymer chain. This modification was confirmed by the reduction of the lysine signal at d= 3 ppm and the 

appearance of the vinyl group signal at d= 6.2 ppm (Fig. 1). SF-MA with low and medium DM% were obtained by 

varying the amount of GMA added from 5 to 10 % (v/v). Both SF-MA and photoinitiator solutions were mixed together 

at different concentrations. Once the hydrogel precursor solutions are exposed to a specific wavelength, the 

photoinitiator decomposes into active radicals which attack the vinyl monomers in SF-MA (C=C double bonds), 

triggering a rapid free radical polymerization reaction. Our results have shown that even for low DM%, hydrogels can 

be obtained within 2 minutes (Fig.2). SF-MA hydrogels presented an average transmittance in the visible of 83 ± 5 

%. Importantly, the mechanical properties of the tissue-engineered materials are known to influence cellular 

response. The SF-MA hydrogels had solid-like behaviour with a phase angle of 9.8°. 

  

Conclusion 

In situ forming adhesives are very attractive materials due to their ability to adapt to the shape of the keratolysis or 

perforation before being cured. Importantly, the mechanical properties of SF-MA are controllable by changing the 
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DM% and the polymer concentration. The application of biocompatible adhesives that enhance tissue regeneration, 

could reduce the demand of human corneal transplants, and the use of cyanoacrylates and sutures. 
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Fig 1. 
a) Chemical modification of SF with GMA. 

Theoretically, two GMA molecules can react with 

one lysine group (0.2 mol%). The vinyl monomers 

in SF-MA work as light- crosslinking sites. b) 

1H-NMR spectra of raw silk fibroin, SF-MA with 

low DM% and SF-MA with medium DM%. 

 

 

Fig.2  
SF-MA hydrogel with a diameter of 12mm. 
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Introduction 

Chitosan (Cs) is the most promising natural biomaterial utilized for bone tissue engineering due to its inherent 

antibacterial properties, structural similarity with extracellular matrix (ECM) components of tissues, bioactivity, 

biodegradability and osteoconductivity. Injectable chitosan formulations typically utilize a physical gelation strategy. 

Covalent cross-linking, however, might yield materials of higher stability and better control over gel properties. 

Anhydride group‐bearing oligomers developed in our group [1] have been successfully used for the formation of 

hydrogels with different gelatin fractions [2]. Under appropriate conditions, the oligomers should be suitable for 

chitosan cross-linking by amide formation with the amino groups in chitosan. In this project, we aim at the 

development and characterization of injectable oligomer-cross-linked chitosan hydrogel (iCsgel) and nanocomposite 

hydrogel (iCsNC), by combination of newly developed protein nanoparticles (NP), as reinforcing fillers and delivery 

devices, and oligomer-cross-linked chitosan as gel matrix. 

  

Experimental Methods 

OPMoMA-x {oligo (pentaerythritol diacrylate monostearate-co-acryloyl morpholine-co-maleic anhydride} have been 

synthesized in different compositions according to established protocols [3] by free radical copolymerization. 

Analytical techniques:1H‐NMR, 13C‐NMR spectroscopy, FTIR-ATR (for chemical composition), acid-base titration (for 

MA content), GPC (for molecular weight). 

  

Results and Discussion 

ICsgel were fabricated in situ by cross-linking pH-adjusted Cs solution with anhydride-containing oligomers. For 

iCsNC fabrication, lyophilized protein NP were dispersed in Cs solution prior to gelation. The gelation reaction and 

the resulting gels were rheologically characterized. Swelling and degradation of gel/NC were monitored by immersing 

lyophilized gel/NC in PBS at 37°C for 6 weeks while porosity of gel/NC were determined by immersing lyophilized 

gel/NC in absolute ethanol overnight. Cytocompatibility and cell proliferation of cell-laden (L929 mouse fibroblasts) 

iCsgel and iCsNC were assessed with Live/Dead® and Alamar blue® assay. 

Cross-linker oligomers of different anhydride contents were utilized and gels with significantly improved stability were 

obtained as compared to physically gelled Cs. Entrapment of NP into gel matrix increased gel modulus (up to 100%) 

but decreased porosity in a concentration-dependent manner. All chemically cross-linked gel/NC showed constant 

swelling and less water uptake as compared to control. iCsgel and iCsNC with oPMoMA-4, -5 and -10 were found to 

slowly degrade with less than 30% mass loss in first 3 weeks. OPMoMA-4 and -5 cross-linked gel/NC found to be 

most optimal formulations with total 50% mass loss in 6 weeks. Gel/NC water content and degradative properties 

correlated well with cross-linker chemistry. Physical chitosan gel disintegrated completely in two weeks while 

oPMoMA-10 cross-linked gel/NC was found to be most stable of all with only 20-30% of total mass loss in 6 weeks. 

Mass loss correlated inversely with anhydride content of the oligomer. Structural analysis of iCsgel and iCsNC by 
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SEM revealed porous and interconnected structure, moreover, visible and homogenous distribution of NP was found 

throughout the gel matrix of iCsNC. 

Cell-laden iCsgel and iCsNC revealed good cell survival and proliferation in the gel/NC matrix. CLSM images of L929 

fibroblast-laden oligomer-cross-linked chitosan gel/NC revealed good cell viability, migration and proliferation in the 

gel/NC matrix after 3d and 7d. This microscopic impression was quantitatively confirmed by increase in cell number 

in the oligomer cross-linked gel/NC. However, in the gels cross-linked with MA-10 oligomers, some cells died on 1d 

and 3d due to the high cross-linking density and rigid nature of the gels. Nevertheless, cells recovered and proliferated 

over the course of one week. 

  

Conclusion 

Oligomer-cross-linked iCsgel and iCsNC with biologically relevant mechanical properties represent a promising 

material platform that can further be covalently functionalized and is already promising for drug and cell delivery. 

ICsgel and iCsNC will be further investigated for regenerative applications. 
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Introduction 

Despite significant progress in the field of biomaterials for bone repair, the lack of attention to the vascular and 

nervous networks within bone implants could be one of the main reasons for the delayed or impaired recovery of 

bone defects. The design of innovative biomaterials should improve the host capacity of healing to restore a functional 

tissue, taking into account that the nerve systems closely interact with blood vessels in the bone tissue [1]. The aim 

of this work is to develop a cell-free and growth factor-free hydrogel capable to promote angiogenesis and innervation. 

  

Experimental Methods 

To this end, we used elastin-like polypeptides (ELPs), poly(ethylene glycol) (PEG) and the laminin-derived adhesion 

peptide IKVAV (or the scrambled VKAIV, used as control) in increasing concentrations (25 % (w/w) representing 1.65 

µM and 50 % (w/w) representing 4.13 µM) to formulate and produce hydrogels. Hydrogels were characterized for 

rheological properties, degradation in vitro, microstructure and biologically, the response of primary cultures of 

mesenchymal stromal cells (MSCs), endothelial cells (ECs) and sensory neurons (SNs) was assessed. The hydrogel 

formulation with the best performance in vitro was implanted subcutaneously in mice. 

  

Results and Discussion 

When characterized in vitro, hydrogels had fine-tunable rheological properties according to final hydrogel 

concentration, a microporous structure with pores varying between 10-15 µm and they are biocompatible. When 

MSCs were cultured in these hydrogels in osteogenic medium, the 50 % IKVAV composition up-regulated Runx2, 

Osx, Spp1, Vegfa, and Bmp2 (Figure 1A-E). For ECs, the expression of Tek was also up-regulated in 50 % IKVAV 

composition (Figure 1F). In addition, for SNs, cells behaved distinctly in hydrogel compositions: neurites could 

outgrowth when IKVAV concentration was increased. The 50 % IKVAV composition induced the formation of the 

longest neurite length relative to all other compositions (Figure 1G). Interestingly, all of these parameters (gene 

expression and neurite length) had the behavior proportional to the IKVAV concentration. When implanted 

subcutaneously in mice for 11 and 26 days, the response of 50 % IKVAV and its scrambled was analyzed for 

inflammation, vessel formation, and innervation. Firstly, no signals of major inflammation were observed for both 

compositions. After specific immunolabelling, we observed a higher vessel density in 50 % IKVAV implantation after 

26 days compared to the scrambled.  For the innervation potential, the formation of nervous structures was observed 

only surrounding the IKVAV composition implantation for both time points. 
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Conclusion 

The ELP-based composite 50 % IKVAV has important features for tissue engineering, showing osteogenic, 

angiogenic and innervation potential in vitro, being not inflammatory in vivo, and inducing angiogenesis and 

innervation subcutaneously. 
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Figure 1. In vitro response of MSCs, ECs and SNs 

response to hydrogel forumations 
Mesenchymal stromal cells (MSCs), endothelial 

cells (ECs) and sensory neurons (SNs) 

response after 7 days of culture in ELPM40 + 

PEG, ELPM40 + 25 % IKVAV, ELPM40 + 25 % VKAIV, 

ELPM40 + 50 % IKVAV and ELPM40 + 50 % VKAIV 

compositions. (A-E) MSCs gene expression of 

osteogenic markers and important genes for the 

bone repair process, (F) ECs gene expression, 

and (G) the average neurite length. Data are 

represented as average ± SD, with statistical 

differences indicated as *p<0.05, **p<0.01 and 

***p<0.001 (ANOVA with Bonferroni test as post-

hoc). 
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Introduction 

Chemically cross-linked hydrogels are often used due to the ease to control their physical properties, such as matrix 

elasticity and porosity [1]. The interest in hydrogel materials for tissue engineering is growing rapidly essentially 

because their water content closely matches that of biological tissues [2]. While many studies have evaluated the 

impact of hydrogel stiffness on cell behavior, it is now acknowledged that hydrogels, as well as biological tissues, are 

intrinsically viscoelastic. Therefore, studying hydrogel viscoelasticity might be of great interest as some studies 

demonstrated that hydrogel stress relaxation can influence cell behavior in terms of cell proliferation and stem cell 

differentiation [1,3]. Our goal is therefore to characterize the stress relaxation behavior of poly(acrylamide-co-acrylic 

acid) hydrogels to further evaluate the effect of matrix stiffness and viscoelasticity on the phenotype and 

differentiation pathway of mesenchymal stem cells. 

  

Experimental Methods 

Poly(acrylamide-co-acrylic acid) hydrogels synthesis was made according to the method described by Zouani et al. 

[4]. The amount of crosslinking agent (bis-acrylamide) was varied from 0.03 to 0.48 mol% to obtain hydrogels with 

different stiffnesses. The total monomer content was kept constant with an acrylamide/acrylic acid ratio ranging from 

100/0 mol% to 82/18 mol%. Hydrogels mechanical properties were assessed with compression stress relaxation 

tests on round samples of 10 mm diameter and 2 mm thickness, and with 5 steps of 3% compression at 1 mm/min 

and a relaxation time of 1h50 between two compression steps. 

  

Results and Discussion 

Between 3 and 15% compression, which is the range of strains exerted by cells on hydrogels [1], modulus ranging 

from 5 ± 1 kPa to 145 ± 3 kPa are measured for polyacrylamide hydrogels with 0.03% and 0.48% of bis-acrylamide, 

respectively (Figure 1). It has been found that the addition of acrylic acid decreases the modulus. Furthermore, the 

exponential equation describing the stress relaxation behavior of the hydrogels as a function of time may be 

accurately fitted using three time constants. The first one, characteristics of mechanisms of short duration (tens of 

seconds) can be related to reorganization of free water. The polymer viscoelasticity is described by the second time 

constant (hundreds of seconds), while the longer time constant (thousands of seconds), is mostly contributing to the 

gel relaxation, originating from the material poroelasticity, which is the movement of water inside the pores of the 

hydrogel [1]. It has been shown that the higher the amount of acrylic acid, the stronger the relaxation. This is due to 

the generation of negative charges by acrylic acid, creating electrostatic repulsion between polymer chains and 

therefore increasing their possibilities to reorganize [5] 
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Conclusion 

The hydrogel mechanical characterizations presented above allow to confirm that it is possible to modulate 

poly(acrylamide-co-acrylic acid) hydrogels stiffness by controlling the amount of crosslinking agent in the reactional 

mixture, which, in turn, is likely to affect MSCs differentiation fate. Modelling these hydrogels stress relaxation 

behavior revealed the contribution of three different phenomena, with a higher extent of relaxation by adding acrylic 

acid, which might have an impact on cell differentiation. Future works will aim at grafting cell signaling molecules, 

thanks to the carboxylic acid functions of acrylic acid, therefore providing a second level of control over cell 

differentiation. 

  

References 

1. Chaudhuri, O. et al.Nat. Mater.15, 326–334 (2016). 

2. Oyen, M. L. Int. Mater. Rev.59, 44–59 (2014). 

3. Chaudhuri, O. et al.Nat. Commun.6, 1–7 (2015). 

4. Zouani, O. F. et al. Biomaterials34, 2157–2166 (2013). 

5. Holback, H. et al. Biomedical Hydrogels (Woodhead Publishing Limited, 2011).  

  

Acknowledgement 

This work was supported by the University of Bordeaux and the National Science and Engineering Research Council 

(NSERC) of Canada. 

  

 

Figure 1 
Modulus of polyacrylamide and poly(acrylamide-

co-acrylic acid) hydrogels as a function of 

crosslinker and acrylic acid contents. 
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Introduction 

Tissue engineering (TE) as an interdisciplinary field of research aiming at the regeneration of living tissue has shown 

a great potential to overcome the limitations of existing treatments [1]. One of the key element of the TE procedures 

are three-dimensional scaffolds that should serve as a temporary extracellular matrix (ECM) [2]. Fabrication of the 

scaffold that would meet all demanding conditions for maintaining cell growth and enabling their differentiation is still 

a great challenge. Various types of materials have been tested for scaffold designing application and it has been 

concluded that their proper choice is a key factor for the success of a future bioimplantation [3,4]. 

This work presents the results of our studies on the physico-chemical and the biological properties of the novel 

bioactive injectable hybrids fabricated from collagen/chitosan/hyaluronic acid based hydrogels and surface modified 

silica particles. The novelty of the proposed herein approach involves the application of the amino-functionalized 

silica particles that provides the possibility to attach the silica particles to the polymeric network on crosslinking with 

genipin (known to react with the primary amino groups). It is expected that the simultaneous reaction with amino 

groups present in the biopolymers forming matrix and with these present at the surface of the dispersed silica particles 

will allow to obtain stable hybrid material in which the unfavourable process of aggregation and phase separation of 

the silica particles could be avoided. This approach seems to be especially important when considering application 

of scaffolds prepared from hybrid materials under in vivo conditions. 

  

Experimental Methods 

The obtained in one-pot synthesis amino-functionalized silica particles were characterized by means of DLS, SEM, 

XPS and FTIR analyses. The parameters characterizing their porosity were determined from nitrogen adsorption-

desorption measurements. The hybrids of various compositions were obtained and characterized in terms of their 

physicochemical and biological features. The swelling ratio, wettability, degradation as well as mechanical properties 

of the hybrid materials developed were examined. The mineralization process was conducted under in vitro 

conditions in the presence of SBF. Moreover, proliferation, morphology and adhesion as well as functional activity of 

osteoblast MG-63 cells were assessed in in vitro cell culture studies carried out on the surface of materials developed. 

  

Results and Discussion 

We have developed the novel multicomponent, bioactive hybrid materials, which can be prepared as sols and 

crosslinked in situ with formation of hydrogels. Materials developed are based on collagen/chitosan/hyaluronic acid 

biopolymeric hydrogel matrix in which the bioactive phase in the form of amino-functionalized-silica particles were 
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dispersed. The successful modification of the silica particles and the coexistence of surface-exposed amino and 

silanol groups crucial for induction of apatite-like mineral formation was confirmed employngf DLS, SEM, XPS and 

FTIR analyses. The application of the amino-functionalized silica particles provides the possibility to attach these 

particles to the polymeric hydrogel network on crosslinking with genipin as it was confirmed by degradation and 

swelling examinations. Employing in situ rheological examination, we have confirmed the injectability potential of 

hybrids developed which is important parameter since it enables the formation of scaffold in the bone defect area in 

the minimally invasive way. The in vitro experiments performed under simulated body fluid (SBF) conditions revealed 

that the inclusion of the amino-functionalized silica particles at defined concentration into the biopolymeric hydrogel 

matrices enhances the biomineralization process. Finally, the in vitro cell culture studies shown that the prepared 

materials are biocompatible as they supported MG-63 cells adhesion and proliferation as well as an ALP expression. 

  

Conclusion 

Obtained hybrids were fully characterized to demonstrate that the proposed herein one-step method of their 

fabrication deliver the materials characterized by desirable physical and viscoelastic features while providing a 

favorable bioactivity and environment for osteoblasts functionality. 
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Introduction 
Chronic kidney disease (CKD) is characterized by reduced kidney filtration that progresses to end-stage renal 

disease (ESRD). Podocytes are highly specialized glomerular epithelial cells which form with the glomerular 

basement membrane (GBM) and capillary endothelium the glomerular filtration barrier (GFB)  [1]. Extracellular matrix 

(ECM) acts as a mechanical support and provides biophysical signals in order to control podocytes behavior, 

essential component of kidney filtration. Many materials have been used as ECM like Polyethylene Glycol 

(PEG)  [2] and Gelatin  [3]. The modulus of elasticity E or stiffness is an essential characteristic of the ECM that 

controls the cell function  [4]. Hydrolyzed Polyacrylamide (PAAm) hydrogel is a non-toxic cross linked polymer, which 

is characterized by its high water content, non-biodegradability and biocompatibility. The hydrogel properties provide 

a resemblance to tissues giving an opportunity to be applid in biomedical applications [5]. Therefore, hydrolyzed 

PAAm hydrogel is investigated for its potential use as a new construct to engineer a functional in vitro glomerular-

like filtration barrier and to regulate Podocyte cell functions by controlling the physical properties (morphology, 

swelling and stiffness) of PAAm membrane acting as an ECM. 

  

Experimental Methods 

In this work, several PAAm Hydrogels layers were prepared by changing the crosslinker concentration. The 

physicochemical properties of PAAm hydrogels have been tailored over a wide range of crosslinker concentration. 

The macromolecular microstructure and stiffness are evaluated by Scanning Electron Microscopy (SEM) and Atomic 

Force Microscopy (AFM) techniques respectively. In addition, podocytes behavior cultured on PAAm hydrogels are 

evaluated by immunostaining the actin cytoskeleton and determining their mechanical properties using AFM.  

  

Results and Discussion 

Accordingly, the mechanical properties and the polymeric network porosity can be effectively controlled by modulating 

the crosslinker concentration as well as the swelling degree. Moreover, modulating gel stiffness significantly influenced 

podocyte behavior including morphology, actin cytoskeleton reorganization and mechanical properties. 

  

Conclusion 

In conclusion, podocytes response to the variation of the mechanical properties of the membranes correlated with 

the hydrogels stiffness. This work addresses the complexity of podocytes behavior which will further enhance our 

knowledge to develop a kidney-on-chip model much needed to study kidney function in both health and disease 

states. 
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Introduction 

Biomaterials for enhanced tissue regeneration are becoming increasingly prevalent. However, rationally designing 

materials that mimic the ECM and local tissue environments is a non-trivial task. The extra-cellular matrix (ECM) 

contains a complex cocktail of biopolymers and signaling molecules, which together, can be broadly considered as 

a viscoelastic bio-functionalized hydrogel. It has been shown that material parameters such as the stiffness and 

relaxation time of a hydrogel can have a significant impact on the observed cellular responses.1 Presented with the 

diversity of stiffness and relaxation characteristics of native tissues; the scope of any single material system has 

distinct limitations. Capturing the complexity of this natural microenvironment in a single cytocompatible material 

remains an active challenge within the community, and to this end, dynamic covalent chemistry (DCC) has emerged 

as a powerful tool. Diverse DCCs have been shown to tune mechanical and viscoelastic properties of both bulk and 

local environments over a wide range of physiologically relevant magnitudes.1. We recently investigated the use of 

alginate hydrogels using secondary aldimine crosslinks as a bioink and they were shown to be cytocompatible, as 

well as induce a different cellular morphology depending on their dynamicity and stiffness (Figure 1.).2 Here, we 

explore how varying combinations of the aforementioned crosslinkers can be used to modulate and control the 

stiffness and relaxation characteristics of oxidized alginate hydrogels. 

  

Experimental Methods 

Sodium Alginate (FMC Manugel GMB, Lot No. G9402001) was purified and oxidized to a 10% theoretical degree of 

oxidation as previously reported.2 Hydrogels were formed by the addition of varying proportions of adipic acid 

dihydrazide (≥98%, Sigma Aldrich) and O,O’-1,3-propanediylbishydroxylamine dihydrochloride (98%, Sigma Aldrich). 

In all cases, the final alginate concentration attained was 2% (w/v) in Phosphate Buffered Saline (PBS) without 

magnesium and calcium ions. The alginate and cross-linker (1:1 with respect to degree of oxidation) were mixed 

rapidly in the desired ratio before being transferred to silicon molds and stored in the fridge overnight. The following 

morning, strain sweeps (1% - 1000% @ 10 rad/s) and frequency sweeps (100 rad/s – 1 rad/s @ 1% strain) were 

performed to evaluate the mechanical and viscoelastic characteristics of the resulting gels. 

  

Results and Discussion 

In this study, we used combinations of dynamic secondary aldimine crosslinkers possessing different dynamicities 

(Figure 2) to develop oxidized alginate hydrogels with highly tunable viscoelastic properties. Despite having equilibria 

constants on the order of 104 – 108, and thus a theoretical binding efficiency greater than 99%, we observe markedly 

different stiffnesses resulting from each individual crosslinker. Following quantification by oscillatory shear rheometry, 

there is a strong correlation between the dynamicity of the crosslinker and the observed stiffness, with the oxime 

hydrogels being the stiffest (~ 2 kPa) and least dynamic (Keq~ 108) while the hydrazone hydrogels are the softest (~ 

0.5 kPa) and most dynamic (Keq~ 104). By maintaining an equivalent total crosslinker concentration and preparing 

hydrogels with different proportions of oxime and hydrazone crosslinks, we are able to tune the bulk stiffness to a 

desired value within this range. Bearing in mind that the crosslinker molecules are present in an equimolar 
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concentration to potential binding sites, an extrapolation of the apparent crosslink density from rheological 

measurements reveals that the stiffness is directly proportional to the concentration of oxime crosslinker. This brings 

into question the exact role the hydrazone crosslinker plays in this mixed system. 

  

Conclusion 

Here we demonstrate the tunable stiffness of oxidized alginate hydrogels within physiologically relevant ranges, and 

bring to light possible emergent behavior when multiple crosslinkers with large differences in dynamicity are mixed. 

We are now investigating a corresponding evolution of the relaxation and strain response of these hydrogels, as well 

as a more detailed analysis of the role and contributions of each crosslinker in a mixed system. More specifically, we 

will focus on possible correlations between the molecular kinetics and equilibria within the hydrogels. Understanding 

the fundamental origin of dynamic hydrogel properties such as stiffness and relaxation would allow significantly more 

control over these systems and represent a powerful step forward in the rational design of complex biomimetic 

materials for tissue regeneration. 
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Crosslinker Chemistry 
Representative secondary aldimine crosslinking 

reactions. 

 

 

FIg. 1 - Cell Spreading on Viscoelastic 

Substrates 
Surface seeded fibroblasts on Oxime and 

Hydrazone hydrogels. Image taken after 24h. 

Scale bar = 25 µm. 
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Introduction 

Three-dimensional collagen scaffolds offer wide-ranging potential for tissue repair and regeneration applications. 

However, continued research is required to optimise scaffold structure and mechanical properties. Monoculture 

provides a good model for tissue response in many cases, although for bone tissue engineering, a co-culture of both 

osteoblasts and endothelial cells is required simulating the necessary simultaneous bone cell growth, 

neovascularisation and angiogenesis [1]. Since interactions observed in mono-culture are cell-type specific, it is 

important to tailor scaffold characteristics to provide optimal conditions for cells in co-culture. Crosslinking (XL) 

influences both the scaffold stiffness and also the integrin binding sites available on the surface of the structure. An 

over-arching question is to understand the effects of cross-linking "degree" on cells in co-culture. EDC (1-ethyl-3-(3-

dimethylaminopropyl-carbodiimide hydrochloride)/NHS (N-hydroxysuccinimide) XL is used widely to optimise 

scaffold stiffness but, at high concentrations, has been found to be detrimental for cell binding [2]. This work describes 

a systematic study to gain insight into the cell-type specific response to scaffolds for bone tissue repair. Using 

samples with varying stiffness, a mono-culture study of both primary human osteoblasts (hOB) and human dermal 

microvascular endothelial cells (HDMEC) has been undertaken in order to inform subsequent work in a more complex 

co-culture system designed to assess angiogenesis for bone tissue engineering. 

  

Experimental Methods 

Collagen suspensions (0.5 and 1 wt.%) in 0.05 M acetic acid were air and freeze-dried to produce 2D films and 3D 

scaffolds, respectively. Both films and scaffolds were crosslinked with different EDC concentrations to obtain XL 

levels ranging from 0 to 100%, with a molar ratio of EDC:NHS:COO-=5:2:1 defined as 100%. The hOBs and HDMECs 

were seeded on both films and scaffolds. Cell proliferation and adhesion on 2D films were assessed via fluorescence 

microscopy using DAPI staining and through a colorimetric assay measuring lactate dehydrogenase, respectively. 

Cytotoxicity of films with different XL concentrations was examined using a fluorescence-based LIVE/DEAD assay. 

Furthermore, the metabolic activity of cells seeded on 3D scaffolds was measured in an absorbance reader using a 

PrestoBlue® viability assay. Cell proliferation on and migration into col. scaffolds were assessed via fluorescence 

microscopy using PicoGreen and nuclei and actin staining, respectively. Investigation of mechanical stability of the 

scaffolds was carried out with a compression test performed using hydrated scaffolds. 

  

Results and Discussion 

For both cell types similar proliferation trends on col. films were observed, showing no difference between the different 

XL conditions. It was also observed that carbodiimide XL has no toxic effect on both cell types as they were evenly 

distributed and elongated on the surface of the films. However, a discrepancy in cell adhesion on col. films between 

the two cell types was observed. While HDMECs kept almost 50% of their initial integrin-mediated cell attachment 

with XL levels up to a 100%, hOBs lost 50% of their initial specific binding at only 60% XL, which indicates that an 

increasing XL degree inhibits specific binding, particularly for hOBs. However, with regard to 3D scaffolds, a more 

substantial decrease in metabolic activity with increasing XL levels was observed for HDMECs as opposed to 
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hOBs (Figure 1). Lower metabolic activity of HDMECs seeded on 60 and 100% crosslinked scaffolds as opposed to 

hOBs was observed, indicating that especially HDMECs dislike stiffer substrates within a 3D environment. Overall, a 

higher metabolic activity was observed for both cell types on scaffolds with XL levels ranging from 10 to 30%. Both 

migration and proliferation assays confirmed the observed metabolic activity trend. Additionally, it was observed that 

non-crosslinked scaffolds shrunk more than 50% within the first 24 hrs, which is disadvantageous for tissue repair 

and regeneration. Compression testing showed enhanced mechanical stability of over 6 kPa for scaffolds with XL 

levels of 30%, which is required for appropriate tissue regeneration. 

  

Conclusion 

In conclusion, EDC/NHS crosslinking was found to influence, strongly, the cell response of both hOBs and HDMECs. 

While both cell types demonstrated a good response in soft environments with crosslinking levels ranging between 

10-30%, hOBs performed better in stiffer environment as compared with HDMECs. Collagen scaffolds with a 30% 

crosslinking level showed appropriate mechanical stability suitable for both hOBs and HDMECs. It is clear that both 

cell activity and binding behaviour of hOBs and HDMECs change with XL levels, but to different extents. It was 

concluded that scaffolds with 30% XL offered the best combination of mechanical stiffness and cell binding sites and 

that these will be taken forward for analysis in co-culture for bone tissue regeneration. 
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Introduction 

Since many tissues and cells can be influenced by mechano-electric stimulation, the application of piezoelectric 

materials in tissue engineering has received considerable attention [1]. Electrospinning is the most versatile method to 

produce ultrafine fibers which can provide structural features for cell adhesion and growth. This report describes the 

fabrication and characterization of piezoelectric electrospun poly (vinylidenefluoride-co-trifluoroethylene) P(VDF-TrFE) 

scaffolds for bone and neural engineering applications. The effect of collector velocity on fiber morphology, crystalline 

phase, mechanical properties, piezoelectric properties and cell behavior on the scaffolds were investigated. 

  

Experimental Methods 

P(VDF-TrFE) powder (70:30 IN Mole %), was dissolved in methyl ethyl ketone and the solution (20 w/v%) was 

electrospun into fibers using 35 kV voltage, and collector velocity of 500 and 4000 rpm (Linari s.r.l, Pisa, Italy). Fiber 

morphology was analyzed via scanning electron microscopy (SEM). Crystalline phase was analyzed with a polarized 

Fourier-transform infrared spectroscopy (FTIR). The mechanical properties were characterized by a mechanical 

tester (INSTRON 5500R). Two self-designed PiezoTesters were used to measure the piezoelectric properties. 

Human mesenchymal stromal cells (hMSCs) were osteo-differentiated on the scaffolds for 7 days. Calcium matrix 

production by hMSCs was investigated via Osteoimage (green) and DAPI (blue) fluorescent staining. The metabolic 

activity of the cells grown on the scaffolds was monitored along the culture time using the alamarBlue® and expressed 

in dye reduction percentage with respect to negative controls. Human iPSCs were differentiated into cortical neurons 

according to a dual-SMAD inhibition protocol. At day 76, neurons have been fixed and immunostained for βIII-tubulin 

(yellow) and counterstained with DAPI and observed via Confocal microscopy.P(VDF-TrFE) was dissolved in methyl 

ethyl ketone and the solution (20 w/v%) was electrospun into fibers using 35 kV voltage, and collector velocity of 500 

and 4000 rpm (Linari s.r.l, Pisa, Italy). Fiber morphology was analyzed via SEM. Crystalline phase was analyzed with 

a polarized FTIR. The mechanical properties were characterized by a mechanical tester (INSTRON 5500R). Two 

self-designed PiezoTesters were used to measure the piezoelectric properties. Human mesenchymal stromal cells 

(hMSCs) were osteo-differentiated on the scaffolds for 7 days. Calcium matrix production by hMSCs was investigated 

via Osteoimage (green) and DAPI (blue) fluorescent staining. The metabolic activity of the cells grown on the 

scaffolds was monitored along the culture time using the alamarBlue® and expressed in dye reduction percentage 

with respect to negative controls. Human iPSCs were differentiated into cortical neurons according to a dual-SMAD 

inhibition protocol. At day 76, neurons have been fixed and immunostained for βIII-tubulin (yellow) and counterstained 

with DAPI and observed via Confocal microscopy. 

  

Results and Discussion 

SEM results showed that electrospun fibers have cylindrical symmetry and nanoporous surface (Figure 1 (a,b)). 

Increasing collector velocity up to 4000 rpm reduced fiber diameter (1.9±0.5 µm to 1.3±0.2 µm) and increased fiber 
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alignment and tensile strength of the fiber meshes (1.08 MPa to 26.68 MPa), showing good fitting of the Neo-Hookean 

model in aligned fiber mesh. Polarized FTIR results showed that the collector velocity of 4000 rpm improved 

alignment of polymer chains along the fiber longitudinal axis and at the same time orientation of dipoles (C-F) in the 

direction perpendicular to this axis, subsequently the fraction of the polar β–phase (Figure 1 c). The results of first 

PiezoTester showed higher output voltage of the aligned fiber mesh (91 mV) in comparison to random ones (45 mV). 

By the second PiezoTester, we demonstrated that, as a consequence of the diverse mechanical properties between 

random and aligned fiber meshes, which ultimately affect piezoelectric properties, random fiber mesh resulted in 

higher d31 than in aligned ones Moreover, in random fibers, higher remnant piezoelectricity than in aligned counterparts 

was detected (Figure 1 (d)).Biological studies showed that the highest metabolic activity was recorded in the hMSCs 

osteodifferentiated on the random fiber scaffolds (45.24% ± 6.12%). Cell nuclei were imaged in both random and aligned 

scaffolds, with prevalence in the random ones (Figure 2(a)), thus confirming the metabolic activity results. Confocal 

microscopy imaging indicated the presence of well differentiated neurons on the scaffolds (Figure 2 (b)). Axons on 

aligned scaffold followed the parallel fibers while axons were randomly arranged on random fiber scaffold.   

  

Conclusion 

The obtained findings suggested that mesh morphology [2], but also remnant piezoelectric properties can be 

perceived by stem cells as cues for osteogenic and neurogenic differentiation. 
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Figure 2:  
SEM and fluorescence (lens) images of a) 

osteodifferentiated hMSCs and b) 

neurodifferentiated iPSCs on the random fiber 

scaffolds. 

 

 

Figure 1: 
SEM images of a) random and b) aligned fiber 

meshes, c) Polarized FTIR spectra and d) 

Piezoelectric properties of the samples. 



ESB 2019 | Abstract Booklet  

Tuesday, 10 September, 2019  

 

Page 117 of 1893 

II-OS7-02 

Engineering a dynamic model of the alveolar interface for the study of 

aerosol deposition 

Roberta Nossa1,2, Ludovica Cacopardo1,2, Joana Costa2, Giorgio Mattei1, Arti Ahluwalia1,2 

1University of Pisa, Department of Information Engineering, Pisa, IT; 2University of Pisa, Research Center, Pisa, IT 

Introduction 

The pulmonary lining is in constant contact with ambient air and undergoes continuous cyclic deformations. To 

investigate the effects of aerosol deposition on the alveolar barrier, a bioreactor was designed. This system (Figure 

1a), named DALì (Dynamic model for ALveolar Interface), consists of an aerosol and a bioreactor with a moving 

membrane placed between an air-liquid interface. 

  

Experimental Methods 

Figure 1b shows a picture of the bioreactor. It is composed of two rigid and cylindrical chambers: the upper one for 

the air flow (height: 24 mm, diameter: 24 mm) and the bottom one for the medium flow (height: 20 mm, diameter: 24 

mm). They are made of polycarbonate in order to ensure the biocompatibility and the transparency of the 

components. Between them there is a porous stretchable membrane where the cells are seeded. The membrane is 

fixed in a holder that consists of two annular magnets covered by PDMS (C in Figure 1b). The upper chamber is 

connected to an aerosol system for nanoparticles deposition (D in Figure 1b). 

The membrane used to mimic the basement membrane is an electrospun support made of 50:50 Bionate®:Gelatin, 

described and characterised in Abstract #582. A FEM model was used to simulate membrane displacement due to 

the pressure imbalance on the two sides of the air/liquid interface. The model of the bioreactor was based on the 

Fluid Structure Interaction module of Comsol Multiphysics 4.3a software and consists of a cylindrical chamber 

connected to the external system with an inlet and an outlet tube (5 mm in diameter). The 80-μm thick membrane 

was modelled as a disk on the top of the bioreactor and undergoes a constant pressure from the top. Its mechanical 

characteristics were taken from results shown in Abstract #582. The inlet velocity was fixed at 100 μL/min, and the 

fluid dynamics solved in the Laminar Flow regime. Bioreactor walls were set as walls with the no slip condition, and 

water chosen as a reference fluid. The FEM model was solved for different pressures (1 to 15 kPa with a step of 1 

kPa), in order to establish the pressure at which the membrane displacement in z-direction is 7mm, corresponding 

to a linear distention of ≈ 17%, and so mimicking pathological levels of stretching [1][2]. 

  

Results and Discussion 

In the DALì, the membrane is placed between annular magnets covered by PDMS. During static experiments, the 

holder with the membrane can be placed both in a 6-well multiwell, or inserted between the top and bottom chambers. 

The bioreactor is closed tightening wing nuts and the tightness of the bioreactor is ensured by the presence of the 

membrane holder enclosed in PDMS, which is self-adhesive and deformable. The bioreactor can be sterilized by 

ethanol solution, gas plasma, or ultraviolet light. 

During dynamic experiments, the basolateral chamber is connected to a commercial peristaltic pump with an inlet 

tube, and to the reservoir with an outlet tube (Figure 1). The apical chamber is connected to the aerosol device and 

to a compressed air system, with an interposed pressure regulator put inside a control box. Potentiometers on the 

control box allow regulating the stretching level of the membrane: 0%, 2%, 5%, 10% and 17% for mimicking different 

stretching conditions. 
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A FEM model was used to simulate electrospun membrane displacement due to the pressure imbalance on the two 

sides of the air/liquid interface. Figure 2a shows the total displacement of the membrane at 14 kPa: when the pressure 

in the apical chamber increases, the membrane stretches, moving into the basolateral chamber, until it reaches an 

equilibrium with the hydrodynamic pressure of the flowing liquid. 

In this way, it is possible to predict the pressure ranges that the external system must apply in order to achieve the 

desired stretching field on the membrane. The applied pressure corresponding to a z-displacement of almost 7 mm 

is 14 kPa. This displacement corresponds to a linear distention of ≈ 17%, mimicking pathological levels of stretching. 

Finally, Figure 2b shows the velocity field of the fluid flowing through the basolateral chamber. 

  

Conclusion 

We present a bioreactor that is able to replicate the cyclic motion during the breathing. The flexible moving membrane 

causes the rhythmic stimulation of epithelial cells, leading to the study of the interaction between them and the 

particles, in a system that replicates in vivo conditions. The electrospun 50:50 Bionate®:gelatin membrane described 

Abstract #582 has been selected as suitable membrane for our application, as it is biocompatible and highly flexible, 

allowing physiological deformation levels. 

Although cell culture tests need to be performed, this study paves the way towards the development of an actuation 

device for physiologically relevant studies of aerosol and drug delivery and toxicology. 
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Figure 2 
FEM model rapresenting (a) the total 

displacement of the membrane and (b) the 

velocity field in the basolateral chamber. 

 

 

Figure 1 
1a) Sketch and picture of the DALì system; 1b) 

Picture of the bioreactor with all its 

components: A) apical chamber, B) basolateral 

chamber, C) membrane holder, D) aerosol device. 
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Introduction 

Autologous bone grafting – as current gold standard for the treatment of large bone defects – is limited by the finite 

amount of harvestable spongiosa and other drawbacks of operative procedure like donor site morbidity. In tissue 

engineering – as promising alternative – more and more strategies focus on the in situ approach, which envisages 

an enhanced scaffold colonization, differentiation and vascularization in order to improve the endogenous 

regeneration of damaged tissue directly at the site of injury. In this study, we utilize porous scaffolds out of mineralized 

collagen1, which are functionalized with a central hydrogel-based depot loaded with an osteoinductive growth factor 

mix, generated from the secretome of hypoxia-treated human mesenchymal stem cells (MSC) derived from bone 

marrow. After implantation, the factors are released from the depot and induce a directed migration of cells with 

regenerative potential as well as vascularization of deeper scaffold regions. 

  

Experimental Methods 

Hypoxia-conditioned medium (HCM) was generated by incubating confluent hTERT-MSC (immortalized MSC line) 

for 5d on a shaker with phenol red-free α-MEM with 2 vol% human serum (0.05 mL/cm2). Cultivating hTERT-MSC 

under hypoxic conditions (1% O2) leads to the expression of various angiogenic factors and chemokines (hypoxia-

conditioned medium; HCM).2 Generated HCM was examined via Angiogenesis Arrays, while chemotactic potential 

for human bone marrow-derived stromal cells (hBMSC) was analyzed via Transwell-Assay (8 µm pore size). A 

coculture of hBMSC with HUVEC (human umbilical vein endothelial cells) was used to determine the angiogenic 

potential of HCM by analyzing the CD31-stained prevascular structures. To increase the growth factor concentration, 

HCM was dialyzed, freeze-dried and resuspended in either α-MEM or 1 wt% alginate (10x, 20x, 50x). Scaffolds were 

functionalized by injecting concentrated HCM into the scaffolds center and characterized in vitro: by seeding hBMSC 

(migration assay for 3d) or cocultures of hBMSC with HUVEC (angiogenesis assay for 10d) on the scaffolds surface. 

The scaffolds were fixed, stained, longitudinally cut and microscopically analyzed. For in vivo testing of the 

osteoinductive potential of HCM, a 4 mm wedge-shaped osteotomy of the distal metaphyseal area was generated in 

the femur of osteoporotic rats.3 Two groups were tested: 1) unmodified control scaffolds; 2) scaffolds functionalized 

with concentrated HCM (from rat BMSC). 6 weeks after implantation the bone defect healing was analyzed 

histologically and histomorphometrically. 

  

Results and Discussion 

HCM characterization showed the expression of various angiogenic factors and a tremendous chemotactic and 

angiogenic potential in 2D and 3D scaffolds. With increasing HCM-concentration in the scaffolds depot, hBMSC 
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migrated deeper into the scaffolds. Cocultures led to dense prevascular structures on the scaffolds surface. With 

increasing HCM-concentration the tubular structures sprouted deeper throughout the interconnected pores until a 

depth of 1500 µm (Fig. 1). In vivo the HCM-modified scaffolds showed very good biocompatibility without 

inflammatory response, increased formation of big blood vessels and an enhanced bone formation and mineralization 

(Fig.2). 

  

Conclusion 

The synergistic interplay of various growth factors makes HCM a highly potent growth factor mix for the application 

in bone defect healing. Scaffold functionalization with a central HCM-depot led to hBMSC attraction and ingrowth of 

angiogenic structures in a concentration dependent manner. Additionally, in vivo experiments showed enhanced 

bone defect healing with increased vascularization and new bone formation for HCM-modified scaffolds. 
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Increased bone formation in vivo  
Fig. 2 Osteotomy in the femur of osteoporotic 

rats filled with mineralized collagen with or 

without HCM-functionalization. A) Overview of 

wedge-shape bone defect. B) Increased bone 

formation, mineralization and vascularization in 

HCM-modified scaffolds. C) Histomorphometrical 

analysis. 

 

 

Enhanced vascularization in vitro 
Fig.1 In vitro angiogenesis in mineralized 

collagen scaffolds functionalized with a central 

depot containing concentrated HCM dissolved in 

α-MEM or 1 wt% alginate (10x, 20x, 50x). A) CLSM 

images of prevascular structures on scaffold 

surface (upper row) and section (lower row) 

stained for CD31. B) Increased depth of 

ingrowing prevascular structures in scaffolds 

with alginate-based depot and increasing HCM 

concentration. 
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Macromolecular crowding, mechanical stimulation, anisotropic 

topography and oxygen tension in tissue engineering – A step closer 

to cell-assembled biomaterials 

Dimitrios Zeugolis, Diana Gaspar, Dimitrios Tsiapalis 

NUI Galway, REMODEL, Galway, IE 

 
Introduction 

Macromolecular crowding is a biophysical phenomenon that governs intracellular and extracellular processes and 

increases thermodynamic activities by several orders of magnitude. In vitrodata have demonstrated that 

macromolecular crowding dramatically accelerates extracellular matrix (ECM) deposition in skin, lung and corneal 

fibroblast and naïve mesenchymal stem cell cultures (1-4). Herein, we hypothesized that macromolecular crowding 

alone or in combination with other in vitromicroenvironment modulators (e.g. oxygen tension, mechanical loading, 

anisotropic topography) will control cell function in vitro. 

  

Experimental Methods 

Human tendons were obtained from University Hospital Galway, after obtaining appropriate licenses, ethical 

approvals and patient consent. Subsequently, tenocytes were extracted using the migration method. Human 

chondrocytes were purchased from Lonza (Switzerland). Human osteoblasts were purchased from ATCC (UK). 

Human bone marrow was purchased from Lonza (USA). For variable oxygen tension cultures, a Coy Lab (USA) 

hypoxia chamber was used. For mechanical loading cultures, a Cell Scale (Canada) MCFX uniaxial stimulator 

bioreactor was used. all experiments were conducted at passage 3 to 5. All cultures were supplemented with ascorbic 

acid sodium salt (Sigma Aldrich, UK). For anisotropic topography, bidirectionally aligned electro-spun scaffolds were 

used. Macromolecular crowding was carried out using 50 to 100 mg/ml carrageenan (Sigma Aldrich, UK). ECM 

deposition was assessed using SDS-PAGE (BioRad, UK) and immunocytochemistry (ABCAM, UK) analysis. Gene 

analysis was conducted using a gene array (Roche, Ireland). Cell morphology was assessed via bright-field 

microscopy. All experiments were conducted at least in triplicates. ANOVA was conducted after validating the 

parametric analysis assumptions; when the assumptions were violated, Kruskal-Wallis analysis was conducted (non-

parametric analysis). 

  

Results and Discussion 

Macromolecular crowding (MMC) enhanced deposition of collagen types I and III in tenocytes and bone marrow stem 

cells. Gene analysis showed upregulation of scleraxis, thrombospondin-4 and cartilage oligomeric matrix protein in 

tenocytes after 7 days of mechanical stimulation. BMSCs exhibited upregulation of alkaline phosphatase under MMC 

and downregulation of collagen type I at day 3 under mechanical stimulation in the absence of MMC. Human 

tenocytes treated with MMC at 2% O2 tension showed increased collagen type I synthesis and deposition after 7 

days. In chondrocyte culture, MMC both in monolayer and alginate system, increased collagen type I deposition, 

whilst collagen type II was barely detectable. Anisotropic topography induced bidirectional cells and deposited matrix 

orientation. 
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Conclusion 

This study provides insight into modulation of cell behavior and phenotype using microenvironmental cues. 
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Introduction 

Silk fibroin sponges have been extensively studied in literature, in particular in all the applications in which porosity 

is an essential feature. In tissue engineering porous structures serves as material that closely mimic the biological 

microenvironment. Porous fibroin sponges have been successfully adoptedin the case of soft tissues (muscle, skin, 

adipose, and neural tissues) and bones. In order to mimic the living tissues the possibility to tune the porosity and 

consequently the other physical responses is essential. Plenty of different methods  were developed to are available 

to produce silk fibroin sponges among them we can cite: Salt-leaching, Freeze drying, ammonium bicarbonate 

sublimation, and NO2 expansion [1,2]. All these methods are based on the transition of the sponge to the crystalline 

β structure that makes it water stable. This is also known as physical crosslinking. In our study we proposed an 

innovative method to produce a chemically crosslinked silk fibroin sponge with a tunable porosity based on a 

methacrylated version of the protein. 

  

Experimental Methods 

The sponge was studied by a 3 factors full factorial design of experiment (DOE): the process was kept constant, 

instead the composition was changed. In particular, we studied the variation of the porosity (SEM), the water 

absorption, the dissolution in SBF, the secondary structure (FTIR) and the cytotoxicity (MTT) in dependence of the 

sponge composition. We considered 2 levels (low, high) for each considered variable: quantity of photoinitiator (LAP, 

low 5 mg, high 75mg), the protein concentration in the solution (low 10%, high 20%), and quantity of an emulsifier 

(low Tween20 0 µL, high 50 µL).   

  

Results and Discussion 

We proved that the porosity, the dissolution in a simulated body fluid (SBF) and the water absorption are influenced 

by the composition. Instead, the secondary structure remains unchanged regardless the composition. The trend of 

the porosity distribution was modeled: in particular, the increasing of the emulsifier volume, and the decreasing of 

both the solution concentration and the initiator tend to increase the mean pore area. All the sponges result to have 

a mean porosity lower than 100 µm, but a consistent part of all distributions results to be above that threshold. The 

distribution dispersion was evaluated by standard deviation and interquartile range. The stability of the sponges in 

water results to be influenced by the amount of photoinitiator: we could deduce that higher a higher amount of 

photoinitiator gave a higher degree of crosslinking making the sponges overall more stable in SBF. Cells viability also 

results to be influenced by the amount of photoinitiator: in fact, higher the amount lower the viability. 
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Conclusion 

In conclusion, we were able to optimize a method to produce chemically crosslinked fibroin sponges. The analysis 

via design of experiment of the prepared samples allowed us to build a predictive model for the properties of our 

interest. We were able to determine the influence of the composition on the porosity, water absorption, dissolution in 

SBF, and cell viability. 
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Statistical analysis on pore distribution  
(A) Pore distribution of the first sample: the 

mean and the median resulted to be not in the 

same position, because the distribution was 

skewed. (B) Box-cox graph with all the sample 

distributions, how can be clearly deduced all 

the distribution were skewed. (C) Modeled median 

trend and (D) interquartile range trend.  

 

 

Preparation scheme 
Scheme of preparation of a silk-fibroin 

methacrylated sponge. The process is based on 

four steps: the preparation of the solution 

(fibroin-MA, photoinitiator LAP, emulsifier 

Tween20) the foaming through a mixer, the 

crosslinking under a UV lamp, and finally a 

freeze drying to eliminate the exceeding water.  
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Introduction 

The efficient regeneration of a bone tissue assisted by the presence of a scaffold is dependent on the scaffold design 

and the processing method used. Regarding the design, medicated bone scaffolds can accelerate the bone tissue 

formation by providing a suitable 3D-porous structure and bioactive agents that promote cell colonization and 

differentiation towards the osteogenic lineage. For these scaffolds, solvent-free processing technologies operating 

at mild temperatures are preferred to have high loading yields of the bioactive agents. 

Supercritical foaming is a solvent-free scaffold processing method that exploits the plasticizing effect of compressed 

CO2 on certain polymers (e.g., polyesters) to form a porous structure1. Using this technique, scaffolds usually have 

high macroporosity but low pore interconnectivity that hampers the penetration and growth of cells and the transport 

of wastes. 

Aerogels are solid and open porous networks obtained from wet gels after the removal of the solvent without 

significant structure compaction and endowed with high specific surface area. Namely, the extracellular matrix-

mimicking nanostructure of aerogels along with the biological implications of certain polysaccharide and protein 

aerogel sources to promote the attachment, growth and colonization of cells are especially attractive for biomedical 

purposes2. 

In this work, the effect of the incorporation of protein (silk fibroin from Bombyx mori, SF) and polysaccharide (corn 

starch) aerogels o scaffolds of poly(ε-caprolactone) (PCL, 50 kDa) with dexamethasone-21-phosphate (DX, 

osteogenic agent) was evaluated. The morphological performance of the scaffolds was tested regarding pore 

interconnectivity, cell infiltration capacity and water permeability from mercury intrusion porosimetry (MIP) 

measurements. Finally, in vivo bone regenerative performance of the scaffolds was assessed in critical-size calvarial 

defects (diameter: 8 mm) in a Sprague-Dawley rat model. 

  

Experimental Methods 

Aerogel production is a multi-step process comprising at least a gelation step and a drying step (Fig. 1a). SF and 

starch gels were obtained from emulsions (8 wt. % of SF and 15wt. % of starch aqueous solutions, respectively, and 

Span 80 as emulsifier) using ultrasonication- and thermal- (121ºC, 20 min) assisted gelation, respectively. Then, SF 

and starch aerogel particles (SA and StA, respectively) were obtained by supercritical drying with compressed CO2 

(40ºC, 120 bar, 6 g/min)3,4. 
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Scaffolds containing PCL and StA (PCL-StA, 90:10 weight ratio), SA (PCL-SA, 90:10) or SA+DX (PCL-SA-DX, 

85:10:5) were processed using the supercritical foaming process (37ºC, 140 bar, 1 h) followed by a depressurization 

at a venting rate of 1.8 g CO2/min. 

  

Results and Discussion 

The preparation of dry powder in the form of SF and starch aerogels was herein developed to provide a 

nanostructured, highly porous and bio-based material to be incorporated as a morphological modifier in the 

formulation of the scaffolds (Fig. 1). The particle size (300-600 nm) of the aerogels and the presence of emulsifier 

(Span 80) in the external surface are especially suitable to favor PCL-aerogel interaction for the preparation of 

scaffolds. 

PCL-based scaffolds containing aerogels had 60-70% porosity, macropores in the 100-300 µm range (Fig. 2) and 

incorporation yields of DX close to 100%. High pore interconnectivities (84-94 %), mesenchymal stem cell infiltration 

capacities (87-93%) and water permeabilities (3-12·10-12 m2) were obtained for the three scaffolds. Hence, scaffolds 

had a suitable porous network to facilitate biological tissue growth and transport of fluids. 

In vivo tests unveiled the compatibility of the aerogel-containing scaffolds with the bone tissue with no signs of 

inflammation or rejection. The relevance of the presence of the bioactive agent (dexamethasone) in the PCL-SA-DX 

scaffolds was unveiled by the presence of many ossification foci and their confluence to form new bone (repair 

percentage of 39% at 14 weeks post-implantation). This newly formed bone had a compact appearance, which is 

characteristic of mature bone. 

  

Conclusion 

Supercritical foaming is a solvent-free technique for the preparation of nanostructured scaffolds with osteogenic 

activity. The presence of submicron-sized aerogel particles in the scaffolds resulted in improved physicochemical 

properties for cell colonization and transport of biological fluids. In vivo results showed that the medicated scaffolds 

accelerated the bone repair response. 
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Preparation of aerogel particles 
Preparation of aerogel particles: (a) Processing 

by (1) emulsion-gelation followed by (2) solvent 

exchange to ethanol and (3) supercritical CO2-

assisted drying. Using this approach, 

submicrometric (b) silk fibroin (SA, particle 

size of ca. 300 nm, BET-surface area of 400 

m2/g) and (c) corn starch (StA; particle size of 

ca. 600 nm, BET-surface area of 100 m2/g) 

aerogel particles were obtained. 

 

 

Morphological and biological evaluation of 

supercritically-foamed synthetic bone scaffolds 
Figure 2. Characterization of supercritically-

foamed synthetic scaffolds composed of PCL, SF 

aerogels and with (PCL-SA-DX, bottom) and 

without (PCL-SA, top) DX by SEM imaging (left) 

and in vivo experiments in murine model 14 weeks 

after implantation (right). Notation: 

CTc=connective tissue capsule; DA= defect area; 

NB=new bone; OF=ossification foci; M=rest of 

material. Scale bars: 200 µm (left), 1.4 mm 

(right). 
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Introduction 

In the past, removal of the injured part was the most common practice when large tissue lesions were due to 

mechanical trauma or degenerative diseases. Consequently, inducing a significant decrease in the quality of patient’s 

life1. Antibiotics discovery increased human life expectancy, as well as improved sanitary and hygienic conditions. 

With this, the replacement of damaged tissues became a necessity2,3, and the tissue engineering, using scaffold and 

cells, to regenerate or replace injured tissues, has been developed. Cellprene® is a polymer blend of PLGA and Poly 

(isoprene) that has been recently developed by the Biomaterials Laboratory (UFRGS, Brazil) and shows high 

potential for applications such as biomaterial4. This material had its biological characteristics improved through the 

epoxidation of Poly (isoprene)5. As a new material, a few works have been conducted, and its properties and 

characteristics are unknown. The electrospinning technique is the most used technic to obtaining fibers. The 

advantage of polymeric biomaterials is to allow obtain fibers with different diameters, and, in some conditions, at 

nanometric scale, which has a great importance in terms of adhesion and cell growth. The aim of this study is to 

evaluate the viability of the obtaining Cellprene® epoxidized by electrospinning for potential use as scaffold for tissue 

engineering. 

  

Experimental Methods 

Poly(lactic-co-glycolic-acid) (PLGA) produced by PURAC (The Netherlands) with ratio 85/15 and centrifuged natural 

latex by MAFER (Brazil) were used to produce the polymer blend. The latex was purified to obtain poly (isoprene) 

(PI), then the PI was epoxidized (PI epox). The PLGA/PI epox were weighed and mixed in the ratio 60/40 (% w/w). 

The table 1 shows the parameters to obtain Cellprene® epoxidized fibers by electrospinning process. The fiber 

morphology and functional groups of the polymers were performed by scanning electron microscopy (SEM) and 

Fourier transform infrared spectroscopy with attenuated total reflectance (FTIR-ATR). 

  

Results and Discussion 

Evaluating the results, using different electrospinning parameters, the one that presented the greater morphology 

response was: 15 kV, distance between needle-collector 20 cm, infusion rate 4 ml/h and concentration 5%. The figure 

1 shows the SEM of Cellprene® epoxidized fibers. 

The diameter of fibers were measured using ImageJ software and shown a mean diameter of 4,3± 2,7µm. The fibers 

presented high superficial porosity that may facilitate the adhesion of the cells. Authors claimed that porosity 

presented in the fibers can be caused by evaporation ratio of the solvent6,7. Other authors  explain the porosity as a 

consequence of the relative humidity during the electrospinning process8,9. 

Analyzing the spectra of PI epoxidized, we noticed that there are no bands in the range of 3100 cm-1 and 3600 cm-1, 

which are referred in the literature to proteins and peptides5. This indicates that the purification of poly (isoprene) was 

efficient. The appearance of bands at 1250 cm-1 and 870 cm-1, as well as a broad band around 1100 cm-1 indicate 

that the epoxidation reaction of poly (isoprene) occurred5. Authors observed that in PLA / epoxidized natural rubber 
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blends the band around 1750 cm-1 was shifted to larger wave numbers with increasing content of epoxidized natural 

rubber10. This suggests that there was interation between PLGA and PI epox. According to the analysis of FTIR-ATR 

spectra does not indicate significant change in the main functional groups. 

  

Conclusion 

The electrospinning process is viable for the production of fibers of Cellprene® epoxidized blend. The fibers 

presented high amount of pores on surface that may aid in cell adhesion. The obtaining of fibers by solvent mixing 

of polymers and electrospinning method did not modify chemical groups of the resulting material when compared to 

the raw materials. 
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Table 1. 
 Parameters to obtain Cellprene® epoxidized 

fibers. 

 

Figure 1 . 
 SEM of Cellprene® epoxidized fibers. 
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1:00 p.m. – 2:30 p.m. 

Hall 4 

II-SY2 | Local antibiotics delivery with 

hydrogels: from infection prevention to infection 

eradication in orthpedic trauma 

David Eglin (Davos Platz, CH) 

Fintan Moriarty (Davos Platz, CH) 

 

Infection is a dreaded risk in orthopedic and trauma surgery with devastating 

consequences for the patients and huge social costs. While antibiotic-loaded biomaterials 

are available, there is still large potential for improving the available products and the 

clinical standards.  

In this symposium, a hydrogel for the local delivery of antibiotics and its development will 

be presented. Biomaterial requirements, rational design, regulatory hurdles, proof of 

concept studies in small animals, comparison with clinical standards, large animal models 

and the challenge of raising from a model of prevention up to eradication of an antibiotics-

resistant infection will be illustrated. 
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Local antibiotics delivery with hydrogels: from infection prevention to 

infection eradication in orthpedic trauma 

Matteo D'Este, Fintan T. Moriarty 

AO Research Institute Davos, Musculoskeletal Infection, Davos, CH 

Introduction 

Fracture-related infection is a relatively uncommon, yet challenging complication in musculoskeletal trauma surgery, 

with rates of approximately 5% for closed fractures and up to 30% for severe open fractures (1). The presence of a 

fracture fixation implant is a significant risk factor for the development of infection, whereby the minimal infectious 

dose may be reduced by up to 10'000 fold compared with equivalent surgeries not involving an implant (2,3). The 

increased susceptibility to infection is usually attributed to a localized deficiency in phagocytosis of bacteria in the 

vicinity of an implant (4), coupled to the fact that the implant also acts as a substrate for biofilm formation. Once 

established in a biofilm, the bacteria are much more resistant to host defense mechanisms (5). 

Systemic antibiotics are mandated for the prevention of infection in open fractures (6). The duration of administration 

of systemic antibiotics is related to the class of open fracture and is between 24h and 120h after wound closure. For 

treatment of an established infection, the duration of antibiotic therapy is at least 6 weeks, though often significantly 

longer. Systemic administration may not achieve adequate antibiotic concentrations at the fracture site, particularly 

in cases with vascular compromise. Furthermore, the systemic dose cannot be increased indefinitely due to systemic 

toxicity, and in many cases, higher doses are not always correlated with greater activity. Thus, local delivery of the 

chemotherapeutic agent is the logical choice to increase the antibiotic concentration at the injury site over time, and 

at the same time limit systemic distribution and associated side effects. 

Currently, two main types of antibiotic-loaded biomaterials are used in the clinic: non-degradable, such as poly methyl 

methacrylate (PMMA) bone cement beads (7) and degradable, such as collagen fleece (8). Both of these clinically 

available options have certain drawbacks. PMMA is non-degradable, requiring a second surgery to be removed, and 

after a few days antibiotic release falls to sub-inhibitory levels, which poses a risk of inducing resistance (9). Antibiotic-

loaded collagen has sub-optimal handling, the antibiotic is rapidly released (10), again leaving subinhibitory 

concentrations, and a short-lived substrate for biofilm formation. Furthermore, neither PMMA nor collagen are able 

to reach every contaminated tissue, due to the predetermined shape and limited diffusion to adjacent tissues. 

  

Experimental Methods 

Given this clinical background, we have investigated the use of an injectable hydrogel for the local delivery of 

antibiotics. In this symposium, biomaterial design, preparation, proof of concept studies in small and large animal 

models will be described whereby control groups received clinical standard of care. The performance of the antibiotic-

loaded hydrogel in preventing infection and treating established infection will be described, including performance 

against an antibiotic-resistant pathogen. 

  

Results and Discussion 

The first keynote speaker will introduce the clinical need of improved solutions for orthopaedic-related infections, the 

design phase with discussion with orthopaedic surgeons and other stakeholders, the rational design of the biomaterial 

and its preparation and the limitations imposed by regulatory aspects and clinical translation. 
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Conclusion 

In the second part we will present a series of in vivo infection prevention models where the local delivery with 

hydrogels was compared with standard biomaterials clinically available, illustrating the advantages and challenges 

related to the establishment of a large animal model of infection. Finally, we will describe how the platform was 

assessed for infection eradication in a clinically relevant model of a chronic infection in sheep. 
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Introduction 

Calcium phosphate cements (CPCs) are biocompatible, bioactive and osteogenic systems which are obtained by 

mixing a powder with a liquid phase to get a workable paste that hardens into a solid phase. The properties of CPCs 

can be improved through enrichment of their composition with additives so they can be utilized as drug delivery 

systems. CPCs applications in bone replacement imply risks of infections due to bacterial colonization, hence the 

addition of antibiotics to CPCs composition is of outmost interest. We employed solid lipid microparticles (MPs) 

obtained from Cutina to load an antibiotic into a biomimetic CPC in order to obtain a material with a potent 

antibacterial activity over a long period. Gentamicin sulphate (GS) was chosen as model drug and it was (i) loaded 

directly into the cement powder, (ii) loaded into the solid lipid microparticles (MPsGS) which were added to the 

cement, and (iii) loaded both directly into the cement powder and into the solid lipid microparticles. Moreover, barium 

sulfate as radiopacifier agent was added to the composition of cements in order to monitor the material during the 

surgery. Samples were characterized and the compositions were optimized for a possible use as injectable bone 

cements. 

  

Experimental Methods 

The cement powders are composed of a gelatin/α-TCP mix , synthesized as described in a previous article [1], 

crushed in an electric grinder and manually sieved. Weighed amounts of CaHPO4·2H2O (DCPD) and gelatin/α-TCP 

mix powder were packed in a Teflon mold (6x12 mm) and mixed. Distilled water was used as liquid phase. After 

addition of the liquid phase, cement powders were mixed in the electric mortar to obtain a paste of workable 

consistency and compacted for 1 min inside the Teflon mold by using a 4465 Instron dynamometer set at 70 N. Then, 

cements were demolded and put in phosphate buffer (PB) pH 7.4 at 37°C up to 21 days. For the preparation of 

cements enriched with different additives, to the fixed amount of gelatin/α-TCP and DCPD the following percentages 

of additives were added: 

- GS: 2, 4 and 8% wt 

- BaSO4: 10% wt 

- MPs or MPsGS: 10% wt 

Different formulations were obtained in order to investigate the role of every additive on the cement’s properties. 
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Results and Discussion 

The maximum stress of the cement increased as a function of time due to the hardening reaction. The introduction 

of 2% of GS provoked a reduction of the maximum stress and of the mechanical properties of the materials. On the 

other hand, the addition of BaSO4 reduced the negative influence of GS on the mechanical properties. 

X-ray results indicate that the cements loaded with 2 wt% of GS were almost totally converted after 7 days, 

suggesting that this amount of antibiotic did not interfere with the hardening reaction. Greater GS 

contents delayed the hardening reaction, slowing the conversion of α-TCP into CDHA. When the same amount of 

GS was loaded into MPs, a minor effect on the process of conversion of α-TCP into CDHA was observed. 

Citotoxicity test performed for all GS-containing cements indicated the absence of cytotoxicity effects (values of 

proliferation over 70%). 

Antibacterial properties were evaluated by means of Kirby-Bauer method suggesting that lipid microparticles could 

enhance GS uptake through the bacterial membrane. 

The modification of the L/P ratios allowed the cements to be injectable, ensuring good injectability for all the 

compositions.  

The cement cohesion was satisfying: when injected into saline solution immediately after extrusion, the CPC paste 

maintained its wire-like shape with no disintegration (see Figure) and maintained good cohesion.  

The dispersion of MPs through the extruded wire was highly homogeneous, without any evidence of phase 

separation. 

  

Conclusion 

We developed an anti-bacterial and radiopaque CPC, which can be turned from paste to fully injectable by the 

variation of liquid/powder ratio. 

Thanks to the use of spray congealed microparticles, GS was added to the cement composition without the 

lengthening of the setting times and the worsening of the mechanical properties observed when the drug is loaded 

directly into the cement powder. 

The simultaneous addition of MPsGS and GS in powder has allowed to obtain a material showing a double and 

tunable kinetic release of the same antibiotics. 

Human osteoblast-like cells displayed a significantly higher viability when cultured on cements where GS was loaded 

within than without MPs. All the compositions exhibit an inhibitory activity towards Gram positive and Gram negative 

reference bacterial strains and clinical isolates. In particular, cements with MPsGS show an enhanced inhibition 

towards Gram-positive bacteria and display a sustained release of the drug, which provides a long-term antibacterial 

activity, fundamental in the treatment of chronic infections.  

Injectable formulations obtained increasing the liquid/powder ratios displayed good injectability, high cohesion 

and good dispersion of MPs into the extruded cements without phase separation. 
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Cement wire extruded in saline solution. 
As shown in the figure, no evidences of fase 

separation or disintegration can be found in the 

extruded cement, which maintained its wire-like 

shape until hardening even when injected into 

saline solution immediately after extrusion. The 

dispersion of MPs through the extruded wire was 

highly homogeneous, as confirmed by SEM 

morphological evaluations. 
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Introduction 

The efficacy of antibiotic treatments for bone infections is limited due to insufficient availability of antibiotics coupled 

with a low penetration of antibiotics in bone tissue [1,2]. Local antibiotic-loaded biomaterials often release antibiotics 

with sub-optimal diffusion-based kinetics. In this work, we present a poly(ϵ-caprolactone) (PCL) microparticulate 

system, for antibiotic delivery (Fig. 1). The particle is functionalized with bone seeking agents to establish particle 

affinity to bone mineral. A comparison in terms of hydroxyapatite (HAP) complexation is made between alendronate 

(ALN) and oligomers of aspartic acid (ASP) as bone binding agents present on the particle surface. 

  

Experimental Methods 

PCL microparticles were fabricated by oil/water emulsion with 10% PCL (MW = 80,000 g·mol-1) and 2.5% Gentamicin-

AOT in dichloromethane as organic phase and 1% poly(vinyl alcohol) as aqueous phase. Solid microparticles were 

collected after solvent evaporation. Antibiotic encapsulation and subsequent release was measured by fluorometric 

assays and inhibition zones. As a next step, the PCL microparticles were exposed to 0.1M NaOH in order to enrich 

the surface with carboxylic acids. EDC/NHS conjugation was applied to covalently bind ALN or ASP to the 

carboxylated surface of the particles. Affinity of the functionalized particles to HAP substrates was tested by exposing 

the substrate to 1 mg/mL particle dispersion. Quantification of bound particles to HAP substrates was made by 

measuring fluorescence from pyrene encapsulated in the bound particles. The bone binding ability of the 

microparticles was assessed in a femoral bone defect in rats. Particle dispersion (20 µL containing 0.5 mg of IR dye 

loaded particles) were injected in the defect and the rats were imaged (IVIS, Perkin Elmer) daily over a 1-week 

period.  

  

Results and Discussion 

PCL microparticles with a size-average of 0.80±0.47 µm (Fig. 2A) and a 10.0% w/w Gentamicin-AOT load were 

fabricated. The microparticles showed sustained release of antibiotic over a 2-week period, releasing 60% of their 

load (Fig. 2B). The MIC of the particles against S. aureus was determined to be 9.76 µg/mL and the inhibitory zone 

of 1 mg of microparticles was observable for 5 days. The formation of carboxylic acid groups on the surface of the 

PCL microparticles was confirmed with Fourier-transform infrared spectroscopy (FTIR). After EDC/NHS conjugation 

of ALN, an increase in complexation with a HAP films could be measured (Fig. 2C). Chelated PCL-ALN particles 

were observed by scanning electron microscopy. Conjugation with ASP in similar manner resulted in slightly lower 

binding to a HAP compared to PCL-ALN. In vivo, PCL-ASP showed a trend of higher retention at the bony defect 

compared to PCL-ALN and the PCL control group (Fig. 2D and 2E). 

  



ESB 2019 | Abstract Booklet  

Tuesday, 10 September, 2019  

 

Page 137 of 1893 

Conclusion 

PCL-ALN microparticles had higher affinity in vitro to HAP than PCL-ASP particles. However, it is known that ALN 

acts an osteoclast inhibitor, so the use of ASP might be more favourable when delivering drugs to an infected bone 

fracture where bone remodelling is essential. While the inhibitory properties against S. aureus was shown for the 

antibiotic loaded microparticles, its enhanced affinity to HAP through surface modification provides a way to ensure 

high doses of antibiotics at the immediate vicinity of the bone. Nevertheless, the bone binding affinity of the modified 

PCL-ALN and PCL-ASP was not statistically improved on the in vivo model employed here, and further improvement 

of the  is still necessary. By presenting this bone targeting drug delivery system, first steps were made to provide a 

potential tool to treat bone infections. 

  

References 
1P. Carek et al. (2001) Am Fam Physician 63(12):2413-2421 2S.G. Rotman et al. (2018) J Control. Release 269:88-

99 

  

Acknowledgement 

This work was supported by the AOTrauma Clinical Priority Program Bone Infection. 

  

 

Fig. 1: Graphical Abstract 
Schematic of the designed drug delivery system 

(DDS). 

 

 

Fig. 2: Characterization of DDS 
A. PCL microparticles with gentamicin-AOT load 

of 10% w/w. B. Sustained in vitro release of 

Gentamicin-AOT from 10 mg PCL microparticles 

kept at 37ºC under mild rotation (n=6). C. 

Increased HAP affinity after particle surface 

functionalization with bone seekers ALN and ASP 

(n=3). D. Representative images of PCL, PCL-ALN 

and PCL-ASP microparticles loaded with IR780 

iodide fluorophore 7 days after injection in a 

rat-femoral defect. E. Total fluorescence 

measured on explanted femurs at day 7 (n=4). 
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Introduction 

Coronary heart disease is the leading cause of death across the world [1]. The main cause of this disease is the 

accumulation of fatty substance, blood cells and calcium deposits inside the coronary arteries, which limits the flow 

of oxygenated blood and nutrients to the heart muscle and it eventually leads to heart attack. Since heart muscle 

has  limited ability to regenerate itself with functional myocytes, cardiac patches has been utilized as a potential 

regenerative therapy [2, 3]. Among the numerous types of materials investigated for cardiac-tissue engineering, silk 

fibroin captured significant interest due to its tunable mechanical properties, biodegradation characteristics and ability 

to promote cellular functions. In this study, silk fibroin based 3D porous scaffolds were investigated for cardiac patch 

applications. To bring electrical conductivity and enhance mechanical properties, carbon nanofibers (CNFs) were 

incorporated into the fibroin matrix. Additionally, to regenerate damaged cardiac muscle, induced pluripotent stem 

cells (iPSC) were seeded into the scaffolds. Detailed characterization studies were completed to assess the influence 

of silk fibroin content, CNF content, porosity and pore size of the silk fibroin/CNF scaffolds on the electrical 

conductivity, degradation properties, mechanical properties, cell viability and iPSC cellular response. 

  

Experimental Methods 

There were three main steps for the fabrication of 3D porous silk fibroin/CNF scaffolds. Initially, fibroin was extracted 

from the Bombyx Mori (silkworm) cocoons via dissolving in LiBr. In the second step, extracted fibroin was lyophilized 

to be stored at room temperature. In the final step, CNFs were dispersed in 1,1,1,3,3,3-Hexafluoro-2-propanol (HFIP) 

and fibroin was dissolved in CNF dispersed HFIP. NaCl particles were added into the HFIP/fibroin solution as a 

porogen agent. 

  

Results and Discussion 

SEM images of the scaffolds revealed that size ranges of NaCl particles used as porogen were maintained in the 

fabricated scaffold microstructure and determine the pore size range of scaffolds (Fig. 1a). Structure of CNFs was 

investigated with TEM (Fig. 1b). 1 and 3 wt% CNF addition did not bring electrical conductivity to detectable ranges, 

yet, the addition of 5 wt% CNF improved the electrical conductivity of scaffolds within limits required in cardiac-tissue 

engineering. In fact, the electrical conductivity of scaffolds was increased up to 0.025 S/cm when the CNF content 

was 10 wt %. In the XRD spectra, as opposed to observing broad amorphous peak of lyophilized fibroin, sharp peaks 

of β-sheet were obtained at 2θ = 21.3o, 2θ=23.8o and 2θ=26.5o for each scaffold independent of the NaCl:Fibroin 

ratio utilized during scaffold fabrication. In the FTIR spectra of the scaffolds, transmission peaks obtained at 1623 

cm-1 and 1516 cm-1 were attributed to β-sheet crystalline structure. Comparing the FTIR spectra of scaffolds with 5 

and 10 w/v% fibroin, a stronger signal with deeper peaks were observed for the former due to its higher crystallinity. 

Stress-strain curves completed via uniaxial tensile testing (Fig. 2a) showed that mechanical properties of scaffolds 
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were controlled by altering scaffold fabrication parameters. Tensile strength (TS) and elastic modulus (E) of the 

scaffolds gradually increased with a decrease in NaCl:Fibroin ratio. Furthermore, TS of the scaffolds increased about 

14 times (from 0.07 MPa to 1 MPa) upon the addition of 10 wt% CNF. L929 fibroblasts exhibited higher metabolic 

activity on scaffolds with larger pore size (Fig. 2b). Furthermore, increased porogen content of the scaffolds 

(NaCl:Fibroin ratio of 15:1) lead to more than 70% increase in the cell adhesion after 5 days of culture. 

  

Conclusion 

The electrical conductivities, degradation and mechanical properties, along with metabolic activities of cells cultured 

on silk fibroin/CNF scaffolds were enhanced through optimizing silk fibroin content, CNF content, porosity and pore 

size range of scaffolds. Detailed characterization studies indicated that tunable mechanical and electrical properties 

and ability to control over fibroin concentration, crystallinity and pore structure via altering fabrication parameters of 

3D silk fibroin/CNF scaffolds made it a promising candidate for cardiac patch applications. Studies including time 

dependent enzymatic degradation tests and in vitro iPSC proliferation studies are underway to further improve 

scaffold properties for cardiac patch applications. 
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Figure 1 
Morphological characterization of a) silk 

fibroin/CNF scaffold having pore size range of 

180-200 µm and b) TEM image of CNFs incorporated 

into the scaffolds. 

 

 

Figure 2 
Stress-strain curves of silk fibroin/CNF 

scaffolds fabricated by altering a) CNF content 

and metabolic activity of L929 fibroblasts on 

silk fibroin/CNF scaffolds fabricated by 

altering c) NaCl particle size range. ‘*’ p≤ 

0.05; ‘**’p≤ 0.001 
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Introduction 

Native tissues are characterized by a dynamic nature. Recapitulating such dynamicity in engineered tissues requires 

the temporal control over their biochemical composition. Typically, spatiotemporal modification of biomaterials relies 

on photoresponsive strategies, which pose the inherent risk of cytotoxic UV-light and radical-based reactions[1]. Here, 

we pioneered supramolecular desthiobiotin/avidin complexation to enable the dynamic modification of biomaterials. 

Desthiobiotin is a non-sulfur containing analog of biotin that also interacts with avidin, but with substantially lower 

binding affinity than biotin (Kd,biotin~10-15 M vs Kd,desthiobiotin~10-14 M)[2,3]. We hypothesized that a supramolecular 

desthiobiotin/biotin displacement strategy would grant spatiotemporal control over the biochemical composition of 

biomaterials in a novel, facile, and cytocompatible manner. 

  

Experimental Methods 

Dextran-tyramine-biotin (Dex-TA-biotin) was synthesized as previously described[4]. Hydrogels were prepared by 

mixing 5% Dex-TA-biotin, 3 U/ml horseradish peroxidase, and 0.05% H2O2. Hydrogels were further functionalized 

with 1 µM tetravalent neutravidin (i.e., avidin analog) and 1 µM desthiobiotin-FITC, biotin-atto565, and/or biotin-FITC, 

and subsequently analyzed using fluorescence recovery after photobleaching (FRAP) and fluorescence confocal 

microscopy. 

  

Results and Discussion 

Fluorescence confocal microscopy and FRAP confirmed that biotin-FITC was coupled to Dex-TA-biotin hydrogels 

via neutravidin, but not to non-functionalized (i.e. Dex-TA) hydrogels, which validated the successful generation and 

functionality of Dex-TA-biotin hydrogels. As shown in Figure 1, the reversible and sequential modification of hydrogels 

was demonstrated by displacing desthiobiotin-FITC (i.e. green) with biotin-atto565 (i.e. red). By tuning the 

concentration and incubation time of biotin-atto565, we could reproducibly control its penetration depth into the 

hydrogels. This strategy granted spatial control over the hydrogels’ biochemical composition by determining the 

thickness of the biotin-displaced shell. Performing the supramolecular displacement strategy in the presence of cells 

did not reveal a cytotoxic effect, as assessed by live/dead cell staining. Moreover, the method enabled the 

spatiotemporal capturing and presentation of, for example, bioactive peptides (e.g., RGD) and endogenous growth 

factor, which was validated using surface plasmon resonance. 

  

Conclusion 

In situ tuning of the biochemical composition of engineered tissues is key to mimic the dynamic nature of native 

tissues. We have successfully demonstrated a novel method for the spatiotemporal modification of biomaterials 

based on reversible and cytocompatible desthiobiotin/avidin complexation. 
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Figure 1 
Dynamic biomaterial modification was 

demonstrated by desthiobiotin-FITC / biotin-

atto565 displacement. 
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Introduction 

In 2012, research teams from US and Switzerland published their ideas on mechanically responsive carriers [1,2]. 

Nanometer-size liposomes composed out of specific artificial phospholipids exhibit not only the desired response to 

mechanical stimuli [2], but also the surprising lack of the characteristic immune response of liposomal drugs [3-5]. 

Therefore, these liposomes are promising containers for the targeted delivery by means of a purely physical trigger 

present at the pathological constrictions of human arteries. It is, however, unclear, which forces trigger the release 

of the cargo. Originally, the shear stress, at least an order of magnitude higher within the constrictions than in the 

healthy parts of the vessel, was considered. Simple estimations, however, show that the pressure-gradient forces 

have also to be considered. The impact of the two potential contributions can be experimentally addressed by 

combining spatially resolved small-angle X-ray scattering with a microfluidic device for physically simulating the 

stenosed blood vessel. 

  

Experimental Methods 

For the microfluidics study, liposomes about 100 nm in diameter were formulated from the artificial Pad-PC-Pad 

phospholipids. These liposomes are non-spherical and show a variety of shapes. In the transmission electron 

microscopy, they often appear as lentils. These liposomes are known to envelop a cargo, such as the vasodilator 

nitroglycerin, at rest but become leaky by mechanical stimuli. 

The spatially resolved small-angle X-ray scattering measurements were performed at the cSAXS beamline, Swiss 

Light Source (PSI, Villigen, Switzerland). The X-ray photons with 11.2 keV were focused to several ten micrometers. 

At a distance of 7.102 m a Pilatus 2M detector with a pixel size of 172 µm was placed. Two-dimensional scans were 

acquired line-by-line by continuously moving the device in horizontal direction, while the detector recorded the data 

during a total acquisition time of about two hours. 

The X-ray compatible microfluidic device with a 1 mm-wide horizontal channel possessing a 125 µm-wide 

constriction was used [6] to locally detect the morphological changes of the liposomes at three selected flow 

conditions. 

  

Results and Discussion 

The spatially resolved small-angle X-ray scattering data show a dependence on the selected flow conditions. The 

mean size of the liposomes is modified near the wall of the constriction. This means that the average wall shear 

stress can change the overall size of the non-spherical liposomes [7]. At in- and outlet, we have identified a change 

of the bilayer thickness, which is in line with the loss of interdigitation of the phospholipids. Most probably, this loss 

of interdigitation is caused by the gradient-pressure force known from the Bernoulli equation. 
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Conclusion 

The combination of spatially resolved X-ray scattering and micro-fluidics allows for the detection of morphological 

changes of mechanically responsive liposomes of nanometer size. The related results indicate that the gradient-

pressure force is responsible for the leakage of specific non-spherical liposomes, since it annihilates the 

interdigitation of these phospholipids. 
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Introduction 

Calcium phosphate materials are of great relevance as biomaterials due to their unique biocompatibility and 

bioactivity which has led to their wide use in bone tissue engineering.1Also, mesostructured materials, such as 

ordered mesoporous silica nanoparticles (MSN), are of great interest on such biomedical applications and therapeutic 

delivery.2Combinations of these two inorganic materials in one nanosystem have been previously described in the 

context of pH-responsive drug delivery.3Herein, we investigate strategies to obtain core@shell nanocomposites of 

MSNs and hydroxyapatite nanocrystals and evaluate their biocompatibility and cellular differentiation capability in 

preosteoblast cell line. 

  

Experimental Methods 

MSNs and MSNs-COOHextmaterials were synthesized as published.4Then, MSNs-COOHextwere suspended in water 

and a solution of Ca(NO3)2.4H2O is added and stirred for 2 h. subsequently a solution of (NH4)2HPO4is added and 

finally the pH was adjusted to 10 with a solution of NH4OH.Calcium and phosphate ions were added according to the 

stoichiometric ratio for hydroxyapatite.The stirring was maintained 16 h at room temperatura and then the product 

recovered and gently washed with water, ethanol and dried. An external layer of gelatine is provided by stirring the 

MSNs@HA materials in a gelatine solution at 50 ºC. 

In vitro, biocompatibility assays were performed in MC3T3-E1 preosteoblasts cell cultures. Different in vitro 

parameters as viability, proliferation and differentiation have been evaluated. 

  

Results and Discussion 

Fluorescent MSNs were prepared following a modified Stöber method. To provide anchoring points for the calcium 

ions, the external surface of the MSNs was functionalized with carboxylic acid groups in a first step, using a post-

synthesis method.4The efficient coating of the MSNs-COOHextwith hydroxyapatite was achieved through a biomimetic 

mineralization process. 

Transmission electron microscopy (TEM) images show the MSNs material with typical MCM-41 with 2D hexagonal 

mesostructure. After biomimetic deposition of calcium phosphate, the MSNs appeared externally coated by needle 

like hydroxyapatite nanocrystals. 

The TEM studies also showed that the coating of HA nanocrystals on MSNs is not stable in phosphate buffer at pH 

7.4, so the MSNs@HA material was coated with a gelatine layer to increase the stability of the nanocomposite in 

aqueous medium giving the MSNs@HA@Gel material. 

In vitro, MC3T3-E1 preosteoblasts cell culture studies showed a good biocompatibility of MSNs@HA@Gel materials 

evidencing an increase in the cell differentiation by alkaline phosphatase activity after 7 days of cell culture. This 
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effect was not found in the control culture with the pristine MSNs and MSNs@HA, therefore it can be ascribed to the 

stable coating of HA nanocrystals when the gelatine layer is present. 

  

Conclusion 

Multifunctional nanocomposites of MSNs and hydroxyapatite nanocrystals have been optimized to obtain core@shell 

materials such as MSNs@HA@Gel. Due to their biocompatibility and cellular differentiation capability in 

preosteoblast cell line, as well as the possibility to carry drugs inside the mesopores, these nanosystems are excellent 

candidates for bone tissue regeneration. 
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Figure 1. 
Transmission electron microscopy micrograph of 

(A) MSNs material and (B) MSNs@HA material. 
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Introduction 

In recent years, the development of antibiotic resistance of both Gram-positive and Gram-negative bacteria and its 

therapeutic implications has made clear the need to find novel and effective solutions for the treatment of bacterial 

infections. Data obtained by the World Health Organization report that for strains such as E. coli and S. aureus shows 

a resistance to the most common antibiotics that can exceed 50%.1 The problem essentially lies on the impermeability 

of the external membranes of these microorganisms and on the formation of bacterial biofilms, which constitute a 

natural defense mechanism making difficult or impossible the access of antibiotics to the infection place. One of the 

current challenges is the design of nanoplatforms that selectively transport antimicrobial agents to the right place.2 

Both Gram-negative and Gram-positive bacteria have different compounds in their external membranes that easily 

produce negative charges, increasing their hydrophilicity. On the other hand, dendrimers are macromolecules made 

up of a core, multiple branching layers and a multitude of external functional groups. The ability of polycationic 

dendrimers located on the external surface of mesoporous silica nanoparticles (MSNs) to adhere to the bacterial 

walls and favor the internalization of the nanosystem inside the bacteria has been described for a third-generation 

polypropyleneimine dendrimer (G3). Therefore, non-toxic systems MSNs-G3 can be obtained which are capable of 

targeting bacteria, penetrating them and carrying an antimicrobial agent to fight infections.3 In this work, it is intended 

to strengthen the bacterial inhibition of these systems for both Gram-negative and Gram-positive bacteria through 

the addition of metals with bactericidal effect such as silver or copper to these nanostructures, therefore avoiding the 

antibiotic resistance effect. 

  

Experimental Methods 

Two different families of nanomaterials were obtained: i) nanosystems with metal cations tethered on the dendritic 

branches (MSNs-G3-Mn+), ii) nanosystems with metallic nanoparticles on the external surface of the MSNs (MSNs-

G3-M). Briefly, MSNs were externally functionalized with the third-generation polypropyleneimine dendrimer (G3) via 

a post-synthesis method (MSNs-G3). Subsequently, the functionalized nanoparticles are soaked in different solutions 

containing Ag+, Cu2+ or Zn2+, respectively. Then, the materials are recovered to obtain MSNs-G3-Mn+ or subjected to 

a chemical reduction with NaBH4 to obtain the nucleation of metallic nanoparticles on the surface of the MSNs (MSNs-

G3-M). The samples were characterized by different techniques as X-ray diffraction, transmission electron 

microscopy, dynamic light scattering, Fourier transform infrared spectroscopy and elemental analyses. In vitro assays 

were performed to determine the antimicrobial activity of these nanosytems in both E. coli and S. aureus bacteria 

cultures. 
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Results and Discussion 

TEM studies show homogeneous size distribution of the MSNs with regular geometry after metal nucleation (see 

Figure). Concerning silver nucleation, the image shows a distribution of silver nanoparticles on the MSN surfaces, 

without large aggregates. On the contrary, for the copper sample there are no visible copper nanoparticles onto the 

MSNs surface, however an external layer around the MSNs with different contrast, that could be ascribed to a copper 

oxide, is appreciated. 

In vitro antimicrobial assays have shown that MSNs-G3-Ag exhibits excellent antibacterial behaviour in both positive 

and negative Gram bacteria, while MSNs-G3-Cu show good antibacterial behaviour only for S. aureus. Assays 

comparing the antimicrobial effects for the materials containing the metal nanoparticles versus the materials tethering 

the metallic ions have been performed. 

  

Conclusion 

Novel free-antibiotic multifunctional nanosystems based on MSNs, polycationic dendrimers and metals such as silver, 

copper and zinc have been synthetized and characterized. The nanosystems exhibit both bacteria internalization 

capability and strong bactericidal effect which is due to the presence of metals. Also, synergistic effects due to the 

presence of an antibiotic loaded inside the mesopores will be evaluated. 
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Figure. 
TEM images corresponding to MSN-G3 after silver 

(left) and cupper (right) complexation and 

reduction. 
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Screening Cell-Biomaterial Interactions in three dimensions 
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Maastricht University, MERLN, Maastricht, NL 

Introduction 

Development and biological characterization of novel biomaterials for regenerative medicine greatly relies on the use 

of animal models. Currently used 2D in vitro assays do not recapitulate the structural and biological complexity of 

human tissues and remain inferior to in vivo models [1]. Therefore, research is shifting towards 3D cell culture 

strategies for bridging this gap [2], among which multicellular spheroid models have gained popularity, since they 

offer a more physiological cell-cell and cell-extracellular matrix interaction [3]. Here, we present a novel 3D cell culture 

method for evaluating cell-biomaterial interactions, based on cell aggregation and spheroid formation in the presence 

of micro-sized biomaterials, with the ultimate aim of developing a reproducible and more physiologically relevant 

screening system for biomaterials. 

  

Experimental Methods 

Microwell array chips were created by microthermoforming polycarbonate (PC) films at 154 ˚C and 20 bar, as 

described before [4], characterized using optical profilometry and scanning electron microscopy, and used as a 

platform for forming 3D spheroids of cells and biomaterials. A series of biomaterials commonly used in orthopedic 

applications, including titanium (Ti), poly(methyl methacrylate) (PMMA), poly(ethylene) (PE), tricalcium phosphate 

(TCP) and biphasic calcium phosphate (BCP, and having the form of microparticles (diameter≈50 μm) were used as 

model materials for screening various cell-biomaterial interactions in 3D spheroids. Copper (Cu) microparticles were 

chosen as positive control for cytotoxicity evaluation. Human osteosarcoma cells (MG63) or human mesenchymal 

stem cells (hMSCs) were seeded in microwells (5000 cells/microwell), together with varying amounts of biomaterials 

(10 or 100 micro-particles/microwell). Cell-biomaterial spheroids were formed through spatial confinement inside the 

u-bottom-shaped microwells. Spheroid morphology and metabolic activity of the cells in the spheroids were evaluated 

after 3 and 7 days of culture by SEM and cell viability assay (Molecular Probes™ PrestoBlue™, Fisher Scientific). 

Spheroids in microwells without biomaterials served as control. 

  

Results and Discussion 

Microthermoformed microwells exhibited a diameter of 500 μm and an average depth of 400 μm. MG63 and hMSC 

aggregates with and without biomaterials formed within 24 hours and were homogeneously distributed throughout 

the chips. Ti, TCP and BCP micro-particles were incorporated in the cell aggregates. The polymeric biomaterials, on 

the other hand, did not participate in aggregate formation. Cu microparticles, known as a cytotoxic material, prevented 

both cell adhesion onto the material surface and cell aggregation, and resulted in cell death [5] (fig 1). Quantitative 

analysis were in agreement with these observations. Moreover, a dose-dependent effect of the CU particles on the 

corresponding cell response was detected, with this effect being less pronounced for the other biomaterials (fig 2). 

Spheroid models have been previously explored for screening libraries of soluble molecules for drug discovery and 

toxicology, as well as in vitro model in cancer research [3]. Our results, however, show spheroid formation of cells 

with solid biomaterials, and the potential of such a spheroid model for screening different cell-biomaterial interaction 

in a miniaturized on-chip model, in a more clinically relevant 3D microenvironment. 
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Conclusion 

Microwell chips were produced by thermoforming, and used for generating 3D cell-biomaterial spheroids, with various 

metallic, polymeric and ceramic biomaterials. We were able to detect different, material-dependent aggregation 

behaviors of the spheroids, and quantify the cell-biomaterial interactions in terms of cell viability, proliferation and 

differentiation. The results present a miniaturized on-chip 3D model based on spheroids, which we will further develop 

towards a high-throughput screening platform of biomaterials. 
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Fig 2: Metabolic activity assay for 10/100 

particles for each material per microwell. 

 

 

 

Fig 1: MG63 aggregates with different reference 

materials at 3 days. Scale bar: 100 µm 
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1:00 p.m. – 2:30 p.m. 

Conference room 4+5 

II-SY3 | DGBM SY:  Biomineralization and 

Calcification in Regenerative Medicine 

Wilhelm Jahnen-Dechent (Aachen, DE) 

Liam Grover (Birmingham, UK) 

 

Biomineralization includes minerals that would not exist if it were not for living organisms, 

which metabolize existing non-biogenic minerals and turn them into complex materials. 

Biominerals thus comprise a wide range of simple metabolic products like magnetite in 

bacteria, to complex compound materials like bone in vertebrates. During this session we 

present current concepts and applications of biomineralization with a focus on the mineral-

tissue interface as well as biomimetic biomaterials for implants and tissue engineering. 

Mechanisms of pathological mineralization in the human body, also known as calcification, 

will likewise be addressed. 
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Introduction 

Mineralization in vertebrates is limited to bones and teeth. Mineral concentration thoughout the body is similarly high 

and therefore mineralization proceeds once started. For this reason all other tissues must be actively protected 

against pathological mineralization also called calcification, both by the absence of pro-mineralizing and the presence 

of anti-mineralizing agents. Calcification is frequent in tissue remodelling. Ectopic calcification results when mineral 

deposition exceeds clearance. This is common in many metabolic and degenerative diseases. Fetuin-A/α2-HS 

glycoprotein (genetic symbol AHSG) is an important regulator of mineralized matrix metabolism. 

  

Experimental Methods 

We studied calcification in cell-based systems and in small animals. Clinical association studies were also performed 

  

Results and Discussion 

Fetuin-A acts as a »mineral chaperone« stabilizing mineral precursors for bone mineralization and mediating 

clearance of excess mineral as protein-mineral complexes. Fetuin-A deficient mice developed severe calcification 

impairing heart, lung and kidney function as well as reproduction. Fetuin-A deficiency in humans is associated with 

all-cause as well as cardiovascular mortality. 

  

Conclusion 

I will present lessons learned from Fetuin-A related research and their application in the diagnosis and therapy of 

calcification disease. Results from animal and cell culture models will be translated into practical approaches for bone 

tissue engineering and the prevention of calcification in soft tissue engineering. 
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Developing models and treatments for pathological ossification 

Liam M Grover 

University of Birmingh, Healthcare Technologies Institute, Birmingham, GB 

The aberrant growth of bone within soft tissue can occur as a secondary consequence of high-energy trauma and 

the incorrect installation of some medical treatments.  One of the major issues with designing interventions for this 

group of pathologies is that there is no absolute consensus on the underpinning aetiology, with a multitude of 

pathways currently implicated [1].  Given the severe nature of the in vivo experiments that simulate the condition, it 

is not possible to explore mechanisms systematically, or to undertake high-throughput screening of potential 

therapeutic agents. 

As a means to address this major problem, we have developed a model of the bone formation process using cells 

isolated from primary tissues [2, 3].  These cells are seeded into a fibrin-based gel and will subsequently remodel 

this matrix, laying down mineralised type I collagen.  Interestingly, the cells that are entrapped within this matrix 

subsequently differentiate to form osteocytes, which can be cultured over an extended period of time (up to one 

year).  This represents a significant breakthrough, since although osteocytes are by-far the most numerous cells that 

are found in bone, up until now it has not been possible to culture them for more than two weeks.  The model of bone 

formation also recreated some of the structural features of mature bone, with similar levels of mineralization (Figure 

1), in addition to evidence of lacuna and canaliculi within the cultured tissue. 

Using this model, we have been able to screen a range of therapeutic agents to prevent the formation of pathological 

bone. One such agent is sodium hexametaphosphate (HMP), which caused demineralisation of apatitic calcium 

phosphate-based ceramic and enabled demineralisation of our model of the disease.  After identifying the potential 

of HMP as a therapeutic agent, we evaluated its efficacy in an in vivo model of the disease, in which a rat’s Achilles’ 

tendon is severed.  A clot forms around the severed tendon and this clot eventually forms an ossified mass. The 

HMP was formulated with alginate to form an injectable delivery agent and was injected into the severed Achilles’ 

tendon.  Over the course of twelve weeks, the injection of HMP was shown to reduce the progression of heterotrophic 

ossification within the wound.  Interestingly, there was not a straightforward relationship between dosage and the 

capacity of the injection to limit bone formation.  Furthermore, we identified a relationship between the number of 

therapeutic interventions and the volume of heterotopic ossification within the tissue. 
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Figure 1. 
X-ray CT scans of fibrin constructs seeded with 

populations of osteoprogenitor cells over 

periods of up to one year of culture.  The upper 

row of figures shows the deposition of mineral 

within the matrices over this time period, with 

the production of a structure that after one 

year was formed from approximately 70wt% of 

mineral. Over the period of culture, the 

starting matrix was entirely replaced with a 

matrix that was shown to contain a combination 

of type one collagen and a calcium phosphate 

(Figure taken from [2]). 
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Introduction 

Hydroxyapatite (HA) has been widely used in bone regeneration applications due to its similarity to the mineral phase 

of bone. Moreover, the ability of HA to incorporate metal ions within its crystal structure has been employed to boost 

cell behaviour. More recently, ion-doped HAs in the form of nanoparticles (NPs) have been investigated for cancer 

treatment showing a great killing potential of cancer cells.1 The wide versatility of HA in these different applications 

could be explained by different mechanisms of interaction ranging from: direct cell membrane contact, ionic 

exchanges with the cell culture medium or internalisation mechanisms. Interestingly, in the case of using HA NPs, all 

these mechanisms can simultaneously operate. However, only internalisation is considered currently. The present 

work seeks to disclose the contribution of each of these effects on cell cytotoxicity, to have a better understanding of 

the mechanisms behind the use of NPs in cancer treatment. 

  

Experimental Methods 

Undoped (HA) and magnesium-doped hydroxyapatite (MgHA) NPs were prepared by neutralisation of calcium 

hydroxide with the dropwise addition of phosphoric acid.1 At pH 8 the reaction was stopped, the NPs were left to age 

overnight, rinsed and freeze-dried. For the cell culture studies, NP suspensions and discs prepared by compacting 

200 mg of NPs into 10 mm diameter moulds at 3T for 2 minutes were used. Cytotoxicity of NPs and discs were 

studied assessing cell morphology (by fluorescence and scanning electron microscopy) and measuring the lactate 

dehydrogenase activity of osteosarcoma cells (MG63) in serum-containing (+FBS) and serum-free (-FBS) conditions. 

NPs internalisation was assessed by measuring intracellular calcium using Fluo-4 AM and by transmission electron 

microscopy. Cell culture studies using inserts were also performed to assess the effect of ionic exchanges of the NPs 

with cells avoiding direct contact. 

  

Results and Discussion 

The present study was able to prove that the major mechanism behind the death of MG63 cells in the presence of 

NPs was internalisation. Cytotoxicity was not observed neither culturing cells on discs nor placing the cells in culture 

medium altered by ionic exchanges caused by the NPs (Figure 1A). Moreover, it was seen that following NPs 

internalisation there was a rise in the intracellular calcium levels, which was attributed to NPs dissolution (Figure 2A). 

  

Conclusion 

These findings support the hypothesis that, once internalised, NPs dissolution disrupts ion homeostasis triggering 

cell death. 
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Figure 1 
A) Morphological assessment of cytotoxicity of 

MgHA NPs in suspension and compacted onto discs 

on MG63 cells at 4h and, B) levels of 

intracellular calcium in MG63 measured through 

Fluo-4 AM on control cells and on cells treated 

with NPs, after 3h. 
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Introduction 

About 70% of patients with advanced breast cancer (BC) develop bone metastasis. So far, it is only possible to treat 

symptoms but not significantly enhance survival, making bone metastasis the leading cause of death in these 

patients. The bone is a highly organized and complex organ that with its mineralized bone extracellular matrix has a 

unique composition and structure compared to the extracellular matrix (ECM) in other metastatic organs. However, 

very little is known about how the unique bone microenvironment and in particular the inorganic component – the 

bone mineral (hydroxyapatite), influences BC cell adhesion and migration into the bone. While there is a lot of 

knowledge about the later osteolytic stage of bone metastasis, much less is known about the initial cancer cell 

colonialization and here in most studies the contribution of the bone ECM and particularly the role of the mineral is 

often disregarded.  However, in the last years more and more studies have shown that the bone ECM and in particular 

that of the mineral component can effect the progression of breast cancer bone metastasis 1,2. Therefore, the 

development of new in vitro metastasis models can serve as a highly useful tool to be able to better dissect key 

microenvironmental mechanisms that influence breast cancer cell invasion into the bone. 

  

Experimental Methods 

We developed and characterized a biphasic three-dimensional in vitro hydrogel model that consists of a bulk hydrogel 

containing the BC cells casted on top of a mineralized macroporous hydrogel (cryogel) representing the bone 

niche 3,4,5. The hydrogel networks are based on the synthetic polymer poly(ethylene glycol) and the natural 

glycosaminoglycan heparin.  

  

Results and Discussion 

The biphasic system was designed to allow the systematic variation of different ECM parameters in a highly defined 

manner in order to dissect relevant microenvironmental mechanisms that influence BC cell invasion into the bone. 

One key aspect of this model is the defined mineralization of the cryogel via a solution-based method to study the 

effect of mineral on BC cell invasion. Detailed X-ray analysis was performed to precisely characterize the type of 

mineral and crystal size, which were found to be comparable to human bone. We in particularly show that the 

presence of a mineral phase in our hydrogel system varies the migration response of BC cell, as compared to 

unmineralized controls. Due to the underlying highly modular hydrogel system, we can further mimic and modulate 

other biochemical and biophysical aspects of the natural ECM in our biphasic scaffold. These are the tuning of 

mechanical properties, the customized administration of cytokines and chemokines via the cytokine affine heparin 
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component, the cell-based degradability via incorporation of matrix metalloproteinase-cleavable sequences, and the 

presentation of cell adhesion ligands via functionalization of the hydrogel matrix with short peptide sequences (e.g. 

RGD). Using our biphasic hydrogel-assisted model, we exemplarily show the influence of selected biophysical and 

biochemical cues on the migration behavior of BC cells (mono-culture) and in addition the impact of other cells, such 

as human mesenchymal stem cells (co-culture). 

  

Conclusion 

Using our biphasic hydrogel-assisted model, we exemplarily show the influence of selected biophysical and 

biochemical cues on the migration behavior of BC cells (mono-culture) and in addition the impact of other cells, such 

as human mesenchymal stem cells (co-culture). Summarizing, our results demonstrate the utility of the presented in 

vitro system to investigate cell-matrix and heterotypic cell-cell communications in BC migration to bone. 
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1:00 p.m. – 2:30 p.m. 

Conference room 2+3 

II-OS9 | Strategies for Vascularisation 
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II-OS9-KL01 

Bioinstructive supports for endothelial cells in bone tissue engineering 

João F. Mano 

University of Aveiro, Department of Chemistry, CICECO — Aveiro Institute of Materials, Aveiro, PT  

 
A major challenge in repairing large bone defects using tissue-engineered strategies is the poor vascularization in 

the defect sites. To achieve promising regenerative effects, prevascularization of tissue-engineered constructs by 

co-culturing of endothelial cells and bone/stem cells is a promising strategy. Moreover, endothelial cells are able to 

secrete relevant factors with osteogenic potential. Supports for tissue engineering should be then appropriate to 

promote the attachment of endothelial cells and stimulate their organization. Natural-based polymers, such as 

polysaccharides, could be used to produce multilayer films that could act as reservoirs of bioactive agents. For 

example, platelet lysates comprise relevant cytokines and can be entrapped in these nanostructured films, increasing 

the bioactivity of the construct. Such kind of multilayered films can be used as permselective membranes involving 

liquified capsules containing cells and microparticles, to produce humanized micro-tissues that could be used in 

tissue engineering. We found that multilayers produced with alginate modified with RGD adhesive peptide in the last 

layers could promote the invasion of endothelial cells onto the surface of these capsules, indicating that such 

elements could be integrated into tissues in regenerative strategies. Endothelial cells can be also encapsulated inside 

the capsules, stimulating the osteogenic differentiation of mesenchymal stem cells in co-culture. 
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II-OS9-02 

Pre-endothelialization of sacrificial microvessel structures for 

biofabrication of tissue models 

Hatice Genç1, Matthias Ryma2, Dominik Schneidereit3, Ali Nadernezhad2, Jürgen Groll2, Iwona Cicha1 

1University Hospital Erlangen, Cardiovascular Nanomedicine Unit, Section for Experimental Oncology and 

Nanomedicine (SEON), ENT Department, Erlangen, DE; 2University Hospital Würzburg, Department of Functional 

Materials in Medicine and Dentistry, Würzburg, DE; 3Friedrich Alexander University, Institute of Medical 

Biotechnology, Erlangen, DE 

 
Introduction 

Homogeneous supply of nutrients and oxygen to tissues can only be ensured through microvascular networks. 

Therefore, vascularization is of key importance in tissue engineering and the produced tissue models should be 

supported by vessel-like microvascular network. Traditional strategies for microvessel producing are based on 

generation of hollow channels and endothelialization of these engineered constructs is so far limited to an intraluminal 

colonization of channels. These strategies result in delayed formation of endothelial cell layer in the tissue model 

depending on vessel diameter. To overcome those limitations, this study aimed at producing ultrafine microvessel 

systems that can be fully pre-endothelialized prior to embedding in tissue-mimicking hydrogel. 

  

Experimental Methods 

Poly(2-n-propyl-2-oxazoline) (POx), a thermosensitive polymer was used as sacrificial material to create a vessel-

like network for endothelial cells.  Melt Electro-Writing (MEW) technique was used to print simple networks in the 

range of 100 to 180 µm diameter (Figure 1). Printed scaffolds were processed by three different types of surface 

modification to improve their stability and handling under cell culture conditions: a) 20 % PLGA b) 20% PLGA + air 

plasma treatment c) 20 % PLGA + O2 plasma treatment. Primary human umbilical vein endothelial cells (HUVECs) 

were seeded on top of the scaffolds and the formation of endothelial monolayer on the surface of the structure was 

observed using confocal microscopy. Metabolic activity of cells was measured by WST-8 assay. 

  

Results and Discussion 

POx scaffolds were successfully printed and all the introduced surface modifications improved the handling of 

networks. Three different time points (Day3, Day 7, Day 14) were chosen for detailed determination of endothelial 

cell layer formation on the scaffolds. Confocal microscopy showed that two of the scaffold modifications (20% PLGA 

and 20 % PLGA+ air plasma treatment) produced a cell friendly environment to primary HUVECs. Full 

endothelialization was reached on these scaffolds with time (Figure 2). Furthermore, endothelial cell monolayer 

formed faster on air plasma treated scaffolds (after 7 days) compared to scaffolds coated only with 20% PLGA (after 

14 days). On the other hand, O2 plasma treatment resulted in low cell compatibility of produced scaffolds, even though 

it improved the stability of the structure.   

  

Conclusion 

Those results suggest that pre-endothelialization of ultrafine vessel-like structures is possible and can be further 

improved by surface-coating that supports rapid endothelialization. In the future studies, the pre-endothelialized 

tubular constructs will be embedded in cell-laden 3D constructs, followed by dissolution of POx network, to achieve 

tissue models containing endothelium-covered microvessel networks. 
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Figure 2.  
Comparison of HUVECs metabolic activity on POx 

scaffolds with different surface modifications 

(A); and analysis of endothelialization by 

fluorescent staining (B). 

 

 

Figure 1.  
(A) Simple branching structures of poly(2-n-

propyl-2-oxazoline) produced by MEW;  (B) 

Dissolving process of structures embedded within 

hydrogels. 
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II-OS9-03 

Multi-layer vascularized magnetic cell sheets for bone regeneration 

Ana S. Silva, Lúcia I. Santos, João F. Mano 

University of Aveiro, CICECO - Aveiro Institute of Materials, Aveiro, PT 

Introduction 

One of the main challenges in tissue engineering (TE) is to produce functional vascularized 3D transplants in 

vitro,able to recapitulate the complex and physiological structure of natural tissues. In fact, the lack of vascularization 

causes necrosis, nutrient insufficiency and waste accumulation.[1]Bone is a proper example of how the lack of 

oxygen and nutrient supply hampers the development of thick-engineered bone, limiting translational and clinical 

success.[2]Cell sheet (CS) engineering techniques provide an excellent microenvironment for vascularization since 

the technique can maintain the intact cell matrix, crucial for angiogenesis. Moreover, tissues fabricated by CS 

engineering are able to adhere to the surface of the host tissue, after in vivotransplantation, without suture and form 

cell-like dense structure, enabling the maintenance of homotypic and heterotypic cell-cell interactions, that lead to a 

proper tissue regeneration.[3] In an attempt to develop hierarchical cellular 3D vascularized constructs, we herein 

propose the construction of magnetic responsive heterotypic CS by making use of iron oxide nanoparticles in a 

concept named magnetic-forced based TE. 

  

Experimental Methods 

For the purpose, rhodamine B-labeled supermagnetic iron oxide nanoparticles (10 nm) (MNPs) were synthetized by 

the co-precipitation method and characterized by FTIR and TEM. The developed nanoparticles were then incubated 

with human adipose derived stem cells (hASCs) and human umbilical vein endothelial cells (HUVECs) for viability 

assessment studies. After confirming their successful mitochondrial activity, magnetic-responsive cells were used to 

develop vascularized microtissues through cell sheet technology. In brief, previously to CS formation, hASCs were 

stained with DIO and HUVECs with DID. Heterotypic magnetic CS were created by labeling each cell phenotype with 

the earlier developed MNPs. Later, hASCs and HUVECs were organized in a triple sheet conformation with the 

endothelial cells in between of two sheets of hASCs. The fabrication methodology herein applied, that consisted in 

magnetically forcing heterotypic and homotypic cell-cell interactions, enables the development of hierarchal and 

stratified 3D tissues, circumventing the problems associated with other CS methodologies that lack on tissue 

stratification.[4] The developed cell sheets were cultured over a period of 21 days in endothelial medium with and 

without osteogenic growth factors and differentiation studies were performed to evaluate the potential osteogenic 

effect of endothelial cells over hASCs. Homotypic CS (hASCs/hASCs) were used as controls. 

  

Results and Discussion 

Results show that osteogenesis is achieved in both culturing conditions, suggesting the osteogenic potential of 

HUVECs over hASCs. CS integrity and cell-cell homotypic and heterotypic interactions were assessed through 

vinculin staining and collagen detection. Furthermore, increased ALP activity, matrix mineralization, calcium and 

osteopontin detection were achieved, over a period of 21 days, for the heterotypic CS conformation 

(hASCs/HUVECs/hASCs) over the homotypic one (hASCs/ hASCs). The up regulation of BMP-2, osteopotin and 

osteocalcin cytokines and hydroxyapatite formation support these findings. Moreover, after 21 days, the release of 

VEGF cytokine was found to be decreased, suggesting the osteogenic differentiation of hASCs, which upon cell 

differentiation are known to down regulate the release of pro-angiogenic growth factors such as VEGF.[5] Finnaly, 
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the angiogenic in vivopotential of the developed heterotypic 3D cell construct was evaluated through the implantation 

of such cell sheets in chicks embryo (CAM assay). Preserved human vascular structures were still detected in vivo, 

and human cells showed the ability to migrate and integrate with chick vasculature. 

  

Conclusion 

Magnetic-forced based TE was used to create a heterotypic CS comprised of two sheets of hASCs with HUVECs 

seeded in between, enabling the development of a stratified and vascularized cell-dense like tissue with osteogenic 

differentiating capabilities.The results herein obtained are expected to open new insights for the development of 

vascularized 3D bone tissue, circumventing the current problematics associated with poorly vascularized 3D 

transplants that lack on complex tissue organization and proper nutrients and oxygen diffusion. 
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Figure 2 
(A) Immunofluorescence of hASCs (green), HUVECs 

(purple) and osteopontin (red) in 3D heterotypic 

cell sheets cultured for 21 days in basal and 

osteogenic media. SEM micrographs of the 

developed cell sheets are represented in the 

right panel demonstrating cell sheet integrity. 

(B) Mineralization of the developed 3D 

heterotypic cell sheets cultured for 21 days in 

basal and osteogenic media: cell nucleus - DAPI 

(blue) and hydroxyapatite - Osteoimage (green). 

SEM micrographs displaying hydroxyapatite 

deposits are depicted in the right panel. 
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Figure 1 
(A) Schematic representation of the fabricated 

3D vascularized cell sheet. Confocal microscopy 

section views (top and middle) of the 3D 

magnetic cell sheet demonstrating HUVECs in 

between two hASCs sheets - HUVECs (red), hASCs 

(green), cell nucleus (blue); (B) SEM 

micrographs of the developed heterotypic cell 

sheet: HUVECs (represented in red) and hASCs 

(represented in green); and confocal microscopy 

images of isolated and merged channels. 
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II-OS9-04 

Printable formulations based on dynamic catechol-metal crosslinking 

Malgorzata K. Wlodarczyk-Biegun2, Julieta I. Paez2, Maria Villiou1,2, Jun Feng1,2, Aranzazu del 

Campo1,2 

1INM - Leibniz Institute for New Materials, Dynamic Biomaterials, Saarbrucken, DE; 2Saarland University, 

Chemistry Department, Saarbrucken, DE 

Introduction 

3D (bio)printing is a powerful tool for tissue engineering constructs formation, as it provides precise control over 

material deposition in 3 dimensions. However, development of new, functional printable formulations is challenging, 

as they need to combine properly adjusted cross-linking kinetics with biocompatibility. Inspired by the proteinaceous 

networks extruded by the sea mussels, in order to adhere to the rocks in mild, close to physiological conditions, we 

have explored the printability of reversible networks. Catechol functionalized polyethylene glycol (PEG) based inks 

with metal-coordination crosslinking were studied. 

  

Experimental Methods 

4-arm PEG was functionalized with dopamine (PEG-Dop) and inks containing Al3+, Fe3+ or V3+ as crosslinking metal 

ions were prepared. Rheological properties (relaxation time, recovery rate, viscosity), printability and shape fidelity 

of the inks containing different cations were tested and correlated with thermodynamic and ligand exchange kinetic 

constants of the dynamic bonds present in the system 

  

Results and Discussion 

The printability and shape fidelity on the inks were assessed by printing 2D and 3D constructs (Fig.1), and revealed 

clear dependency on the ink composition (metal ion type, pH, PEG molecular weight). Rheological studies showed 

the influence of ink composition on the network relaxation time, recovery rate and viscosity. Network relaxation time 

and ligand exchange kinetics were identified as the most relevant parameters influencing printing performance. 

Additionally, cells seeded on the crosslinked materials were viable, indicating material biocompatibility; adhesives 

properties of the formulations were presented, demonstrating system applicability as medical glue. 

  

Conclusion 

In this work we present and analyze the dynamic ink formulation with remarkable flexibility for 3D (bio)printing, 

instructive for material design in other reversible systems. Additionally, we envision proposed system for development 

of printable tissue adhesives, especially interesting for minimal invasive surgeries. 

  

 

PEG-Dop based ink with dynamic catechol-metal 

crosslinking  
Crosslinking mechanism of PEG-Dop system and 

resulted printed structures in 2D and 3D, 

dependent on the crosslinking metal cation type. 

Scale bars: 500 µm and 5 mm, for 2D print and 3D 

print, respectively. 
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II-OS9-05 

Real time imaging of oxygen in bioprinted hydrogels – characterizing 

O2 diffusion properties and applications in tissue engineering. 

Ashwini R. Akkineni1, Sarah Duin1, Erik Trampe2, Klaus Koren2, Anja Lode1, Michael Kühl2, Michael 

Gelinsky1 

1TU Dresden, Centre for Translational Bone, Joint and Soft Tissue Research, Dresden, DE; 2University of 

Copenhagen, Marine Biology Section, Department of Biology, Helsingør, DK 

 
Introduction 

Various hydrogels, derived from natural or synthetic sources, are routinely used as potential alternatives for tissue 

repair or as disease models. The ease to modify hydrogels to mimic native tissues render them an excellent choice 

for tissue engineering (TE) applications. 3D bioprinting had initiated a paradigm shift in fabricating complex constructs 

using hydrogels by enabling inclusion of multiple cell types and complex designs. To ensure successful functioning 

of complex TE constructs, characterizing hydrogel properties such as rheological, mechanical and diffusion 

properties are vital for design & development of complex TE constructs. 

Many established methods cater the need of characterizing rheological and mechanical properties of hydrogels. 

However, a void exists in available tools to characterize diffusion properties (especially oxygen diffusion) in hydrogels. 

As availability of oxygen (O2) to encapsulated cells is absolutely essential for their proper functioning, it is a 

prerequisite to understand O2 diffusion properties - enabling efficient design & fabrication of complex hydrogel 

constructs by 3D bioprinting. In our previous work, O2 sensitive nanoparticles (NP) were incorporated in hydrogels 

(also called bioinks) used for 3D bioprinting. Simple & reliable method to measure real time spatio-temporal O2 

concentrations in 3D bioprinted constructs was established. In the present work, real time O2 imaging is used to 

characterize O2 diffusion in various hydrogels and also O2 consumption of different cell types in various hydrogels 

was studied, with the intent to design efficient constructs for TE applications. 

  

Experimental Methods 

Bioinks such as alginate/methylcellulose [1], gellan gum, human plasma containing bioinks were combined with O2 

NP [2].  For measuring the rate of O2 diffusion, bioinks with NP were filled in glass capillaries and were crosslinked 

overnight. The capillaries were placed in Hanks buffered salt solution (HBSS) inside a cell culture incubator (O2 

saturated atmosphere - 21% O2) for 24 hours to facilitate swelling and equilibration (to 21% O2) of the obtained 

hydrogels. We imaged the real time change in the O2-dependent luminescence of the sensor NP [2], upon changing 

the incubator atmosphere to 1% O2. The spatio-temporal changes in O2 concentration gradients in hydrogels was 

analyzed to calculate the rate of O2 diffusion in hydrogels. 

For measuring the rate of O2 consumption by encapsulated cells in various hydrogels, cell laden 3D bioprinted 

constructs were used for real time imaging of O2. Cells of the rat beta-cell line (INS1) were mixed in bioinks containing 

NP, which were used for 3D bioprinting of constructs. Cell laden constructs were cultured in hypoxic & normoxic 

conditions. Spatio-temporal dynamics of O2 concentration in the constructs was analyzed by real time O2 imaging. 

Functionality of INS1 cells in constructs, cultured in both conditions was assessed by measuring the glucose 

stimulation index (GSI). The measured GSI was correlated with spatio-temporal dynamics of O2 concentration of the 

constructs to identify optimal O2 concentration for culturing INS1 cells. 
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Results and Discussion 

Change in the external O2 concentrations established O2 gradients in the hydrogels (Fig 1A). The dynamic change of 

these gradients as function of time and external O2 concentration was used to calculate rate of O2 diffusion in different 

bioinks. 

Ratiometric analysis (correlating to O2 concentrations in the constructs) of real time images of 3D bioprinted 

constructs containing INS1 cells after 7 & 14 days showed a clear difference, when cultured in hypoxic & normoxic 

conditions (Fig 1B). A gradual increase in O2 consumption was observed till day 7 in constructs cultured in both 

conditions. Later, a sharp drop and gradual increase in O2 consumption was observed in constructs cultured in 

hypoxic & normoxic conditions, respectively (indicating cell death & proliferation, respectively; Fig 1C). 

  

Conclusion 

Inclusion of O2 sensitive NP in bioinks offers a very simple but efficient & reliable method to characterize O2 diffusion 

properties in hydrogels. Real-time imaging of O2 concentrations in cell laden 3D bioprinted constructs enables 

identification of ideal culture conditions for encapsulated cells. This enables rapid testing and more efficient designs 

in terms of hydrogel composition and construct geometry for specific applications in TE. 
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Real time oxygen mapping  of hydrogels and cell 

laden constructs 
Figure 1: (A) Development of O2 gradients in 

capillaries containing bioinks over time, when 

external O2 concentration was reduced. (B) 

Ratiometric images of INS1 constructs cultured 

at 5% & 21% incubator O2 concentrations. (C) 

Average ratio of the constructs cultured over a 

period of 14 days. 
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4:45 p.m. – 6:15 p.m. 

Hall 3 

III-SY4 | Electrohydrodynamic Additive 

Manufacturing Technologies 

Paul Dalton (Würzburg, DE) 

Tomasz Jüngst (Würzburg, DE) 

 

3D printing technologies are an established tool for biomaterial processing, however 

greater resolution is required for the next generation of biomedical materials. Adding an 

electrical field to extrusion-based 3D printing can generate an additional driving force and 

increases the resolution of the process down to the micron and sub-micron range. Highly 

resolved porous constructs fabricated in this manner have great utility for both in vitro and 

in vivo applications and represents the future of 3D printing for biomedical applications. 

This special symposia will highlight the latest development in such high-resolution 3D 

printing technologies based on electrohydrodynamics. 
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III-SY4-KL01 

Historicity of Bioprintomics – Can we in fact print tissue and organs or 

did we neglect genuinely that biology matters 

Dietmar W. Hutmacher 

Queensland University of Technology, Institute of Health and Biomedical Innovation, Brisbane, AU 

 
 

While bioprinting processes have not advanced as greatly from both a basic and translational research point of view 

as 3D printing in recent years, many challenges remain to be addressed, Significant research efforts are essential to 

expedite the transformation from random bioprinting to additive biomanufacturing. I lay out the arguments in this talk 

why we need to change the current paradigm by changing the question from “what can we do with this fabrication 

method?” to “how can we change this fabrication process to achieve what we need”. 
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III-SY4-KL02 

Why Polymer Melts are Excellent Fluids for High-resolution 3D printing 

Paul D. Dalton 

University Clinic Würzburg, FMZ, Würzburg, DE 

 
Introduction 

There has, for a long time, been a disconnect between the complexity and organization of natural tissues, and the 

resolution of fabricated biomaterials and scaffolds used to replace them (1). While the overall shape of biomaterials 

can be personalized, another challenge is to produce these three-dimensional (3D) structures that are anatomically 

similar. Consequently, there has been a significant effort in developing techniques to manufacture substrates with a 

defined organization, however resolutions remain limited, partcularly at the low-micron scale. For example, realising 

the anisotropic structure of peripheral nerve has been challenging for scaffold fabrication technologies (2). This 

invited lecture will described the porous structures possible via melt electrowriting (MEW), and why melts are an ideal 

fluid for the translation of such approaches to the clinic (3) 

  

Experimental Methods 

Melt electrowriting is performed by electrostatically stabilizing a molten polymer jet, direct-writing it accurately onto a 

collector. Importantly, these filaments can deposit upon each other accurately, to produce organized 3D scaffolds 

with a defined and predictable layer-by-layer deposition. Dynamic electric fields can enhance the build height, 

achieved through digitally controlling both voltage and collector distance. An increasing number of polymers can be 

processed with this method, further advancing the final properties of the product. 

  

Results and Discussion 

Unlike electrospinning, fibers made using MEW can have their diameters altered on-demand. This significantly 

expands scaffold design variabilty and therefore mechanical properties of the resulting structures. The smallest 

average diameter for PCL fibers is 150nm which, to our knowledge the smallest size made by any melt-processing 

textile technology. Non-linear MEW fiber deposition results in modified mechanical properties, while fibers can be 

suspended over significant gaps to generate unique scaffolds for oriented gudiance. There are several more 

advances in MEW that provide new opportunities, from sacrificial structures though to coaxial fibers and digitization 

of the process. Finally, new materials made via MEW expand the properties and allow for new design features to be 

integrated in to the final product, especially electroactive polymers and hydrogels. All of these would not be possible 

without the fast solidification of the molten polymer jet, which is the basis for such highly resolved direct-written 

structures. 

  

Conclusion 

Melt electrowriting relies on the electrohydrodynamic effect of stabilizing fluid columns with an applied voltage, and 

results in a range of new 3D objects with microscale and nanoscale features. The benefit for the biomaterials 

community in particular is a robust, reproducible and low-cost manufacturing technology that can be researched in 

university settings while providing a path to the clinic. 
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A rapid screening toolkit instructs the formulation of printable 

biomaterials for melt electrowritten scaffolds 
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Introduction 

Melt electro-writing (MEW) represents a biofabrication process to tailor-make 3D lattice scaffolds by electrospinning 

micron-scale fibres collected as threads, mats, ordered scaffolds, and tubes through modifications to the fibre 

formation and collector plate systems [1]. While several synthetic polymers have been fabricated using MEW, 

including most favourably polycaprolactone (PCL), it remains a significant challenge to adapt the MEW process for 

other biomaterials and composites, which may offer more suitable mechanical and biological properties for various 

tissue engineering applications [2]. For example, while promising composite formulations of PCL with strontium-

substituted bioactive glass (PCL/SrBG) have been processed into large or disordered fibres [3], to our knowledge 

biologically-relevant SrBG concentrations (>10wt%) have never been printed into ordered microfibres using MEW 

due to rheological limitations of PCL composites at high SrBG concentrations. This has motivated research to 

understand both the material properties governing printability and to provide a systematic characterisation toolkit to 

direct the fabrication of MEW scaffolds using novel, complex or composite biomaterials. 

  

Experimental Methods 

Herein, we describe a toolkit to characterise the viscoelastic and thermoresponsive properties of a number of 

synthetic polymeric biomaterials and polymer composites with ingredients such as strontium-substituted bioactive 

glass and graphene to optimise the MEW extrusion process. Specifically, shear thinning viscoelastic behaviour and 

thermoresponsive properties of polymer composites were measured using rheology, thermogravimetric analysis 

(TGA) and digital scanning calorimetry (DSC). Using a predictive model, the theoretical printing pressure required to 

extrude materials with a consistent flow rate was calculated, adjusting for each biomaterial’s rheological profile [4]. 

The homogeneous distribution of various bioactive additives throughout the polymer fibres was verified with scanning 

electron microscopy (SEM), energy dispersive spectroscopy (EDS), Fourier-transform infrared spectroscopy (FTIR) 

and the influence of these on fibre tensile strength was examined using uniaxial tensile mechanical testing. 

  

Results and Discussion 

Using this toolkit, ordered scaffolds unique toward several tissue applications were successfully fabricated based on 

the optimisation process. This toolkit was validated on several control materials and identified that current PCL/SrBG 

composites required unattainable pressures for extrusion, 13-fold above what typical MEW devices allow (0.5 MPa). 

The toolkit guided the formulation of PCL/SrBG in a chloroform solvent which sufficiently lowered solution viscosity 

and enabled printing pressures to fall within MEW tolerances. Similarly, PCL/Graphene composites were successfully 

fabricated into stent-like structures, guided by the predictive toolkit. EDS and FTIR characterization demonstrated 

the homogeneous distribution of additives throughout the fibres and an increase in tensile strength of the composite 

fibres was exhibited compared to the PCL-only controls. Altogether, we generated a model framework to predict the 
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relationship between polymeric biomaterial viscosity and printing parameters, which is extended toward composite 

formulations including polymer-bioglass and polymer-graphene, for tailored tissue-specific MEW products. 

  

Conclusion 

This toolkit is broadly applicable to identify the feasibility of processing newly developed biomaterials using MEW. 

Specifically, this toolkit developed novel bioglass-polymer composites able to be printed into highly controlled 

microfibre scaffolds. These composite scaffolds have demonstrated exceptional bioactive properties, increasing 

alkaline phosphatase activity and promoting the proliferation of osteoblasts whilst inhibiting osteoclast differentiation 

to induce rapid bone formation. Similarly, the PCL/Graphene composite is being developed to provide resorbable 

vascular stents with enhanced mechanical strength, anti-microbial properties and radio-opacity for improved clinical 

evaluation. 
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Overview of composite characterisation and melt 

electrowriting 
(a) Schematic diagram of the MEW process using 

an applied pressure (∆p) to extrude a molten 

polymer or polymer solution through a grounded 

nozzle onto a motorized collector plate. The 

length and radius of the nozzle are measured 

according to the inset diagram. (b) Composite 

scaffold fabricated via a hybrid MEW approach 

using 1 g PCL/SrBG 33wt% dissolved in 1 mL 

chloroform, printed at elevated temperatures, as 

guided by the toolkit; (c) SEM imaging showing 

the surface morphology and typical diameter of 

the fibre; and (d) EDS confirms the presence of 

SrBG particles (white) evenly distributed in the 

composite fibre. 
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of chronically infected middle ears 

Max von Witzleben1, Thomas Stoppe2, Tilman Ahlfeld1, Anne Bernhardt1, Matthias Bornitz2, Marcus 

Neudert2, Michael Gelinsky1 

1Technische Universität Dresden, Carl Gustav Carus Faculty of Medicine, Centre for Translational Bone, Joint and 

Soft Tissue Research, Dresden, DE; 2Technische Universität Dresden, Carl Gustav Carus Faculty of Medicine, 

Otorhinolaryngology, Head and Neck Surgery, Ear Research Center Dresden, Dresden, DE 

 
Introduction 

Patients suffering from chronically infected middle ears exhibit persistent tympanic membrane perforations. State of 

the art treatment consists of autologous grafts of perichondrium, cartilage or temporal fascia. In severe cases mainly 

cartilage is employed to increase the stability of the reconstruction and to prevent perforation. Disadvantages like 

reduced sound conduction (hearing impairment) and a ceasing volume of autologous materials call for synthetic 

patient individual implants.[1]   

Melt Electro Writing (MEW) is an emerging additive manufacturing technique allowing for the development of 

millimetre-sized constructs. In addition, the design of each layer is independent by other layers of the scaffold;[2] 

thus MEW is a suitable fabrication technique for hierarchical organized structures like the tympanic membrane. 

With the opportunity of MEW we aim for the development of such a membrane mimicking vibration behaviour and 

stability to improve hearing outcome and to prevent re-perforations. 

  

Experimental Methods 

Printing was executed with a GeSiM BioScaffolder 3.1. combined with a MEW module. A needle outlet with a diameter 

of 250 µm was established. As material polycaprolactone (PCL) from Corbion (Purasorb PC 12) with a molecular 

weight of 50 000 was used. Overall printing temperature was set to 75 °C, the and voltage to 8.1 kV. For 10 µm 

diameter fibres a printing speed of 900 mm/min with a pressure of 20 kPa and a z-offset of 5.2 mm was applied. For 

15 µm diameter fibres a printing speed of 1200 mm/min with a pressure of 30 kPa and a z-offset of 4.2 mm was 

applied.  

After printing, scaffolds were treated with 1 M NaOH for three hours and cut with circular punches with a diameter of 

11 mm.   

Vibration behaviour was characterized by the Ear Research Centre Dresden (ERCD).   

For static investigations, uniaxial compressive tests of the scaffolds were performed employing a universal testing 

machine (Z010 equipped with a 100 N load cell, ZwickRoell, Germany). Load was applied to the membrane with a 

stamp (radius 3 mm). 

  

Results and Discussion 

As a first approach, the produced scaffold should mimic the dimensions of the tympanic membrane with a maximum 

diameter of 10 mm to 12 mm and a thickness that ranges from 30 µm to 90 µm. Therefore, PCL fibres with diameters 

of 10 µm and 15 µm with different strand distances of 150 µm and 250 µm were successfully printed in several layers 

(layer number= 4, 6, 8) and in different layer-to-layer orientations (45°, 90°). Hence, membranes with thicknesses 

ranging from 40 µm to 120 µm with different closeness were created.   

As the next step scaffolds were immersed in 1 M NaOH to increase hydrophilicity of PCL and ensure a better cell 
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adhesion. 

The stability was investigated through static compressive/strain tests at fixed speed. The clamping force influenced 

the resulting flexural modulus as it increased the slope of the stress/strain curves. Therefore, the scaffolds were 

clamped with the lowest possible force. Resulting graphs are shown in Figure 2.   

The flexural modulus of scaffolds with a layer-to-layer orientation of 45° exhibited a increased slope compared to the 

90° orientated ones. Higher strand distances of 250 µm led to a slight increase in slope. First vibration investigations 

showed a correlation of fibre diameter, density and amount of layers with the resulting sound transmission. 

However, the orientation of the collagen fibres within the tympanic membrane differs from the so far analysed 

scaffolds. Therefore, scaffolds with circular and radial placed fibres were successfully printed. In addition, scaffolds 

were infiltrated with collagen type I and investigated.   

Cell response of both, primary and immortalized, keratinocytes of scaffolds w/ & w/o collagen was analysed for up to 

21 days.  DNA assays revealed significant increase of the cell number. Microscopic imaging revealed a typical 

phenotype of keratinocytes. 

  

Conclusion 

PCL scaffolds of different fibre diameters and membrane thicknesses were successfully fabricated by MEW. 

Compressive tests showed an increase in stiffness with increasing amount of layers and increasing fibre diameter. 

Initial vibration investigations showed distinct influences between of layer height and fibre diameter. In vitro tests 

showed a high cytocompatibility.   

Furthermore, these first scaffolds exhibited vibrations that are comparable to the tympanic membrane. Thus, MEW-

PCL membranes might become a suitable material for the replacement of tympanic membranes. 
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Fig . 1: 
Microscopic image of a scaffold with 6 layers, a 

strand diameter of 10 µm, a strand distance of 

150 µm and a layer-to-layer orientation of 45°. 

 

 

Fig. 2: 
The left graph shows a stronger flexural modulus 

for scaffolds with a 45° layer-to-layer 

orientation as compared to those with 90°. An 

increasing amount of layers in a 45° orientation 

exhibits a distinct increase of the flexural 

modulus. The right graph compares the strand 

distances of 90° layer-to-layer orientated 

scaffolds with an increasing amount of layers. 

Here, a slight increase for higher spacing’s is 

recognisable. (mean +/- sd, n= 5) 
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Introduction 

Two photopolymerisable compounds – poly(ethylene glycol) diacrylate (PEGDA) [1] and pentaerythritol tetraacrylate 

(PETA) were chosen to be used for the manufacturing of drug delivery systems (DDS) by a novel additive 

manufacturing (AM) process [2]. This novel AM process combines stereolithography (SLA) and inkjet printing (IJP). 

While SLA creates the basic body of the DDS layer by layer, IJP is used to print precisely drug depots inside the 

DDS. This approach can control the drug release by the diffusion of the drug through the DDS scaffold as well as the 

cleavage of the hydrolysable covalent bonds between the drug and the scaffold polymer. Within this initial study we 

investigated biocompatibility and thermodynamic properties of conventionally cured samples with varying 

composition of the two acrylates and the concentration of the photoinitiator (PI) which is used as radical starter of the 

photopolymerisation. 

  

Experimental Methods 

Samples containing different concentrations of the PI (0,50%-1,25%) and PETA (1%-10%) were prepared. Two 

rinsing procedures of the samples were performed at 37°C and 50°C. Both procedures included rinsing 6 x 30 minutes 

in acetonitrile and 3 x 30 minutes in distilled water. 

For the biocompatibility evaluation, the cell viabilities of 2 x 104 L929 mouse fibroblast cells/ well (CLL-1, ATCC) were 

determined using eluate and direct contact test methods. Eluate test: samples were eluted in DMEM under cell culture 

conditions for 24 hours, eluates were given onto the precultivated L929 cells for 48 h. Direct contact test: L929 cells 

were cultured for 48 h in direct contact with the sample surfaces in cell culture medium. Cell Quanti-Blue cell viability 

assays were conducted according to the manufacturer’s specifications to proof the cells viability. 

Differential scanning calorimetry (DSC) measurements were performed under a nitrogen purge as described in 

Rekowska et al. [1]. 

The contact angle measurements were performed with the sessile drop method. 

The SEM images were obtained via a scanning electron microscope under a high vacuum and 10kV. 

  

Results and Discussion 

Eluate biocompatibility tests show that the samples with the addition of PETA require rinsing at 50⁰C, as samples 

rinsing at 37⁰C was ineffective (Fig.1). After glass transition temperature (Tg) measurements it appears clear, that Tg 

increases with the increasing PETA concentration in the sample. For the samples containing 10% of PETA it reaches 

49⁰C, which explains the necessity of increasing the rinsing temperature to 50⁰C. It is also known, that the lower Tg 

is, the faster occurs the drug release [3], which creates possibility for the creation of thermosensitive DDS. Although 

the samples after rinsing release no toxic substances, direct contact tests reveal cell viability between 70%-90%, 

regardless of the PI and PETA concentration. Hence, according to ISO 10993-5 all samples are biocompatible. All 
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of the samples show contact angles under 90°, thus they are hydrophilic. Therefore the character of the samples is 

not the reason of decreased cell viability in direct contact tests. 

During the evaluation of the samples’ surface under electron scanning microscope some differences of the samples 

morphology were observed after the rinsing procedure. Some of the samples cracked afterwards, which applies 

mostly to the samples with lower PI concentration. Samples with the addition of 10% PETA, especially the ones also 

with lower PI concentration seems to be smoother and more homogenous than the samples without the PETA 

addition (Fig.2). No general trend related to the PI concentration is observed. 

  

Conclusion 

In summary, the results of these preliminary studies reveal the influence of the addition of PETA as a crosslinking 

agent to the system consisting of basic polymer PEGDA. The modification of the concentration of PETA creates a 

possibility to influence Tg and therefore take control over drug release in the potential thermosensitive DDS. The 

outcomes give also information about rinsing procedure, which should be performed at 50⁰C according to the higher 

Tg of the samples containing PETA. The presented results are promising and confirm that the combination of PEGDA 

and its co-monomer PETA is interesting as potential material for the novel DDS creation via the novel AM technique. 
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Fig. 2: Morphology 
Scanning electron microscopy images of the PEGDA 

samples containig 0.5% PI (Iragucre 2959) 

without PETA (A) and the sample containing 0,5% 

PI and 10% PETA (B) unrinsed. 

 

 

Fig. 1: Biocompatibility 
Viability of the L929 mouse fibroblasts after 

the contact with eluates from rinsed samples: 6 

x 30 minutes in acetonitrile, 3 x 30 minutes in 

distilled water at 37°C (A) and 50°C (B). Cells 

in pure cell medium were used as a control 

(n=4). 
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Introduction 

Poly(lactic acid) (PLA) is a biodegradable polymer, suitable for short term applications, and biocompatible with living 

tissue widely used in biomedical applications such as implants, sutures, drug encapsulation, etc.1 The synthetic 

method traditionally used to obtain PLA from lactides employ organometallic catalysts, especially those based on tin; 

specifically tin(II) bis-2-ethylhexanoic acid (Sn(oct)2), due to its high catalytic efficiency.2 

Poly-3,4-ethylenedioxythiophene (PEDOT), polypyrrole (PPy) and polyaniline (PANI) are well known conducting 

polymers that present excellent electrical and optical properties and they have been also used for potential biomedical 

applications.3 Since the first studies of ring opening polymerizations (ROP) the use of lipases to promote these 

reactions with lactides and copolymerization has been widely investigated. 

In 2011, the synthesis of a macromonomer based on polycaprolactone and containing α,ω-thiophene end groups, 

prepared by using an enzymatic catalyst, was reported.4 In this two-step synthesis strategy, 3-thiophenemethanol 

was used to initiate the enzyme-assisted ring-opening polymerization of ε-caprolactone (ε-CL) to yield PCL with α-

thiophene end group (initiation reaction, ThPCL) and then 3-thiopheneacetic acid was added to prepolymerized ε-CL 

to introduce ω-thiophene functionality in termination step (ThPCLTh). The electroactive macromonomers present 

completely different properties such as solubility and oxidation potential; consequently, the electropolymerization is 

very difficult and further investigation is necessary, e.g. the ThPCLTh was not able to electropolymerize by itself. 

In present study, a one-step enzymatic synthesis of a novel electroactive biodegradable macromonomer 3,4-

ethylenedioxythiophene-poly(L-lactic acid) (EDOT-PLLA) is presented. Both approaches (organometallic and 

enzymatic) was evaluated. This was the first report on this type of approach that allows obtaining a biodegradable 

EDOT based macromonomer that could be further polymerized by different strategies, to produce a conducting 

polymer and direct linked with a PLLA chain. 

  

Experimental Methods 

The synthesis of the novel conducting and biodegradable copolymer was obtained using (2,3-dihydrothieno[3,4-

b][1,4]dioxin-2-yl)methanol (EDOT-OH) as an initiator in a lactide ring opening polymerization reaction, by using 

whether organometallic catalyst (Sn(oct)2) or enzymatic pathway (immobilized enzymes, CAL-B and PS-IM) in three 

different temperatures (30, 50 and 80 ºC), resulting in EDOT-PDLLA macromonomer. All macromonomers (EDOT-

PDLLA) were characterized by 1H and 13C. NMR, MALDI-TOF, GPC and EDX. Furthermore, in order to attest the 

electroactivity and biodegradability, it was investigated the electropolymerization and its electrochemical profile by 

cyclic voltammetry and hydrolytically degradation tests for 120 days. Additionally, the electroactive biodegradable 

macromonomer of EDOT-PDLLA was applied to obtention of different biomaterials: 1) chemical copolymerization of 

PEDOT-co-PDLLA and 2) composite of Au/PEDOT-PDLLA nanoparticles. 

  

Results and Discussion 

The 1H and 13C NMR spectra of products confirmed the EDOT-PDLLA structure obtaining trough organometallic and 

enzymatic catalysts. 1H NMR, MALDI-TOF and GPC revealed the Mn value calculated for the macromonomer 
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prepared with the organometallic catalyst, always results the highest molecular weight (3779 Da in GPC) with higher 

polydispersity index (1.46), while three times lower values are obtained with both enzymes (~800 Da in GPC) but 

more monodisperse (~1.05). In addition, for the enzymatic reactions no significant temperature difference was 

observed. The EDX analysis shown the presence of remaining metal (tin) even after purification by recrystallization 

on macromonomers obtained through organometallic catalyst. Cyclic voltammetry shown the electroactive 

macromonomer of EDOT-PDLLA was able to electropolymerize, i.e. the modification with PDLLA did not affect the 

π-conjugated system on thiophene group, but the oligomers formed was soluble and no film formation was observed. 

The EDOT-PDLLA was used for a post chemical copolymerization with more EDOT monomers, obtaining the 

PEDOT-co-PDLLA copolymer with tunable conductivity and biodegradable property. Additionally, EDOT-PDLLA was 

also used for synthesis of composite of Au/PEDOT-PDLLA nanoparticles. 

  

Conclusion 

The electroactive biodegradable macromonomer of EDOT-PDLLA was obtained by the two different approaches. 

Chemical structure was characterized, and it was applied to synthesis of two different materials. It evidenced the 

importance of EDOT-PDLLA as a key macromolecule for development of novel conducting and degradable 

biomaterials. 
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Electroactive Macromonomer of EDOT-PDLLA by 

organometallic or enzymatic pathway 
Chemical reaction using a modified EDOT-OH as 

initiator of open ring polymerization of lactide 

to obtain the electroactive macromonomer of 

EDOT-PDLLA, by using whether organometallic or 

enzymatic catalysts. 
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Introduction 

Of the 422 million adults diagnosed with diabetes mellitus1, approx. 90 % suffer from type 2 diabetes mellitus 

(T2DM)2. The incretin effect is impaired in T2DM causing a reduced glucose-responsive insulin release due to gut 

hormones such as glucagon-like peptide-1 (GLP-1)3,4. Synthetic GLP-1 receptor agonists (GLP-1 RA) have been 

very successful in T2DM treatment, however with limitations due to injection frequency5. Next generation GLP-1 RA 

aims towards once-monthly injections with the advantage of improving patient compliance and the pharmacokinetic 

(PK) profile6. Biomaterial carrier systems have significant potential for improving GLP-1 RA7. Many GLP-1 RA have 

an innate binding affinity with serum albumin. Albumin has also been used as a carrier in a number of commercially 

approved formulations8. The aim of this research is to harness albumin as a hydrogel for a once-monthly, sustained 

release (SR) formulation of a GLP-1 RA. 

  

Experimental Methods 

The hydrogel system was characterized in vitro for porosity, swelling, crosslinking, rheology and cytotoxicity 

screening, as well as for the GLP-1 RA binding response to albumin. Porosity was studied using the Hitachi S2600N; 

hydrogels were lyophilised, sputtercoated with gold and measured using Image J software. Swelling ratio was 

determined by incubation in 1X PBS at 37°C9and crosslinking was measured by TNBS™ assay. Rheology oscillation 

study was carried out on the Anton Parr MCR 302 using a 50 mm parallel plate at 1 Hz and 0.5 % strain for 1 hour 

at 37°C to assess the gelation point and max. storage and loss modulus. Cytotoxicity screening was carried out on 

3T3-L1 fibroblast cells using light microscopy, LIVE/DEAD™ and AlamarBlue™ assay. GLP-1 RA binding response 

was studied by surface plasmon resonance using a Biacore™ X100 and an albumin-immobilised CM5 chip. Ex 

vivo injectability of subcutaneous tissue was carried out in mouse at 37°C; alcian blue-stained hydrogel and 

surrounding tissue was explanted and embedded for H&E staining. Injectability of a cyanine-5.5 (Cy 5.5)-loaded 

hydrogel was also observed by fluorescence using the IVIS Lumina III. 

  

Results and Discussion 

A tunable, in-situ gelating, PEG-crosslinked albumin hydrogel was developed as a new drug delivery platform for 

GLP-1 RA for subcutaneous injection. A linear relationship of PEG concentration (conc.) and increasing crosslinking 

efficiency was observed by TNBS™ assay. A cargo-dependent reduction in crosslinking was observed in med. and 

max. PEG conc. A linear relationship of albumin conc. and increasing swelling capacity was demonstrated. 

Conversely, an inverse relationship between PEG conc. and swelling capacity was observed. Hydrogel porosity was 

estimated at approx. 45 % for both min. and max. albumin conc. A linear correlation of storage and loss modulus 

was shown with an increasing number of PEG spacer arms, as well as with an inverse relationship of gelation time 

with PEG conc. A cargo-dependent reduction in storage and loss modulus and increase in gelation time was also 

observed. There was no marked change in cell morphology, viability and metabolic activity in the hydrogel-treated 
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sample vs. untreated control. A linear binding response of GLP-1 RA with 25 μg/mL immobilised human albumin was 

demonstrated between 10 μM to 100 μM conc. In-situ gelation of hydrogel was demonstrated in mouse, tissue 

explanted for H&E staining and Cy 5.5-loaded hydrogels were detected using the IVIS Lumina III imaging system. 

  

Conclusion 

A tunable, in-situ gelating, PEG-crosslinked albumin hydrogel was developed and characterised for the purpose of a 

once-monthly, SR delivery system of a GLP-1 RA for T2DM. The presented albumin hydrogel system may offer 

unique advantages over currently marketed GLP-1 therapeutics given that, to our knowledge, there are no other 

hydrogels of this nature for the proposed application reported in the scientific literature. 
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Introduction 

Fibrinogen (Fg) plays a crucial role in wound healing and tissue repair since it induces the formation of nanofibrous 

fibrin clots [1]. Therefore, scaffolds from Fg nanofibers have become highly attractive biomaterials for tissue 

engineering and wound healing applications. Existing methods to prepare nanofibrous Fg scaffolds like 

electrospinning make use of organic solvents or high electric fields, which often impede the biological protein function 

[2]. To overcome these limitations we recently introduced a novel in vitro method for the fabrication of 3D fibrinogen 

nanofiber scaffolds under physiological conditions [3, 4]. 

  

Experimental Methods 

Our new method of salt-induced self assembly utilized a controlled drying step of fibrinogen solutions in the presence 

of concentrated salt buffers. The morphology of self-assembled scaffolds was analyzed with scanning electron 

microscopy (SEM). Next, we used Fourier-transform infrared (FTIR) spectroscopy to analyze differences in 

secondary structure of nanofibrous Fg scaffolds in comparison to planar Fg films. Finally, thioflavin T was used as 

dye in combination with fluorescence microscopy to analyze whether self-assembled Fg fibers exhibit amyloid-like 

properties. 

  

Results and Discussion 

Salt-induced self assembly resulted in dense networks of Fg nanofibers with diameters of 200 to 300 nm (see Fig. 

1). Using SEM analysis we found out that fibrillogenesis could be induced with a fibrinogen concentration of at least 

2 mg/ml in a pH regime of 7 to 9. By adjusting the protein and salt concentration we could prepare fibrinogen scaffolds 

with overall dimensions in the centimeter range and a thickness of several micrometers [3]. If no concentrated salt 

solution was present in the buffer system, planar layers of Fg were formed during drying, which were used as 

references for subsequent structural analysis. 

In the resulting FTIR spectra we found peak shifts of the amide bands for fibrinogen nanofibers in comparison to 

planar fibrinogen (see Fig. 1). These peak shifts indicated changes in the secondary structure of nanofibrous Fg 

scaffolds, which yielded a higher content of β-sheet structures in comparison to planar Fg films. Interestingly, the β-

sheet structures of Fg fibers, which were prepared by salt-induced self assembly, did not show any β-amyloid like 

structures. This finding was additionally confirmed with a thioflavin T staining and the observation that our self-

assembled Fg nanofibers re-dissolved in aqueous buffer when no additional fixation was used. 

The changes in secondary structure, which ocurred during salt-induced nanofiber formation of fibrinogen, are an 

interesting observation, since IR studies on the naturally occurring enzymatic conversion of Fg into fibrin nanofibers 

did not report any changes in secondary structure [4]. 

With regard to future biomedical applications we analyzed whether salt-induced self assembly of fibrinogen could be 

carried out on different substrate materials. Thus, we obtained dense fiber networks on glass, gold, silanized surfaces 

and different polymers. By introducing a tailored formaldehyde vapor fixation and subsequent washing step the Fg 

fiber scaffolds could be immobilized or detached depending on the substrate material. 
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Conclusion 

Our new biofabrication process to prepare free-standing or immobilized fibrinogen scaffolds only required standard 

lab equipment and low protein concentrations in physiological buffers. In future, these nanofibrous fibrinogen 

scaffolds will be highly interesting for versatile wound healing and tissue engineering applications. 
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Fig. 1: Structural analyses of firbinogen 

scaffolds. 
Planar fibrinogen layers show a different FTIR 

spectrum in comparison to fibrinogen nanofiber 

scaffolds, which were prepared by salt-induced 

self assembly. Scale bar 2 µm. 
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Introduction 

Nanocarriers with a wide range of physicochemical properties are currently under development to improve the 

administration of drugs and genes to diseased tissues. However, their repeated use can might lead to both cyto- and 

geno-toxicity caused by their tendency to accumulate in tissues and in particular in those highly vascularised such 

as liver, spleen and kidney1. While studies of nanocarrier biodistribution have been performed on these tissues, less 

attention has been given to their potential accumulation into the bone marrow where stem cell resides in perivascular 

niches. As it is known that stem cells play an important role in tissue remodelling and at the same time can participate 

in cancer development, it is argued that the preliminary testing of nanocarriers has to take into consideration the stem 

cell niche. However, the difficulty of identifying stem cell niche in vivo and the obvious costs of animal tests encourage 

the development of perivascular stem cell niche in culture where preliminary screening of nanocarrier or 

nanomedicine toxicity can be reliably performed3. This works presents a new engineered perivascular stem cell niche 

assembled by the co-culture of human mesenchymal stem cells (MSC) and endothelial cells (EC) on a novel 

biomaterial substrate able to mimic the histological and biospecific features of the basement membrane that is the 

main substrate of the stem cell niche. 

  

Experimental Methods 

Material Preparation. Poly (ɛ lysine) dendrons up to the third generation (gen3K) with an arginine (R) core molecule 

and 16 linear laminin peptide-sequence (YIGSR) were synthesised using a microwave (Biotage, UK)  based Fmoc 

solid phase peptide method. Once assembled, Rgen3K(YIGSR)16 were resuspended in a MES solution containing 

EDC and NHS for 1 hour at room temperature and grafted onto poly-L-lysine (PK, Sigma-Aldrich UK). 

Rgen3K(YIGSR)16 – modified PK solutions were characterised by FT-IR and used to coat 24 tissue culture wells 

(Nunc, UK).   

Cell Preparation. MSCs (P2, Lonza UK) were co-cultured with HUVECs (ATCC UK) in a ratio 1:2 and re-suspended 

in TheraPEAK™ /F12-K medium (1:1) supplemented with 0.1 mg/mL heparin, 0.05 mg/mL endothelial cell growth 

supplements (Sigma-Aldrich UK). After 48 hours incubation, cellular activities were morphologically and functionally 

assessed by immunostaining (RhoA family, HIF1α, CXCR4) and western blotting (β1-integrin, H3K27me3, VEGFR2, 

PDGFR and EGFR) analysis. Protein bands were quantified using Image J software and normalised to the levels of 

a loading control, GAPDH.                                                                  

Both MSCs and HUVECs were also seeded onto Matrigel as control substrates. 

  

Results and Discussion 

The successful synthesis of Rgen3K(YIGSR)16 with a degree of purity > 80 allowed their precise grafting onto PK 

surfaces which was confirmed by FT-IR (1224 and 1036cm-1).   

Compared to Matrigel that induced formation of immature tubules mainly surrounded by small round MSCs, 

Rgen3K(YIGSR)16 –modified PK – cultured HUVECs self-assembled and differentiated into tubules that were 
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thoroughly wrapped by aggregates of MSCs or spheroids within 48 hours incubation.  

These processes appeared to be mediated via engagement and clustering of specific adhesive proteins such as 

integrins which coordinated the balance between Rac1 and RhoA. In addition, these nanomaterials regulated within 

cells both HIF1α and chemokine-receptors (CXCR4) that in turn directly stimulated their pro-angiogenic cell activities 

(e.g. VEGFR2, PDGFR and EGFR) and enhanced self-renewal and paracrine effects of MSCs through H3K27me3-

dependent mechanism.  

  

Conclusion 

The unique properties of Rgen3K(YIGSR)16–modified PK show the ability of this substrate to drive lineage specific 

cell fate and indeed in the development of innovative organotypic models that have the potential of becoming 

accepted by regulatory agencies as standard in the testing of nanocarriers and nanomedicine.  
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Novel fabrication of multi-compartmental biodegradable polymeric 

microneedles for drug intradermal release 
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Introduction 

Transdermal drug delivery offers a clinical superiority over traditional, invasive injections. As compared to oral 

delivery, protein drug transportation across the skin avoids the hepatic first-pass extraction and is delivered to the 

systematic circulation at a pharmacologically relevant rate. However, the clinical application of transdermal delivery 

has been limited to lipophilic drugs with a molecular weight less than 500 Da [1, 2] until the emergence of polymeric 

microneedles (MNs), which provides a broad and versatile platform to overcome the challenges of the skin barrier 

for macromolecular drugs. In this technique, arrays of microscopic needles are designed to painlessly transverse the 

stratum corneum and penetrate the dermis layer at a predetermined depth ranging from 70 to 200 µm, thereby 

avoiding the stimulation of the nerve endings [3]. Encapsulating proteins in the polymeric matrix provides the 

opportunity for long-term maintenance of bioactive protein in a dried state without the cold chain requirement, thereby 

minimizing the costs and restrictions of transportation [4].  

  

Experimental Methods 

PLGA microparticle fabrication 

Polymeric microspheres have been employed as starting material for the production of biodegradable polymeric 

microneedles. Such microspheres have been produced by means of a double emulsion process [5]. 

Fabrication of microneedle patches 

After preparing the mold, PVP solution was poured on it, degassed and then spin coated in order to spread out the 

excess of solution from the mold and allow a fast evaporation of the residual solvent. By following this procedure, it 

was then possible to produce the tip of the microneedles. After PVP insertion, microparticles were introduced in the 

mold. After filling up the mold with the microparticles, they were exposed to a solvent non-solvent vapor mixture in 

order to carry out a novel and mild plasticization able to assemble the microparticles in the shape of microneedles 

while keeping the microstructure of the starting microparticles. Finally, polymer microneedles were extracted from 

the mold by the aid of a 3M Medical coated with PVP. 

  

Results and Discussion 

Fabrication of master, mold, and microneedles 

The microcones of the master were prepared one by one in a serial production by two-photon polymerization onto a 

glass substrate reference [6]. Because of the fragility of master material, we did not directly use it to obtain 

polydimethylsiloxane (PDMS) molds. In order to avoid master breakage, we then used Norland Optical Adhesive 

(NOA) 60 to fabricate a master that is less fragile than the original one, which could be used several times. (Fig. 1). 

PLGA microneedles were fabricated with encapsulated laccase or sulforhodamine as a model drug. Fig. 1D, E and 

F. 
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Enzyme activity 

Histological images of Endo-HSE cross sections after the indentation highlighted that microneedles were able to 

penetrate Endo-HSE, overcoming the epidermis and effectively reaching a depth of approximately 250 μm for both 

microneedle configuration (Fig. 2A, C). The stereomicroscope images revealed the pattern of microneedles array 

and the ability of the enzyme-loaded in each microneedle to react with ABTS substrate. In the case of microneedle 

configuration 1, the ABTS oxidation occurred in a very short time since the enzyme-loaded in the microneedle tip 

was rapidly available. In the case of microneedle configuration 2, the observation time was in the hours range 

because the laccase diffusion occurred after microparticles biodegradation. In particular, we assessed that in 

configuration 1 the diffusion occurred just in 1 min and it was localized very close to the walls of the microneedles 

reaching the maximum diffusive radius in 30 min. At 48 h, we observed an inversion of the bell apex indicating that 

no more enzyme was present in needle as consequence ABTS oxidation product (dark pixels) was not present 

anymore. Instead, in the configuration 2, the diffusion mechanism of the reaction product was slower than in the 

configuration 1 and the concentration profile was flat at t0. In conclusion, the experimental results showed that the 

activity of the enzyme was preserved after microneedles production in both encapsulation procedures. Moreover, we 

demonstrated the faster diffusion of the encapsulated enzyme in the configuration 1 compared to the configuration 2 

(Fig. 2B). 

  

Conclusion 

We designed the procedure to fabricate microneedles proposing a room temperature procedure which allows 

preserving thermolabile drugs, as demonstrated in the case of laccase enzyme. Results suggest that multi-

compartment microneedles with two different degradation times to combine fast and prolonged release encapsulate 

and deliver thermo-sensitive high molecular weight molecules by keeping their activity.  
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Fig. 2 
Functional test of microneedles for transdermal 

delivery of high molecular weight substances in 

a full-thickness human skin model. The pictures 

in A, B refer to microneedle configuration 1 

while pictures C and D refer to microneedle 

configuration 2.  Specifically, A, C) 

histological images of Endo-HSE 48h after 

microneedles indentation to highlight the 

transdermal penetration (scale bar= 100 µm). B, 

D) stereomicroscopic images of Endo-HSE 48h 

after indentation (scale bar=500 µm). 

 

 

Figure 1 
(A) Optical images of the array of master of 600 

µm height and 300 µm diameter of the base, (B) 

optical image array of a PDMS stamp replicated 

from the master of microneedles. (C) optical 

image of a cross-section of the PDMS 

stamp.Stereomicroscope (D) and scanning electron 

microscopy (E) images of microneedles array. The 

bars represent 1 mm and 100 µm, respectively.. 

(F) 3D confocal reconstruction of a microneedles 

array. The green color is for the FITC loaded in 

the PVP tip while red color is for the 

Sulphorhodamine B loaded in the PLGA 

microparticles. 
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4:45 p.m. – 6:15 p.m. 

Hall 4 

III-OS11 | Biomaterials for bone regeneration 
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Introduction 

Macrophage behavior upon biomaterial implantation conditions the inflammatory response, and the regenerative 

process. Modulating macrophage phenotype from M1 to M2 is an increasingly explored strategy in biomaterial 

development(1). Previous work from our group, showed that Fibrinogen (Fg) interacts with monocytes through TLR4(2), 

and promotes in vivo bone regeneration(3). Also, Magnesium (Mg) ions have been reported has immunomodulatory, 

reducing LPS-induced M1 macrophage polarization(4). Herein, we tested the hypothesis that Fg and Mg biomaterials, 

used in combination could act synergistically to modulate macrophage activation, promoting a pro-regenerative 

phenotype.  

  

Experimental Methods 

Fg scaffolds were prepared by freeze-drying, as described(3), from a solution of Fg (from human plasma, Grifols S.A.). 

Pure Mg discs were ultrasonically cleaned(5,6) before use. Before cell culture or extract production, materials were 

crosslinked, neutralized and disinfected. Fg and Fg-Mg structure and porosity was evaluated using scanning electron 

microscopy (SEM). Human monocyte-derived macrophages were obtained from buffy coats (kindly donated by 

Serviço de Immunohemoterapia, Centro Hospitalar Universitário São João), and their capacity to interact with Fg, 

Mg and Fg-Mg biomaterials directly, or their extracts, was evaluated by confocal microscopy, flow cytometry, ELISA 

and Western Blot. The potential of the secretome produced by macrophages preconditioned with biomaterials 

extracts, to promote Mesenchymal Stem/Stromal Cells (MSCs) osteogenic differentiation was assessed by their ALP 

activity. Statistical analysis was performed using ANOVA followed by Holm-Sidak test and Friedman’s test for 

parametric and non-parametric data, respectively. 

  

Results and Discussion 

Scaffolds of Fg alone, or in the Fg-Mg combination, presented a similar 3D architecture, characterized by a porous 

interconnected structure. Live/Dead staining showed that macrophages colonize Fg, Mg and Fg-Mg biomaterials. 

When macrophages were cultured in presence of materials extracts, in unstimulated or pro-inflammatory (M1, LPS-

IFNγ) conditions, results revealed that extracts from Fg-Mg materials reduce M1 polarization, resulting in lower cell 

surface CD86 expression upon LPS-IFNγ stimulation. Interestingly, Fg and Fg-Mg extracts impair the increased TNF-

α secretion in response to LPS-IFNγ stimulation. MAPK and NFκB p65 signalling pathways were not activated in 

response to biomaterial extracts. However, NFκB p65 activation in response to LPS-IFNγ stimulation was impaired 

by exposure to Fg-Mg extracts. 
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Results obtained for the impact on MSC differentiation show that biomaterial extracts per se did not enhance MSC 

ALP activity at 14 days. However, the secretome from unstimulated macrophages exposed to extracts from the Fg-

Mg material significantly increased ALP activity on MSC, when compared with secretome of naïve macrophages and 

those exposed to extracts of Fg materials. The secretome of M1 stimulated macrophages followed the same trend. 

  

Conclusion 

The results obtained indicate that Fg, Mg and their combination, Fg-Mg, impact macrophage activation following pro-

inflammatory stimulation, and their crosstalk with MSC. 
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Introduction 

Titanium alloys are commonly used as biomaterial due to their low electrical conductivity, low reactivity with 

macromolecules, and high mechanical properties, among others [1]. Different surface strategies have been used to 

increase and accelerate their bioactivity as much as possible, which have important implications in reducing the 

recovery time of the patient and to improve the quality of the implant. The use of bioactive ceramics is one of the 

most promising routes to improve the bioactivity of titanium [2,3]. We employed ZrO2 based glass-ceramic coatings 

prepared by a spin coating technique on the Titanium alloy system to guarantee biocompatibility. Finally, the 

bioactivity and biocompatibility of these coatings were evaluated using hemolytic and immersion tests [4] in a 

simulated body fluid (SBF) media for 21 days [5]. 

  

Experimental Methods 

(100 - x)SiO2 - xZrO2 (x = 20 mol) glass-ceramic coatings were prepared by sol–gel route, using spin-coating 

deposition on Ti-6Al-4V substrates cleaned by ultra-sound and alcohol. The samples were annealed in air for 1 h at 

900oC.  The biocompatibility ZrO2 glass-ceramic coatings were determined directly by hemolysis test (Figure 1) and 

its bioactivity was determined by immersing the samples in a Simulated Body Fluid (SBF) media for 21 days. The 

coatings were analyzed with X-ray diffraction and atomic force microscopy before and after these tests. 

  

Results and Discussion 

The results showed that ZrO2 glass-ceramic improves drastically the surface bioactivity and biocompatibility of the 

titanium alloy since a very low hemolytic index ~  0.429 was obtained as well as the precipitation of the Hydroxyapatite 

phase (Figure 2). Thus, through this research, it is demonstrated and discussed why these coatings have the potential 

to be used in biomedical applications, particularly, where the improvement of the bioactivity and reducing the patient’s 

recovery time is an important requirement 

  

Conclusion 

The ZrO2 glass-ceramic coatings showed very a high bioactivity (very low hemolytic index) and after 21 days in the 

Simulated Body Fluid. The samples showed the appearance of apatite on the surface, which indicate the good 

biocompatibility behavior of these coating. Thus, it is concluding that the application of these glass-ceramic coatings 

on the titanium surface using the spin coating technique [6], is a reliable, effective, cheap and a fast way to improve 

the bioactivity and biocompatibility of the commercial biocompatible alloys. 
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Introduction 

For guided tissue regeneration, surface properties of bone substitution materials are of high relevance. Our approach 

is to modify 3-armed methacrylated oligolactid-based macromer matrices1 that have been shown to improve bone 

defect healing in diabetic rats2. By using an established protocol to generate macromer-derived polymer films, we 

are able to analyze the surface properties of equally composed scaffolds3. 

For the current study, we decided to incorporate a small molecule anchor into the polymer films to bind a suitable 

linker molecule subsequently. This allowed us to change the polymerization solvents in order to avoid phase 

separation observed in previous experiments3 and provide more available functional groups on the material surface. 

Surface decoration with sulfated glycosaminoglycans (sGAG) covalently bound to the linker is intended to improve 

bone defect regeneration by taking advantage of their previously shown ability to scavenge bone-catabolic proteins4. 

  

Experimental Methods 

Film synthesis  

Three-armed biodegradable macromer 134LA6 (Mw of the core= 134 g/mol, 6 equivalents of oligolactide) cross-

coploymerized with glycidyl methacrylate. 

Stepwise surface decoration 

1. Addition of polyetheramine (Jeffamine® ED900) linker results in amino-functionalized films, quantification via 

fluorescence scanning (Typhoon®) after reaction with 5-(6)-SFX. 

2. Immobilization of sulfated GAGs (sGAG, Mw= 75.000, degree of sulfation= 3,4) , ATTO565 fluorescently labeled) 

with EDC/NHS and quantification via fluorescence scanning. Control: same procedure without EDC/NHS. To 

differentiate between covalently and adsorptively immobilized sulfated GAGs, we established a washing protocol 

using a KSCN buffer. 

Scavenging experiments 

DKK-1 incubation in McCoy's 5A medium + 10% FBS in low adhesion 12-well plates, quantification of DKK-1 after 

scavenging via DKK-1 ELISA (R&D), fluorescent labeling of DKK-1 with Alexa Fluor 647. 

Cell culture 

10.000 SaOS-2 cells/cm² seeded on film surfaces in DMEM + 10% FBS, osteogenic supplements: dexamethasone, 

b-glycerophosphate, ascorbic acid. 

  

Results and Discussion 

By testing different polymerization and incubation conditions, we established a reproducible protocol for the above-

mentioned film production process. As we narrowed down the formerly used binary solvent to a one-solvent (dioxane) 

system, we were able to avoid unwanted effects such as phase separation. Glycidyl methacrylate carrying films 

readily reacted with Jeffamine to homogeneously amino-functionalized film surfaces. 
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For proof of concept, sGAG decorated films as model system for equally composed scaffolds were incubated with a 

solution of DKK-1 (8 ng/ml), a wnt antagonist that is known to suppress bone formation. 24 h later, less than 0.5 

ng/ml was determined in the supernatant whereas 4 ng/ml DKK-1 were found in medium in contact with control films 

with only adsorptively immobilized sGAGs. This result confirmed our concept of DKK-1 scavenging via sGAG carrying 

film surfaces. 

In a second step, we checked for DKK-1 scavenging after fluorescence labeling of the protein. sGAG modified films 

were again incubated with a DKK-1 solution of 8 ng/ml and DKK-1 scavenging was determined via quantification of 

DKK-1 on films via high-resolution fluorescence imaging. This way we managed to confirm, visualize and quantify 

the binding of this protein to the film surface. 

In order to investigate whether DKK-1 scavenging is reversible, we incubated DKK1 saturated films in cell culture 

medium for 6 days and determined DKK-1 in the supernatant via ELISA. We found no release of DKK-1 during this 

time and confirmed the strong binding of the protein. 

In the final step, we investigated the biological performance of sGAG modified films. To this end, we seeded 

osteoblast-like SaOS-2 cells on the films that secrete DKK-1 during their differentiation. Again, only small amounts 

of DKK-1 were found in the cell culture medium within 6 days whereas up to 10 ng/ml were found on control films. In 

consequence, SaOS-2 cells cultured on sGAG-modified films showed higher calcium accumulation indicating 

improved osteogenic differentiation on our sGAG modified film surfaces. 

  

Conclusion 

Overall covalent modification and functionalization of the investigated material with sGAG was successfully applied 

and showed promising results. Incubation with bone catabolic proteins and cell culture experiments provided first 

insights in the mechanisms and effects of scavenging as an approach towards an improved bone regeneration. 
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Introduction 

Formation of hydroxyapatite (HA) is an important product in bioactive glasses dissolution and it is related to the 

bioglass capability to fully integrate to living tissue. Bioactive glasses, discovered in 19693, were originally designed 

to form an interfacial bonding between an implant and a host tissue that eventually enables fully integration between 

body and implant.4 Although, there is a mechanism proposed,5 there is still uncertainties on the dissolution of bioglass 

and its mode of action that might be explained whether in real time observation of its dissolution process were 

performed. 

The advent of liquid cell transmission electron microscopy (LC-TEM) has unlocked a new paradigm in science and 

technology enabling the imaging of processes in their native liquid state.6-11 

Here, we use and assess an insitu liquid TEM cell (Figure 1) to study solution-phase self-assembly of calcium 

phosphate where nucleation is driven by dissolution of a 45S5 bioactive glass. 

  

Experimental Methods 

The 45S5 bioactive glass, which was initially 25 µm size was ball-milled to 200 nm in size so to fit into the gap of the 

liquid cell (Figure 2.a). 

An F20 TEM, equipped with an Energy Dispersive X-ray Spectroscopy (EDS, Oxford Instruments) and a Helios 

FIB/SEM was used for both the exsitu and insitu imaging and analysis of the membrane surfaces once the cells were 

dismantled. 

Insitu experiments: isopropanol-ball-milled bioglass colloidal dispersion was dropped onto a cell’s top-heater chip 

and allowed to dry in air. Both artificial saliva (AS) or a phosphate solution ((NH4)2HPO4, 10 mM) were flowed through 

the LC at a flow rate of 5 µl/min. 

Exsitu experiments: ball-milled bioglass colloidal dispersion in AS or phosphate solution were left to nucleate for 10, 

30 and 60 minutes at 37 °C. At the end of the different times, aliquots (5 µl) were taken and deposited onto TEM 

support grids and vacuumed dried. 

  

Results and Discussion 

Exsitu experiments 

Figures 3-5 (BF-TEM, DF-STEM, SEM images and EDS maps) show three different time points 10, 30 and 60 

minutes, of the reaction of the ball-milled 45S5 bioactive glass and artificial saliva (AS) at 37°C. These Figures show 

that the material formation from the reaction of bioactive glass and artificial saliva (AS) starts to happen very fast; i.e. 

within the first 10 minutes. Also that the structures formed on and in close proximity to the ball-milled bioactive glass 

have multiple distinct morphologies at the different time points measured which agree with previous reports about 

calcium phosphate nucleation12-13 and bioactive glass bioactivity.14 

At 10 minutes round chained structures (Figure 3) are present with a Ca/P ratio of 1.5; possibly corresponding to 

amorphous calcium phosphate (ACP). At 30 minutes (Figure 4) the morphology changes to a mixture between round 

and spike-like structures with an average Ca/P ratio of 1.4. After 60 minutes (Figure 5) the morphology is spiky-like 
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with a Ca/P ratio of about 1.7 which is indicative of hydroxyapatite (HA). The formation of HA like material on and in 

close proximity to the bioactive glass agrees with previous reports as it is a crucial measure of the bioglass bioactivity 

and its capacity to fully integrate to the human body.15-17 

Although these exsitu experiments show the existence of different calcium phosphate nucleation stages it does not 

inform about the mechanism by which calcium phosphate turns into its different phases. It is hoped that the LC-TEM 

may enable a better understanding of the reaction pathways. 

Insitu experiments 

The time series images recorded over 48 minutes, of the material formed in the AS (Fig. 6) show spiky crystal 

nucleation. Figure 7 shows BFTEM, SEM images and EDS maps at the 48-minute time point measured with the 

membranes dismantled from the LC. This indicates that the composition of the nucleated crystals shown in Figure 6 

consisted of numerous salts reflecting the composition of the AS used (Fig. 7.d)). 

Figure 8 shows the stills from the movie recorded of the nucleation when the phosphate solution was used in the LC. 

Corresponding BFTEM and SEM images and EDS maps, taken at the 43-minute time point, are shown in Figure 9. 

spiky like structures formed that according to EDS elemental analysis at the 43-minute time point corresponded to 

calcium phosphate (Fig. 9.d)). The recordings did not show round aggregates which characterised the early stage 

calcium phosphate nucleation as observed in Fig. 3 for the exsitu experiments when using AS. 

  

Conclusion 

With these preliminary results, we have shown the suitability of the LC-TEM to image in real time calcium phosphate 

nucleation when driven by 45S5 bioactive glass dissolution. However, insitu results do not show a direct correlation 

with the exsitu findings perhaps due to the interaction effect of the e-beam and the aqueous solution during imaging 

i.e. radiolysis of water. 

According to the results showed here, there is still no much to tell about the Hench’s bioglass mode of action. 
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Introduction 

Biofilm infections affect 1-4% of orthopaedic implants, representing cyclical chronic pain for patients and significant 

cost, estimated in the UK at around £2 billion annually [1]. The passivated surface of a non-cemented implant is vital 

for surgical success, however this also allows bacterial adhesion leading to biofilm development. 

Antibacterial coatings are a desirable solution as they can be applied to existing implants. A successful coating must 

release a dose of a bactericidal agent at the wound site, preventing bacterial adhesion on the implant surface. Human 

bone cells must later be able to colonise the surface to ensure adequate implant fixation. 

Ga3+ has been reported to be osteogenic at <100 µM by preventing the resorption of existing bone tissue and 

antimicrobial against a wide range of pathogens at <9 mM [2][3]. However, at higher concentrations the Ga3+ ions can 

have cytotoxic effects. 

Bioactive glasses have been investigated as release mechanisms for a wide range of metallic ions, with Phosphate 

based glasses (PBGs) being of interest due to their complete degradation in aqueous media. Radio Frequency 

Magnetron Sputtering can deposit PBG coatings with excellent substrate conformity and adhesion strengths 

exceeding the FDA guidelines. Stuart et al 2018 has previously deposited a 7 mol% Ga2O3 glass coating but did not 

assess its biological effects [4]. 

This project aimed to produce high Ga2O3 PBG content coating for rapid Ga3+ release and determine whether 

rapid ion release could be tolerated by human osteoblasts. For the first time this was compared to a Ga2O3 coating, 

the degradation characteristics of which have not been investigated before. 

  

Experimental Methods 

Coatings were deposited using RF magnetron sputtering on Ti6Al4V substrate. A ceramic Ga2O3 target was used 

with a PBG target to create a high Ga2O3 content blended coating. A 10 mol% Ga2O3 containing PBG target was 

used to coat a low Ga2O3 content coating. Both the Ga2O3 and the PBG targets were used to create individual 

coatings. 

Coatings’ chemical compositions and structure were investigated (EDX, XPS, FTIR, RHEED analysis). Degradation 

and ion release were characterised in cell culture media, and changes in coating composition after 7 day exposure 

to cell culture media were determined (EDX and XPS). Cytocompatibility was assessed using MG63 human 

osteoblast-like cells using the Neutral Red Assay and cell adhesion and proliferation on the coating surfaces 

assessed using Alamar Blue Assay. 

Biofilm formation was measured using Staphylococcus aureus, visualised using confocal microscopy and quantified 

using COMSTAT 2 (µm3/ µm2). Zone of inhibition tests against S. aureus were also performed using the coating 

degradation products. 
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Results and Discussion 

Pure Ga2O3 was deposited as a mainly amorphous coating (222 nm thick), with evidence of nanocrystallites. Blending 

Ga2O3 with the glass resulted in a 54 mol% Ga2O3 coating (355nm thick). The glass target gave a 17 mol% Ga2O3 

coating, again with nanocrystallites (156 nm thick). XPS analysis confirms that Ga is present as an oxide, not metallic 

form in all cases. These coatings are the highest Ga2O3 content glass coatings manufactured to date. 

Rapid Ga3+ release from all coatings into DMEM cell culture media during is reported the first 8 hours and peaked at 

62.5 ppm, 12.6 ppm and 1.9 ppm for the 100%, 54% and 17% Ga2O3 coatings respectively as shown in Fig. 1. These 

concentrations for the 100% and 54% Ga2O3 coatings were cytotoxic, while the zone of inhibition test showed no 

bactericidal effect. There was no significant change in coating thickness over the 7 day degradation period, and EDX 

analysis shows presence of Ca and P on degraded surfaces. This is in contrast to degradation in H2O where full 

degradation was recorded. However, these results do show the promise of PBG coatings to release Ga3+ when the 

composition of the glass is altered to ensure full degradation. 

Human cell growth on the coating surfaces is limited in all cases including the glass control, more significantly so in 

the 54% and 100% Ga2O3 coatings as shown in Fig. 2. There was no difference in biofilm growth across any of the 

samples.  The higher cell growth on the 17 mol% samples compared to the higher Ga2O3 content coatings suggests 

that some Ga3+ exposure can be tolerated by the cells. 

  

Conclusion 

RF Magnetron sputtering offers the ability to coat high Ga2O3 PBG coatings, which release Ga3+ into cell culture 

media. The degradation of PBG structures in cell culture media has not been widely reported and therefore different 

glass compositions must be investigated to ensure full degradation and Ga3+ release. Balancing antibacterial effects 

and cytotoxicity remains challenging, although Alamar Blue results suggest that cells can recover after initial 

exposure. Cell response to Ga3+ 'ion burst' must be investigated further to determine if a short lived PBG coating 

releasing Ga3+ could prevent initial bacterial attachment without damage to surrounding tissue. 
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Figure 2 - Alamar Blue Assay showing relative 

cell metabolic activity on the coating surfaces. 
Figure 2 - Alamar Blue Assay showing relative 

cell metabolic activity on the coating surfaces. 

There is no significant difference between the 

Tissue Culture Plastic control and the uncoated 

Ti6Al4V at any time point but all coatings 

showed significantly lower metabolic activity 

than the two controls. 

 

 

Figure 1 - Ga3+ ion release into DMEM cell 

culture media over 168 h 
Figure 1 - Ga3+ ion release into DMEM cell 

culture media over 168 h, showing that ions are 

released rapidly into media in the first 8 h but 

release plateaus shortly after, with little 

change in ionic concentration between 8 and 168 

h. 
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Introduction 

Ceramic-on-ceramic bearings in total hip replacement have been used for more than 45 years. The have shown their 

potential for young and active patients. In this study, a methodology was devised to assess the in vitro wear behaviour 

of Zirconia Toughened Alumina Ceramics (ZTA) and Alumina Toughened Zirconia Ceramics (ATZ) under adverse 

edge loading conditions in hip simulator combined with accelerated ageing in an autoclave under hydrothermal 

conditions. 

  

Experimental Methods 

Femoral heads and acetabular liners of hip prostheses were made of two materials: Alumina Toughened Zirconia 

(ATZ) and Zirconia Toughened Alumina Ceramic (ZTA). Two material combinations were tested in this study: ATZ-

on-ATZ and ZTA-on-ZTA. 

A total of six bearing couples were studied on the Leeds Mark II Physiological Anatomical hip joint simulator. 

The study was run for a total of eight million cycles. The first two million cycles were run using standard gait conditions 

and the subsequent 6 million cycles were run under edge loading conditions due to dynamic separation between the 

femoral head and the acetabular cup. 

All femoral heads and acetabular cups were hydrothermally aged during the wear study after every million cycles of 

testing. It lasted 2 hours at 134°C after each million cycles. Hydrothermal ageing was achieved using accelerated 

ageing protocol in an autoclave (Sanoclav LA-MCS, Wolf, Germany) in water vapour. 

The volume monoclinic fraction was determined using XRD and Garvie and Nicholson’s equation modified by Toraya. 

Scanning Electron Microscopy observations were conducted on pristine, worn and aged surfaces on the heads after 

various testing times, using a Supra 55 VP microscope (Zeiss, Germany), at low acceleration voltage (1 to 2 kV) so 

as to avoid coating the observed surfaces. 

The wear was measured gravimetrically using a balance (XP205, Mettler-Toledo) at an interval of one million cycles. 

A coordinate measuring machine (Legex 322, Mitutoyo, Japan) was used to reconstruct the surface of the femoral 

head and acetabular cup. RedLux software (RedLux, UK) was used to visualise the size, shape and penetration 

depth of the wear areas. 

  

Results and Discussion 

The wear rates of both aged materials, ATZ-on-ATZ and ZTA-on-ZTA, under standard conditions were very low, i.e. 

<0.01 mm3/million cycles. There was no measureable change in wear rate due to ageing under standard conditions. 

The wear rates increased when edge loading conditions driven by separation was introduced to the gait cycle. The 

mean wear rate of aged ZTA-on-ZTA after six million cycles of testing under edge loading conditions was 0.19 ± 0.47 

mm3/million cycles. The mean wear rate of aged ATZ-on-ATZ was 0.07 ± 0.05 mm3/million cycles. 
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There was no visible damage on the surfaces of the femoral head and acetabular cup after testing under standard 

conditions. In contrast, under edge loading conditions, a stripe-like wear area was observed on the femoral head with 

corresponding wear on the rim of the acetabular liner. The penetration depths on the femoral heads and acetabular 

liners of the ZTA-on-ZTA bearings were higher than that of the ATZ-on-ATZ bearings after 6 million cycles of testing 

under edge loading conditions. 

No significant ageing occurred in the ZTA material. The monoclinic fractions remained very low over both the wear 

stripe and the unworn surface. Their variations were within the error margin of XRD. 

Ageing of ATZ heads was significant. On the wear stripe, each autoclave step increased the monoclinic fraction. 

However, each one million cycles of wear simulation decreased the monoclinic fraction significantly. 

SEM observations of the worn ATZ and ZTA surfaces showed that the first 2 million cycles (without edge loading) 

did not significantly damage the surfaces. Microstructural damage was first observed after edge loading. In 

ATZ damage was located in a small wear stripe 15 µm wide. In ZTA, damage was first located in a much more diffuse 

area around 50 µm wide. 

SEM observations further showed that the damage was mainly located in the alumina grains but not in the monoclinic-

zirconia grains for ATZ. In both cases ZTA and ATZ, the phase under the highest compressive residual stresses 

seemed to be the most prone to microstructural damage. 

  

Conclusion 

In this study, a method was devised by which the performance of composite ceramic materials was assessed under 

a combination of edge loading gait conditions and hydrothermal ageing. 

The damage of ceramic components increased by the symbiotic effect of ageing, wear and shocks but remained at 

a very low level for both ceramic materials. It was shown that the performance of ATZ-on-ATZ materials in vitro may 

be superior to ZTA-on-ZTA materials despite the higher zirconia content in the ATZ materials. 

Ceramic composites show an extremely low wear rate, even under worst case conditions, and provides an interesting 

option to meet the demands of younger more active patients. 
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Introduction 

Calcium phosphate cements (CPC) set via a dissolution–precipitation reaction and form an entangled network of 

crystals providing mechanical strength after setting. A further modification by adding monomers to the aqueous 

cement phase results in the formation of a second interpenetrating network with a strong impact on cement 

properties.[1] This was recently shown for cement modification with tetraethyl orthosilicate (TEOS) as precursor.[2] 

Here, this approach is further explored by using silica precursors with a higher density of alkoxy groups to increase 

network and cross-linking density in the final gel. Also modified precursors with different hydrophilic functional groups 

are investigated to influence the interface between silica and cement matrix. The precursors were initially hydrolyzed 

under acidic conditions and the combined with a brushite forming cement powder. Due to the increase in pH of the 

sol during cement setting leads to a simultaneous formation of cement matrix and silica hydrogel. [3] 

  

Experimental Methods 

Sol precursors were a mixture of TEOS (100 – 60%) and 0 – 40% of silica monomers with 6-12 alkoxide 

functionalities. Both commercially available 1,8-Bis(triethoxysilyl)octane and self-synthesized modified silica 

monomers with hydrophilic groups and a higher density of alkoxy groups were used (Figure 1A). Silica sols were 

obtained by adding the sol precursor mixture to water in a ratio of water: “Si-OEt” = 2.25 and 0.1 M HCl solution. 

Composite cements were produced by mixing the sol with cement raw powder, consisting of β-tricalcium phosphate 

(β-TCP) and monocalcium phosphate anhydrous (MCPA) in an equimolar ratio and the addition of 1 wt% citric acid. 

The citric acid is used as retarding agent in order to extend the setting-time of the composites. 

  

Results and Discussion 

The results demonstrated an increase of mechanical performance by using different amounts of a silica monomer 

(1,2-Bis(triethoxysilyl)octane) in addition to TEOS in the composite compared to the pure TEOS reference (Figure 

1B). A variation of the monomers resulted in a substantial increase in the strength (Figure 1C) with an increase from 

0.44 ± 0.09 MPa to 8.29 ± 1.01 MPa at low PLR of 1 g/mL. The porosity characteristics of the silica–brushite networks 

showed a bimodal pore size distribution in the set matrices with nanosized pores originating from the silica matrix 

and micrometer pores from the cement matrix (Figure 1D). The latter is thought to have a strong effect on drug 

release capability by retarding drug diffusion from the cement matrix. 

  

Conclusion 

It could be shown that the use of different silica monomers has a huge influence on the properties of the composites. 

As shown a increased strength of the composites could be observed depending of the system up to 10 times. Due 

to the two network in the composites, a bimodal poresize distribution could be observed. 
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Figure 1 
A Molecular structure of TEOS, commercially 

bought silica monomer(A) and synthesized silica 

monomers(B/C) B Compressive strength of CPC and 

composite reference CPC+TEOS. Increased 

compressive strength by adding 20/40% of silica 

monomer A. (PLR = 2 g/mL) C Compressive strength 

of CPC and composites with 5% different silica 

monomers (PLR = 1 g/mL) D Pore size distribution 

analyzed by Hg porosimetry in a range of 10-

10000 nm of silica gel composite. 
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Introduction 

Wound healingis a long, complex process which can lead to inflammation and, if left untreated, life-threatening 

infections. Wound infections with multi-drug resistant bacteria result in prolonged treatments and increased 

healthcare costs, so the demand for wound treatment is massive worldwide1.The number of patients requiring wound 

care is significantly increasing and it has been estimated that the associated annual cost of wound treatment alone 

managed by the NHS is around £5B2. Therefore, there is an urgent need for new antibacterial wound dressings that 

both rapidly stimulate healing and prevent infections. 

Here we present novel bioresorbable phosphate-based glass nanofibres (PGF) as wound dressings that 

simultaneously induce new tissue formation, deliver antimicrobial effects without reliance on conventional antibiotics 

and promote blood coagulation. Being bioresorbable, PGF dissolve in physiological environments and are totally 

replaced by regenerated tissue2. This important advantage avoids frequent dressing removal that can damage newly 

formed tissue. Moreover, wound-related infections could be prevented by incorporating antimicrobial agents into the 

dressings that slowly release as the scaffolds degrade in the wound. A totally bioresorbable dressing will avoid 

systemic administration of antibiotics if used as a controlled local delivery system for antibacterial agents. Nanofibres 

are advantageous to conventional dressings given the high surface area to volume ratio, open porosity that allows a 

gaseous exchange, cell migration, and removal of excess exudate, the possibility of mesh production) and surface 

functionalization1. 

Phosphate-based fibres in the systemP2O5-CaO-Na2O were prepared and doped with the antibacterial ions Cu2+ (1, 

3, 5 mol%) and Cu2+/ Ag+  (5 mol%) which have been found to be particularly effective in promoting wound healing 

(they stimulate angiogenesis, differentiate mesenchymal stem cells, and proliferate fibroblast human foreskin)3,4. 

Cold plasma will be used to induce/enhance the antibacterial properties of the prepared fibres. 

  

Experimental Methods 

PGF were obtained by electrospinning of coacervate precursors. Coacervate precursors were prepared by slow 

addition of a Ca2+ salt to an aqueous sodium polyphosphate solution. Phase separation occurs between a dense 

coacervate phase, containing the phosphate chains, and the aqueous supernatant.The viscous material obtained by 

removing the supernatant liquid is easily ejectable and ideal for the production of ES precursors along with the 

incorporation of antimicrobial ions. The electrospinning was conducted using a stainless steel capillary tube (18 

gauge), syringe pump, and high voltage source. Electrospinning was carried out at room temperature and fibres were 

deposited on an aluminium sheet. Structural characterisation of PGF was performed using X-ray diffraction (XRD) 

and infra-red spectroscopy (IR); dissolution studies of the PGF in water were performed to obtain information on the 

release of calcium, sodium, copper, and silver ions after 24, 48, and 72 hours. The doped-PGF were treated with a 

cold plasma to enhance the antimicrobial effect against bacterial populations. The antimicrobial effect of doped PGF 

and cold plasma was performed against two bacteria: Staphylococcus aureus, and Escherichia coli ATCC 25922, 

bacterial species associated with antibiotic resistance. 
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Results and Discussion 

Copper and copper-silver doped phosphate-based glasses fibres have been successfully prepared, for the first time, 

using the electrospinning technique. XRD patterns confirm the amorphous nature of all fibres. FTIR results shows 

the presence of to Q1 and Q2 phosphate units. Dissolution studies of the PGF in water shows that the highest release 

of all ions occurs within the first 24 h. Copper and silver ions are released continuously over the 72 h. Antimicrobial 

studies show that all Cu2+ doped PGF are mainly active against E. coli and thattheCu 2+/ Ag+ doped PGFareactive 

against both E. coli and S. aureus. 

  

Conclusion 

In this study, PBF were successfully synthesised at room temperature for wound healing applications. These fibres 

are biodegradable and can react and dissolve in the physiological environment and eventually totally replaced by 

regenerated tissue. Antibacterial study results against S. aureus and E. coli  have shown the great potential 

application of copper-silver doped glass fibres in wound healing due to its ability to release of Cu2+ and Ag+ ions 

continuously with a high bactericidal effect. 

  

References 

1) Gizaw et al. Bioengineering 5, 9, 2018 

2) Carta et al.J. Mater. Chem., 15, 2134, 2005 

3) Zhao et al., Biomaterials, 53, 379, 2015 

4) Nadworny et al., Nanomedicine NMB4, 3, 241, 2008 

  

Acknowledgement 

Authors would like to thank EPSRC (EP/P033636/1) and Royal Society (RSG\R1\180191) for funding. We also thank 

Dr Mark Whiting and Mr David Jones for assistance with the SEM measurements. 

  

 

Bacterial viability of S. aureus and E.coli when 
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Scanning electron microscopy images of PGF 

undoped and doped with 1,3,5, mol% of Cu2+ 
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4:45 p.m. – 6:15 p.m. 

Hall 5 

III-SY5 | DGBM SY: Matrix engineering in skin 

and bone regeneration 
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Stefan Rammelt (Dresden, DE) 

 

Treatment of both non-healing cutaneous wounds and critical size bone defects still 

represents a significant clinical challenge. The use of biomaterials based on artificial 

extracellular matrix (ECM) components has evolved as a promising approach to create a 

favourable environment for both skin and bone heling under critical conditions. In a series 

of in vitro and in vivo experiments, the application of glycosaminoglycans (GAG) as part 

of the native ECM has been investigated. GAGs such as hyaluronic acid with different 

degrees of sulfatation were shown to modulate the function of immune and bone forming 

cells either directly or via alteration of the bioactivity of key cytokines and growth factors 

controlling the immune response and new bone formation. 
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Introduction 

The treatment of critical size bone defects still represents a significant clinical problem. The standard treatment for 

the repair is autologous bone grafting which is of limited availability and associated with donor site morbidity. 

Therefore, extensive research has focused on the development of biodegradable bone substitute materials. The ideal 

bone substitute remains yet to be found. One promising approach to improve the osteoconductive and osteoinductive 

properties of degradable scaffolds is the application of components of the organic extracellular matrix (ECM) that 

mimic a favourable environment for bone forming cells like osteoblasts and their progenitors [1]. The influence of an 

artificial ECM on bone healing was investigated in a series of in vitro and in vivo experiments. 

The ECM mediates adhesion, migration, proliferation and differentiation of precursor cells into osteoblasts which in 

turn contribute to regeneration through synthesis of the organic bone matrix and its mineralization [2]. 

Glycosaminiglycans (GAG) like chondroitin sulfate (CS) and hyaluronic acid (HA) are ECM components that either 

directly interact with bone cells or indirectly interact with these cells via cytokines and growth factors. In vitro 

experiments have shown that the degree of sulfatation directly influences the interaction of GAG with cells and 

humoral bioactive factors and thus influence their bioactivity. For example, highly sulfated glycosaminoglycans 

facilitated the osteogenic differentiation of mesenchymal stem cells in vitro [3]. 

  

Experimental Methods 

In an ex vivo study, the effects of sulfated aECM on bone cells derived from patients with impaired bone metabolism 

and those who suffered from arthrosis but with otherwise healthy bone were investigated. Osteoblasts were isolated 

from bone fragments extracted during orthopaedic foot and ankle surgery. Furthermore, blood monocytes were 

isolated from blood and underwent osteoclastogenesis induced by RANKL. In diabetic patients, administration of 

sulfated aECM increased the expression of osteoblast-specific genes to a greater extent than in arthrosis patients. 

In osteoclasts sulfated aECM inhibited both, TRAP activity and calcium phosphate resorption with the greatest effect 

in diabetes patients. Thus, sulfated aECM increased osteogenic markers with simultaneous inhibition of osteoclast 

resorption [4]. 

Artificial ECM-coatings on polymer scaffolds were investigated in a critical size bone defect in the femur of rats. A 5 

mm defect was created in the femur of male adult Wistar rats and stabilized with an internal fixator. Embroidered 

polycaprolactone-co-lactide (PCL) scaffolds were coated with collagen type I (Coll) and ECMs containing Coll and 

CS or HA of different sulfatation grades. PCL scaffolds served as negative controls, and collagen sponges with bone 

chips to mimic autologous bone graft served as positive controls. Radiographs and µCT measurements showed 

nearly no new bone formation after 2 weeks of implantation. New bone volume within the defect after 12 weeks was 

highest in the group with Coll and highly sulfated HA where it equaled the positive control (Fig. 1). The second highest 

bone volume was observed in scaffolds with normally sulfated chondroitin sulfate. 
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Results and Discussion 

In a similar study TriLa scaffolds coated with sulfated hyaluronan were investigated in healthy and diabetic rats. 

Porous, cross-linked lactide-based scaffolds were coated with collagen including native or sulfated hyaluronan 

(HA/sHA3) and inserted into 3 mm femoral defects of non-diabetic and diabetic ZDF rats. After 12 weeks, scaffolds 

coated with HA or sHA3 accelerated bone defect regeneration in diabetic, but not in healthy rats as compared to their 

uncoated controls. At the tissue level, sHA3 promoted bone mineralization and decreased the amount of 

nonmineralized bone matrix. In vivo, sHA3-coated scaffolds from diabetic rats scavenged more sclerostin than the 

respective controls. In vitro, sHA3 induced the expression of BMP-2 and lowered the RANKL/OPG expression ratio, 

regardless of the glucose concentration in osteoblastic cells. Both sHA3 and high glucose concentrations decreased 

the differentiation of osteoclastic cells. sHA3 bound sclerostin with high affinity. 

In a pilot study, titanium-coated polyetheretherketone (Ti-PEEK) plates were coated with collagen type I and collagen-

based artificial ECMs containing CS or HA of different sulfatation grades bridging a critical size femoral defect in rats. 

At 4 weeks the gap size was significantly reduced around plates coated with ECMs containing coll and highly sulfated 

HA and normally sulfated CS. Chondral ossification could be confirmed around those coatings. 

  

Conclusion 

It can be concluded from these experiments, that sulfated GAGs have positive direct and indirect effects on bone-

forming and bone-resorbing cells and therefore are useful in enhancing bone regeneration. Resorbable and non-

resorbable scaffolds coated with an artificial ECM consisting of type 1 collagen and highly sulfated HA represent 

potentially suitable biomaterials to improve bone defect regeneration particularly in diabetic patients with impaired 

bone healing capacity. The underlying mechanism involves improved osteoblast function and scavenging sclerostin, 

a potent inhibitor of Wnt signaling and osteoblast function. 
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Fig. 1 
New bone formation in critical size femoral 

defects in healthy rats. PCL scaffolds 

containing an artificial ECM of collagen and 

highly sulfated hyaluronic acid (Coll/sHA3) 

performed equal to the positive control (PK) 

representing the gold standard of autologous 

bone grafting. Physiologically sulfated 

chondroitin sulfate (CS) performed better than 

highly sulfated CS. 
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Introduction 

The incidence of chronic non-healing cutaneous wounds is constantly rising and significantly contributing to morbidity 

and mortality worldwide. Non-healing wounds show an arrest of progression of the stages of normal wound repair. 

Instead, they remain stuck in a chronic inflammatory phase driven by uncontrolled infiltration and activation of immune 

cells (granulocytes, monocytes and macrophages) leading to excessive tissue breakdown. Resolution of this 

unrestrained inflammatory loop represents an unmet challenge in the treatment of non-healing wounds. 

Glycosaminoglycans (GAG) as part of the native extracellular matrix are known to guide function of immune cells 

either directly or via modulating the bioactivity of factors controlling immune cell activities. Using these principles we 

develop GAG-based biomaterials with versatile immunomodulatory capacities to support healing of chronic wounds 

[1]. In this talk I will present two approaches of GAG-based biomaterials to intervene chronic inflammatory processes 

in non-healing wounds. 

  

Results and Discussion 

The first approach is based on capturing inflammatory chemokines which sustain persistent invasion of immune cells. 

For this we customized modular hydrogels based on star-shaped polyethylene glycol and derivatives of heparin for 

maximal sequestration of immune cell attracting chemokines from the wound site while sparing wound healing 

promoting pro-regenerative growth factors [2]. Chemokine sequestration results in a significantly reduced influx of 

granulocytes and monocytes into the wound and in a diminished expression of inflammatory cytokines and 

chemokines. The wound environment benefits from the decreased inflammatory signaling and in consequence 

granulation tissue maturation, vascularization and re-epithelialization are promoted. In an in vivo model of delayed 

wound healing (db/db mice) the chemokine binding hydrogels outperformed the “standard of care” product 

Promogran™ with respect to reduction of inflammation, as well as improvement of granulation tissue formation, 

vascularization and wound closure.  

In the second approach we use hyaluronic acid (HA) to particularly modulate the activity of macrophages which have 

been recognized as key regulator of inflammation during wound healing. Hyaluronic acid is well known for its potent 

anti-inflammatory effects on macrophages as high molecular weight molecule while its degradation into low molecular 

weight fragments is discussed to rather promote inflammatory macrophage activities. In this respect the therapeutic 

success of HA applied in severe inflammatory conditions as they occur in non-healing wounds is limited due to its 

degradation. We have modified HA chemically and introduced specific sulfation patterns which maintained the anti-

inflammatory activity of HA on macrophages even after fragmentation [3,4]. We confirmed the potent 

immunomodulatory potential of sulfated HA in a mouse model of acute skin inflammation in which treatment with 

sulfated HA resulted in a significant reduced inflammatory response. Currently, we are testing the capability of sHA-

based hydrogels to improve disturbed inflammation in a mouse model of delayed wound healing. 
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Introduction 

Biocatalytic self-assembly is a powerful tool to generate dynamic nanomaterials under physiological conditions. [1] It 

merges the efficiency and selectivity of an enzymatic transformation with the sensitivity of the self-assembly process. 

Herein, we investigated the possibility to tune additionally this process by the choice of self-assembling molecules 

(amphiphiles) that have the enzyme-sensitive unit at different positions. Carbohydrates code different bioactivities 

and provide a rich library of water soluble, chiral building blocks. [2] We used different regioisomers of carbohydrate 

amphiphiles and access the enzyme action on these and its effect on the formed supramolecular structures. 

  

Experimental Methods 

The regioisomers 1 and 6 phosphate (1P/6P) of N-fluorenylmethoxycarbonyl-glucosamine were synthetized by one-

step reaction previously described. [2] The enzyme alkaline phosphatase was added to the synthetized amphiphiles 

at different ratios. The kinetic of the dephosphorylation was evaluated by high performance liquid chromatography 

(HPLC) and the formation of supramolecular structures was accessed by circular dichroism (CD), atomic force 

microscopy (AFM), and scanning electron microscopy (SEM). 

  

Results and Discussion 

The HPLC data showed a faster conversion rate for the 1P amphiphile as compared to the 6P regioisomer, indicating 

a different acessitbility of the enzyme to the substrate. Upon dephosphorylation the amphiphiles assembled into 

nanofibers that further form gel. CD spectra of 1P and 6P solutions and the formed gels were recorded and showed 

no signal for the phosphorylated compounds in solution and well pronounced signals at 270 nm and 304 nm upon 

sol-gel transition associated with stacking via Fmoc moeties. Microscopy observation revealed that both isomers 

formed uniform left-handed twisted nanofibers, with a helical pitch of 125±15 nm, width 60 nm when the precursor 

was 1P and a pitch of 140±20 nm, width 35 nm when 6P was used instead. The rheological measurement for the 

obtained gels showed that the assemblies generated by the dephosphorylation of the 6P amphiphile form stronger 

and more stable gels as compared with the 1P analogue. Furthermore, the influence of the enzyme concentration on 

the gels’ properties was studied and highest storage modulus was observed for the highest studied enzyme 

concentration. Microscopy analyses showed homogeneous networks of entagled fibers whose density depends on 

the concentration of the initial precursor and the enzyme. 
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Conclusion 

We demonstrate that by selecting the regioisomer and enzyme concentration we can tune the properties of the 

generated gels. These results together with the physiological conditions at which the assembly is performed open 

new possibilities for development of stimuli-responsive, biotunable hydrogels.  

  

References 

[1] Whitesides et al. PNAS 2002, 99, 4769. 

[2] Birchal et al. Chem. Sci. 2011, 2, 1349. 

  

Acknowledgement 

European Union H2020 programme, H2020-WIDESPREAD-2014-2-668983-FORECAST, H2020-WIDESPREAD-

2016-2017-739572-THE DISCOVERIES CTR, Portuguese Foundation for Science and Technology (IF00032/2013 

of IP, PD/BD/113794/2015 of AB and CANCER_CAGE PTDC/NAN-MAT/28468/2017), and Fundação Luso-

Americana para o Desenvolvimento. 

  

  



ESB 2019 | Abstract Booklet  

Tuesday, 10 September, 2019  

 

Page 219 of 1893 

III-SY5-04 

Hyaluronan/Collagen Based Hydrogels as Release System for Sulfated 

Hyaluronan and Proteins 

Norbert Halfter1, Sandra Rother1, Linda Köhler1, Albrecht Berg2, Stephanie Möller2, Matthias 

Schnabelrauch2, Joanna Blaszkiewicz3, Jörg Rademann3, Vera Hintze1 

1TU Dresden, Max Bergmann Center of Biomaterials, Dresden, DE; 2INNOVENT e.V., Biomaterials Department, 

Jena, DE; 3Freie Universität Berlin, Institut of Pharmacy & Institute of Chemistry and Biochemistry, Berlin, DE 

 
Introduction 

Collagen type I (coll) and glycosaminoglycans (GAGs) are major components of the skin extracellular matrix and are 

known to influence cellular behavior [1]. For this reason, functional biomaterials made of these components are 

promising for tissue regeneration. Recent work with hyaluronan (HA)/coll-based hydrogels revealed a defined 

interaction with heparin-binding epithelial growth factor-like growth factor leading to an improved skin wound closure 

[2]. On the one hand, protein binding and release from hydrogels can be tuned by sulfated GAG (sGAG) derivatives 

[3]. On the other hand, GAGs released from biomaterials are expected to reduce pathological conditions like fibrosis, 

e.g. by blocking TGF-β1-mediated signaling [4]. In this study, we examined the composition and stability of HA/coll-

based hydrogels made of methacrylated HA (HA-MAC) containing methacrylated (sGAG-MAC) and acrylated 

(sGAG-AC) polymeric sGAGs. In addition, binding and release of the model protein lysozyme was investigated. 

Further, we evaluated the spreading and growth of human dermal fibroblasts within these gels of different HA content 

to optimize the HA concentration and the resulting physical properties for cellular growth. 

  

Experimental Methods 

HA-MAC/coll-based hydrogels were fabricated by photo-crosslinking according to [2]. Afterwards, gels were freeze-

dried. The mechanical and swelling properties of the gels were determined as well as the surface morphology via 

scanning microscopy. Furthermore, Toluidine Blue and Sirius Red staining of the gels was used to visualize the 

sGAGs and coll distribution. To quantify GAG/sGAG and coll release after incubation in phosphate-buffered saline, 

hexosamine, DMMB and Lowry assay were employed. The release of fluorescence-labeled lysozyme was measured 

by fluorescence spectroscopy. Fibroblast growth was analyzed by immune-fluorescence microscopy and by 

measuring the DNA content. 

  

Results and Discussion 

The hydrogel composition influenced the water content, the swelling ratio and the loss of volume. Stability studies 

indicated a slower release of HA-MAC than of sGAGs. The Young’s modulus of different hydrogel compositions with 

similar GAG concentrations was comparable. Binding and release of lysozyme was depending on GAG sulfation. 

Fibroblast spreading and growth was slightly influenced by the examined HA concentrations. These findings suggest 

that HA-MAC-based hydrogels containing either sGAG-MAC or sGAG-AC can be engineered as effective wound 

dressings with adjustable sHA release and growth factor interaction profiles that might translate into an improved 

healing response of injured skin. 
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Conclusion 

Using acrylated and methacrylated GAGs to adjust the release behavior of sGAGs and proteins from HA/coll based 

hydrogels will enable tuning for different wound environments to use such hydrogels as wound dressings in the future. 
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Introduction 

The tumor environment is recognized as an imported factor in therapy outcome. However, current models focus on 

the cancer cells, while incorporating the stroma creates models with a higher clinical relevance. We have “tumor 

engineered” an in vivo model for peritoneal metastasis from ovarian cancer, a disease with a high mortality rate, that 

recapitulates the heterogeneity of a patient tumor at the microscopic level [1]. As carrier structure, we previously used 

a porous polylactic acid (PLA) scaffold. Unfortunately, tumor stiffness, an important parameter causing therapy 

failure, is neglected in this model. The stiffness in the model is determined by the PLA scaffold and not by tumor 

characteristics. By introducing a new polymer (AUP) [2] with tunable chemical structure, we can control the stiffness 

of the scaffold by altering the length of the PEG backbone (fig 1 A-C). 

  

Experimental Methods 

Scaffolds are produced by fused deposition modeling with the Ultimaker (PLA) or through theBioplotter (AUP) to have 

similar dimensions in swollen state as a peritoneal metastasis nodule. The scaffolds are cylinder-shaped with 5mm 

diameter, 4mm height, 500µm pore size and 300µm strut diameter. Plasma treatment improves interaction with 

GelMA coating and enables cell interaction [1]. Scaffolds are seeded with a mixture of cancer cells (SK-OV-3 Luc 

GFP), cancer associated fibroblasts (CAFs) (1 to 4 ratio) and type I collagen gel (1mg/ml) through vacuum pressure. 

In vitro cultures were monitored by phase-contrast microscopy and IncuCyte Zoom® (real-time imaging). After 15 

days of in vitro culture, the scaffolds were implanted in the peritoneal cavity by suturing to the inner peritoneal wall 

of nude mice and followed-up by bioluminescence imaging (BLI). After 5 weeks, the mice are sacrificed and scaffolds 

are analyzed by hematoxylin & eosin staining (H&E). 

  

Results and Discussion 

In vitro culture 

Co-seeding of cancer-associated fibroblasts (CAF) and cancer cells initiates spheroid formation and self-

organization. The speed of this process is influenced by the stiffness of the scaffolds. Spheroid formation occurs 

within 48h when cells are seeded in an AUP scaffold compared to 3 weeks in a PLA scaffold (fig 1D). The AUP 4k 

(PEG 4000 Da backbone) is approximately a 100-fold softer and closer to the physiological environment of cells. 

Real-time imaging is used to visualize the motility of the cancer cells in the AUP scaffolds. The cells stretch-out and 

orientate along the collagen fibers created by the CAFs (12h). Consequentially, they move along these fibers and 

organize themselves into spheroids (24h) (fig 1E).  

In vivo implantation 
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After 3 weeks of implantation, BLI signal increases and the cancer cells start to proliferate inside the scaffolds (fig 

2A). Histological evaluation of the scaffolds 5-weeks post-implantation reveals that the scaffolds are evolved to viable 

tissue. Host cells infiltrate the scaffolds (adipose tissue), newly formed blood vessels supply the seeded cancer cells 

and CAFs (fig 2B). 

  

Conclusion 

Implementing a tissue relevant stiffness facilitates in vitro self-organization. After in vivo implantation, host cells are 

attracted to infiltrate the scaffold. This results in a vascularized heterogenic tumor with spatial and quantitative 

aspects as similarly observed in patient-derived peritoneal metastases. These results reveal that the AUP scaffolds 

are biocompatible and support in vivo cell viability. Furthermore, these engineered scaffold recapitulate a human 

ovarian peritoneal metastases at the microscopic and biophysical level. 
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 AUP scaffolds with controlled stiffness and in 

vitro spheroid formation 
Schematic (A) and chemical (B) structure of the 

AUP polymers. C) The length of the PEG backbone 

influences the stiffness of the AUP scaffolds. 

The longer the PEG chain the softer and more 

physiologically relevant the scaffolds become. 

D) Phase-contrast images of PLA and AUP 

scaffolds 48h and 3 weeks post-seeding. E) Real-

time fluorescent images of green cancer cells in 

an AUP scaffold (IncuCyte Zoom®) 

 

 

Fig 2: In vivo implantation 
A) BLI of a mouse 3 to 5 weeks post-implantation 

(AUP scaffold), indicating cancer cell 

viability. B) H&E of AUP scaffold 5 weeks post-

implantation. Circles indicate different cell 

types: cancer cells (CC), stroma with CAFs, 

blood vessels (BV), adipose tissue. 
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Introduction 

The mechanical characteristics of the extracellular environment is known to regulate cancer cell behavior in 

vivoand in vitro. However, many open questions remain on the mechanisms, how extracellular matrix (ECM) 

viscoelasticity influences cancer cell behavior in terms of proliferation, migration, gene regulation and phenotypical 

transition. In particular, during cancer progression activation of highly invasive phenotypes strongly contribute to 

spreading and metastasis of secondary tumors within the body. By matrix engineering approaches we are able to 

tightly tune the topologic and elastic characteristics of 3D fibrillar collagen I (Coll I) networks.1,2,3,4 In this new study 

we report an activation of breast cancer cell invasion in fibrillar 3D Coll I networks by distinctively different biophysical 

characteristics in terms of elastic bending and stretching modes of semiflexible networks, a topic overlooked in 

cellular and ECM biomechanics up to now. 

  

Experimental Methods 

Fibrillar 3D networks were reconstituted using Coll I at concentrations of 1 to 3 mg/ml using phosphate buffer at pH 

7.5 with and without NaCl to independently adjust pore size and fibril diameter.1,3,4 Microstructural properties (e.g. 

pore size and fibril diameter), elastic modulus as well as dynamic fibrillar fluctuations of the networks were analyzed 

using confocal microscopy, topological image analysis tools and colloidal force spectroscopy. Breast cancer cell 

behavior was studied using 'invasive' and 'non-invasive' cell lines (MDA-MB-231 and MCF-7, respectively) over 5 

days in terms of cell invasion, matrix metalloproteinase (MMP) expression and activity as well as cell proliferation. 

  

Results and Discussion 

We could show that our matrix engineering approach allows to construct 3D Coll I networks with fundamentally 

different biophysical network characteristics. Mean pore size and fibril diameter were engineered in overlapping and 

comparable mean pore size and elastic bulk modulus. However, for such networks the elastic network bending 

characteristics could be shown to be either in a 'bending-dominated' regime or to exhibit a considerable 'stretching‘ 

contribution. The latter was proofed by fluctuation analysis of fibrils inside the networks, pointing towards the entropic 

origin of the stretching-dominated elastic contribution in semiflexible fibrillar networks. 

In concert with the distinct change of the biophysical elastic network characteristic, we found a strong and distinct 

activation of cancer cell invasion of the usually 'non-invasive' MCF-7 breast cancer cell line in the 'stretching-

dominated' networks. This was accompanied by a strong increase in activity of soluble MMP, known to be important 

in cancer cell migration and invasion. In contrast, at comparable network elasticity or pore size of 'bending-dominated' 

3D Coll I networks no regulation and activation of MCF-7 cell invasion and MMP expression were found. 

In accordance to several other reports in literature on 'bending-dominated' fibrillar 3D Coll I networks, usually thought 

to be the standard elastic mode of Coll I networks, invasion of MDA-MB-231 cells as well as their MT-MMP expression 

were increased with an increased network stiffness for ‘bending-dominated' networks. However, changing the 
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biophysical elasticity mode to 'stretching-dominated' networks led to downregulation of cell invasiveness and MMP 

expression for this 'invasive' breast cancer cell line. 

  

Conclusion 

We found a significant difference in breast cancer cell behavior under the control of distinct elastic modes of fibrillar 

3D Coll I networks. The results emphasize that a currently overlooked switch of elastic modes of fibrillar ECM 

microenvironments may dominantly regulate cancer cell behavior, even activating the invasion of so-called 'non-

invasive' breast cancer cells. As both biophysical states of semiflexible fibrillar 3D networks occurin vivoat 

physiological and pathological situations, we suggest an important role of the physical characteristics of fibrils in 3D 

networks for the control of tumor progression and advocate our 3D Coll I networks as highly relevant 3D in 

vitromodels to study cancer cell behavior. 
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Introduction 

Glioblastoma multiforme (GBM) tumors arise from glial cells in the central nervous system and represent the most 

common and aggressive human brain tumors. Malignant progression results in extensive invasion throughout the 

brain. GBM tumors show an impassive response to current therapeutic approaches predicting a poor survival rate 

for patients 1,2. 

Therefore, it is crucial to better understand tumor behavior in the microenvironment to improve therapeutic 

strategies. In vitro systems have become an indispensable tool for clinical research and have recently advanced from 

conventional 2D monolayer cell cultures. Importantly, cells grow within a complex 3-dimensional (3D) 

environmentand and are associated with an extracellular matrix (ECM), which cannot be mimicked by 2D monolayer 

cultures 3. The ECM, (e.g. collagen, laminin (LAM), hyaluronic acid, fibronectin (FN)) is a pivotal component of the 

tumor microenvironment and is tumor specific in composition and stiffness. Tumor ECM dictates growth, migration, 

invasion and maintenance of cell differentiation. Hence, further development of new 3D tissue culture models is 

needed towards understanding complex tumor behavior. 

Within the human body, neural tissue is one of the most difficult to mimic in vitro, as neuronal cells grow in a soft 

microenvironment. Therefore, it is a challenge to establish a 3D model possessing the mechanical as well as the 

biological properties of the brain. Available hydrogels are often instable and require improvement to attain a 3D brain 

tumor model 4. 

  

Experimental Methods 

Fiber-reinforced soft hydrogel matrices consisting of polycaprolactone (PCL) fibers were 3D printed using melt 

electrowriting (MEW) in order to achieve a substitute ECM with a stiffness and elasticity comparable to human neural 

tissue. These 3D microfiber-matrix composites synergistically increase the mechanical properties when compared to 

the individual scaffold or matrix 5. Additionally, scaffolds were functionalized with FN or LAM to improve cell 

adherence. GBM cells were grown in these soft MEW fiber-matrix composites and visualized by 

Immunocytochemistry using antibodies against MAP2 and Actin. RNA was isolated at different time points to test for 

scaffold-dependent changes of gene expression using quantitative real-time polymerase chain reaction (qRT-PCR) 

for the differentiation genes (MAP2, Nestin), tumor markers (Ki67, SNAI1) and ECM-receptors and proteins (ITGA5, 

ITGB1, CD44, RHAMM, RPSA, FN1). 

  

Results and Discussion 

Here, we present that MEW fiber-reinforced hydrogels provide a promising microenvironment for a 3D tumor model. 

Our data show that MEW scaffolds provide a physical support for adhesion and proliferation and facilitate in vivo like 
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tumor cell networks. We show that scaffold induced changes in the ECM drive mechanical properties, which promote 

initial tumor cell growth at Day 1 and 3 by increasing the expression of Ki67 and ECM-receptors (ITGA5, ITGB1, 

CD44, RHAMM), which could be further enhanced with scaffold functionalization. 

  

Conclusion 

We developed an in vitro 3D model based on MEW fiber-reinforced matrices, which helps to define the tumor 

microenvironment of GBM in vitro. Incorporation of MEW fiber scaffolds within a matrix makes it possible to culture 

GBM cells in a soft, in vivo like environment. Therefore, this model will help to further study the biology of primary 

and metastatic brain cancers.  
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3D model mimicking Glioblastoma in vitro 
3D reconstruction of confocal images. Cells were 

stained with Actin, Map2 and DAPI 
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III-OS12-05 

Use of Polymeric Doxorubicin Nanoparticles in Metastatic Oral Cancer 

Sabrina Marcazzan1,2, Elena M. Varoni1, Guodong Zhang2, Ali Dadbin2, Elvin Blanco2, Giovanni Lodi1, 

Haifa Shen2, Mauro Ferrari2 

1Università Degli Studi di Milano, Department of Biomedical, Surgical and Dental Sciences, Milan, IT; 2Houston 

Methodist Research Institute, Department of Nanomedicine, Houston, US 

Introduction 

Oral Squamous Cell Carcinoma (OSCC) represents 3-4% of all human cancers with a 5-year survival rate of 63%, 

which further decreases in the presence of distant metastases (DMs). In advanced stages, the combination of 

surgery, radiotherapy, and chemotherapy presents significant toxicity and does not reduce the incidence of DMs. 

Recently, an injectable nanoparticle generator (iNPG) loaded with polymeric doxorubicin (pDox) developed at the 

Department of Nanomedicine, Houston Methodist Research Institute reported higher in vivo anti-metastatic efficacy 

and less toxicity than free doxorubicin. The purpose of the present study was to evaluate in vitro the effects of pDox 

nanoparticles (NPs) in two metastatic oral cancer cell lines. 

  

Experimental Methods 

HSC-3 (JCRB0623) and HSC-3 M1 cell lines were cultured in DMEM plus 10% FBS and 1% penicillin-streptomycin. 

The novel HSC-3 M1 cell line derived from GFP/luciferase-transfected HSC-3-lung metastases reproduced in vivo. 

After the isolation, GFP+ tumor cells were selected by FACS and then named HSC-3 M1 cells.  pDox was synthesized 

as follows: hydrazide groups were conjugated to glutamic acid side chains of poly(L-glutamic acid) by means of an 

acid anhydride reaction, which occurred initially for 30 minutes at 4°C. Then the solution was placed at 25°C for 2 h. 

The polymer was synthesized dissolving 100 mg poly(L-glutamic acid hydrazide)-co-poly(L-glutamic acid) in 200 ml 

anhydrous methanol with the addition of 100 µl trifluoro-acetic acid. After that, doxorubicin hydrochloride was added 

and the final product was allowed to stir at 25°C for 2 days under Argon gas. pDox was then concentrated, dialyzed 

in methanol and purified by using Sephadex-LH20 (Amersham Pharmacia Biotech Co). pDox NPs were obtained by 

suspending pDox in DMF (10 mg/ml). pDox DMF solution was then resuspended in PBS and the size of the NPs was 

assessed in PBS using ZetasizerNano-ZS (Malvern Instruments).  

The cytotoxicity of pDox NPs on oral cancer cells was measured as follows: HSC-3 and HSC-3 M1 were plated in a 96-

well plate (3.5-4 x103 cells/well) and treated for different time points with different concentrations of free doxorubicin and 

equimolar amounts of pDox. After the treatment, cell viability was assessed by MTS assay. Cellular uptake of pDox 

NPs was then assessed by confocal microscopy in comparison to free doxorubicin: HSC-3 and HSC-3 M1 cells were 

seeded on 4-well chamber slides (2x104 cells per chamber) and treated with 5 µM of free doxorubicin or pDox at different 

time points. After the treatment, cells were fixed and stained with Alexa Fluor 488 phalloidin and DAPI. Z-stack confocal 

microscopy images (Olympus FluoViewTM FV1000) were then acquired and processed using ImageJ. In both treatment 

groups, doxorubicin was detected using the PI channel. Statistical analysis was performed using one-way ANOVA. 

  

Results and Discussion 

The average size of pDox NPs was 114.00 ± 7.32 nm. pDox NPs were significantly less cytotoxic than free 

doxorubicin at both time points in both cell lines (Fig. 1). More in detail, high concentrations of pDox NPs (0.5 and 1 

µM) significantly decreased cell viability in HSC-3 cells after 72 and 96 h of treatment. In contrast, 0.5 and 1 µM of 

pDox NPs exerted a significant cytotoxic effect in HSC-3 M1 cells only after 96 h of treatment (Fig. 1). Cellular uptake 
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of pDox NPs visualized by confocal microscopy was delayed compared to free doxorubicin in both cell lines. Co-

localization of Dox/DAPI occurred after 6 and 24 h of treatment in HSC-3 and HSC-3 M1 cells respectively (Fig. 2). 

  

Conclusion 

In conclusion, pDox NPs were able to effectively kill both cell lines as doxorubicin without any significant difference between 

HSC-3 M1 and the parental HSC-3 cell line. In addition, considering the direct targeting of pDox NPs against cancer cells, 

this delivery system would be promising to obtain less adverse effects than free doxorubicin, to be further ascertained in vivo. 
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Fig. 2. pDox NPs presented a delayed entry into 

the cells compared to free doxorubicin. 
Z-stack confocal images after 6 h of treatment 

with free doxorubicin and pDox NPs. Green and 

blue fluorescence represent the cytoskeleton and 

the nucleus respectively. Propidium iodide 

channel (red fluorescence) was used to detect 

doxorubicin in both treatment groups. The 

pink/purple fluorescence indicates doxorubicin 

localized within the nucleus. Scale bar 

represents 10 μm. 

 

 Fig. 1. pDox NPs were significantly less 

cytotoxic than free doxorubicin. 
Cytotoxicity assay results for HSC-3 and HSC-3 

M1 cells after 96 h of treatment with different 

concentrations of pDox NPs and free doxorubicin. 

Data are expressed as mean ± SEM.  * P ≤0.05 

and**P ≤0.01 by one-way ANOVA statistical 

analysis and post hoc Tukey test. 
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III-OS12-06 

Characterisation of oxidized alginate-gelatin hydrogels for breast 

tumour in vitro models 

Chen Zhao1, Lekha Shah1, Enrique Lallana2, Ayse Latif1, Kaye Williams1, Annalisa Tirella1,2, Ponpawee 

Pingrajai1 

1University of Manchester, Medicine and Health, Manchester Academic Health Science Centre, Division of 

Pharmacy and Optometry, Manchester, GB; 2University of Manchester, North West Centre for Advanced Drug 

Delivery (NoWCADD), Manchester, GB 

 
Introduction 

Tumour development is a complex process that depends on many variables; cellular interactions with the 

microenvironment and consequent re-modelling is believed to play a critical role. The principal variables of the tumour 

microenvironment (TME) are identified as tissue stiffness, oxygen homeostasis and interstitial fluid flow. Engineered 

in vitro models are emerging as alternative models to standard cell culture methods. Advantages of these are the 

possibility to integrate all principal variables of the TME trying to easy the study of tumour progression. An ideal 

biomaterial for tissue engineering (TE) should be adhesive, degradable and match the mechanical properties of the 

tissue of interest. Alginate is a biocompatible polysaccharide widely used for biomedical applications. However, 

alginate on its own presents some limitations when used for TE applications due to the absence of adhesion moieties 

and lack of degradability. Partially oxidized alginate (OA) hydrogels can address these limitations with successful 

use in tissue regeneration. In this study we report on a library of hydrogels combining OA and gelatin to mimic the 

properties of breast tissue during tumour development. These hydrogels have tunable properties (e.g. stiffness, 

adhesion ligand density) and are promising to study for cell-material interaction and assess markers variations during 

tumour progression. 

  

Experimental Methods 

Alginate was oxidized with NaIO4 (aq.) under standard reaction conditions to target oxidation degrees (OD) of 35% 

and 50%. OA was purified by dialysis against water and then freeze-dryed. The OD was determined indirectly by 

quantifying unreacted NaIO4 (triiodide-starch method). Aldehyde groups were measured by hydroxylamine assay; 

whereas amino groups were determined by ninhydrin assay. Hydrogels were formed mixing gelatin with OA in 

buffered saline solution (37°C; sterile); then swelling and stiffness were characterized. MDA-MB-231 breast cancer 

cells were cultured on selected hydrogels up to 7 days (25,000 cells/cm2). Change in proliferation was assessed by 

trypan blue assay; cell morphology was observed with image analysis (ImageJ); cell viability (Live/Dead) was 

observed with fluorescent microscope acquisition and whereas CD44/CD24 marker expression were assessed by 

flow cytometry. 

  

Results and Discussion 

Hydroxylamine assay showed that 2% wt. solutions of OA 35%OD and OA 50%OD contained sufficient aldehyde 

groups ( > 90 mM) to cross-link with primary amines (gelatin). The stiffness of hydrogels was found in the range of 

1-25 kPa (compressive tests), similar to stiffness values reported for human breast tissue (3-19 kPa). Stiffness values 

paralleled the concentration of both reagents and alginate OD. 

The stiffness of OA-gelatin hydrogels is proportional to concentration of both polymers and to OD. Hydrogels are 

biocompatible and allow cell growth. Morphology of cells varies between low (1-5 kPa, low LD) and high (15-20 kPa, 
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high LD) stiffness hydrogels. In the former it is round and dispersed, whereas in the latter cells exhibit a clustered 

phenotype (as shown in figure). Cell proliferation in high LD was greater than in lower LD, Live/Dead assay confirmed 

cell viability up to day 7 in selected hydrogels (data not shown). Metastatic markers variations as function of properties 

of biomaterials is also evaluated, showing an increase of expression of metastatic markers (e.g. CD44) with increase 

in stiffness. 

  

Conclusion 

The importance of using biomaterials and tissue engineering approaches to better mimic the tumour 

microenvironment is important in understanding biological processes and tumorigenesis. Tissue stiffness is known 

to increase during tumour progression, impacting on variation in cell phenotype and potentially on drug resistance. 

OA-gelatin hydrogels are promising biomaterials to model tumour progression in vitro and investigate cancer cell 

migration and response to stiffness. 

Engineered 3D in vitro models can be used to predict chemotherapeutics delivery and efficacy, with the potential to 

speed up the pre-clinical phase in the testing of medicines. 
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Hydrogel stiffness and breast cancer cell 

morphology 
A. Stiffness of alginate-based hydrogels 

(compressive elastic modulus); B. MDA-MB-231 

morphology as function of hydrogel stiffness. 
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4:45 p.m. – 6:15 p.m. 

Conference room 2+3 

YSF Grant Writing WS | YSF Grant Writing WS 

 

 

Organiser: “YSF Board and National Chapters”   

 

During the “YSF Grant writing workshop”, tips, tools and tricks on how to prepare a 

successful proposal will be shared by successful grant laureates. Starting from the 

selection of the proper call (European vs national projects; research grants vs individual 

fellowship), the speakers will propose the “key-stones” and the “to-do-list” for writing an 

efficacious and high-quality proposal. Experts in writing successful proposals and in the 

management of funded research projects will be, thus, invited to share their experience 

and knowledge with the young audience.   

 

The YSF presents an exciting opportunity for learning about European young researcher 

grants and the chances and pitfalls of starting their own research group – at first hand 

from two fantstic local experts: 
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8:30 a.m. – 9:15 a.m. 

Hall 3 + Hall 2 

PL2 | Plenary Lecture 2 
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PL2-01 

Enabling Biomaterials Translation: It’s not all about laboratory to 

bedside 

Abhay Pandit 

CÚRAM, Center for Research in Medical Devices, National University of Ireland, Galway, IE 

 
There is a traditional way of classification of research- basic and applied research. It is generally believed that basic 

research enables our understanding of disease or failures states. Applied research advances the development of 

technologies (such as biomaterials, implants)  based on our understanding of disease or failure mechanisms. The 

overall aim of translational research is to integrate advancements in material science, biology with clinical trials, 

taking research from the “laboratory-to-bedside”. This advancement in a very traditional sense means new implants 

or designs that enable better therapeutic outcomes. This paradigm does not account for constant feedback that 

allows for discovery of rational devices, resulting in improved efficacy of implants, and faster optimization for clinical 

use. This talk will focus deconstructing this paradigm and giving examples from the biomaterials world of what 

‘translation’ really should be.  
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PL2-02 

Examples of industrial and clinical transfers of research works on 

biomaterials 

Didier Letourneur1,2 

1Cardiovascular Bio-engineering - Laboratory for Translational Vascular Medicine - INSERM U1148 University 

Paris 13, Villetaneuse, FR; 2X Bichat Hospital, Université de Paris, Paris, FR 

 
Engineers, chemists, biologists, clinicians, entrepreneurs need to work collaboratively to develop new biomimetic, 

bioinspired, biofunctional medical devices. Three representative examples of clinical/industrial transfers from our 

research works performed in a large translational research center with multidisciplinary technological platforms will 

be presented : i) An expansible aortic ring for cardiac surgery in a 10-year follow-up multicenter clinical trial on 600 

patients, ii) A polymer-based system for targeted thrombus imaging at Phase IIa, iii) 3D porous GMP-grade scaffolds 

made of polysaccharides for bone engineering. For each of them, a different development scheme was adopted and 

will be presented. 
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9:15 a.m. – 10:00 a.m. 

Hall 3 + Hall 2 

GW AW | George Winter Award 
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GW-AW 

From Bone Replacements to Nanomedicine: a path in Biomaterials 

María Vallet-Regí1,2 

1Dpto. Química Inorgánica y Bioinorgánica, Universidad Complutense de Madrid, Instituto de Investigación 

Sanitaria, Madrid, ES; 2CIBER de Bioingeniería, Biomateriales y Nanomedicina, CIBER-BBN, Madrid, ES 

 
My work in the field of Biomaterials started in the 1990s. Back then, the study of bone replacement materials, bone 

repair solutions and the field of bioceramics deeply attracted my interest and were the main focus of our preliminary 

efforts. 

We focused our work in the synthesis of hydroxyapatite compounds, calcium phosphates, bioglasses, glass ceramics 

and hybrid materials. Although our first efforts were focused on obtaining materials eligible as tissue replacement 

solutions, in the 2000s we would start to design these materials also as potential drug delivery systems, attempting 

to reach a dual purpose. 

In the 2010s, we expanded our field of research from bioceramics towards nanomedicine. 

We are currently working in this field, particularly in three main bone issues: cancer, infection and osteoporosis. 

This particular path within the world of Biomaterials, as is the case with many other routes, has been defined by the 

meeting of very different disciplines, since a combined and multidisciplinary effort is the only answer to these complex 

issues. 
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10:30 a.m. – 12:00 p.m. 

Hall 3 

IV-SY6 | RSC Biomaterials Science Lectureship 

Neil Hammond (Cambridge, UK) 

 

Biomaterials Science, published by the Royal Society of Chemistry, and the official journal 

of the ESB, explores the science of biomaterials as well as their translation towards clinical 

use. In this special session, Biomaterials Science Editor-in-Chief will shed light on the role 

of biomaterials in controlling immune response, and the recipient of the 2019 Biomaterials 

Science Lectureship, April Kloxin (University of Delaware) will present her research into 

the role of the extracellular matrix in cell activation.  

The prestigious Biomaterials Science Lectureship is awarded annually, recognising an 

early career researcher who has made a significant contribution to the field through his/her 

independent research. Previous winners are Zhen Gu (2018), Zhuang Liu (2017), Fan 

Yang (2016), Joel Collier (2015), and Suzie Pun (2014). 
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IV-SY6-KL01 

New frontiers in biomaterial research: engaging the immune system 

Jennifer H. Elisseeff 

Johns Hopkins University School of Medicine, Baltimore, US 

 
 

The immune system is the first responder to trauma and foreign bodies such as biomaterials, yet this response and 

its capacity to orchestrate tissue repair has been largely ignored in tissue engineering research.Translating tissue 

engineering technologies to the clinic for multiple clinical applications, we discovered unexpected responses from 

the adaptive immune system. We are now comparing the immune profile of biomaterials and wounds that repair 

versus those that succumb to fibrosis and tissue degeneration to design regenerative immunotherapies. These 

results are informing immunotherapy design to both promote tissue repair and remove inhibitory factors that are 

limiting biomaterial integration and new tissue growth. 
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IV-SY6-KL02 

Designing and applying synthetic extracellular matrices with multiscale 

property control to probe key regulators of cell function and fate 

April M. Kloxin 

University of Delaware, Chemical and Biomolecular Engineering and Materials Science & Engineering, Newark, US 

 
 

The structure, mechanical properties, and biochemical content of the microenvironment of cells in the human body, 

particularly the extracellular matrix (ECM), are increasingly recognized as drivers, not simply consequences, of 

cellular responses to remodeling events, including upon injury or aging.  Well-defined synthetic mimics of the ECM 

have emerged as useful tools for probing cellular responses to such complex processes.  In particular, increasing 

collagen content and crosslinking upon tissue remodeling is thought to be key in the activation of wound healing 

cells, such as fibroblasts, and tumor cells, such as breast cancer cells, at both primary and secondary sites; yet, 

mimicking these microenvironments for studying these complex processes in vitro remains challenging.  To address 

this, we have created well-defined, hydrogel-based synthetic ECMs formed by light-mediated thiol–ene click 

chemistry that integrate modular building blocks for control of matrix nanostructure, mechanical properties, and 

biochemical content and applied them for probing cell responses initially and over time in collagen-rich 

microenvironments.  Synthetic matrices with homogeneous nanostructure were formed by photoinitiated step growth 

polymerization of multi-arm poly(ethylene glycol) functionalized with thiols and cell-degradable peptides 

functionalized with alkenes (allyloxycarbonyl (alloc)-protected lysine).  Hierarchical nanostructures reminiscent of the 

native ECM were incorporated within these materials using assembling peptides, specifically unique multifunctional 

collagen mimetic peptides (mfCMPs) based on non-natural variants of Proline-Hydroxyproline-Glycine repeats 

[(POG)n] and decorated with alloc reactive groups for integration of nano- and micro-scale fibrils within the synthetic 

matrix.  We have applied both the homogeneous and hierarchically-structured matrices for controlled three-

dimensional (3D) cell culture to study the role of microenvironment cues in cell activation during disease 

progression.  Specifically, activation of breast cancer cells and fibroblasts in response to microenvironment cues is 

being examined with these synthetic ECMs toward a better understanding of metastatic disease and fibrosis, 

respectively.  This talk will highlight key observations of these studies, providing both new tools for 3D culture 

applications and insights into regulators of cell activation in these complex processes. 
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IV-SY6-03 

Antibacterial efficacy of nitric oxide releasing hydrogels on 2D and 3D 

human skin models 

Robert C. Deller1, Jenny Aveyard1, Rachel L. Williams2, Raechelle A. D'Sa1 

1University of Liverpool, School of Engineering, Liverpool, GB; 2University of Liverpool, Institute of Ageing and 

Chronic Disease, Liverpool, GB 

 
Introduction 

The healing of burn wounds are hindered by bacterial infections which can lead to increases in morbidity and mortality 

rates.[1, 2] This problem is exacerbated by the rise in multidrug resistant bacterial strains that limit the efficacy of 

antibiotics.[3] Alternative approaches such as nitric oxide have shown promise as potent and broad-spectrum 

antimicrobial agents which can interact with DNA, lipids and proteins thereby killing the bacteria.[4] Nitric oxide also 

serves as a signalling molecule that can stimulate the immune response and wound healing processes.[5] Here we 

investigate the antimicrobial efficacy of nitric oxide releasing materials against Staphylococcus aureus and a secreted 

extracellular protease (V8 protease) capable of disrupting epithelial barrier function.[6, 7] 

  

Experimental Methods 

A variety of standardised biophysical techniques and commercially available in vitro biochemical assays have been 

utilised to characterise the physical and chemical properties of our nitric oxide releasing materials (e.g. 

chemiluminescence) and their efficacy against S. aureus (ATTC®25923) and V8 protease. Subsequent impact on 

cell viability (e.g. alamar blue) and cell functionality (e.g. transepithelial electrical resistance) utilised HaCaT (skin 

keratinocyte) and WS1 (skin fibroblast) human cell lines co-cultured on 1 µm Polyethylene Terephthalate (PET) 

membranes. 

  

Results and Discussion 

Here we demonstrate a pH mediated burst release of nitric oxide from diazeniumdiolate functionalised hydrogels 

over a 24 hour period. Diazeniumdiolate functionality was confirmed by FT-IR and pH mediated nitric oxide release 

via chemiluminescence. The bactericidal efficacy of our nitric oxide releasing materials was assessed directly against 

S. aureus at several initial seeding densities and time points. Activity against the S. aureus secreted V8 protease 

was determined by changes in the rate of proteolytic cleavage of a fluorescently labelled tripeptide and changes in 

the transepithelial electrical resistance of co-cultured HaCaT and WS1 cells on 1 µm PET membranes. Subsequent 

viability (e.g. Live/Dead) and barrier functionality (e.g. zonula occuldens-1 immunostaining) assessments against co-

cultured skin keratinocytes (HaCaT) and skin fibroblasts (WS1) highlight the biocompatibility of our nitric oxide 

releasing materials. Preliminary work has also explored the utilisation of our nitric oxide releasing materials against 

a wounded and subsequently S. aureus infected 3D human skin equivalent (Labskin1.1). Current work is focussing 

on the administration of S. aureus to our co-cultured systems and subsequent treatment with our nitric oxide releasing 

materials to assess concurrent antimicrobial and functional activities. 

  

Conclusion 

pH responsive nitric oxide releasing materials are capable of acting as a potent antimicrobial agents against S. aureus 

without detrimental impact to the viability and functionality of multiple human skin cell types. 
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TEMPO Oxidation of Hyaluronic Acid for Stable Hydrogel Formation via 

Schiff Base Chemistry 
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Introduction 

Due to fast development of the field of biofabrication, suitable printable hydrogels are highly demanded as bioinks 

for 3D printing. Biomaterials for the preparation of such printable hydrogels must show appropriate rheological and 

mechanical properties during and after the printing process as well as biocompatibility and biodegradability.[1] Several 

biopolymer based hydrogels already accomplish the biological requirements since they are of natural origin and often 

partially components of extracellular matrices of animals or plants. After their extraction, most biopolymers need a 

chemical cross-linking to form mechanical stable hydrogels, for example via thiol-ene or Schiff Base chemistry[2-3]. 

For Schiff Base chemistry, hyaluronic acid (HA) is commonly oxidized by sodium periodate to generate dialdehyde 

functionalization via a ring opening mechanism. During the oxidation reaction, massive degradation of the HA chains 

occurs and the achieved degree of oxidation (DO) is quite low. In this study, we investigated an alternative oxidation 

of the primary alcohol of HA without ring opening reaction to preserve the backbone of the HA chain and to maintain 

a sufficient quantity of aldehyde groups for hydrogel formation. 

  

Experimental Methods 

Tert-butylammonium hyaluronate (TBA-HA) was generated from sodium hyaluronate using tert-butylammonium 

laden Dowex® 50WX8. Oxidation of the primary alcohol of TBA-HA was then performed in DMF, using2,2,6,6-

Tetramethyl-piperidinyloxyl (TEMPO, catalytical amounts) and trichloroisocyanuric acid (TCC, 0.76, 0.5 and 0.25 eq.) 

as oxidation reagents. The mixture was stirred with sodium hydrogen carbonate for 4 h and then dialyzed against 

150 mM NaCl solution and then H2O for 4 d in total. The product was obtained after freeze drying. 

To analyze the achieved extent of oxidation, a tert-butylhydrazine (TBH) assay was established, which was 

performed in water and with sodium cyanoborohydride as reducing reagent for the formed hydrazone. The DO could 

be calculated via NMR spectroscopy. 

To investigate the degradation of the biopolymer, gel permeation chromatography (GPC) was performed using a 

system from Malvern, equipped with refractive index detection as well as a light scattering detector. Millipore water 

with 8.5 g/l sodium nitrate and 0.2 g/l sodium azide was used as solvent and eluent. 

For hydrogel formation, various concentrations of polymer solution with PBS containing high (HMW) or low (LMW) 

molecular weight aldehyde containing HA (AHA) was cross-linked with 0.1 % (w/w) adipic acid dihydrazide (ADH) 

solution with a molar ratio of aldehyde : hydrazide = 1:1. 

Human bone marrow-derived mesenchymal stromal cells (hMSC) were embedded into hydrogels with 3 % (w/w) 

AHA and cultivated for at least 7 d in vitro and cell viability was analysed. 

  

Results and Discussion 

GPC measurements proved increasing biopolymer degradation with higher equivalents of oxidation reagent TCC. At 

the same time, a high DO was achieved with all equivalents of TCC (~ 73 %). The hydrogels formed with HMW-AHA 

were mechanically much more stable than LMW-AHA hydrogels with increasing Young’s modulus at higher 
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concentrations and continued storage in PBS. Live-dead-staining showed good cell viability of encapsulated hMSCs 

after 7 d of in vitro culture. 

  

Conclusion 

The TEMPO/TCC oxidation generated AHA with high DO. Hydrogels with high Young’s modulus were formed and 

they showed acceptable biocompatibility. However, this material is not suited for bioprinting yet due to its fast gelation 

time and high mechanical stability. Other cross-linkers, for example multifunctional polymers, might improve shear 

thinning properties of the material or a proper printing construction could enable the use as a bioink. 
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Cell Viability 
Live-dead-staining of hMSC after 7 d of in vitro 

culture: viable cells were labelled green with 

calcein-AM and dead cells were labelled red with 

EthD-I 

 

Mechanical Stability 
Young’s modulus of hmw-AHA (2-4 wt-%) and lmw-

AHA (6-10 wt-%) 
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TRS-SY1-01 

Additive Manufacturing of patient-specific implants – technological 
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1Fraunhofer Institute for Material and Beam Technology IWS Dresden, Germany;  2TU Dresden, Dresden, 
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Additive manufacturing (or often called 3D printing) is considered as one of the current century’s disruptive 

technologies. AM of polymers and particularly of metals is currently paving its way into industrial applications at high 

pace. Medical applications have been at the forefront over the last years, and the most striking field are: bio-printing 

of tissues and organoids, 3D-printed models for surgery preparation, 3D printing of surgical instruments and custom-

made prosthetics1. The focus of this presentation is on in-vivo and in-vitro applications of additive manufacturing with 

an emphasis on the entire processing chain, from part design to fabrication and post-processing, including surface 

functionalization. 

The presentation will highlight recent developments in AM related to different processes, materials and part 

sizes/geometries. Unlike any other manufacturing technology, AM of high quality parts requires an in-depth 

understanding of the close relationship between the AM process, the material and the resulting component 

properties. On the other hand, AM offers unrivaled possibilities to produce patient-specific, highly individualized parts 

and functionalities.  As a matter of fact, customized hardware, online diagnostics and control systems are required 

for robust processing of AM.  Moreover, part quality must be checked and guaranteed every time which is particularly 

challenging when only small lot sizes (down to 1) are considered.  

Moreover, surface functionalization of technical surfaces is regarded as one of the most important current innovation 

tools in laser manufacturing. Surfaces with well-defined features (e.g. periodic micro structures) have shown to exhibit 

outstanding properties. The design of these textured surfaces often follows a biomimetic approach inspired by living 

organisms which developed over time through natural selection and evolution. One manufacturing method is Direct 

Laser Interference Patterning (DLIP). The efficient production of these versatile patterns still represents one of the 

greatest technical challenges today in the development of new customized surface functionalities. DLIP has been 

identified as an outstanding technology for the efficient fabrication of tailored surface structures, in the range from 

0.1 up to 20µm (Figure 1c) with an effective patterning speed of about 15 square meters per minute. 

 
  

 
1 Allie Nawrat, www.medicaldevice-network.com 



ESB 2019 | Abstract Booklet 

Wednesday, 11 September, 2019 

 

Page 249 of 1893 

10:30 a.m. – 12:00 p.m. 

Hall 4 

IV-OS13 | Bioactive materials for bone 

regeneration 1 

 

 

  



ESB 2019 | Abstract Booklet 

Wednesday, 11 September, 2019 

 

Page 250 of 1893 

IV-OS13-KL01 

Calcium alkali orthophosphate-based bioactive bone grafting materials 

and 3D printed scaffolds for bone tissue engineering stimulate 

osteogenesis and facilitate bone repair in vivo – Translational research 

in craniofacial surgery and implant dentistry 

Christine Knabe-Ducheyne1, Georg Berger2, Renate Gildenhaar2, Jens Günster2, Michael Stiller1 

1Philipps-University Marburg, Department of Experimental Orofacial Medicine, Marburg, DE; 2Federal Institute for 

Materials Research and Testing, Laboratory for Biomaterials, Berlin, DE 

For alveolar ridge augmentation bone substitute materials are extensively studied in order to avoid harvesting 

autogenous bone. Given the clinical findings with current bone grafting materials there continues to be interest in 

bone substitute materials which degrade more rapidly, but still stimulate osteogenesis at the same time. This has led 

to the synthesis of rapidly resorbable calcium alkali orthophosphate (CAOP) materials which exhibit a greater 

biodegradability than β-tricalcium phosphate (TCP). 

In order to evaluate the osteogenic potential in vitro, we examined the effect of various CAOPs on osteoblastic 

differentiation in vitro as compared to the currently clinically used materials TCP and bioactive glass 45S5. 

In order to correlate the in vitro results with in vivo performance, we subsequently examined the effect of the same 

selection of bioactive ceramics (previously studied in vitro) on osteogenic marker expression and bone formation 

after implantation in the sheep mandible and sinus floor in vivo. 

Among the various test materials the silica containing CAOP (Si-CAOP) material GB9 displayed the greatest 

stimulatory effect on osteoblast differentiation in vitro and in vivo as well as on bone formation in vivo. Subsequently, 

studies to characterize the cell adhesion and intracellular signalling mechanism leading to this stimulatory effect on 

osteogenesis followed. Collectively, the data generated in these various studies led to FDA approval of this SI-CAOP 

in 2013. 

Furthermore, we also correlated the findings from the preclinical in vivo animal studies with in vivo data from clinical 

studies, in which the effect of various calcium phosphate particulate bone grafting materials with varying porosity on 

bone formation and on osteogenic marker expression in biopsies sampled six months after sinus floor augmentation 

(SFA) was studied, thereby rendering valuable insight in the performance of these materials in the human case as 

well as establishing a clinical study model for controlled clinical studies, which are required for taking novel bone 

grafting materials to the clinical area in an evidence-based fashion. A first clinical study which evaluated the effect of 

this Si-CAOP (commercial name: Osseolive®) 6 months after SFA on bone formation as compared to TCP 

demonstrated significantly greater bone formation and resorption of the Si-CAOP in the apical area of the biopsies, 

i.e. at the greatest distance from the native bone, when compared to TCP. 

A bone tissue engineering project employed 3D printed Si-CAOP scaffolds and a perfusion flow cell seeding and 

culture technique, and dealt with generating a 3D printed tissue engineered synthetic bone graft with homogenously 

distributed osteoblasts and mineralizing bone matrix in vitro, which thereby mimics the advantageous properties of 

autogenous bone grafts rendering it an excellent candidate for subsequent in vivo implantation for reconstruction of 

segmental discontinuity bone defects. These constructs were then used in combination with a microvascular 

technique for repair of critical-size segmental discontinuity defects in a femoral rat model. Histomorphometric, 

immunohistochemical and angio-µCT analyses rendered this concept an excellent tissue engineering approach for 

achieving excellent vascularization and repair of critical-size segmental discontinuity defects in vivo. 
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Laboratoire d’Anatomie et Cytologie Pathologiques, Lille, FR 

Introduction 

Biphasic calcium phosphate (BCP) bioceramics have great potential for applications as a bone substitute because 

of their excellent chemical bone-bonding ability and higher bioresorption property. As a promising substitute for bone 

defect repair, a scaffold also has to address the appropriate surface property and 3D structural characteristics for cell 

adhesion, proliferation, and differentiation. 3D printing methodology is an excellent 3D scaffold building approach to 

support effective and fast patient-specific fabrication of individual complex bone substitutes. Here, we aimed to 

elaborate a 3D printed BCP scaffold (3D-BCP), and evaluate its biocompatibility and bone repair efficacy in vitro 

andin a rabbit cranial maxillofacial critical-size bone defect model. 

  

Experimental Methods 

The implantable disk samples were fabricated by a custom-designed CryoCeram 3D printer from synthetized BCP 

powder (40 wt% HA / β-60 wt% TCP). The biological effect of (regarding the cell adhesion and proliferation) of 3D-

BCP on pre-osteoblast cell lines (MC3T3-E1) was assessed in vitro. To further explore the osteoinductivity and 

osteoconductivity of 3D-BCP in vivo, the 3D printed BCP scaffold were implanted into a standardized critical-size 

bone defect model: Ø10 mm defect in the skull and bi-cortical defect (Ø11×6 mm) in the mandible of the same rabbit 

(Figure 1). No scaffold was implanted into the sham group, and autologous bone debris was implanted as positive 

control. X ray micro-CT (µCT) imaging and 3D reconstruction, and bone histological evaluation were performed on 

the harvest bone sample at 4 and 12 weeks after surgery. 

  

Results and Discussion 

The obtained results of in vitro study confirmed the biological activity and cytocompatibility of 3D-BCP scaffold by 

promoting the adhesion and the proliferation of pre-osteoblast cells. In vivo, acquired µCT images and the bone 

volume density (BV/TV ratio) revealed (Figure 2) that the printed BCP scaffolds enhanced regeneration of the bone 

defects and accelerated defect healing compared with sham group, in which no scaffold was implanted, still had a 

lack of newly formed bone at 12 weeks. µCT results also revealed that some newly formed bone had penetrated into 

the pores of the 3D-BCP scaffolds. In agreement with µCT analysis, histological HE bone staining confirmed this 

observation, and indicated that the newly formed bone surrounding the 3D-BCP scaffolds was firmly attached. 

Moreover, inflammatory cell infiltration was absent at the bone/scaffold interface, which indicates the absence of a 

foreign body reaction and confirming the good biocompatibility of 3D-BCP scaffolds. 
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Conclusion 

This study showed that the tested 3D printed BCP scaffolds with desired shapes and internal structures exhibited a 

good bioactivity and biocompatibility in vitro and in vivo, and promoted appropriate new bone formation in vivo. Future 

study will focus on incorporating bioactive factors (platelet-rich fibrin) and osteoprogenitor cells to enhance the 

osteoconductive and osteoinductive stimuli for better repair of bone defects. 
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Figure 2 
3D reconstructions of micro-CT image to 

visualize the healing of critical-size bone 

calvarial defects in the rabbit model and 

osteogenic analysis (BV/TV ratio) at 1 and 3 

months after implantation of scaffolds. Defects 

were implanted with 3D-BCP scaffolds, autologous 

bone (autograft), or no scaffold (sham). 

 

 

Figure 1 
Schematic representation of rabbit cranial and 

mandibular bone defects and 3D-BCP scaffolds for 

implantation. 
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Introduction 

Magnesium alloys are of particular interest for the application as biodegradable metallic implants. Due to their 

strength and the similarity of Young´s modulus to that of bone, they may be suitable for the use as load bearing 

biodegradable implants that support healing of bone defects. However, the major disadvantage of magnesium alloys 

is the rapid corrosion attack and the related hydrogen production in aqueous solution. Therefore, a slow degrading 

alloy is required. This study investigates the degradation behavior and biocompatibility of the two open-pored 

magnesium scaffolds LAE442 and La2 in vivo. 

  

Experimental Methods 

Cylindrical open-pored magnesium scaffolds (diameter 4 mm, length 5 mm) made of the alloys LAE442 (4 wt.-% Li, 

4 wt.-% Al, 2 wt.-% rare earth) and La2 (2 wt.-% La) were fabricated via investment casting and then coated with 

MgF2 (1). Porous ß-tricalcium phosphate implants of the same dimensions served as control group. The scaffolds 

were inserted into the cancellous bone of the greater trochanter of both femurs of adult, female rabbits (n = 60) for 

implantation periods of 6, 12, 24 and 36 weeks. After euthanasia the bone-scaffold-compounds were harvested and 

embedded in Technovit 9100. Cross sections of ≈ 80 µm were produced and stained with toluidin blue for histological 

examination. Selected cross sections were investigated using scanning electron microscopy (SEM) and energy 

dispersive X-ray spectroscopy (EDX) analysis. 

  

Results and Discussion 

La2 scaffolds showed a faster degradation rate than LAE442 scaffolds with stronger hydrogen release and fewer 

bone-scaffold-contacts in week 6 and 12. In addition, partially fibrous capsule formation occurred around La2 

scaffolds. After 24 weeks of implantation, the La2 samples were completely degraded, resulting in a loss of structure 

with only a few scaffold residues left surrounded by mineralized bone and granulation tissue. The degraded La2 

material was phagocytosed by macrophages and some foreign body cells that accumulated in distinct clusters at the 

center of the implant site. Furthermore, EDX analysis revealed an increased content of lanthanum within these cell 

accumulations. The LAE442 samples maintained their structural integrity and showed increasing ingrowth of 

unmineralized bone into pores and gas production up to week 36. A deposition of calcium and phosphate was 

detected in the superficial degradation layers of LAE442. The control group degraded rapidly and trabeculae and 

bone marrow had grown in by week 6. 
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Conclusion 

LAE442 scaffolds exhibited a slower degradation and better integration into cancellous bone than La2 scaffolds and 

seem more suitable for the application in load bearing bone. However, new bone formation within pores of LAE442 

scaffolds was partly impaired due to insufficient bone mineralization. This may be caused by persistent gas 

production or high exposure to certain remaining alloy components, such as rare earth metals or aluminum (2, 3). 

Therefore, the degradation of LAE442 has to be further adjusted by additional coatings, or a new rare 

earths/aluminum-free magnesium alloy has to be developed. 
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Introduction 

Barrier membranes are standard biomaterials for guided bone/tissue regeneration (GBR/GTR) in Oral & Maxillofacial 

Surgery. For many non-load-bearing procedures bioresorbable collagen membranes can be applied, while special 

indications such as high-volume defects can call for volume-stable membranes. Up to now, the available volume-

stable membranes consist of non-resorbable materials and require surgical removal upon completion of therapy. Yet, 

an optimal volume-stable barrier membrane should combine structural and biodegradative properties. Due to its 

strength, biocompatibility and complete degradation in aqueous environments, magnesium represents an ideal 

biomaterial for the development of support structures for barrier membranes, which could overcome the challenges 

of stability deficiencies and material removal. Its premature degradation behavior however, requires a strategy to 

delay hydrogen release and to ensure biocompatibility. 

The aim of this work was the in vivo investigation of a volume-stable barrier that combines a collagen membrane with 

a magnesium mesh that was coated with hydrofluoric acid (HF) for control of hydrogen release as well as the 

degradation process. 

  

Experimental Methods 

In 18 rabbits, four circular calvarial defects were created and randomly covered by collagen membranes reinforced 

with magnesium meshes that were uncoated or coated via HF or a pure collagen membrane, respectively. One defect 

was left empty and served as control. The explants were examined by digital volume tomography (DVT), contact 

radiography, histology and histomorphometry for bone regeneration after 6, 12 and 18 weeks. Moreover, the 

degradation behavior of the membranes, with special focus on the coating of the Mg meshes including 

histopathological observation of the related tissue reactions and the development of hydrogen gas cavities, was 

qualitatively and quantitatively analyzed. 

  

Results and Discussion 

Differences regarding bone regeneration in all groups and at all time points were found to be not significant (p>0.05). 

The two variants of the magnesium-reinforced membranes were detectable until the end of the observation period, 

whereas the collagen membrane was not observable. In defects covered by the magnesium-reinforced membranes, 

residuals of the meshes were observed. Up to 12 weeks the coating was degraded by mononuclear phagocytes, 

while the uncoated magnesium meshes elicited a fibrosis-like tissue reaction. As of 18 weeks after implantation, the 

tissue reaction in both groups were similar. Both magnesium meshes were associated with gas cavities, while they 

decreased over time and were not further detectable after 18 weeks. Interestingly, no interference of the observed 

gas cavities with bone regeneration was notable. Moreover, the histomorphometrical analysis revealed that the size 
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of gas cavities was significantly lower in the group of the HF-coated magnesium meshes up to 6 weeks after 

implantation. 

  

Conclusion 

The results show that the magnesium-reinforced membrane allows for regenerative properties comparable to a 

simple collagen membrane. Moreover, hydrogen release is prevented by HF-coating of the magnesium mesh up to 

6 weeks and the HF-coating was degraded up to 12 weeks involving phagocytes such as macrophages.Altogether, 

HF-coated magnesium meshes combined with collagen-based barrier membranes might represent an ideal volume 

stable alternative to conventional non-resorbable membranes.Thus, the new developed membrane can be classified 

as optimal equivalent for GBR/GTR therapy. 

  

 

Quantitative analysis of hydrogen gas cavities 
Gas cavity surface in µm2for uncoated (Mg; 

black) and HF-coated (Mg-HF; blue) magnesium 

after 6 and 12 weeks. HF-coated magnesium meshes 

show significantly lower gas cavity development 

compared to untreated magnesium meshes (**: 

p<0.05) up to 6 weeks after implantation. Gas 

cavity dimension of untreated magnesium meshes 

shows to be reduced significantly after 12 weeks 

(·: p<0.05). 

 

 

Histopathological observations of tissue 

reactions 
Representative images of Masson-Goldner (A, F) 

and Von Kossa (B, C, D, E) staining (40x) of 

implantation site (scalebar=20 µm) at 6, 12 and 

18 weeks. Left for untreated (Mg) and right for 

HF-treated (Mg#) magnesium. Gas cavity formation 

and fibrotic capsule forming (black star) are 

visible at all times. The HF-coated mesh was 

mainly degraded by mononuclear cells (yellow 

arrows) up to 12 weeks, while the uncoated 

magnesium meshes elicited a fibrosis-like tissue 

reaction showing fibroblast accumulation (black 

arrows). Starting from 18 weeks after 

implantation, the tissue reaction in both groups 

were similar. 
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Introduction 

The prevalence of osteoarthritis is on the rise and effective treatments for cartilage defects are still being sought [1]. 

Cartilage tissue in vivo encompasses complex structures and composition, both of which influence cells and many 

properties of the native cartilage. The extracellular matrix structure and components provides both morphological 

cues and the necessary signals to promote cell functions [1]. Moreover, the accumulation of reactive oxidative 

species (ROS) has been linked to the pathogenesis of osteoarthritis. Overproduction of ROS can damage cell DNA, 

impair the production of proteins and promote apoptosis. Vitamin E, an antioxidant which provides protection against 

ROS, is known for its chondroprotective effects when supplemented into culture media [2-3]. The aim of this study 

was to investigate the effect of multizone scaffolds, made through the combination of cryo-printing and 

electrospinning, on chondrocytes and protective effect of vitamin E incorporated Polycaprolactone (PCL) scaffolds 

against hydrogen peroxide induced oxidative stress. 

  

Experimental Methods 

Multizone scaffolds consist of three different zones (Fig 1A). The bottom helix scaffold was fabricated using cryo-

printing, which involves printing of an 8% w/v PCL/1, 4-Dioxane solution directly onto a cold plate set at -40oC. The 

middle and top electrospun layers are composed of randomly orientated and aligned electrospun fibers, respectively 

(8% w/v PCL and HFIP). Multizone scaffolds were seeded with primary human chondrocytes and cultured for 24 

hours, 1, 3 and 5 weeks. Vitamin E scaffolds were fabricated, using electrospinning, at two concentrations: 200µM 

vitamin E in 8% PCL w/v in HFIP and 500µM vitamin E in 10% PCL w/v in HFIP. Vitamin E scaffolds were seeded 

with chondrocytes for 24 hours, 3 and 6 day time points. Scaffold morphologies was assessed using scanning 

electron microscope (SEM) and mechanical properties of all scaffolds were evaluated. Biochemical quantification 

and gene expression were analysed at all time points. The antioxidant capacity of vitamin E scaffolds were 

determined using a hydrogen peroxide detection assay. 

  

Results and Discussion 

Multizone scaffolds successfully mimic the collagen fiber orientation of the native cartilage. Moreover, chondrocyte 

seeded multizone scaffolds demonstrated the ability to support long-term chondrocyte attachment and survival over 

a 5 week culture period (Fig 1). Furthermore, chondrocyte seeded multizone scaffolds were found to regulate 

expression of key genes in comparison to the controls, as well as allowing the production of glycosaminoglycans. 

Compressive Young’s modulus evaluation revealed that multizone scaffolds possess suitable mechanical properties 

similar to that of the native cartilage in comparison to the controls. All vitamin E scaffolds display a fibrous architecture 

which allowed cellular attachment and viability. Vitamin E scaffolds exhibited antioxidant capabilities which were 

noted through the reduction of hydrogen peroxide (Fig 2). Moreover, trends in the expression of key genes and DNA 

quantification were also noted. 
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Conclusion 

Multizone scaffolds provide a viable initial platform which captures the complex structure and compressive properties 

of the native cartilage, as well as maintain chondrocyte phenotype and function, highlighting it’s potential in cartilage 

tissue engineering applications. In specific, multizone scaffolds influence gene expression of chondrocytes as 

demonstrated by the expression of Collagen II and Aggrecan. Hybrid PCL/vitamin E scaffolds were successfully 

fabricated using electrospinning which supported cell attachment and viability. These scaffolds also displayed 

antioxidant capabilities, as shown through the reduction of hydrogen peroxide and the modulation of lactate 

dehydrogenase, an oxidative stress marker. Future long-term studies with bioactive multizone scaffolds are needed 

to determine the full potential of these scaffolds. 
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Figure 2: 
(A) All scaffolds display a fibrous 

architecture. (B) Antioxidant capabilities of 

vitamin E scaffolds noted through the reduction 

of hydrogen peroxide in the culture media after 

24 hours. 

 

 

Figure 1: 
(A) Illustration of the various layers of the 

multizone scaffold. (B) Chondrocytes attached on 

multizone scaffold at 24 hours. (C) Gene 

expression of multizone scaffolds. 
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Hall 5 

IV-SY7 | Adaptive functional biomaterials 

Manfred Maitz (Dresden, DE) 

Carsten Werner (Dresden, DE) 

 

Living tissues are regulated by multiple molecular feedback systems. Current biomedical 

implants and drug delivery systems lack such interactive properties and often impair the 

function of these fine-tuned systems. The development of biomaterials capable of 

adapting their bioactive functions in faithful response to the physiological status of the 

recipient’s organism will create unprecedented possibilites for future medical devices. This 

session will cover recent related approaches to adaptive functional materials targeting 

various different applications. 
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IV-SY7-KL01 

Sequence-Encoded Peptide Pigment Materials 

Ayala Lampel1,2, Scott A. McPhee2, James Aramini2, Ye He2, Rein V. Ulijn2,3,4 

1Tel Aviv University, School of Molecular Cell Biology and Biotechnology, George S. Wise Faculty of Life Sciences, 

Tel Aviv, IL; 2City University of New York (CUNY), Advanced Science Research Center (ASRC) at the Graduate 

Center, New York, US; 3City University of New York, Hunter College, Department of Chemistry, New York, US; 
4Graduate Center of the City University of New York, Ph.D. program in Biochemistry and Chemistry, New York, US 

Biological systems employ a precise spatiotemporal control of enzymatic catalysis for construction of functional 

materials. This control is achieved by supramolecular templating of biocatalytic action or by compartmentalization of 

enzymes and reactants in confined spaces within the cell. Construction of functional synthetic materials, by contrast, 

is mostly focused on formation of bulk structures, with spatial and temporal elements only recently considered. A 

natural system which requires such regulation is the biosynthesis of melanins, a class of pigments found across all 

life forms and provide coloration, protection from photo- and free radical-induced cell damage, metal chelation and 

anti-oxidant activity1. While these pigments are made from chemically simple building blocks, their biosynthesis and 

assembly relies on tightly regulated processes, which are both temporally and spatially controlled2 and further fine-

tuned by incorporation of locally available metabolites. In contrast, the laboratory-based synthesis of melanin is a 

poorly controlled process resulting in formation of an insoluble material. Unlike supramolecular systems, where order 

dictates function, the disorder in melanin is important for its functionality, hence, balancing between order and 

disorder is key for controlling pigment properties. 

To address this major challenge, we designed tyrosine-containing self-assembling tripeptides as precursors for the 

catalytic formation of polymeric pigments3. We showed that the supramolecular order of peptide substrates is 

encoded by their sequence4, and demonstrated the sequence-structure relationships underlying these assemblies. 

The level of supramolecular order, in turn, controls substrate accessibility, leading to a sterically and kinetically 

controlled enzymatic oxidation and polymerization pathway, resulting in pigment materials with a range of properties, 

depending on the peptide sequence. Furthermore, inspired by the natural mechanism to form variety of melanin 

pigments, which simply relies on reactive incorporation of the amino acid cysteine into oxidized tyrosine, we 

contemplated that the optical properties of melanin-like pigments can be expanded and tuned. For this, we developed 

melanosome-like peptide microparticles as reactive template that can react with amino acids to form new types of 

chromophores. Thus, mimicking firstly the natural brown/black eumelanin and the yellow/red pheomelanin with 

cysteine added, but then taking it much further by including other amino acids in the feed, giving rise to in situ 

formation of new peptide chromophores5. The resulting particles have customizable properties that mimic, but go far 

beyond those observed in natural melanins, with coloration and tunable fluorescence emission that is encoded by 

the side-chain of the incorporated amino acid, ranging from blue to far-red, suggesting applications in sensing of 

amino acids and other metabolites. 
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IV-SY7-KL02 

Leverage Physiology for Bioresponsive Cancer Immunotherapy 

Zhen Gu, Qian Chen 

University of California, Los Angeles, Bioengineering, Los Angeles, US 

Introduction 

Cancer recurrence after surgical resection remains a significant cause of treatment failure1,2. Here, we developed an 

in situ formed immunotherapeutic bioresponsive gel, that controls both local tumor recurrence after surgery and 

metastatic tumor spread. Briefly, calcium carbonate nanoparticles pre-loaded with the anti-CD47 antibody are 

encapsulated in fibrin and scavenge H+ in the surgical wound, allowing polarization of tumor associated 

macrophages to M1-like phenotype13. The subsequently released anti-CD47 antibody blocks the “don’t eat me” 

signal in cancer cells, thereby increasing phagocytosis of cancer cells by macrophages. Macrophages can promote 

an effective antigen-presentation and initiate T-cell mediate immune responses that control tumor growth at distant 

sites. Our findings indicate that the immunotherapeutic fibrin gel “awakens” the host innate and adaptive immune 

systems to inhibit both local tumor recurrence post-surgery and metastatic spread. 

  

Experimental Methods 

Here, the sprayed bioresponsive immunotherapeutic fibrin gel has been engineered to inhibit the local tumor 

recurrence and metastasis after surgery. The fibrin gel is a US Food and Drug Administration approved material, 

formed via the interaction of fibrinogen and thrombin. It has unique merits for biomedical applications including 

excellent biocompatibility, convenient sprayable administration method for post-surgical treatment and ability to 

promote wound healing via creating a temporary shield to connect and protect injured tissues. Biocompatible CaCO3 

nanoparticles (NPs) were incorporated into the fibrin gel to serve as a release reservoir of immunomodulatory 

therapeutics as well as proton scavenger to modulate the tumor environment acidity. The fibrinogen solution 

containing anti-CD47 antibody-loaded CaCO3 NPs (aCD47@CaCO3) and thrombin solution could be quickly sprayed 

and mixed within the tumor resection cavity after surgery to form an immunotherapeutic fibrin gel in situ. 

  

Results and Discussion 

The simple post-surgical cancer immunotherapy strategy by spraying in situ formed therapeutic gel at the tumor 

resection site, which could facilitate to reverse the immunosuppressive tumor microenvironment (TME) and induce 

systemic immunological responses that inhibit both local and metastatic tumor recurrence. CaCO3 NPs embedded 

in the gel matrix could help release therapeutics in a controlled manner and modulate the acidic and inflamed tumor 

resection environment by capturing H+, thereby promoting antitumor immune responses. Furthermore, the locally 

released aCD47 from CaCO3 NPs blocked the “don’t eat me” signal associated with cancer cells, allowing cancer 

cell removal by macrophages. CD47 blockade also triggered the T cell-mediated destruction of cancer cells owing to 

the enhanced presentation of tumor-specific antigen by macrophages and DCs. In the metastatic tumor model, the 

number of M1-like TAMs and CD103+ DCs were significantly increased in tumors sprayed with 

aCD47@CaCO3@Fibrin, and CD8+ T cells were increased in both treated and distant tumors. The increased CD8+ 

T cells in the distant tumor can be attributed to local cross-presentation of tumor antigens by macrophages and DCs 

that trigger systemic antitumor immunity. The activation of immune system was further confirmed by the peritumoral 

injection of aCD47@CaCO3@Fibrin by a dual-syringe administration method. aCD47@CaCO3@Fibrin-mediated 

treatment inhibited the growth of both local and distant tumor effectively. 
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Conclusion 

In summary, we have developed an in situ sprayed immunotherapeutic gel that could reverse the immunosuppressive 

TME to prevent the local cancer recurrence and induce systemic antitumor immunological responses to restrain 

existing metastasis. 
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IV-SY7-03 

Hydrogels for inflammation-responsive release of immunomodulatory 

bioactives 

Tina Helmecke, Dominik Hahn, Manfred F. Maitz, Carsten Werner 

Leibniz Institute of Polymer Research Dresden, Institute Biofunctional Polymer Materials, Dresden, DE 

 
Introduction 

Medical devices and the contained biomaterials can activate immunological processes potentially causing adverse 

reactions of the recipients. To address that problem, activation-responsive surface coatings are considered a 

promising approach for the administration of immunomodulatory drugs. Peptide-crosslinked biohybrid poly(ethylene 

glycol) (starPEG)-heparin hydrogels were customized for the delivery of different anti-inflammatory molecules 

triggered by elastase released from activated polymorphonuclear neutrophil granulocytes (PMN). 

  

Experimental Methods 

A serum-free in vitro inflammation system was established. For that purpose, isolated granulocytes were artificially 

activated by zymosan particles, triggering cell activation and PMN elastase release. Covalently crosslinked, PMN 

elastase responsive starPEG-heparin hydrogels were formed by incorporating a cleavable peptide linker with the 

core sequence AAPV. Release studies were carried out by fluorescent labelling of the cleavable peptide as model 

for a hydrogel conjugated inhibitor molecule. Finally, a derivative of the complement receptor blocker PMX53 was 

covalently conjugated to the hydrogel via the PMN elastase sensitive peptide linker (Fig. 1). The functionality of the 

system was demonstrated in a two-step granulocyte incubation assay. 

  

Results and Discussion 

The hydrogel degradation by both administered and granulocyte-released elastase was observed to follow a direct 

dependency on the enzyme concentration. A fluorescent peptide was detected as a drug model substance showing 

an enzyme mediated release of pharmacologically relevant concentrations (Fig. 2). 

As a potential drug conjugate, a PMX53 derivative was shown to bind its cell surface receptor, antagonizing the C5a 

mediated cell activation. The hydrogel cleavage by granulocyte derived elastase was observed to result in a release 

of PMX53 amounts, sufficient to inhibit the activation of granulocytes. 

  

Conclusion 

Peptide-crosslinked biohybrid poly(ethylene glycol) (starPEG)-heparin hydrogels provide a versatile platform for the 

adaptive release of various anti-inflammatory drugs. Ongoing experiments aim at testing the adaptive administration 

of cyclosporine A and compstatin by means of this approach. The presented results support the feasibility of adaptive 

release systems for anti-inflammatory substances to be potentially used for the coating of blood contacting 

biomaterials. 
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Figure 2 
Degradation of PMN elastase-responsive and non-

cleavable starPEG-heparin hydrogels containing a 

fluorescent drug model substance. Isolated PMN 

in a serum-free in vitro inflammation model 

effectively triggered a release of the drug 

model substance in physiologically relevant 

concentrations. 

 

 

Figure 1 
Schematic view of the delivery of anti-

inflammatory molecules from a PMN elastase 

degradable hydrogel. 
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IV-SY7-04 

Designing stimuli-sensitive hydrogels for localized therapeutic delivery 

Gianluca Ciardelli, Rossella Laurano, Alessandro Torchio, Monica Boffito 

Politecnico di Torino, Dep. of Mechanical and Aerospace Engineering, Turin, IT 

 
Introduction 

Injectable hydrogels for the targeted and localized release of therapeutics are a promising tool in the treatment of a 

wide variety of pathologies. Thermo-sensitive hydrogels which sol-to-gel transition is driven by temperature increase 

over a critical value have gained increasing interest in the biomedical field over the last decades. These systems can 

easily encapsulate biomolecules in mild conditions by simply dispersion and then release in loco their payload with 

a controlled and sustained kinetics. Additionally, further degrees of sensitivity to the physiological environment, such 

as to the pH of the surrounding fluids, can be provided to the gels by properly tuning the chemistry of the hydrogel-

forming materials. In this contribution a library of thermo-sensitive hydrogels was designed starting from newly-

designed poly(ether urethane)s (PEUs). pH-sensitive moieties (i.e., amino and carboxylic groups) were also 

introduced along PEU backbone to enhance gel responsivity to surrounding acid or alkaline environments. 

  

Experimental Methods 

Poloxamer 407 was reacted with a non-toxic diisocyanate and chain extended with commercially available diols (N-

Boc Serinol or 1,4-cyclohexanedimethanol) (Boffito M. et al., 2016). To provide PEUs with pH sensitivity, amino or 

carboxylic groups were exposed on PEU chains by deprotecting BOC-protected amino-groups of N-Boc Serinol, or 

by plasma treating the polymer powder in the presence of acrylic acid vapor. PEUs were characterized by Size 

Exclusion Chromatography (SEC), Infrared (IR) Spectroscopy, Proton Nuclear Magnetic Resonance and colorimetric 

quantification of exposed functional groups. Thermo-sensitivity of PEU aqueous solutions (concentration within 10-

20 %w/v) was characterized by tube inverting test and rheological analysis. Gel capability to transmit the pH of the 

surrounding medium through their thickness was evaluated by placing them in contact with buffers at different pH 

(4÷8). The effects of pH on gel network were assessed by stability tests in aqueous environment, to evaluate both 

gel swelling and residence time. Release profile of model and anti-inflammatory drugs (e.g., cumarin, ibuprofen) was 

evaluated at different pH to assess the capability of the surrounding environment to tune payload release. Injectability 

was also tested in different conditions by three potential users 

  

Results and Discussion 

PEU successful synthesis was demonstrated by IR spectroscopy and SEC (Mn ≈ 55000 Da, D=1.3). Functional 

groups were successfully exposed along PEU backbone, and both deprotection reaction and plasma treatment did 

not induce changes on PEU chemical properties. PEU aqueous solutions with concentration in the range 10-20 %w/v 

showed gelation temperature within 26 and 32 °C, with a complete sol-to-gel transition at 37 °C within 5 minutes. 

Injectability of the designed systems was demonstrated at different temperatures (5, 25 and 37 °C) through G22, 

G18 and G14 needles. Amino and carboxylic group exposure did not significantly affect hydrogel thermo-sensitivity, 

but they effectively made the gels more sensitive to the pH of the surrounding environment. An increase in gel 

capability to transmit the pH of the surrounding aqueous environment through their thickness was observed in the 

gels exposing functional groups. pH change between the pH of the polymer solutions and the pH of the buffer within 

the first hour of observation was approx. 65, 80 and 90 % in unmodified, -COOH grafted and amino-functionalized 
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PEU gels, respectively. pH indicators (bromocresol purple and phenol red) were also added to the hydrogels to 

assess the progression of the acid/basic gradient through their thickness. Model and anti-inflammatory drugs were 

progressively released with a kinetics affected by pH variation, as a consequence of hydrogel network changes, in 

accordance with results of stability test in aqueous environment (e.g., unmodified and -COOH grafted PEU gels 

showed a 1.1 and 3.3 % swelling in alkaline medium, respectively). 

  

Conclusion 

Amphiphilic PEUs which aqueous solutions with proper composition can undergo a temperature-driven gelation were 

designed. Improved pH sensitivity was provided through the exposure of amino or carboxylic groups along PEU 

chains. Hence, a new library of stimuli-sensitive hydrogels was defined, with high sensitivity to the surrounding 

environment, injectability in different conditions and fast gelation in physiological conditions, which make them highly 

promising in the biomedical field for localized payload delivery.  
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IV-OS14-01 

The Effect of Nanoscale Surface Electrical Properties of Biodegradable 

PEDOT-co-PDLLA Conducting Polymers on Protein Adhesion 

Investigated by Atomic Force Microscopy 

Aruã C. Da Silva1, Michael J. Higgins2, Susana I. Córdoba de Torresi1 

1Universidade de São Paulo, Instituto de Química, São Paulo, BR; 2University of Wollongong, Intelligent Polymer 

Research Institute, Wollongong, AU 

 
Introduction 

Living cells secrete extracellular matrix (ECM) proteins such as fibronectin, vitronectin and laminin to support 

adhesion, migration, proliferation and differentiation and other processes (e.g. assembly of ECM in fibrillogenesis 

and mechanotransduction) that are important for cell function.1 

Understanding the interactions of proteins will be particularly important for the development of new biomaterials.2,3 

In a previous study, we have presented the synthesis and characterization a novel conducting and biodegradable 

copolymer of PEDOT-co-PDLLA in three different proportions (1:05, 1:25 and 1:50) with unique properties in terms 

of conductivity, biodegradability and biocompatibility towards embryonic stem cells.4 

This study used atomic force microscopy (AFM) to elucidate the interaction of fibronectin (FN) on a conducting and 

partially biodegradable copolymer of poly(3,4-ethylenedioxythiophene) and poly(D,L-lactic acid) (PEDOT-co-PDLLA) 

in three different proportions (1:05, 1:25 and 1:50). 

  

Experimental Methods 

AFM was used to 1) better investigate the effect of nanoscale surface electrical properties, by using different modes 

of AFM such as standard topography, conductive maps, Kelvin probe force microscopy (KPFM), and 2) elucidate the 

interaction of fibronectin (FN) on the surface of PEDOT-co-PDLLA copolymer films by using force measurements 

with FN-functionalized AFM tips. For conductive modes AFM cantilevers with conductive PtIr coating was used. The 

PEDOT-co-PDLLA thin films were prepared by spin coating over gold-coated mylar as a conductive substrate. The 

SiN tip was functionalized using an aminosilanization method to covalently bind the FN according to previous 

studies.5 

  

Results and Discussion 

The copolymers with higher PEDOT:PDLLA content ratios (1:05 and 1:25) had higher surface roughness, water 

contact angle, with current and conductivity occurring at discrete large grain structures on the surface. In contrast, 

the lower PEDOT:PDLLA content ratio (1:50) did not show high conductivity grains but showed homogenous surface 

conductivity across the entire surface. By KPFM it was observed that the higher PEDOT content (1:05 and 1:25) 

presented a positively charged interface, while the lower PEDOT content (1:50) presented a negatively charged 

surface. Using FN-functionalized AFM probes, force measurements showed that the copolymers with higher PEDOT 

content (1:05 and 1:25) had significantly lower adhesion forces (~0.2-0.3 nN), while the copolymer with the lower 

content of PEDOT (1:50) had stronger FN interactions with significantly higher adhesion forces of 1.0 nN. Not only 

quantitative force with FN protein was measured, but also the qualitatively conformation of FN was evaluated, it 

interacts in a more folded conformation with the PEDOT-co-PDLLA 1:05 and 1:25 film interfaces, while interacts in a 

more unfolded conformation with the 1:50 film interface. By correlating the spatially distributed electrical surfaces 
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with FN interactions, we observed that the synthesis of 1:50 PEDOT:PDLLA produced more uniformly doped polymer 

films that facilitated FN adsorption through favorable interactions with accessible sulfate dopants (Figure 1). 

  

Conclusion 

The previous study with embryonic stem cells showed that cell adhesion, migration and differentiation are especially 

favorable on PEDOT-co-PDLLA 1:50 surfaces. This AFM study helped to explain these observations by showing that 

these surfaces have homogenous surface conductivity, presenting a uniformly distributed surface charge and 

negatively charged groups that promote greater FN binding affinity and adhesion. 
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Nanoscale properties directly influences FN 

interaction 
KPFM analysis showing differences in electrical 

potential (charges) on PEDOT-co-PDLLA interface 

and a schematic of protein-surface interaction 

using 3-dimentional topography with overlay of 

corresponding conductivity (yellow is conductive 

and dark blue is non-conductive areas, Z scale 

is 6 nA). PEDOT-co-PDLLA 1:05 with 

representative force curve of non-specific 

adhesion, while 1:50 with representative force 

curve of a multiple peak rupture. Scan area is 

1×1 µm. 
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Cell adhesion force activation on nano/micro-topographical substrates 

Tamaki Naganuma 

National Institute for Materials Science, Ibaraki, JP 

 
Introduction 

Cellular interaction with extracellular matrix (ECM) plays a crucial role in the inducement of signal transduction related 

to physiological functions. Cell adhesion to scaffold surfaces with ECM-mimicking topographies (e.g. nano/micro-

rough and fibrous surfaces), therefore, has the potential to promote cell viability, migration and proliferation. This 

study attempts to quantitatively evaluate cell–material interaction to identify how temporal dependence of cell 

morphology impacts cell adhesion force activation on nano/micro-ordered topographical surfaces. Nano-rough and 

micro-dot/line-patterned poly-lactic acid (PLLA) substrates were prepared to assay cell detachment force by single 

cell force spectroscopy. This study presents findings regarding the relationship between cell adhesion force activation 

on nano/micro-topographical surfaces and temporal dependence of cell morphology. These findings could be useful 

to the development of scaffold surface design in tissue engineering applications. 

  

Experimental Methods 

Flat and micro-topological PLLA surfaces were prepared using spin-coating and molding techniques. A nano-rough 

PLLA surface of cerium oxide nanoparticle dispersed PLLA matrix was used as a nanocomposite scaffold surface. 

Osteoblast-like cells (MG63) were seeded onto the PLLA substrates at a density of 104 or 103 cells/cm2
, and 

maintained in minimum essential medium with 10% fetal bovine serum and 1% penicillin-streptomycin. The cell 

culture was maintained in an incubator with 5% CO2 at 37 °C. Cell detachment force properties on different 

topographical PLLA substrates were evaluated by atomic force microscope (AFM)-based single cell force 

spectroscopy (SCFS). An AFM was mounted on an optical microscope, and combined with single cell force 

equipment (Cellhesion 200, JPK Instrument, Germany). Cells were incubated (37 °C with 10% CO2 gas) until just 

before the measurement, or in a temperature control system (37 °C and 10% CO2 gas) on the AFM. Tip-less 

cantilevers were used to capture a single cell. Detailed conditions of SCFS were described in the previous reports1-

2. 

  

Results and Discussion 

The SCFS result revealed that (i) a nano-rough surface, which mimics a nanocomposite scaffold, enhanced the 

detachment force of “spherical” cells in the initial cell adhesion period (cell adhesion time after initial attachment: ta < 

1 h), only1. In addition, (ii) micro-topographical surfaces such as hemispherical dot and semicylindrical line patterns, 

which mimic both microparticle-dispersed composite scaffolds and fibrous scaffolds, did not enhance these 

properties1. (iii) Identical micro-topographical surfaces were, however, able to gradually promote the cell detachment 

force of “spreading” cells in the intermediate cell adhesion period (1 < ta < 12 h)1. These findings suggest that cell 

adhesion force activation on nano/micro-topographical surfaces alters based on cell morphology over ta. 

  

Conclusion 

This study demonstrated how temporal dependence of cell morphology impacts cell adhesion force activation on 

nano/ micro-ordered topographical substrates. An understanding of the correlation between temporal dependence 
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of cell morphology and cell adhesion force activation on nano/ micro-topographical surfaces could be utilized in the 

design of scaffold surfaces, which strengthen the interaction between adherent cells and substrate materials, and 

subsequently to trigger physiological functions, in tissue engineering. 
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Figure 1 
Schematic drawing of findings regarding the 

relationship between cell adhesion force 

activation on nano/micro-topographical surfaces 

and temporal dependence of cell morphology. 
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Introduction 

Hyaluronic acid (HA) is an anionic polysaccharide, ubiquitously present in extracellular matrix. HA can specifically 

bind CD44 receptor, which is overexpressed in a wide array of cancer cells [1] and has consequently aroused a 

noteworthy research interest for the engineering of nanoplatforms endowed with active targeting features. HA has 

been chemically anchored onto many drug-loaded nanodevices [2], and their enhanced tumor targeting ability 

assessed [3]. Nevertheless, the need for a chemical reaction poses serious regulatory challenges for FDA approval. 

In this study, nanoparticles (NPs) based on poly(lactic-co-glycolic acid) (PLGA) have been produced by a modified 

nanoprecipitation technique. Specifically, NPs were decorated with HA by exploiting polymer self-aggregation driven 

by a lipophilicity gradient between oil and water phases. NPs were coated with HA at 200 and 800 kDa, and the 

formulations were named HA2 and HA8, correspondingly. The obtained formulations were characterized for their 

technological and thermodynamic features to investigate polymer assembly in NPs. The influence of HA molecular 

weight on uptake was assessed by kinetic internalization studies on breast carcinoma (HS578T) and healthy mouse 

fibroblast (L929) cells. Furthermore, the results were compared with the numerical simulations obtained with a kinetic 

internalization model based on a cell membrane adsorption-desorption balance. 

  

Experimental Methods 

NPs were produced by nanoprecipitation, forcing a PLGA/F68/F127 solution in acetone (1:0.5:0.5 weight ratio; 5 mL, 

3% w/v) through a syringe at 333 µL/min flow rate by a Syringe Pump. The solution was precipitated into 40 mL of 

an aqueous phase (W1), containing F127 and F68 as surface active agents (1:1 w/w ratio; 0.05% w/v) and different 

amounts of HA (3.75 and 0.81 mg/mL for HA 2 and HA8 NPs, respectively). The organic solvent was evaporated 

overnight, and the obtained NPs washed twice by centrifugation (10,000 rpm, 20 min) and stored at −80°C. NP 

morphology was studied by TEM, while size and z-potential (ZP) were obtained by PCS. DSC experiments on the 

polymers and NPs were run to study the interactions among polymers in NPs, by a double dynamic scan (10-80°C, 

5°C/min) under inert nitrogen atmosphere. Cellular uptake kinetics of fluorescent NPs, prepared by adding Nile Red 

to the organic phase (0.1% w/v), were obtained by performing, at scheduled time points, cell lysis followed by a 

spectrofluorimetric assay on the lysate to quantify NP-associated fluorescence.  Aiming to provide a numerical 

estimate of uptake kinetics and tropism for cancer cells, NPs internalization has been modelled a pseudo-chemical 

equilibrium relation at cell membrane, as mathematical model described previously [4]. 
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Results and Discussion 

Spherical NPs with a < 200 nm mean size were obtained (Fig 1). ZP was < -50 mV in all cases, thereby indicating 

HA arrangement on NP surface.DSC traces show that, for PLGA and poloxamers, glass transition temperature (Tg) 

is lower than that of PLGA, suggesting a plasticizing effect of poloxamers in the organic blend. In the case of NPs, a 

broadening of poloxamer crystallization peak and a decrease of crystallization heat (DHc) and temperature (Tc) were 

observed, indicating amorphous interactions with PLGA. In the first heating ramp, the Tg of PLGA is observable in 

NPs while, in the second scan, PLGA inflection point is no longer visible, while the areas of the endothermic peaks 

associated to poloxamer melting are reduced, thereby indicating the presence of poloxamer mixture and, hence, a 

discouraged interaction between PLGA and HA, even after the second heating ramp. NPs internalization of HA2 NPs 

was strongly enhanced compared to HA8 NPs (Fig 2 A). The experimental 24h-uptake of HA2 NPs is 11.6-fold higher 

than HA8 NPs in both cell lines. Furthermore, in the case of tumor cells, 24h-uptake extent was about 70% higher, 

thereby highlighting the major role of CD44 receptors in governing cell uptake.Interestingly, the results of fitting 

parameters of the mathematical model used (Fig 2 B) show that the binding constant for HA2 NPs is 6-fold higher 

compared to HA8 NPs as for HS578T cells, while it has basically the same value for both formulations on L929 cells, 

thereby reinforcing the envisaged tropism. The de-binding and internalization constants kD and ki are higher for HA2 

NPs, which corroborates the overall higher NMAX values, which represent the maximum number of NPs internalized 

at equilibrium, after a virtually infinite time. 

  

Conclusion 

Taken altogether, cell uptake experiments and model simulations indicate a significant tropism of HA-decorated NPs 

towards CD44-overexpressing cells and, more interestingly, a strong enhancement of NP uptake decorated with 

200kDa HA. More specifically, model fitting results indicate that the rate of internalization event is strongly promoted 

as for HA2 NPs. These findings point at HA molecular weight as a major project parameter to endow NPs with active 

targeting ability in cancer treatment. 
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Figure 2 
(A) 24-h internalization profiles of HA2 and HA8 

NPs: comparison between experimental data (dots) 

and model simulations (solid lines). (B) Model 

parameters. 

 

 

Figure 1 
TEM images of HA2 and HA8 NPs. DSC traces of raw 

materials and NPs after: A) first and B) second 

scan 
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Introduction 

Recent studies suggest that dimensionality may alter cells’ responses to extracellular matrix (ECM) stiffness 

differently in 2D and 3D culture. For example, while cell size increases at high ECM stiffness in 2D [1], cell volume 

has been shown to decrease at high ECM stiffness in 3D [2]. A recent study using viscoelastic hydrogels with 

controllable stress-relaxation characteristics has proposed that volume expansion is a key regulator of stem cell fate 

in 3D [3], but a complete characterization of this behaviour across a wide range of ECM stiffnesses has not yet been 

achieved [4]. 

  

Experimental Methods 

By regulating UV exposure using a gradient photomask with 30 – 100% transparency, a gelatin methacryloyl (GelMA) 

linear stiffness gradient hydrogel suitable for 3D cell encapsulation was fabricated.  The stiffness gradient, verified 

through force indentation by atomic force microscopy (AFM), was consistently reproduced from 5 to 38 kPa. Optical 

Coherence Elastography (OCE) confirmed the existence of a stiffness gradient in 3D by measuring compressive 

stiffness at a 500 mm depth. The gradient strength measured in soft hydrogel regions by both AFM and OCE were 

well correlated. In addition, scanning electron microscopy (SEM) revealed a decrease in mean pore area along the 

hydrogel gradient from 10.7 mm2 to 2.7 mm2. Semi-quantitative measurements of amide groups in the gradient 

hydrogels indicated no change in GelMa concentration across the stiffness gradient, confirming that the gradient was 

the result of differential UV exposure and subsequent changes in crosslinking. Adipose-derived stem cells (ASCs) 

were encapsulated in this hydrogel, and their morphological characteristics, as well as expression of 

mechanosensitive proteins (Lamin A, YAP, and MRTFa) and differentiation markers (PPARγ and RUNX2) were 

analysed. 

  

Results and Discussion 

Low stiffness regions (~8 kPa) permitted increased cellular and nuclear volume and enhanced mechanosensitive 

protein localization to nucleus. This trend was reversed in high stiffness regions (~30 kPa), where decreased cellular 

and nuclear volumes and reduced mechanosensitive protein nuclear-localization were observed. Interestingly, cells 

in soft regions exhibited enhanced osteogenic RUNX2 expression, while those in stiff regions upregulated the 

adipogenic regulator PPARγ, suggesting that volume, not substrate stiffness, is sufficient to drive 3D stem cell 

differentiation. Inhibition of myosin II (Blebbistatin) and ROCK (Y-27632), both key drivers of actomyosin contractility, 

resulted in reduced cell volume, especially in low stiffness regions, causing a decorrelation between volume 

expansion and mechanosensitive protein localization. Constitutively active and inactive forms of the canonical 

downstream mechanotransduction effector TAZ were stably transfected into ASCs. Activated TAZ resulted in stable 

cellular volume despite increasing stiffness and a consistent, stiffness-independent translocation of YAP and MRTFa 

into the nucleus. 
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Conclusion 

Our results suggest that low volume stimulates adipogenesis while high volume drives osteogenesis, mirroring 

classical 2D work showing similar area-induced differentiation patterns. To our knowledge, this is the first multi-

lineage observation extending the size-differentiation theory into three dimensions, where it may be more aptly 

referred to as a volume adaptation-differentiation theory.  As there is a great interplay between cell volume, material 

stiffness, and mechanotransduction, this material can provide a holistic mechanoscape that few others offer, which 

is highlighted by the intriguingly novel response of stem cells to the gradient microenvironment. 
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Introduction 

Fe and its alloys are promising metallic materials for bioabsorbable stents as they have no cytotoxic effects and 

adequate mechanical properties1. From a structural point of view, iron-based alloys used as temporary biodegradable 

stents have several advantages over Mg-based alloys in terms of ductility and strength2. Iron low degradation rate could 

be balanced using a thin iron wire instead of a laser cut iron tube to obtain stent struts. To have a major contact with 

the arteries endothelial layer, reducing the turbulent blood flow and alleviating restenosis and plaque progression, in 

this work, polycaprolactone (PCL) was electrospun on a iron wire stent. The aim of this work is to manufacture a hybrid 

BRS stent, with iron stent struts coated with PCL electrospun fibres (Fe/ES-PCL). Stent samples were realised and 

characterised regarding morphological, mechanical, physical and biological in vitro properties. 

  

Experimental Methods 

Fe/ES-PCL coronary stent (Ø=6mm, l=10mm) were manufactured, using a hard tempered iron wire (Ø=0.125mm, 

purity = 99.5%) coiled manually to obtain the tubular stent grid. PCL (20% w/v chloroform-dimethylformamide 

solution) was electrospun both on the inner and outer surface of stent grid (Fig.1a), through a rotating metallic 

collector (d = 6mm), following the protocol and ES process parameters previously optimized. 

Morphological characterisation was performed by SEM to observe the compactness of the coating and the absence 

of defects (e.g., beads). ImageJ software was used to quantify ES-PCL fibres diameters and their homogeneity. Fe 

grid, Fe/ES-PCL stent and only ES-PCL were characterized by ring-shaped tensile test. 

An in vitro biological characterisation was performed on Fe/ES-PCL (Fig.2a); a physical functionalisation of the ES-PCL 

coating with Poly-L-Lysine laminin dendrimers was investigated. Human Umbilical Vein Endothelial Cells (HUVECs) 

and Human Aortic Vascular Smooth Muscle Cells (HA-VSMCs) were cultured, respectively, onto the inner and outer 

surface of the hybrid stent for 4, 24 and 72 h. Their adhesion, presence, morphology and interaction with the Fe/ES-

PCL layers were evaluated through appropriate staining by fluorescence microscope and SEM analysis. Cytotoxicity 

assay (i.e., LDH assay) and protein assay (i.e., Bradford assay) were performed to verify cell viability and proliferation. 

  

Results and Discussion 

The morphological characterisation of the Fe/ES-PCL showed a outer and inner coating layer featured by a random and 

compact fibres disposition without defects (Fig.1b), with fibres diameter of 2.25±0.49 μm and 2.09±0.69 μm, respectively. No 

significant difference (p > 0.05) was detected in fibres diameter, showing that the inner layer and the iron grid do not affect 

the intensity of the electric field. 

The ring-shaped tensile test displayed that the applied load is prevalently supported by the iron grid, however the ES-PCL 

coating deformability allows hybrid stent to reach high deformation without damage or break of the coating. This test allowed 

simulating the inner pressure of the blood flow which acts radially on the hybrid stent. The stress produced by the coronary 

pressure (i.e., 140 mmHg, high safety value) produces a stress (σC=0.02 MPa) on the hybrid stent much lower than the 

maximum stress achieved by the stent sample during the ring test (σmax=6.43±2.79 MPa), confirming that the mechanical 

circumferential tensile properties of the hybrid stent are suitable in order to resist to the inner pressure exerted in vivo (Fig.1c). 
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In vitro test showed cell adhesion after 72 h, for both cell phenotypes by fluorescence microscopy and SEM. For 

HUVEC culture on the luminal side of the stent, a compact layer of material was deposited on ES-PCL coating. In 

order to investigate the nature of this observed layer, EDS analysis was performed and it confirmed cells presence, 

despite areas in proximity of the iron grid were featured by iron oxide. CD31 immunostaining showed cell-cell 

interaction and their potential ability to create a monolayer for the re-endothelisation (Fig.2b). The functionalisation 

with PLL-laminin (PLL-laminin_Fe-PCL) displayed a greater cell spreading, leading to assume that the biomimetic 

matrix promotes cell adaptation, despite the hydrophobic nature of PCL (Fig.2c). HUVECs nuclei counting showed 

good growth on each substrate and a greater proliferation rate was observed on PLL-laminin_Fe-PCL sample. HA-

VSMCs migration through the ES-PCL fibrous coating was detected until 50% of sample thickness (Fig.2d). 

  

Conclusion 

The hybrid stent seems to provide suitable properties in terms of mechanical strength and ES-PCL adhesion to the 

iron grid, when compared with the in vivo stress exerted by the blood flow. A good potential endothelisation of the 

inner layer of the stent is assumed observing the results obtained by HUVEC culture. However, further investigation 

about the endothelial cells function (e.g., NO and vWF release) should be performed. 
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Figure 2 
a) Schematic seeding process for HUVEC 

experiments (10 microliter drop, cell density: 

3000 cell/microliter); the same procedure was 

used for HA-VSMC on the convex side of the 

sample (cell density: 2000 cell/microliter); b) 

CD31 immunostaining of HUVECs cultured for 72 h 

on Fe/ESPCL sample. Scale bar: 100 micron; c) 

Comparison of HUVEC proliferation rate when 

cultured on each substrate (TCP, Fe-PCL,PLL-

laminin_Fe-PCL); d) SEM images of Fe/ES-PCL 

sample cross-section with HA-VSMC migrated 

through the fibrous coating (left) and sample 

outer layer (right) with HAVSMC spreading. Scale 

bar: 100 and 50 micron. 

 

 

Figure 1 
a) Procedure for Fe/ES-PCL stent realisation; b) 

SEM images of the ES-PCL layer of the iron stent 

grid coating. Scale bar: 50 mm; c) Stress/strain 

curve obtained by ring tensile test on the 

hybrid stent. Dotted line: stress exerted by a 

inner pressure equal to 140 mmHg 
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Introduction 

Diabetes type 1 is characterized by insulin-deficiency due to autoimmune-derived destruction of the insulin-producing 

β-cells in the pancreas. The common therapy is treatment with exogenous insulin, however, for a subgroup of patients 

with highly unstable blood-glucose control transplantation of islets and reconstitution of endogenous insulin secretion 

would be far preferable. However, human donors for islet transplantation are sparse – donor shortage could be solved 

through use of xenogeneic islets. Especially with islets from a xenogeneic source separation from the host’s immune 

system is crucial, yet supply with oxygen and nutrients as well as the ability to sense blood-glucose should not be 

impaired, which requires short diffusion distances. 

To achieve this, a high surface-to-volume ratio of the immune-protective scaffolds, but also blood vessels in close 

vicinity, yet not in direct contact with the islets are indispensable. 

3D plotting, an additive manufacturing technique capable of producing scaffolds of clinically relevant dimensions and 

incorporating biological agents, offers the possibility to embed islets in hydrogel strands1 while attracting vascular 

structures to the macropores. 

In this study, as a first step towards co-culture with cells with angiogenic potential, 3D plotting was used to embed 

neonatal porcine islet-like cell clusters (NICC) in macro-porous hydrogel scaffolds. 

  

Experimental Methods 

The hydrogel used for plotting was a paste of medical-grade alginate and methyl-cellulose (MC)1,2 (Alg/MC) into 

which either NICC, human umbilical vein endothelial cells (HUVEC) or human bone marrow-derived mesenchymal 

stromal cells (MSC) had been incorporated prior to plotting. 3D plotting was carried out on a BioScaffolder 3.1 from 

GeSiM (Radeberg, Germany). All cells were cultured in a co-culture medium consisting of Ham’s F-10 and endothelial 

cell growth medium supplemented with bovine serum albumin. 

To investigate distribution and cell viability, scaffolds with islets, HUVEC or MSC were stained with MTT or calcein 

AM/ethidium homodimer, and cryosections of islet-containing scaffolds were stained with DAPI and TUNEL. 

Presence of insulin was studied via dithizone staining of whole scaffolds, and localization of insulin and glucagon 

inside the islets through immunofluorescence-staining of cryosections. For glucose stimulated insulin response of 

plotted islets, both islet-containing scaffolds and free control islets were incubated in Krebs-Ringer buffer 

supplemented with either 3.3 or 16.4 mM glucose and glucagon-like peptide 1 (GLP1). Insulin content was analysed 

by quantification of secreted insulin with ELISA and normalization to the DNA content determined by QuantiFluor 

assay. 

Suitability of the Alg/MC blend for diffusion of glucose and insulin was tested with an osmosis chamber. 
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Results and Discussion 

By comparison to free islet cultures, we were able to show that neither incorporation of islets into the material nor the 

plotting process itself had a deleterious effect on islet morphology. MTT-staining demonstrated an even distribution 

and metabolic activity of islets inside the plotted scaffolds, and Live/Dead as well as TUNEL stainings indicated 

survival of encapsulated islets for as long as 21 days. Live/Dead staining also showed that HUVEC and MSC survive 

embedding and plotting and all cells tolerate the co-culture medium well. 

Dithizone and immuno-fluorescence-stainings confirmed that insulin and glucagon are continuously produced and 

adequately located in encapsulated islets. Our data also suggest adequate diffusion of glucose and insulin and that 

with supplementation of GLP1 plotted NICC can be stimulated to release insulin in response to high glucose. 

Furthermore, protection of islets from human serum was comparable between islets encapsulated in the hydrogel 

blend and islets encapsulated in plain alginate beads. 

  

Conclusion 

This study introduces 3D bioplotting of neonatal porcine islets as a promising strategy for the immune-protection and 

vascularization of 3D constructs containing xenogeneic islets. 
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Introduction 

Silver nanoparticles (AgNPs) have gained considerable attention in recent years due to their potential applications 

as antimicrobial agent. Nitric oxide (NO) is an important endogenous molecule that controls several physiological 

functions. Both AgNPs and NO have antibacterial effects, and recently our group demonstrated the synergist effect 

of NO donors allied to AgNPs.1 As NO is a free radical, NO donors, such as S-nitrosothiols, are used in biomedical 

applications to release NO.2 Alginate is a biocompatible and biodegradable polymer, extracted from brown algae, 

extensively used in pharmacological applications. In this work, AgNPs, synthesized by green tea extract, and S-

nitrosomercaptossunic acid (S-nitroso-MSA), a NO donor, were incorporated in alginate nanoparticles. The obtained 

nanoparticles were characterized by different techniques and their antibacterial activity was evaluated against 

different bacterial strains of medical interest. 

  

Experimental Methods 

AgNPs were synthesized by reducing Ag+ to Ag0 using green tea extract (Camellia sinensis), which is rich in 

polyphenols. The phytochemicals from green tea act not only as reducing agent but also as capping agent, stabilizing 

AgNPs. Green tea synthesized AgNPs were characterized by X-ray Diffraction (XRD) and Dynamic Light Scattering 

(DLS). S-nitroso-MSA (NO donor) was synthesized by the nitrosation reaction of mercaptosuccinic acid (a thiol 

containing molecule) with equimolar amount of sodium nitrite. Alginate nanoparticles were prepared by ionotropic 

gelation with calcium chloride in aqueous medium. Alginate nanoparticles containing AgNPs and/or S-nitroso-MSA 

were characterized by Fourier-transform infrared spectroscopy (FTIR), Atomic Force Microscopy (AFM), Dynamic 

Light Scattering (DLS), and Nanoparticle Tracking Analysis (NTA). The encapsulation efficiency of S-nitroso-MSA 

into alginate nanoparticles was measured. Kinetics of free NO release from alginate nanoparticles was monitored for 

12 h, at physiological temperature. In addition, kinetics of the diffusion of the NO donor (S-nitroso-MSA) from alginate 

nanoparticles was monitored in a Franz vertical diffusion cell, with a cellulose membrane. The kinetic profiles of S-

nitroso-MSA diffusion from the nanoparticles were fitted to mathematical models. In vitro cytotoxicity of the 

nanoparticles was evaluated in Vero fibroblast cell line. The antibacterial activity of the nanoparticles was 

characterized by measuring the minimum inhibitory concentration (MIC) and minimum bactericidal concentration 

(MBC) of the nanoparticles against Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923, 

Streptococcus mutans ATCC UA159. 

  

Results and Discussion 

Green tea synthesized AgNPs presented face centered cubic lattice with size of 34.7± 4.9 nm, polydispersity index 

(PDI) of 0.28 ± 0.01. Alginate nanoparticles have average size of 32 nm, as assayed by AFM, and hydrodynamic 

size of 271.93 ± 8.99 nm and PDI of 0.398 ± 0.021, as assayed by DLS and NTA. Encapsulation efficiency of the NO 
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donor into alginate nanoparticles was found to be 98.74 ± 0.08%. NO release from alginate nanoparticles was found 

to be sustained for at least 12 h at 37 °C, with an initial rate of 14.199 ± 0.325 mmol/L.h-1. Diffusion of S-nitroso-MSA 

from alginate nanoparticles indicates a change on nanoparticle surface. A concentration dependent toxicity was 

observed for NO-releasing alginate nanoparticles, and the nanoparticles were found to be toxic to Vero cells at higher 

tested concentrations (1 and 3 mmol/L). AgNPs and alginate nanoparticles containing AgNPs and/or S-nitroso-MSA 

demonstrated antibacterial activity against all tested bacterial strains. MIC and MBC values for alginate nanoparticles 

containing AgNPs and S-nitroso-MSA were in the rage of 78 mg.L-1 to 310 mg.L-1. 

  

Conclusion 

This work describes the synthesis and characterization of alginate nanoparticles containing green tea synthesized 

AgNPs and/or S-nitroso-MSA (a NO donor). The materials prepared were characterized by different techniques. 

Kinetic measurements showed a sustained NO release from the nanoparticles for at least 12 h, at physiological 

temperature. The nanoparticles showed a concentration dependent toxicity to Vero cells. In addition, alginate 

nanoparticles containing AgNPs/S-nitroso-MSA showed potent antibacterial activities against clinically relevant 

bacteria strains, at concentrations found not toxic to Vero cells. Therefore, alginate nanoparticles containing AgNPs 

and S-nitroso-MSA might find important biomedical applications in the combat of bacterial infection. 
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Schematic representation of alginate 

nanoparticles containing AgNPs and nitric oxide 

donor 
Alginate nanoparticles containing green tea 

synthesized silver nanoparticles (AgNPs) and the 

nitric oxide donor (NO donor) 

S-nitroso-MSA for antibacterial effects.  
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Introduction 

Previous observations of implanted biomaterials in vivo and clinically, indicate, that the physicochemical 

characteristics of a biomaterial determine the inflammatory cellular response. The focus of this study was to 

investigate how the physical properties of a collagen biomaterial influence the inflammatory milieu of a cell complex 

in vitro and the biomaterial-cellular reaction in vivo. For this purpose, the physical characteristics of an equine-derived 

collagen biomaterial were modified while preserving the same chemical properties and compared to its original 

presentation.   

  

Experimental Methods 

The biomaterial’s physical characteristics were altered by applying external pressure using a sterile stainless steel 

cylinder until the material was flattened. A sponge collagen biomaterial (Parasorb fleece HD®; PF) and the pressed 

biomaterial (PF-P) were cut into segments of 1 cm2. Ex vivo, the biomaterials were cultured during 3 and 6 days with 

a cell complex derived from human blood called platelet-rich fibrin (PRF) and histologically stained. The supernatant 

was collected and the concentration of pro-inflammatory growth factors (TNF-alpha and IL-8) was measured using 

ELISA. The results from culturing PRF alone were used as a baseline. Subsequently, the biomaterials were implanted 

in Wistar rats using a subcutaneous model and compared to a control group sham-operated (CG). The biomaterials 

were explanted at 3, 15 and 30 days. The samples were histologically and immunohistologically stained with CD 68 

antibody (monocyte lineage), CD206 (M2 macrophages) CCR7 (M1 macrophages) and α-Smooth Muscle Actin (α-

SMA; vessel identification). The results were qualitative and quantitative evaluated to assess the b iomaterial’s 

degradation kinetics, macrophages polarization into M1/M2, multinucleated giant cells (MNGCs) and the 

vascularization pattern. Statistically analyses were carried out with intra and inter-groups comparison. 

  

Results and Discussion 

Ex vivo: histologically, the depth of penetration of cells into the biomaterial’s body differed between the two 

biomaterials. PF allow the penetration of cells and PF-P impede cells penetration. The cell culture of PRF+PF-P 

produced higher concentrations of TNF-α and IL-8 compared to PRF+PF after day 3 (P <0.05) and to PRF alone 

after 3 and 6 days (P <0.05). In vivo: after 3 days of implantation, both biomaterials were found in the implantation 

bed. PF maintained its pores structure and cells penetrated PF’s surface. PF-P preserve the appearance of a pressed 

structure and cells were accumulated on the surface. The inflammatory reaction of both biomaterials was mainly 

composed of CD68 + cells and M1. The number of CD68+, M1 and M2 cells/mm2 in the CG were higher than the 

experimental groups (P <0.05). After 15 days, PF was fully invaded by cells, the presence of vascular lumens was 

identified inside the biomaterial’s center (P<0.5) and showed a faster degradation of its structure compared to PF-P 

(P <0.05). Cells in PF-P invaded only the outer-third of the biomaterial’s body, vascular lumens were observed 

surrounding the biomaterial and the biomaterial preserved its structure. Both groups showed a higher inflammatory 
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reaction composed of positive CD-68+ cells and M1 without statistical differences. The inflammatory reaction in the 

CG reduced considerably and was statistically significant compared to the experimental groups (P<0.5). A few 

numbers of MNGCs were observed in experimental groups. After 30 days PF and PF-P fully degraded. CD68+ cells 

and MNGCs expressing the CCR7 marker were observed surrounding the remaining fibrils of the biomaterials. Micro-

vessels were observed within the implantation bed. The implantation area seems to be achieving homeostasis and 

entering a reparative stage as a similar shift towards an anti-inflammatory pattern was observed in the control and 

the experimental groups, characterized by a transition towards a higher presence of M2 macrophages. 

  

Conclusion 

Changing the biomaterials physical characteristics induced a statistically significant higher inflammatory protein 

release ex vivo during the early time point of cultivation. Additionally, it was shown to have an effect over the 

biomaterial’s degradation kinetics, vascularization pattern and the inflammatory cellular reaction. A collagen 

biomaterial of equine origin induced an inflammatory cellular reaction and degradation governed by macrophages, 

mainly M1, with a reduced number of MNGCs. The remaining MNGCs in the implantation bed expressing the pro-

inflammatory marker CCR7 after 30 days, support their involvement in chronic inflammation. 
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In vivo biomaterial implantation 
Collagen biomaterial in its original form (PF; 

A-B) and pressed biomaterial (PF-P; C-D). After 

15 days of post-implantation, cells have invaded 

PF completely and it is showing signs of 

degradation (A). Cells remain on the surface and 

outer third of PF-P with no signs of biomaterial 

degradation (C). The dash lines represent the 

perimeter of the biomaterials. Vascular 

structures are pointed by arrows (B, D) with 

alpha smooth muscle actin (α-SMA) 

immunohistochemical staining; scale bar = 

1000/100 µm. 
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Introduction 

As a promising alternative to life-long insulin injections for the clinical management of type I diabetes (T1D), 

transplantation of healthy β-cells to T1D patients has proven to be of great benefit1. However, a major obstacle 

limiting their clinical use is poor long-term survival following transplantation, due to ongoing attack by the patient’s 

immune system. This requires lifelong immunosuppression to ensure successful transplantation2. As a more feasible 

alternative, encapsulation devices are an emerging technology designed to provide a physical barrier that protects 

β-cells from immune attack. However, to support the survival of encapsulated β-cells these devices must overcome 

additional biological challenges following implantation. This includes establishing matrix signalling elements for β-

cells to thrive, stimulating angiogenesis to facilitate nutrient/waste exchange, and preventing foreign body fibrotic 

responses that impede host integration3. Current encapsulation devices are made from materials selected for their 

mechanical strength with minimal regard for these biological requirements. As a result, these devices fail to integrate 

with the body leading to poor long-term β-cell survival and offer no therapeutic function to date4. 

  

Experimental Methods 

We developed an encapsulation membrane using polyethersulfone (PES) fibers (Fig. 1a) with spatially distinct 

surface coatings designed to enhance β-cell viability through improved cell adhesion and modulation of the local 

immune response. PES fibers were activated using plasma immersion ion implantation (PIII), enabling the covalent 

immobilisation of biomolecules. The internal surfaces were coated with the extracellular matrix protein fibronectin 

(FN) to enhance β-cell attachment. The outer surfaces were then coated with the anti-inflammatory cytokine 

interleukin-4 (IL-4) to reduce local inflammation (Fig. 1b). Primary mouse islets, containing a bioluminescence (BLI) 

reporter, were dispersed into single cell suspensions before loading into functionalised PES fibers. PES fibers were 

then implanted subcutaneously into a mouse back for 14 days (Fig. 1c). β-cell viability and angiogenesis were 

quantified using serial non-invasive BLI and Laser Doppler imaging, respectively. Histological analysis was 

conducted on implants at days 3, 7 and 14 to assess temporal changes in inflammation and fibrosis. 

  

Results and Discussion 

Compared to uncoated controls, coated implants showed a 10-fold improvement in b-cell attachment consistent with 

a 75% increase in insulin secretion. At early timepoints, coated implants showed a 60% and 57% reduction in 

neutrophil and macrophage accumulation, with a 179% increase of the M2 (anti-inflammatory) macrophage 

phenotype. Increased M2 macrophage activity was consistent with enhanced early angiogenesis indicated by a 153% 

increase in blood perfusion combined with a 43% reduction in fibrotic capsule thickness. Collectively, these changes 

led to a 10-fold increase in β-cell viability (Fig. 1d) with an 83% improvement in nutrient exchange/integration with 

the local vasculature. 
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Conclusion 

Combined FN/IL-4 surface coatings may improve the performance of encapsulation devices and assist in the future 

clinical success of β-cell therapy for T1D patients. 
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Spatially separated  surface coatings enhance 

beta-cell survival in encapsulation fibers 
Figure 1 – a) Scanning Electron Microscopy (SEM) 

image of PES fiber membrane b) Functionalised 

coatings of FN (green) and IL-4 (red) on PES 

surfaces (blue) c) Subcutaneous implantation 

model using bioluminescence imaging for β-cell 

viability assessment d) Quantification of 

bioluminescence readings over 14 days 
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Introduction 

Regenerated silk fibroin purified from silk worm cocoons is a versatile biomaterial that can be engineered into a range 

of material formats with tuneable mechanical and morphological features. However, B. mori silk fibroin has no 

inherent cell-interactive domains and requires biofunctionalisation to achieve appropriate mammalian biological 

responses. Plasma immersion ion implantation (PIII) is a process in which positively charged ions from a gas 

discharge are accelerated through a high voltage sheath and implanted into the surface of the material being 

modified. The reactive radicals generated through this technique enable simple, one-step covalent immobilisation of 

bioactive molecules on contact for silk biomaterial surface modification. The goal of this study was to characterise 

the surface properties and biological activity of functionalised silk biomaterials toward cardiovascular applications. 

  

Experimental Methods 

ATR-FTIR spectroscopy, ellipsometry and nanoindentation measurements were used to demonstrate PIII 

modification of silk biomaterials. Surface plasmon resonance (SPR) analysis with sodium dodecyl sulphate (SDS) 

washing demonstrated covalent binding of proteins to PIII-treated silk biomaterials. PIII-treated silk biomaterials were 

biofunctionalised with a vascular proteoglycan perlecan (recombinant expressed C-terminal region Leu3626 - 

Ser4391) and the effect of PIII treatment on perlecan presentation on the surface was compared to other 

immobilisation approaches including passive adsorption and carbodiimide chemistry. The biocompatibility of the 

treated surface was investigated in a mouse subcutaneous implantation model, while the applicability toward 

cardiovascular devices was investigated by studying the interactions with endothelial and smooth muscle cells, 

platelets and whole blood. 

  

Results and Discussion 

PIII treatment modified the top ~100nm of silk biomaterials, increasing the surface stiffness and introducing oxygen 

and nitrogen functional groups without affecting the bulk properties. Radicals embedded in the treated layer gradually 

diffuse to the surface and facilitate covalent attachment of proteins. PIII treatment allowed one-step covalent 

immobilisation of proteins on the biomaterial surface, significantly increasing the efficacy of perlecan immobilisation 

relative to passive adsorption or carbodiimide chemistry. This work demonstrates the utility of PIII as a simple and 

versatile technique to immobilise molecules on silk biomaterials in the absence of chemical cross-linkers. PIII 

modification of silk is universal and does not rely on the presence of specific reactive groups on the surface or on the 

molecule to be immobilised. 

Implantation of silk biomaterials resulted in a moderate acute immune response, followed by fibrotic encapsulation. 

Perlecan modulated the fibrotic response to implanted silk biomaterials, significantly reducing the thickness of the 

fibrotic capsule. Functionalisation of silk biomaterials with perlecan also allowed selective interactions with the cells 

in the vascular niche, promoting enhanced adhesion of endothelial cells, while inhibiting smooth muscle cell and 

platelet/whole blood interactions, features essential in the development of blood-contacting cardiovascular devices. 
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Conclusion 

Collectively, these results show PIII treatment of silk enables strong attachment of proteins while retaining their 

bioactivity in the absence of chemical cross-linkers. Perlecan-functionalised silk biomaterials show promise toward 

cardiovascular application and warrant further investigation in functional animal models. 
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Introduction 

Bioinert ceramic, such as zirconia, provides the mechanical strength required in implants, but its limited bioactivity 

renders it incapable of osseointegration [1]. Thus, its biomedical application is limited [2]. Graphene and its 

derivatives possess excellent bioactivity and can enhance osseointegration, hemocompatibility and antibacterial 

properties [3]. Here, we introduce an innovative technique for functionalizing bioinert ceramic by immobilizing various 

graphene derivatives onto the surface by tailored self-assembled monolayer technique (SAM). 

  

Experimental Methods 

Several well-established and characterized graphene-derivatives exhibiting different morphology, shape and 

physico-chemical properties provided from Institute of Electronic Materials Technology, Warsaw (Prof. Lipińska), 

were selected to immobilize them on the ceramic surfaces (Fig. 1). Zirconia surfaces were at first activated by using 

two silanes, aminopropyl diisopropyl ethoxysilane (APDS) and 3-(trimethoxysiliyl)propylmethacrylat (MPS). For the 

APDS-activated surfaces exhibiting –NH2 active groups, additional catalysts, EDC and NHS were applied to reinforce 

the reaction between -NH2-functionalities and activated –COOH-groups of graphene-derivatives. Two different 

techniques, drop casting and immobilization from graphene solution by immersing of the samples in the shaking 

system to avoid sedimentation, were performed. At the end the samples were evaluated regarding to their 

morphology, graphene-derivatives coupling behavior and the stability of the obtained graphene-layers by using SEM 

analysis. Moreover, each graphene-derivative before coupling was biologically evaluated by using live/dead staining 

to ensure its cytocompatible character. 

  

Results and Discussion 

The cell culture tests approved the cytocompatible behavior of all selected graphene nano-flakes before 

immobilization, since more than 95% of cells were viable after incubation time. It was shown, that owing to the 

catalysts a higher amount of graphene-derivatives could be found on the ceramic surface. The stability of the coatings 

was established via ultra-sonication treatments. The most promising results were obtained by using graphene oxide 

obtained from exfoliation of Asbury 1 (GO A1). By using drop casting method a multilayer of GO A1 was attached to 

the surface, while during spontaneous immobilization from the graphene-solution a well distributed, surface-coverage 

self-assembled graphene oxide monolayer could be established (Fig. 2). 

  

 

Conclusion 

In our study, the immobilization of graphene derivatives by using different methods was successfully performed. 

Through this technique, the properties of graphene derivatives and zirconia could be merged to create a versatile 
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biomaterial. Moreover, through highly reactive graphene additionally biological agents could be immobilized on the 

graphene-derivatives-modified substrates via processes such as hydrophobic interaction to reinforce its biological 

activity or enhance other functionalities such as antibacterial future. 
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Fig. 2 
Coating of graphene oxide on the silanized 

zirconia substrates by using drop casting method 

(left) and spontaneous immobilization from the 

graphene solution, which resulted in well 

distributed, surface-coverage graphene oxide 

monolayer (right). 

 

 

Fig. 1 
Graphene-derivatives nano flakes exhibiting 

different morphology, shape and properties as 

received, provided from Institute of Electronic 

Materials Technology, Warsaw, Poland (Prof. 

Lipińska) 
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Introduction 

In recent years, some biocompatible nano MOFs attracted attentions for biomedical applications. Among them, 

copper-based nano MOFs received attentions because of its ability of catalytic generation of NO from S-nitrosothiols 

(RSNOs) 1. NO is one of the most important signal molecule and plays a indispensable role in inhibition of platelet 

activation and aggregation, regulation of vasodilation and anti-proliferation of SMC. In addition, the delivery of copper 

ions can stimulate the adhesion, proliferation, and migrationof ECs, also it can promote wound healing through up-

regulating of VEGF expression. Therefore, we supposed that simultaneous NO and copper ion release by the loaded 

nano Cu-MOFs would exert a synergistic effect to inhibit thrombosis, restenosis, and promote re-endothelialization. 

  

Experimental Methods 

Nano Cu-MOFs (CuBTC) was prepared according to Majano et.al2 and characterized. Ti foil was cut into squares 

(0.8 cm × 0.8 cm), and the substrates (including the 316L SS stents) were ultrasonically cleaned sequentially in 

acetone, ethanol, and water with three repetitions for each step. Dopamine (2 mg/mL) was dissolved in tris buffer 

(pH = 8.5), whereupon the nano Cu-MOFs (1 mg/mL) were immediately ultrasonically dispersed into the solution. 

The nano Cu-MOFs-immobilized coating was prepared by immersing the substrates into the mixed solution for three 

12 h periods, with ultrasonic cleaning performed each time. The sample titanium, polydopamine-coated titanium, and 

nano Cu-MOFs-immobilized titanium were referred as sample Ti, PDM, and MOF, respectively. 

  

Results and Discussion 

The nano Cu-MOFs (CuBTC) were immobilized onto the Ti surface successfully by polydopamine (Fig. 1) and the 

samples showed steady NO catalytic releasing rate at the physiological level of EC (0.5~4.0×10-10 mol·cm-2·min-1). 

Moreover, the copper ion release slowly (0.53–1.82 × 10−3 μmol·cm−1·day−1) from the coating. It showed NO and 

copper ions played a synergistic role in inhibiting gelatin-induced platelet activation, promoting the growth of ECs, 

and suppressing SMCs adhesion and proliferation. The ex vivo and in vivo animal experiments (Fig.2) demonstrated 

that the properties of anticoagulation, re-endothelialization, and anti-hyperplasia were dramatically enhanced by the 

nano Cu-MOFs-immobilized coating. 

  

Conclusion 

In summary, we developed a nano Cu-MOFs (CuBTC) loaded coating with a stable NO catalytic generation and 

copper ion release. These surfaces could significantly reduce the adhesion and activation of platelets, promote re-

endothelialization, inhibit SMC proliferation. It provided a promising method for surface modification of cardiovascular 

stents. 
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Fig.1  Characterization of the  prepared nano 

Cu-MOFs loaded coating 
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Introduction 

Traditional cell culture relies mostly on flat plastic surfaces, such as Petri dishes and multiwell plates. These 

commercial platforms are difficult to modify, which limits the range of customisation, functionalisation, and monitoring 

capabilities. The limitations restrict experimental design and expand the gap between in vitro and in vivo research. 

In contrast, cell behaviour research expands rapidly with the development of microfluidics and electrochemical 

detection methods. 

This research proposes a new approach for cell culture: a low-cost device based on stacks of a transparent flexible 

printable substrate and hydrophobic boundaries. The novelty is the introduction and stacking of layers for potential 

manipulation and access to the cells. Moreover, the use of a flexible printable film means that the device can be 

manufactured and modified using conventional coating, printing, and converting techniques. The concept is extended 

through the integration of printed patterns and mineral coatings to the platform. Human Dermal Fibroblasts (HDFs) were 

used to demonstrate the capabilities of the platform due to their morphological alignment, and its role in wound healing. 

  

Experimental Methods 

Figure 1 shows a graphical summary of the platform manufacture (a), and the side view of a well inside the platform 

(b). Briefly, the layers of the platform are designed with a vector graphics editor for printing and cutting. The 

hydrophobic wax patterns are incorporated to a flexible transparent printable film (Melinex OD) with a wax printer. 

The film was used as such, and also coated with mineral pigments. Subsequently, the film is cut into spacers and 

layers with a desktop cutter. Lastly, for cell culture with HDFs, the layers are UV-sterilised, pre-wet with cell culture 

media, and assembled into the sandwich-like structure for the cell seeding. 

Two main applications for the device are presented in this study: patterning, and coatings. The patterns are created 

with the same wax printer used to generate the hydrophobic boundaries on the stacked device. The designs include 

channels of different widths, and curvatures. In addition, laser ablation was used as an alternative method to create 

wax patterns of high resolution. As for the coatings, minerals were selected from a pre-assessment of cell-mineral 

interactions1, including: calcium carbonate (CCHC90), and calcium sulphate (CS325M). 

The patterns and coatings were characterised by measuring contact angle, and FTIR. The biological assessment 

included calcein AM staining, immunofluorescence staining of the nuclei, actin filaments, vimentin, and vinculin. 

  

Results and Discussion 

Figure 2 shows representative images from a) wax patterning, b) laser ablated wax patterns, c) cells on CCHC90, and d) 

cells on CS325M. Wax printing has been used in the past to create wells on paper and in microfluidics. Therefore, 

patterning on the film was simple and straightforward. Cells aligned tightly to each other on the print direction. The 

resolution of the patterns was affected by the ink droplet size and spreading during printing. The limitation is removed 
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when using laser ablation on a fully wax printed area to create the channels down to 10 µm in width. In both approaches, 

wax lost its hydrophobicity once in contact with cell culture media allowing cells to grow on top of the printed areas. 

In contrast, mineral CCHC90, an accelerator of cell proliferation when used as particles, prevented HDF attachment. 

Instead, cells adhered to uncoated channels within the coating layer. Cell seeding concentration influenced the cell 

attachment or lack of it. Lastly, cells growing on calcium sulphate behaved as expected. HDFs showed vacuolisation 

when in direct (coating on the bottom layer) or indirect (coating on the top layer) contact with the calcium sulphate. 

For all minerals, it was necessary to use corona treatment on the transparent film prior to coating. 

  

Conclusion 

This study shows the applications of a novel cell culture platform. The printability of the device provides a foundation 

to incorporate functional printing, patterns, electrochemical detection, stimulation and biofluidics. The layered 

structure facilitates lateral access to the cells, but it also encourages indirect and direct interactions, and co-cultures. 

Applications, such as the ones in this study, would not be possible in traditional cell culture platforms. In contrast, we 

were able to align cells through high and low resolution patterning with wax printing, and laser ablation. We could 

also assess the biomaterial interaction between mineral coatings and HDFs. 

In summary, the device is easy and fast to manufacture, scalable, and can be potentially customised to influence, 

monitor, and assess cell behaviour. It is compatible to cell biology techniques such as microscopy. However, the 

end-use is not limited to cell culture but can be expanded to other areas, such as drug discovery, diagnostics, point-

of-care, and environmental sensing. 
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Figure 2. Surface modifications of the printable 

cell culture platform for cell growth 
a) Calcein AM stained HDFs on wax printed 

pattern. b) Laser ablated wax patterns. Calcein 

AM stained HDFs align individually inside the 

channel. c) Calcium carbonate coating for cell 

growth. HDFs align on the uncoated channels. d) 

Calcium sulphate coating for cell growth. HDFs 

show vacuolisation. 



ESB 2019 | Abstract Booklet 

Wednesday, 11 September, 2019 

 

Page 297 of 1893 

 

Figure 1. Printable cell culture platform 
a) Graphical summary of the step-by-step 

manufacture and applications of the printable 

cell culture platform. b) Side view of a well 

inside the printable cell culture platform. The 

dimensions are not limited to this 

representation, it depends on the desired 

design. 
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Introduction 

Nanoscale surface modification of medical implants has become a growing area of research in the bone regenerative 

medicine, based on the fact that natural bone has a nanometric scale structural hierarchy [1]. One of the simplest 

and most efficient method of generating nanostructured surfaces on Ti is by electrochemical anodization, resulting 

in TiO2 nanotubes (TNTs) [2]. However, comprehensive data on their biological effects are scarce and even 

contradictory due to the various surface properties. While accumulating evidence describes the influence of nanotube 

diameter on cell behavior, little is known about the effects of nanotube lateral spacing on cells involved in bone 

regeneration. 

In this context, the purpose of the present study has been to assess the influence of TNTs exhibiting a ~80 nm inner 

diameter and a spacing of 80 nm (TNT80) and 18 nm (TNT18), respectively, on in vitro behavior of two cells lines 

(MC3T3 pre-osteoblasts and RAW 264.7 macrophages). These cell lines provide representative models to study 

bone regeneration. 

  

Experimental Methods 

The growth of TNT on Ti foils was performed a) for TNT18, in glycerol:H2O 70:30vol.% + 0.5 wt% NH4F at 20V for 2 

h (at room temperature), b) for TNT80, in diethylene glycol + 4wt%HF + 7wt%H2O + 0.3wt% NH4F at 27V for 4 h (at 

30 °C). Samples morphology was characterized by scanning electron microscope (SEM) Hitachi FE-SEM 4800SEM, 

while their chemical composition and chemical state was investigated by using X-ray photoelectron spectroscopy 

(XPS, PHI 5600, US). 

The cell-material interactions were investigated by conducting cell adhesion and morphology fluorescence 

microscopy studies and LIVE/DEAD Cell Viability and CCK-8 cell proliferation assays. In addition, pre-osteoblast 

differentiation (alkaline phosphatase activity, osteopontin and osteocalcin expression) and release of inflammatory 

mediators by RAW 264.7 (multiplex ELISA) were investigated. 

  

Results and Discussion 

SEM images indicate the formation of highly organized nanostructures with parallel aligned porous nanotubes, and 

while both nanotubular structures exhibit a length of ~ 0.9 μm and inner diameters of ~80nm, the classical tubes 

grown in glycerol:water electrolyte exhibit a close packed configuration and a tube to tube spacing of ~18 nm present 

only at the top surface of the tubes, while spaced tubes show a clear tube to tube spacing of ~80 nm from top to 

bottom of the tubes. These surfaces have proved to support cell viability and proliferation in approximately equal 

extent. However they induced an increase in the number of viable metabolically active cells at short time-incubation 

periods when compared with flat Ti surface. A differential cellular response has been induced by TNT lateral spacing 

in terms of pre-osteoblast morphological features, cell adhesion, migration and cellular expansion. Thus, despite of 

rather similar number of focal adhesions per cell on the studied nanotubular surfaces, the organization of the actin 
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cytoskeleton and the pattern of the focal adhesions appeared to be much more similar on the Ti and TNT18 surfaces, 

whereas on TNT80 the actin filaments are thinner and the focal adhesions are less emphasized. These results 

correlated with a more visible cell elongation on TNT80 suggest the presence of a more migratory cell phenotype on 

this surface. Likewise, the degree of pre-osteoblast cell spreading was significantly lower on TNT80 than on TNT18 

substrate. Moreover, TNT80 surfaces have proved to exhibit more beneficial effects on pre-osteoblast differentiation 

than TNT18, as demonstrated by increased expression of the early osteoblast differentiation markers such as alkaline 

phosphatase (ALP)  activity and osteopontin (OPN) secretion levels (Fig. 1). Noteworthy, the higher lateral spacing 

of TNT has induced more pronounced stimulatory effects on the release of pro-inflammatory mediators TNF-alfa and 

MCP-1 by RAW 264.7 cells (Fig. 1). Therefore, it can be stated that nanotube spacing plays an important role in the 

modulation of the macrophage inflammatory response. 

  

Conclusion 

These findings provide the evidence that lateral spacing of the TiO2 nanotubes modulates the cellular response and 

has to be considered in designing bone implants with improved biological performance. 
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Fig. 1. Titania nanotube spacing modulates pre-

osteoblast and macrophage behavior. 
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2:15 p.m. – 3:45 p.m. 

Hall 3 

V-SY8 | ISBF: Hydrogel bioinks for bioprinting 

and biofabrication 

Jürgen Groll (Würzburg, DE) 

Daniela Duarte Campos (Aachen, DE) 

 

Hydrogels are the most common materials used as bioinks in bioprinting and 

biofabrication. Recent advances in tissue engineering have shown that more 

sophisticated, responsive and dynamic materials are needed to mimic the cellular 

environment and create engineered tissues. In this symposium, novel strategies will be 

presented for the synthesis of dynamic hydrogels as bioinks. Both invited keynote 

speakers, Sarah Heilshorn and Matthew Baker, are leading experts in the field of 

biomaterials applied to tissue engineering. This symposium is supported by the 

International Society for Biofabrication (ISBF) and aims to bring together people from the 

fields of bioprinting, tissue engineering and materials science. 
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V-SY8-KL01 

Adaptable Hydrogels as Custom Bioinks 

Sarah Heilshorn 

Stanford University, Materials Science & Engineering, Stanford, US 

 
Despite the rise of 3D printing of thermoplastics both in industry and the general public, a key limitation preventing 

the widespread use of cell-based 3D printing is the lack of suitable bioinks that are cell-compatible and have the 

required properties for printing. Current commonly used biomaterials have distinct limitations when used as a bioink 

including difficulty maintaining a homogeneous cell suspension, avoiding cell damage during extrusion, customizing 

the printed matrix properties to facilitate cell-matrix interactions, and printing within a bath to prevent cell dehydration 

while preserving high print resolution. We have designed a new family of tunable biomaterials specifically designed 

for cell-based 3D printing. These hydrogel-based bioinks are produced from blends of engineered recombinant 

proteins and peptide-modified, naturally occurring biopolymers such as alginate and hyaluronic acid. These materials 

undergo two-stages of crosslinking: (i) weak, peptide-based, self-assembly to homogeneously encapsulate cells in a 

shear-thinning hydrogel within the ink cartridge and (ii) stimuli-responsive crosslinking post-printing to rapidly stabilize 

the construct. Benefits of this two-stage crosslinking strategy include the prevention of cell sedimentation within the 

ink cartridge, mechanical shielding of the cell membrane from damaging extrusion forces during printing, rapid post-

print self-assembly within an aqueous bath that prevents cell dehydration, and fine-tuning of the printed scaffold 

mechanical properties for optimal cell-matrix interactions. 
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V-SY8-KL02 

From static to dynamically crosslinked bioinks for 3D printing 

Matt B. Baker 

Maastricht University, MERLN Institute, Maastricht, NL 

 
Introduction 

Statically cross-linked hydrogels poorly recapitulate the complex and responsive behavior of a cell’s native extra 

cellular matrix (ECM). Cells have a difficult time growing, migrating, and fusing to form tissue within a densely cross-

linked covalent hydrogel, yet covalently cross-linked hydrogels are the most widely used material for 3D printing of 

cell laden hydrogels (bioinks). Consequently, in order to create more complex and biomimetic 3D tissue engineering 

constructs, the there is a noticeable need for the creation and use of dynamically cross-linked hydrogels within 

biofabrication and 3D printing. In this talk, I will show our lab’s work in moving from thiol-ene statically cross-linked 

bioinks toward the development of imine-type dynamically crosslinked bioninks. 

  

Experimental Methods 

Alginate polymers have been synthetically modified via either amidation (EDC/NHS) or oxidation. Characterization 

of the alginate polymers based on NMR and GPC allow for control of degree of functionalization. Hydrogels are 

formed via cross-linking either by UV radiation (thiol-ene, LAP photoinitiator) or by mixing (dynamic covalent imine 

formation). The rheological properties of the resultant gels were measured via rheology. Printing was performed on 

a GESIM bioprinter utilizing cartridge-based extrusion under pressure. Cell viability was determined via metabolic 

activity, live-dead staining, and LDH release. 

  

Results and Discussion 

Norbornene modification of alginate was performed with good control. The resultant polymers were crosslinkable 

with dithiols to create tunable hydrogels. These thiol-ene hydrogels allowed the 3D printing of multi-cellular and multi-

layer (up to 25 layer) constructs with good shape fidelity and cell survivability. However, these bioinks poorly 

recapitulated tissue dynamics. Via oxidation of alginate and combination with dynamic covalent imine-type cross-

linkers, we were able to create a series of hydrogels with tunable mechanical properties, viscoelasticity, bioactivity, 

and printabilty. By tuning the nature and dynamics of the cross-linker, we have shown that the most dynamic hydrogel 

formulations (hydrazone) were the most printable in our setup. Notably we observed differences in cell adhesion 

(fibroblasts) and metabolic activity (chondrocytes) as a function of the dynamics of our hydrogels. 

  

Conclusion 

Both bioink platforms presented are promising bioinks for biofabrication, with good cell viability. The thiolene bioinks 

allow straightforward construction of multi-layer constructs due to rapid and static UV initiated cross-linking. The 

imine-type cross-links provide a novel dynamic bioink platform, with enhanced mimicry 

of native ECM. Furthermore, this dynamic bioink platform remains one of the few dynamic inks capable of printing a 

self-supporting structure. Hydrogel dynamics have been shown to markedly influence tissue formation; however, the 

relationship between dynamic hydrogels and tissue formation in complex cocultures remains unexplored. With 

printable dynamic inks, the study of complex 3D constructs now becomes possible. Lastly, as we progress towards 
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the development of more ECM-like and higher functioning synthetic bioinks, a move away from single network or 

single network plus modifier mentality is urged. 
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Development of dynamic bioinks 
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V-SY8-03 

Multiscale and cell-preserving 3D bioprinting of human cells by nozzle-

free acoustic droplet ejection 

Stefan Jentsch, Horst Fischer 

RWTH Aachen University Hospital, Dental Materials and Biomaterials Research, Aachen, DE 

 
Introduction 

With a novel method, it is possible to move liquids in order to print them without using nozzles. For established 

bioprinting techniques the nozzle is a limiting factor. The printing resolution is directly limited by the nozzle size. 

Moreover, the shear stress increases with the decrease of the nozzle size. Regarding the cell-laden printing material, 

the cells are irreversibly damaged above a critical shear stress. A smaller nozzle diameter leads to clogging of the 

printed cell-laden hydrogel material. 

With the Acoustic Droplet Ejection (ADE) method, droplet sizes can be variably generated over more than three size 

scales from the millimeter range down to the small two-digit micrometer range. By varying the size of the droplets, it 

will be possible to print large scale cell aggregates as well as single cells precisely in three dimensions across all 

scales. Due to the absence of a nozzle, minimal shear stress is applied to the printed cells. Hence a main reason for 

cell damage can be overcome. 

  

Experimental Methods 

The principle of the dispensing method is based on the emission of high intensity focused ultrasound within a fluid. 

A 4 MHz transducer (CNIR Hurricane Tech, China) with a focus length of 19 mm was used. The radiation pressure 

contains enough energy to overcome the surface tension and eject a single droplet. Agarose/collagen, gelatin and a 

fibrinogen/gelatin combination were tested for printability before MG-63 cell line was printed with the focus on cell 

viability. A heated reservoir keeps the printing materials at the desired printing temperature and a cooled building 

platform allows the printing material to gel after printing. 

  

Results and Discussion 

The current printing rig is the first one which is capable to print in the third dimension whereas so far only a single 

layer has been applied by using acoustic droplet ejection. Only 2D patterns of separated cell containing droplets [1] 

or 2D multiplexed cell cocultures [2] have been performed. Cooling the building platform causes a layer of printed 

hydrogel droplets to gel quickly enough that further layers can be printed on top. The built 3D construct is hanging 

on the building platform (shown in abstract figure). 

The ADE method must be separated from piezoelectric inkjet bioprinting [3]. In piezoelectric inkjet bioprinting a piezo 

crystal is deformed inside a chamber and the deformation at 15-25 kHz pushes a droplet through a nozzle. In 

comparison the ADE method is using an open-pool nozzle-less system (shown in abstract figure) at 4-30 Mhz. 

Droplet diameters below 70 µm and up to 200 µm can be produced with a high repeat accuracy. The droplet size 

only depends on the frequency of the ultrasonic transducer and is not affected by a nozzle. 

  

Conclusion 

In summary, the results show the ability that by using sound-induced bioprinting, cells, as well as bigger cell clusters, 

can be dispensed precisely in a gentle manner. The stress to the cells can be minimized by avoiding shear stresses 
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at the walls inside a nozzle. The multiscale aspect without the need of changing a nozzle but just changing the 

ejection frequency is a completely new approach in the field of bioprinting. Placing single cells at a high speed has 

high potential in the future of bioprinting. 
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Acoustic bioprinting setup 
Green frame: High-speed camera acquisition of 

the droplet ejection process. Ultrasound 

frequency of 13.6 MHz, amplifier input signal of 

200 mVpp for 14.7 µs. Acquired with 10.000 frames 

per seconds. Scale bar: 400 µm. 
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V-SY8-04 

Elastin-Like Recombinamers as a new generation of bioinks for 3d 

bioprinting 

Soraya Salinas-Fernández, Fernando González-Pérez, Jose Carlos Rodríguez-Cabello, Matilde 

Alonso, Mercedes Santos 

University of Valladolid, BIOFORGE (Group for Advanced Materials and Nanobiotechnology), CIBER-BBN, 

Valladolid, ES 

 
Introduction 

Novel bioink designs for 3D bioprinting are of great interest due to inerent complexity in the fulfillment of the subtle 

biological and physical criteria that a real tissue demands, together with the added requirement of printability [1]. For 

this purpose, Elastin-Like Recombinamers (ELR) hydrogels are seen as appealing candidates for their use as bioinks 

due to their potential complex and engineered composition and, therefore, functionality as a consequence of their 

recombinant production from a purely synthetic DNA [2, 3]. 

Due to the recombinant character of the ELRs, this novel developed bioinks are characterized for having a behaviour 

close to natural proteins of the extracellular matrix although their production and design is governed solely by 

engineering parameters, avoiding some of the drawbacks that are generally observed among only synthetic or natural 

bioinks. Their thermoresponsive behavior is exploited for the deposition of well defined fibers under a heated (37ºC) 

platform, and its recombinant character enables their batch-to-batch reproducibility and tunability to a desired target 

tissue by introduction of the selected bioactive peptide sequences into their chains. 

Two different strategies have been exploited to enhance printability of ELRs supported through physical or chemical 

interactions, facilitating structural integrity into the obtained scaffolds. 

The physical stabilization approach exploits an ELR bioink (Z(EIS)2RGD6) that has been designed to perform a 3-

step gelation program: A primary thermally-induced fast gelation based into weak hydrophobic interactions ensures 

rapid fiber formation; a subsequent second stabilization, caused by coil-coil interactions in Leu-Zipper domains, 

enables the preservation of the structure during the printing time. The last step is the   stabilization of the printed 

structures by to the presence of a silk-like sequence that provide β-sheets formation and long-term stability of the 

printed structures. 

The chemical stabilization approach is based into the design of another ELR bioink ((KISS)2-RGD6) that has been 

modified, via the introduction of a methacrylamide groups (MA) by an amidation reaction to endow photo-

crosslinkable properties. 

  

Experimental Methods 

Both Elastin-Like Recombinamer (ELR) bioinks were genetically designed and produced into Escherichia Coli 

bacteria, followed by a temperature dependent purification protocol. 

Suitability of both ELRs for 3D printing was tested into an extrudable printer, aided with UV exposure in the case of 

(KISS)2-RGD6 ELR to allow chemical crosslinking. Optimal concentration and temperature of the cartridge and heated 

bed were optimized to ensure both ELR best resolution into the printed scaffolds and subsequent rheological studies 

of viscosity and dynamic modulus were performed. 

Printability and structural integrity of the printed matrixes were assessed by imaging and SEM.  In vitro analyses 

further test the biocompatibility and suitability of both ELRs as bioinks using HFF-1 cell line. A Life/Death assay 
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performed over the cell loaded printed structures shows the viability of the cells, meanwhile their shape and 

proliferation was observed using a DAPI/Phalloidin staining. 

  

Results and Discussion 

An optimized concentration of the bioink was printed showing reliable structures in height and width ensuring 

structural stability through the deposition of controlled fibers one on top of the others without collapsing (Figure 1). 

Cells stained with Dapi/phalloidin showed a homogeneous distribution within the structure and the characteristic 

shape that fibroblast acquire in their native environment. A life/death assay showed the viability of the majority of the 

cells at prolonged incubation times. 

  

Conclusion 

ELRs as bioinks can demonstrate great applicability due to their mechanical, physical and biological properties to 

create printed biomimetic ELRs structures for the development of a wide range of different applications. Their 

development opens up the possibility to solve most of the problems related with poor printability or biocompatibility 

that other bioinks possesses. 
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Figure 2 
Staining of a Z(EIS)2RGD6 cell loaded printed 

structure after 3 days in culture with 

A)Dapi/Phalloidin and B)Life and Dead. Scale 

bars: 500 µm 
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Figure 1 
Photograph and SEM imaging of scaffolds printed 

with A) Z(EIS)2RGD6 and B) (KISS)2-RGD6.Scale 

bars: 1mm (with the exception of the B3, 200µm) 
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2:15 p.m. – 3:45 p.m. 

Hall 4 

V-OS16 | Bioactive materials for regeneration of 

bone 2 
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V-OS16-KL01 

3D-Printing of Bioactive Materials for Bone Tissue Engineering 

Chengtie Wu 

Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai, CN 

 
Introduction 

For therapy and regeneration of bone defects resulting from malignant bone disease, it is of great importance to 

develop multifunctional biomaterials for bone therapy and regeneration. Conventional biomaterials always lack 

multifunctional properties, limiting their application for treating and repairing bone disease (e.g. bone tumors)-initiated 

defects. How to design and prepare bioscaffolds with favorable microenvironments for disease therapy and tissue 

regeneration is one of interesting topics in the fields of biomaterials and tissue engineering. 

  

Experimental Methods 

We developed several strategies, including harnessing nutrient elements, biomimetic structure and functional 

interface as well as thermo-therapy to construct multifunctional scaffolds by 3D-Pringting method for therapy and 

regeneration of bone tissues. Further in vitro and in vivo studies have been systematically innvestigated to evaluate 

how the nutrient elements, biomimetic structure and functional interface as well as thermo-therapy to influence the 

bone regeneration/therapy. 

  

Results and Discussion 

It is interesting to find that both nutrient elements and biomimetic structure of the printed bioscaffolds have important 

effect on the stimulation of osteogenesis and angiogenesis of stem cells, and thermotherapy plays an important role 

to treating bone tumors.  

  

Conclusion 

Therefore, we put forward new concept that 3D-Printed bioscaffolds combined bone therapy and regeneration could 

be a new direction of bone tissue engineering. 
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Figure 1. 3D Printing of lotus root-like 

scaffolds 
Different materials with lotus root-like pore 

structure have been prepared by 3D printing 

method. The lotus-like pore structure induced 

formation of new bone and blood vessels. 
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V-OS16-02 

Formulation of an Antimicrobial Silver-doped Magnesium Oxychloride 

Cement 

Morgan Lowther, Liam Grover, Sophie Cox 

University of Birmingham, School of Chemical Engineering, Birmingham, GB 

 
Introduction 

There is great interest in developing cement formulations for bone regeneration with high strength and easy 

preparation. In comparison to existing materials such as calcium phosphates (CaP), magnesium oxychloride cements 

(MOC) offer greater resorbability which can be tailored by the addition of phosphoric acid [1].   

 

Excess MgO is frequently added to MOC mixes for improved strength. Interestingly, this could lead to inherent 

antimicrobial and antifungal functionality due to the efficacy of micron scale MgO powders [2]. Current post-surgical 

antimicrobial prophylaxes often face difficulties penetrating biofilms. Supplementing with local delivery of an inorganic 

antimicrobial such as silver can disrupt biofilm formation, enhancing the efficacy of conventional antibiotic treatments 

[3]. 

 

In this work, the potential for antimicrobial MOC formulations has been investigated. Both the mechanism of any 

inherent antimicrobial behaviour and the addition of a silver phosphate to increase efficacy have been studied. 

Importantly, correlations between critical cement requirements have been explored, identifying a formulation that 

balances mechanical properties and efficacy. 

  

Experimental Methods 

Cements were manufactured by mixing light MgO powder with MgCl brine [1], with a range of formulations with 

excess MgO produced. Phosphate-modification was by addition of H3PO4 to the brine. When producing silver-

modified cements, Ag3PO4 was added to the dry MgO. For a subset of formulations, deliberate porosity was induced 

by addition of a porogen. 

Samples were produced by extrusion into moulds of 6 mm diameter and 12 mm height, curing for 48 hours before 

demoulding. Compression testing was performed with load rate 1 mm/min, on both dry samples, and samples 

immersed in phosphate buffered saline (PBS) for 14 days prior to analysis. 

Helium pycnometry and X-ray diffraction (XRD) were performed on ground cements. Semi-quantitative assessment 

of spectra was made and normalised based on the ratios of reagents used. 

Perfusion and elution assessments were made, with elutants assessed by inductively coupled plasma spectroscopy 

(ICP-OES). 

Antibacterial efficacy was assessed both in wet, and dry states compared to CaP controls. Zones of inhibition were 

assessed for S. aureus and E. coli on tryptic soy agar (TSA) after 24 hours incubation. Efficacy against planktonic 

bacteria in broth was measured by flow cytometry with Syto 9 and propidium iodide fluorochromes for live/dead 

marking. Samples were also removed from the broth, rinsed and then sonicated in sterile broth to suspend any 

adhered bacteria. Serial dilutions were made and inoculated on TSA for overnight culture. 
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Results and Discussion 

Dry compressive strength was comparable to CaP ceramic cements, with ultimate compressive strength (UCS) up 

to 30 MPa. Increasing the powder to liquid ratio had no significant effect on UCS, but increased relative density, 

suggesting critical flaw size remained consistent. Addition of Ag3PO4 had negligible effect on UCS, however addition 

of H3PO4 to the brine reduced strength by a factor of a half, and prevented extrusion at powder/liquid ratio of 1.6 

(figure 1). Similar results were observed in the wet state. 

XRD results (figure 2) indicate retardation of 5Mg(OH)2.MgCl2.8H2O (5-phase) formation by orthophosphate 

modification, with associated brine acidification reducing Mg(OH)2 to MgO. Silver modification also reduced the yield 

of 5-phase, however this was associated with depletion of chloride ions by formation of AgCl. 

Perfusion and elution assessments indicated the low porosity of the MOC cements limited release of silver. Inducing 

porosity by the addition of a porogen decreased compressive strength, but enabled improved elution of silver from 

doped cements as measured by ICP-OES. 

Antibacterial efficacy was shown both by the formation of zones of inhibition, and reduced viability of both planktonic 

and adhered bacteria in broth versus CaP controls. Unmodified cements showed significant reduction in viability, 

suggesting that MOC shows some inherent antimicrobial efficacy. 

  

Conclusion 

Magnesium oxychloride cements have been shown to possess a degree of inherent antimicrobial efficacy associated 

with MgO. Addition of a porogen and silver phosphate improved efficacy, both against adhered and planktonic 

bacteria in broth. This formulation shows promise as an antimicrobial cement that exhibits more rapid degradation 

than calcium phosphate cements. 
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X-ray diffraction analysis of cement 

formulations 
a) Representative x-ray diffraction spectra for 

cement formulations. Peaks are indexed in 

comparison to reference database. 
b) Semi-quantitative compositional analysis 

based on diffraction spectra. Results have been 

normalised based on relative masses of Mg and Ag 

present in reagents used. 

 

 

Physical properties of cement formulations 
a) Assessment of cement densities. The dry 

density of cements as measured by total volume, 

and strut densities from He pycnometry of 

crushed cements, provides values for the 

relative density of cements. 
b) Dry ultimate compressive strength of cement 

samples. 

* No data is provided for the 1.6 g/mL ratio of phosphate cement. Material could not be extruded and was therefore 

excluded from study. 
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V-OS16-03 

Creation of inorganic bioactive nanoparticle composites for bone 

regenerative applications 

Pichaporn Sutthavas, Pamela Habibovic, Sabine van Rijt 

Maastricht University, MERLN, Institute for Technology-Inspired Regenerative Medicine, Maastricht, NL 

 
Introduction 

Calcium phosphate nanoparticles (CaP) are promising materials for use in bone regeneration as they are intrinsically 

bioactive (i.e. induce bone formation), due to their chemical and crystallographic similarities to inorganic components 

of bone. However, the synthesis and selective chemical modification of stable uniform nanosized CaP remains 

challenging. In contrast, mesoporous silica nanoparticles (MSNs) have facile synthesis routes and can easily be co-

functionalized to create multifunctional nanomaterials. Consequently, MSNs are heavily used in the fields of drug 

delivery, theranostics and biosensing [1]. 

 Here, we report the synthesis of MSNs- CaP nanoparticle composites, combining the advantages of both 

nanomaterials, namely the bioactivity and stability of calcium phosphate, with the drug delivery and modification 

potential of MSNs. Moreover, as calcium phosphate degradation rate depends on its chemical phase and on pH, 

CaP coating on mesoporous nanoparticles can be used to facilitate pH dependent drug delivery[2, 3]. 

  

Experimental Methods 

MSNs with amine surface functionalizations were synthesized via modified co-condensation methods[4]. The amine 

groups on the MSN surface were further modified to obtain carboxylic acid groups which allowed calcium phosphate 

ion deposition at HA ratio of 1.67. Nanoparticles were visualized by transmission electron microscopy (TEM). 

Characterization of particles’ crystallinity and surface chemistry were done using X-ray diffraction (XRD) and Fourier 

transform infrared spectroscopy (FTIR). Kinetic release of calcein fluorescent dye from the nanoparticles at different 

pH’s were measured by a fluorescence spectrophotometer. 

  

Results and Discussion 

Carboxylic acid surface modified MSNs were used as templates to allow calcium phosphate layer by layer deposition. 

A mesoporous structure was visible using TEM in uncoated MSNs (Figure 1a left). These pores were covered up by 

the calcium phosphate layer in MSN-CaP, showing successful CaP surface coating of the MSNs (figure 1b right). 

Crystallinity of calcium phosphate layer showed similar patterns as commercial hydroxyapatite as determined by X-

ray diffraction (figure 1b). Calcein fluorescent dye could efficiently be incorporated in the MSN mesopores, and 80% 

of the dye could be released within the first 20 hours as a result of the dissolution of hydroxyapatite coating at acidic 

pH (pH 4), whereas no significant release was observed at neutral pH. 

  

Conclusion 

We successfully synthesized multifunctional nanoparticles composed of a mesoporous silica nano-sized core and 

hydroxyapatite surface coating. The MSN-CaP could be used for pH dependent drug delivery by dissolution of the 

hydroxyapatite layer. Their drug delivery capability, combined with their bioactivity make the developed nanomaterials 

interesting candidates for the creation of bioactive biomaterials for bone regeneration. 
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Figure 1: Calcium phosphate coated MSNs 

characterization 
a) .TEM image of MSN and calcium phosphate 

coated MSN (MSN-CAP). b). XRD pattern of MSN-CAP 

has similar peaks pattern as hydroxyapatite. c). 

FTIR spectra of MSN-NH2, MSN-COOH and MSN-CaP. 

d). Calcein release from MSN and MSN-CaP at pH 4 

and 7. 
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V-OS16-04 

Local changes induced by β-Tricalcium phosphate granules immersed 

in SBF: confinement matters. 

Yassine Maazouz, Iris Rentsch, Bin Lu, Bastien Le Gars Santoni, Marc Bohner 

RMS Foundation, BK2 group, Bettlach, CH 

Introduction 

The mechanism of calcium phosphate induced intrinsic osteoinduction remains unclear. It is mostly observed with 

beta-tricalcium phosphate (β-TCP), hydroxyapatite, or their combination but not exclusively1. A local decrease in 

Calcium, Phosphate and pH to sub-physiological levels provoked by the confinement and bioactivity of materials was 

recently related to the early stages of material induced ectopic bone formation1. 

In spite of the large body of information available on the interaction between bone substitutes and physiological 

solutions, there is currently very little information on the chemical reactions occurring within bone substitutes. As 

such, it is difficult to interpret published data on the osteoinduction of bone graft substitutes or to make a rationale 

design of an osteoinductive bone graft substitute. 

The objective of this study was to twofold: (1) to design a new bioactivity test method faster than ISO 23317 and 

allowing to measure local effects (2) to study the effect of design parameters on the bioactivity (unconfined and 

confined) of β-TCP granules. b-TCP material is particularly interesting because it has been reported to be both 

bioactive2 and non-bioactive3, and highly osteoinductive 4 and non-osteoinductive 5. 

  

Experimental Methods 

Particle size (S=fine, coarse), calcium to phosphorus ratio (Ca/P= 1.50, 1.51) Specific Surface Area (SSA: 

large=4m2/g, small=1m2/g) and (micro)porosity (P= high, low) were varied in a full factorial design to produce 16 

types of β-TCP granules with all possible combinations of factors. A two test method was developed: I) Unconfined 

test: A mass of 0.3g of material was introduced under agitation in 200ml of SBF and pH was monitored owing to an 

electrode (Unitrode, Metrohm) every seconds during 22 hours. II) Confined test: a 5cc chamber constituted of 40µm 

mesh (Cell Strainer, BD Falcon) was entirely filled with granules and a 3mm outer diameter pH electrode (Biotrode, 

Metrohm) was introduced in the center of the granules for the pH to be recorded every second for up to 96h. 

  

Results and Discussion 

The pH changes in the confined and unconfined test differed drastically. Confinement provoked higher variation of 

pH, and the effect of the varied properties of β-TCP granules on the pH variations were markedly larger. In the 

unconfined test pH slowly decreased with time. This decrease was attributed to the heterogeneous precipitation of a 

calcium phosphate phase. SEM pictures and solubility calculations confirmed this finding. SSA (p=0.0001) and 

porosity (p=0.006) were found to significantly influence the pH decrease kinetics. In the case of the confined test a 

pH increase followed by a sharp decrease were observed, pH increase was attributed to the dissolution of a calcium 

rich alkaline substance at the surface of the granules owing to ICP-MS measurements, possibly Ca(OH)2. This was 

also confirmed by solubility calculations and Ca(OH)2  dissolution tests in SBF. The presence of Ca(OH)2 on the 

surface delayed the precipitation of apatite. The kinetics of the pH increase and subsequent decrease was 

significantly impacted by the granule size (p=0.001) and the SSA (p=0.007). Granule size did not impact pH changes 

in the unconfined test because it is not sensitive to the packing of granules contrary to the confined test. Furthermore, 

SSA had an opposite effect in each test, accelerating the pH decrease in the unconfined test while slowing it down 
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in the confined test. This was probably due to a combined effect of a longer dissolution time (larger quantity of 

Ca(OH)2 provoking a higher pH at which Ca(OH)2 is less soluble) and a slower release of the solubility products due 

to the smaller micropore size. This diffusion was further hindered by decreasing the granule size. 

  

Conclusion 

Two new bioactivity tests were introduced. Both tests assessed bioactivity by monitoring the pH value of an SBF 

solution. Key design properties of β-TCP granules affected their bioactivity. In particular SSA increase had an 

opposite effect when measured in a confined or unconfined environment. This novel method unravels the substantial 

pH changes that may be provoked locally by β-TCP granules in vivo. The considerable kinetics differences in pH 

changes and bioactivity that materials with similar compositions exhibited should be taken into account for the design 

of β-TCP granules. Finally, the present results open up new perspectives towards linking the physicochemical 

phenomena with intrinsic osteoinduction. 
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Figure 2 
a) Sample ΔpH curves showing for the same type 

of β-TCP granules (Coarse, 4m2/g, high porosity) 

the effect of confinement on local pH; b) ΔpH 

versus time for Ca/P=1.51 β-TCP samples: plain 

lines correspond to the confined test whereas 

dotted lines correspond to the unconfined test. 

 

Figure 1 
a) Unconfined test conducted in a 3-neck bottle 

filled with SBF agitated with a propeller; b) 

Confined test conducted in a chamber containing 

the material and soaked in a beaker of SBF 

agitated magnetically. 
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V-OS16-05 

Lanthanides-Doped Hydroxyapatite Nanoparticles for Exploratory 

Biomedical Tracking 

Xiyu Li, Wei Li 

Sichuan University, West China Hospital of Stomatology, Chengdu, CN 

Introduction 

Hydroxyapatite (HA) is a good candidate to repair human hard tissues and HA will be long-standing once implanted.[1] 

However, long-term tracing of the implanted HA material is still a challenge since HA and bones are difficult to 

distinguish using existing methods. Understanding the intracellular interaction between HA and osteoblasts is also 

important for future applications of HA, in tracing cell differentiation and bone regeneration. Current biomedical 

imaging using fluorescent nanoparticles are not targeted at bone reconstruction, and the intracellular interaction 

studies mainly involve tumor-like cells. Herein, we prepared two kinds of lanthanides (Ln)-doped HA nanoparticles 

for exploratory biomedical tracking, based on the good fluorescent property from the doping Ln ions and the 

biocompatibility of HA. The Yb and Ho co-doped HA (HA-Yb/Ho) nanoparticles are expected to have dual functions 

of bone repair and multimodal tracking (i.e., upconversion fluorescence, X-ray/micro-CT and MRI), to illustrate the 

distribution state and degradation of the HA materials during new bone reconstruction. The Tb-doped HA (HA-Tb) 

nanocrystals with uniform shape and fluorescence may provide an insight into the intracellular interaction between 

HA materials and osteoblasts in the long term. These Ln-doped HA materials will benefit future biomedical 

investigation and applications as they can not only be bone repair biomaterials, but also provide lifelong multimodal 

tracking efficacy. 

  

Experimental Methods 

The HA-Yb/Ho and HA-Tb nanoparticles were prepared via hydrothermal treatment.[2] Octadecylamine was dissolved 

in oleic acid and ethanol, then aqueous solution of Ca(NO3)2, Ln(NO3)3 (Ln=Yb/Ho or Tb), and Na3PO4 or NaF were 

added. The mixture was hydrothermally treated at 160 °C for 10 h. And the HA-Yb/Ho powder was activated at 700 

°C for 2 h to evoke upconversion property. The Ln-doped HA nanoparticles were characterized by TEM, EDX, XRD, 

and fluorescence spectrophotometer. The HA-Yb/Ho powders were implanted into the defects on the distal femoral 

condyle of rabbits and harvested at 2 and 4 months. The uniform HA-Tb nanocrystals were cultured with rat 

osteoblast (ROS1728) for 7 and 14 days to investigate the intracellular interaction, via CLSM, TEM, EDX, and qPCR. 

  

Results and Discussion 

Figure 1a showed that HA-Yb/Ho with a HA structure possessed stable green and red upconversion luminescence 

under 980 nm NIR, and the fluorescence intensity could be tuned by further doping of F ions. HA-Yb/Ho also 

presented a superparamagnetic property, displaying stronger MRI than pure HA. In addition, HA-Yb/Ho could be 

clearly distinguished from surrounding bone tissues under micro-CT. Figure 1b showed the distribution region of HA-

Yb/Ho in new bone tissues after implantation for 2 and 4 months, revealing that HA-Yb/Ho had undergone gradually 

degradation during new bone reconstruction. And LSCM provided precise details of the distribution and degradation 

of HA-Yb/Ho in bone tissue, and the osteointegration of the particles with bone tissue. 

The HA-Tb nanorods have a uniform morphology, and bright green emissions (Figure 2a). On day 7, the cytoplasm 

of osteoblasts was homogeneously visualized by the green fluorescence of the internalized HA-Tb, which kept a 

uniform morphology despite slight degradation, with size reducing from initial ~135 nm to ~85 nm. On day 14, HA-
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Tb had degraded into smaller (~62 nm) and irregular nanoparticles, and agglomeration had occurred, leading to 

uneven cytoplasmic fluorescence regions. The reduction of Ca and the rise of Tb in EDX spectra demonstrated that 

the composition of HA-Tb had changed with degradation. The gene expression of the osteoblasts was not obviously 

affected on day 7 but largely decreased, or some genes could not be normally expressed on day 14 (Figure 2b). The 

EDX mapping of the tiny particles in the multilayer membrane (Figure 2c) revealed that they were the degraded 

products of HA-Tb, and the release of Ca ions was higher than P and Tb ions. The results indicate that the morphology 

and composition change of the internalized HA-Tb nanocrystals, and the microstructure and functional change of the 

osteoblasts are closely related and correspond to each other. 

  

Conclusion 

The results demonstrated that the HA material degraded with time both in bone tissue and in osteoblastic cells. The 

combination of fluorescence and micro-CT images exhibited an advantage to illustrate the distribution and 

degradation of HA-Yb/Ho materials, the material-tissue interrelation, and osteointegration during bone reconstruction. 

The degradation and agglomeration of the HA-Tb nanocrystals in cells revealed distinct mutual effect between the 

internalized HA nanocrystals and the osteoblasts. The research provides a promising method for further investigating 

the mutual effects or long-term interaction of nanomaterials with cells and tissues. 
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Figure 2 
The degradation and agglomeration of the uniform 

HA-Tb nanocrystals occurred in the cytoplasm of 

osteoblasts with the increase of culture time 

from day 7 to day 14. The changes of cytoplasm 

fluorescence, nanocrystal size and the elements 

in EDX (a); the relative gene expression of the 

Alp, Bmprla and Runx2 (b); and the EDX element 

mapping of Ca, P, and Tb in the tiny particles 

within the multilayer membranes on day 14 (c). 
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Figure 1 
The TEM morphology with inset of SAED pattern, 

fluorescence emission spectra, the VSM 

hysteresis loops and MR image of the HA-Yb/Ho 

nanoparticles (a); the 3D micro-CT reconstructed 

images and the overlapping LSCM images of the 

harvested samples after the HA-Yb/Ho powders 

were implanted into bone defects for 2 and 4 

months (b). 
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2:15 p.m. – 3:45 p.m. 

Hall 5 

V-SY9 | Ex vivo Models to Study Neural 

Plasticity, Regeneration and Interactions with 

Electronic Interfaces 

Sahba Mobini (Madrid, ES) 

Maria Ujue Gonzalez (Madrid, ES) 

 

Ex vivo/in vitro models are in vitro platforms, consisting of relevant cells, microenvironment 

(biomaterial/scaffold) and stimuli (biochemical/electrical/mechanical/magnetic), which are 

designed for testing drugs and/or treatments in well-defined conditions. The ultimate goal 

of ex vivo/in vitro models is to provide reproducible, scalable and physiologically relevant 

testing environment facilitating translation to clinical application.   

In this symposium, we will focus on models for mimicking CNS and/or PNS healthy and 

diseased tissues. In addition, we will cover the emerging field of neural interfaces and their 

integration with in vitro models for both stimulation and recording neural activity. 
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V-SY9-KL01 

Neurogenic Tissue Engineering: Perspectives, Challenges, and 3D In 

Vitro Models 

Paul A. Wieringa 

Maastricht University, MERLN Institute, Complex Tissue Regeneration Department, Maastricht, NL 

 
The common first question when visiting your doctor: “how are you feeling today?”. We are subconsciously 

accustomed to the sensations our peripheral nervous system (PNS) provides, how they relate to our health, and the 

day-to-day benefits of this amazingly complex, yet often unnoticed system. It allows us to interact and experience 

the world around us and regulates both conscious and unconscious processes we need to survive. However, despite 

being an almost omniscient entity within the body, the importance of the PNS typically becomes apparent after neural 

trauma (e.g. spinal cord injury) or neuropathies when the impact on bodily function is extreme. What is less reported 

and perhaps less understood is the nuanced role the PNS may play in disease onset, pathology progression, and 

the possible role of peripheral nerves on tissue repair processes. 

The development of 3D in vitromodels is providing exciting new tools to better understand biological systems, toward 

improved therapies and regenerative medicine (RM) approaches. This is particularly true for investigating PNS and 

its potential role in regenerative therapeutic strategies. The majority of PNS-related RM studies have centered on the 

repair of the PNS itself, whether focused on therapy development for neuropathies or the promotion PNS 

regeneration after injury via tissue engineered scaffolds, like those developed by our group1 and many others. Re-

establishing the connectivity of this complex signaling network is important because of its involvement in almost all 

homeostatic functions of the body, with the ability to rapidly assimilate and respond to a multitude of stimuli including 

inflammation and trauma. However, in the creation of engineered ‘replacement’ tissues, appropriate neural signals 

are rarely regarded as essential despite influencing general function and overall systemic integration. Beyond this 

return of function, the potential influence the PNS can have on the regeneration and repair of these tissues is often 

overlooked, defined here as neurogenic tissue repair. This oversight is largely due to the intrinsic complexity of the 

PNS, which presents a significant barrier to clearly understanding how this system could contribute to health and 

disease. 

Introduced here are the possibilities of a neurogenic approach to regenerative medicine and tissue engineering. 

Examples from literature of seminal in vivostudies provide a precedent for such an approach and also highlight the 

pitfalls of examining the role of innervation in repair and pathological processes.2,3 A common theme is careful 

experimental design that permits a clear delineation of neural influence while still maintaining an overall capacity of 

assessment or functional readout.4 This sets the stage for the use of in vitromodels to facilitate further investigation, 

with an emphasis on 3D tissue co-culture systems. Requiring more than a simple co-culture, the particulars of spatial 

arrangement are outlined between tissues and nerves in order to faithfully recreate nerve-tissue interaction. 

Discussed are biofabrication approaches and strategies employed in our lab and by others to study these 

interactions, including in vitro models of innervated skin and pancreas (Figure 1). Details are described regarding the 

kinds of nerve-tissue interactions currently being examined and, in addition, an overview of the challenges, 

considerations, and future directions for this exciting area of research. 
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Examples of in vitro models of innervated 

tissues. 
A) Immunofluorescence of a cross section of an 

in vitro innervated skin construct (red: 

keratenocytes, Keratin-14; green: axons, CGRP). 

Malheiro, Wieringa, et al. unpublished. B) A 

confocal optical section midway through an 

innervated pseudo-islet of Langerhans grown in 

vitro, revealing axonal infiltration into the 

organoid. (green: axons, beta(III)tubulin; red: 

INS-1E beta cells, insulin). Wieringa, et al. 

unpublished.Scale bar: 50 mm. 
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V-SY9-KL02 

Engineering Neural Interfaces in the Central and Peripheral Nervous 

Systems 

Josef Goding, Rylie Green 

Imperial College London, South Kensington Campus, London, UK 

 
The design and performance of contemporary neural interface devices are defined by their use of metallic conductors 

to deliver electrical stimulus. The rationale behind the use of metallic components has largely been informed by 

traditional engineering concepts and has little regard for our growing understanding of the complex neural milieu at 

the tissue-device interface. The Polymer Bionics Lab Group at Imperial College London focuses on developing novel 

organic-based materials designed for use in neural interfaces. A key component of this process is the development 

and application of an understanding of the complex device-tissue interactions that occur at the neural interface. The 

development of complex, mixed neural cell cultures is critical to the assessment of novel biomaterials and allows 

researchers to evaluate the efficacy of new approaches to engineering the neural interface such as the use of soft 

and compliant materials, biological activity of functional materials, and novel stimulation regimes. Two examples of 

this development process will be explored in this presentation. The first example is the development of the living 

electrode, a tissue-engineered neural interface device, designed to create high-quality neural interfaces by implanting 

a neural probe containing a mixed-neural cell population encapsulated in a biosynthetic hydrogel carrier. The living 

electrode is a combinatorial approach to engineering the neural interface, considering the effect of mechanical, 

electrochemical and biological properties of the neural probe and their effect on the tissue-electrode interactions. The 

second example is the development of fully organic nerve cuff electrode arrays for electroceutical therapies such as 

nerve block. Ex vivo models including functional stimulation of rat sciatic nerve was used to assess the safety and 

efficacy of nerve cuff design, stimulating electrode materials and stimulation strategies. These examples illustrate 

the value in the design and application of appropriate models in the development of materials and devices for neural 

interfaces. 
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V-SY9-03 

Highly aligned collagen-based scaffolds with controllable stiffness for 

neural regeneration 

Robert C. Murphy, Daniel Bax, Ruth E. Cameron, Serena M. Best 

University of Cambridge, Materials Science and Metallurgy, Cambridge, GB 

 
Introduction 

Peripheral nerve injury can lead to physical impairment and lifelong disability, and there is a clinical need for a scaffold 

that can bridge large gaps in the nerve and replace and improve upon the current treatment options of an allograft or 

hollow guidance conduit. There is strong evidence that the incorporation of aligned intraluminal channels or fillers 

can improve functional recovery by providing a surface that can help guide the sprouting axons to their target and 

give directed Schwann cell migration [1][2]. Of similar importance is the substrate stiffness, as neural cells have been 

shown to be highly mechanosensitive [3]. In this work, aligned collagen-based scaffolds have been produced, with 

mechanics tailored by carbomiide crosslinking and the response of Schwann cells on the scaffolds characterised. 

  

Experimental Methods 

Highly aligned collagen scaffolds have been produced, with and without addition of 10 wt. % elastin, by use of a 

controlled freezing set up that induces a linear thermal gradient within the slurry [4]. These scaffolds have been 

imaged using X-ray micro-computed tomography (MicroCT) and scanning electron microscopy (SEM), and the pore 

sizes, alignment and interconnectivity have been characterised. The scaffold mechanics, characterised by wet 

compressive testing, have been varied by covalently crosslinking to different degrees using 1-ethyl-3-(3-

dimethylaminopropyl)-carbodiimide hydrochloride (EDC) in the presence of an N-hydroxy-succinimide (NHS) 

catalyst, with a molar ratio of EDC:NHS:COOH (from collagen) of 5:2:1 defined as 100% crosslinked. The scaffolds 

were seeded with Rat Schwann Cell 96 cell line (RSC96) cells at the top of the scaffolds (dimensions 8 mm across 

and 5 mm tall) with 125,000 cells in 50 μl media per scaffold at different crosslinking conditions. Their metabolic 

activity was assessed at days 1, 3, 5 and 7 using Prestoblue assay. Samples at each condition were fixed and stained 

with DAPI stain and imaged using a Zeis Axio Observer confocal microscope to view the cellular penetration through 

the scaffold. 

  

Results and Discussion 

Highly aligned porous scaffolds with average pore sizes ranging from 40 to 50 μm, dependant on freezing 

temperature, were produced (Figure 1). The scaffold’s compressive stiffness varied with carbomiide treatment, with 

the Young’s Modulus at 20 % strain increasing linearly from 0.58 ± 0.47 kPa at 0 % crosslinking to 12.2 ± 4.8 kPa at 

100 % crosslinking. The metabolic activity of RSC96 cells seeded onto the scaffolds increased with incubation time 

for all conditions, suggesting the scaffolds supported proliferation of these cells. Confocal microscopy images showed 

penetration of the cells throughout the scaffold structures from the seeding surface (Figure 2). 

  

Conclusion 

Highly aligned collagen–based scaffolds with a range of pore sizes have been produced, and their mechanics 

controlled by carbomiide crosslinking in a concentration dependant way. The scaffolds supported proliferation of 

RSC96 cells; proliferation and penetration of the cells as a function of crosslinking will be reported. 
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Penetration of RSC96 Cells Through the Scaffold 
Figure 2. DAPI stained RSC96 cells 5 days after 

seeding on a 100 % crosslinked collagen 

scaffold, demonstrating the penetration of the 

cells throughout the scaffold from the top 

surface (on the right) where the cells were 

seeded. 

 

Scaffold Architecture 
Figure 1. A microCT image demonstrating the pore 

size and high degree of pore alignment in these 

scaffolds. 
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Nanoclay Doped Printable Conductive Hydrogel 
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Busskamp4, Ivan R. Minev1 
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(IPF), Dresden, DE; 3TU Dresden, B CUBE Center for Molecular Bioengineering, Dresden, DE; 4TU Dresden, DFG-

Center for Regenerative Therapies Dresden (CRTD), Dresden, DE 

Introduction 

Bioelectronic interfaces require electrode arrays, which depending on the context, can be implanted in the nervous 

system, placed on the skin, or patterned on the bottom of a petri dish. Traditionally, electrodes are made from metals 

or silicon because of their favorable conductive and electrochemical properties as well as ease of processability. 

From a biomaterials perspective these materials are very different from the soft and hydrated biological tissues they 

contact. For example, the mechanical mismatch between electrode and tissue is often implicated as a cause for 

fibrosis and compromised electrical signals, especially when long-term implant biointegration is required. Electrically 

conductive hydrogels are a promising class of materials that may improve the biointegration of electrode arrays. This 

is due to their low elastic modulus, elasticity, and high water content that are similar to soft tissue. However, obtaining 

a hydrogel system that satisfies all those requirements, in addition to cytocompoatibility remains a challenge. Here, 

we will present a synthetic, interpenetrating network hydrogel consisting of polyacrylamide (PAAM), 3,4-

ethylenedioxythiophene (PEDOT) and a nanoclay (Laponite) that exhibits high stretchability and conductivity. 

Furthermore, we demonstrate adhesion of induced pluripotent stem cells (iPSCs) by incorporating cell adhesive 

peptides and a polysaccharide on the hydrogel surface. 

  

Experimental Methods 

We start with a printable and tough double network hydrogel formed by polyacrylamide (PAAM) and a nanoclay 

(Laponite). Oxidative interfacial polymerization of the conductive polymer Poly(3,4-ethylenedioxythiophene) 

(PEDOT) in the Laponite-PAAM hydrogel adds electrical conductivity to the material. For PEDOT polymerization, the 

Laponite-PAAM hydrogel is first immersed in 0.4 M ammonium persulfate (oxidant) in 1 M hydrochloric acid for 3 

hours and subsequently incubated in 0.4 M EDOT solution in mineral oil for 6 hours. The resulting conductive 

hydrogel is coated with bone sialoprotein peptide sequence and polysaccharide dextran sulfate using silane as 

coupling agent to add cell adhesion functionality. 

  

Results and Discussion 

The printable fabricated hydrogel is highly conductive (26 S/m), stretchable (up to 800 % tensile strain), and cell 

adhesive with elastic modulus comparable to neural tissue (15 kPa). We observe that the presence of Laponite has 

a marked effect on enhancing the conductivity of the composite material likely due to doping of PEDOT. Surface 

modification of PEDOT:Laponite-PAAM gels with cell adhesive peptide and polysaccharide dextran sulfate improves 

attachment, proliferation, and differentiation of induced pluripotent stem cells. 

  

Conclusion 

We demonstrate a printable conductive hydrogel system that may potentially find applications in neural 
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Printed conductive hydrogel mesh before and 

after stretching 
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Conference room 4+5 
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Introduction 

Granuloma formation is an important aspect of adverse immune responses to implanted biomaterials. Driven by 

mainly macrophage agglomeration, granulomas is one of the outcomes of foreign body response where the immune 

system's attempt to isolate the implanted material results in a small nodule on its surface. Granulomas not only 

contain macrophages but they can also have other immune cells, fibroblasts and extracellular matrix deposits in their 

constitution. Although granuloma formation is a well-known biomaterial associated risk currently there are no models 

for the assessment of granuloma induction capacity of a biomaterial, neither is there a model where the capacity of 

an immunomodulatory biomaterial or coating to diminish granuloma formation.  Previously, we have developed a 

model of incoming macrophages and their interactions with cell-laden hydrogels (1). In this study, our aim was to 

define and optimize conditions that will induce granuloma formation. as Tumor Necrosis Factor α (TNF-α) is known 

to be a determinant factor in granuloma formation, together with bacterial presence, the development of granuloma-

like structures was induced by TNF-α and LPS induction of monocytes over a period of 6 days. In order to improve 

the model, a fibroblast component was added after 5 days of culture. In order to validate the model, a previously 

described anti-inflammatory coating (Polyarginine/Hyaluronic acid multilayers) (2) was tested under the granuloma 

induction conditions. 

  

Experimental Methods 

Human monocytic cell line (THP-1, ATCC) was used as a monocyte model whereas a human fibroblast cell line (BJ, 

skin fibroblasts, ATCC) were used as fibroblast model.  1. 105 THP-1 cells are seeded on glass substrates in the 

presence or absence of β-mercaptoethanol (which is regularly used to keep monocytes in suspension culture) 

together with stimulation with 10 ng/ml TNF-α or 100 ng/ml LPS or their combination. The metabolic activity of the 

cells was determined by Alamar Blue, bright field images were taken on day 1, 4 and 7 and quantified for granuloma-

like structure number and size using Image-J. At day 4 and 7 samples were fixed and stained for DAPI/Phalloidin 

and also for CD80 (M1 pro-inflammatory macrophage marker) to study the effect of granuloma induction conditions. 

At day 4, 5. 104 fibroblasts were added to the culture and their effect on IL-1β, IL-1RA, CCL-18 secretion (ELISA) 

and collagen deposition (Chondrex collagen staining kit) was quantified. PAR/HA multilayer coatings are prepared 

by the sequential dipping method (24 bi-layers) and tested for their ability to prevent granuloma formation and 

interaction with fibroblasts using the tests described above with the addition of CD206 staining to determine the 

potential induction of anti-inflammatory phenotype on attached macrophages. The results presented are from at least 

3 independent experiments with 3-6 experimental repeats in each (p<0.05 was taken as statistically significant). 

  

Results and Discussion 

In the absence of β-mercaptoethanol, by day 4 granuloma-like agglomerates were regularly formed. the number of 

granuloma-like aggregates in the presence of TNF-α and TNF-α/LPS was higher while the size of the aggregates 

was comparable (Figure 1). The presence of TNF-α/LPS significantly increased collagen secretion by fibroblasts over 

7 days (p<0.05) and in the presence of fibroblasts well-defined granuloma-like structures were observed.  The anti-
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inflammatory coating (PAR/HA) was demonstrated to significantly decrease the metabolic activity of macrophages 

(p<0.05) under induction conditions while also diminishing the number of attached macrophages and IL-1β secretion. 

Moreover, once the fibroblast component was introduced it was observed that the presence of the immunomodulatory 

coating does not affect the adhesion of the fibroblasts (Figure 2).  Thus, the present model can be used for monitoring 

of the initial monocyte attachment under highly pro-inflammatory stimulation followed by the observation of the 

remodeling phase by fibroblasts. 

  

Conclusion 

For the assessment of biomaterials, particularly immunomodulatory biomaterials, having models of potential risks 

are highly important. herein, we have demonstrated an in vitro model of granuloma formation to be used for testing 

of the anti-inflammatory capacities of immunomodulatory structures under pro-inflammatory conditions. Our current 

work is focused on the miniaturization of the system in a mini-bioreactor chamber under physiological blood flow 

conditions to model the monocyte/biomaterial interaction interface better (3). Such in vitro models can aid in the 

development and optimization of new immunomodulatory coatings and biomaterials and can be used as personalized 

testing milieu for patient-specific immune reactions to biomaterials.  
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Figure 2. Granuloma induction and the effect of 

immunomodulatory coatings 
A) The induction of large granuloma-like 

structures in the presence of TNF-alpha B) The 

effect of PAR/HA coatings on macrophage and 

subsequent fibroblast attachment. The 

immunomodulatory coating decreases monocyte 

attachment while not inhibiting fibroblast 

attachment C) Significantly less attachment of 

monocytes on the surface of the coatings. 
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Figure 1. The granuloma induction model and size 

distribution of granuloma-like structures 
A) Schematic representation of granuloma model 

with monocyte and fibroblast components B) The 

number and size distribution of granuloma-like 

structures under control, TNF-alpha, LPS and 

TNF-alpha/LPS induction conditions with and 

without beta-mercaptoethanol. Without beta-

mercaptoethanol, more granuloma-like structures 

were formed as a function of induction 

conditions 
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Introduction 

Anticancer immune response depends on the efficiency of tumor antigens presentation and co-stimulatory signals 

provided by antigen-presenting cells (APCs). However, it is known that APCs, namely macrophages and dendritic 

cells (DCs), exhibit an immature/immunosuppressive phenotype at the tumor site, which limits T cell activities and 

supports tumor progression. Thus, APCs appear as promising targets to generate more efficient anticancer therapies. 

Biomaterials have been widely studied for vaccine delivery, since they could protect antigen and adjuvant molecules 

from degradation, increase their lymphoid organ accumulation and, importantly, modulate APCs functions. In fact, 

several biomaterial-assisted cancer vaccines have shown great potential in preclinical and clinical development 

[1].  We have recently reported that chitosan (Ch)/poly(γ-glutamic acid) (γ-PGA) nanoparticles (NPs) modulate 

immature dendritic cells (DCs) towards an immunostimulatory profile, eliciting CD4 T cell response. Furthermore, 

Ch/γ-PGA NPs reprogrammed IL-10-stimulated macrophages, characterized by an immunosuppressive and 

protumoral phenotype, towards an immunostimulatory profile, potentiating instead CD8 T cell response. Notably, 

these Ch/γ-PGA NPs hampered macrophages and DCs ability to induce cancer cell invasion [2]. Furthermore, Ch/γ-

PGA NPs have also been shown to be potential carriers for immunomodulatory drugs, such as diclofenac [3] or 

interferon (IFN)-γ [4]. Therefore, the combination of immunostimulatory and delivery properties of Ch/γ-PGA NPs 

makes them good candidates for cancer therapeutic vaccines. In this study, we addressed the potential synergetic 

effects of Ch/γ-PGA NPs combined with radiotherapy treatment in an orthotopic breast tumor mouse model. 

  

Experimental Methods 

NPs were prepared by co-acervation method and characterized by dynamic light scattering. 1x106 4T1-luciferase 

cells, a mouse breast tumor cell line, were injected orthotopically in the mammary fat pad of BALB/cByJ. Animals 

were divided in four groups: non-treated (control), treated with Ch/γ-PGA nanoparticles (NPs), with radiotherapy (RT) 

or with the combination of both treatments (NPs+RT). After 7 days, when the tumors reached 94.1±32.1mm3, animals 

from RT and combinatorial therapy groups were locally irradiated with hypofractionated 10Gy, using a Small Animal 

Radiation Research Platform. Then, animals from NPs and combinatorial therapy groups were subcutaneously 

injected, adjacent to the tumor, with 6 doses of NPs (0.7 mg/mL). Tumor volume was measured using a caliper and 

calculated as (length × width × width)/2 (mm3) and tumor progression was followed by bioluminescence imaging 

every week. Animals were sacrificed at day 28. Tumor burden, lung metastasis formation and immune cell profile 

were explored. Tumor size was normalized, considering the initial size, prior any treatment. 
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Results and Discussion 

Treatments had no significant impact on mice weight nor liver or kidney structure, confirming their safety. Non-treated 

animals had progressive tumor growth (524.7±80.2%) and developed lung metastasis. Additionally, these animals 

presented a leukemic reaction in the spleen, characterized by an exuberant reactive follicular hyperplasia, a condition 

previously reported by others. In treated animals, we verified a negligible effect of Ch/γ-PGA NPs on tumor 

progression (431.8±78.7%, p<0.44), while RT treatment decreased the tumor burden (333.4±69.1%, p<0.09). When 

both treatments were combined, breast tumor progression was further impaired (233.6±22.2%, p<0.003). Notably, 

this combinatorial treatment potentiated the NPs effect in 46% and RT in 30% and, reduced tumor growth in 56% 

comparing to non-treated animals. The splenomegaly previously described in non-treated animals was reverted by 

the combinatorial treatment. Additionally, we observed an increase of CD4 T cells-producing IFN-γ in the spleen of 

the animals treated with NPs+RT. Regarding the metastasis formation, despite all groups presented a similar 

bioluminescence signal in the lungs, animals from the combinatorial therapy presented less and smaller metastatic 

foci in comparison to control or single treatments. Systemically, the protumoral cytokines IL-4, IL-10 and the 

chemokine CCL4 were significantly decreased in the combinatorial treatment. This approach can be further improved 

by increasing NPs concentration, the administration frequency, or by using these immunomodulatory NPs as 

adjuvants to other therapies.   

  

Conclusion 

Overall, these results suggest that Ch/γ-PGA NPs potentiate and synergize with radiotherapy, opening new 

perspectives to be used in cancer vaccines in clinical settings. 
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Introduction 

Chitosan (Ch) is used in different biomedical applications to promote tissue repair. However, tissue injury after 

biomaterial implantation leads to the release of danger signals that are responsible in part for an inflammatory 

response which, if exacerbated and persistent, may impair the function of the implant (1). Danger signals, such as 

alarmins, released from injured cells are associated with the activation of the inflammasome. Moreover, 

inflammasome components were recently found to modulate foreign body response to implanted materials 

(2). Importantly, the nucleotide-binding oligomerization domain-like receptor containing pyrin domain 3 (NLRP3) 

inflammasome was identified as signal pathway involved in the cellular immune response to Ch products (3). Studies 

that show inflammasome activation by Ch are related to nanoscale Ch products. However, the activation of the 

inflammasome by large scale Ch scaffolds has not been investigated yet. Tissue engineering approaches has 

essentially comprised the implantation of macroscopic scaffolds or devices. Thus, advanced information on how 

these materials modulate the NLRP3 inflammasome is of key importance to improve biomaterial integration. 

Objective: To investigate how a 3D biomaterial, namely Ch scaffolds with different degrees of acetylation (DA), 

modulate the activation of the NLRP3 inflammasome in vitro. 

  

Experimental Methods 

The NLRP3 inflammasome activation was assessed in bone marrow derived mouse macrophages (BMDM) and in 

human macrophages cultured in 3D Ch scaffolds. 

  

Results and Discussion 

We found that both Ch scaffolds (4 and 15% DA) did not trigger the NLRP3 inflammasome activation in macrophages. 

Furthermore, BMDMs and human macrophages cultured in both Ch scaffolds presented a reduction in the number 

of apoptosis-associated speck-like protein containing a caspase activating recruitment domain (ASC) specks and in 

IL-1b release upon classical NLRP3 inflammasome stimulation. We also found a decrease in proIL-1b in BMDMs 

after priming with LPS when cultured in Ch scaffolds with DA 4% DA after priming with LPS when compared to Ch 

scaffolds with 15% DA or to macrophages cultured in cell-culture plates. 

  

Conclusion 

Our results demonstrate that 3D Ch scaffolds with different DA impair NLRP3 inflammasome priming and activation, 

which goes in line with previous finding by our group that has reported anti-inflammatory properties of Ch.  
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Chitosan scaffolds decrease the formation of ASC 

specks after NLRP3 activation 
(A) Representative images of LPS-primed 

macrophages cultured in TCPS or Ch scaffolds 

with different DAs and stimulated or not with 

nigericin as indicated, followed by staining of 

ASC (red), actin (yellow; phalloidin) and nuclei 

(blue; DNA-binding dye DAPI). Arrows indicate 

ASC oligomers. Scale bar=10µm. (B) Percentage of 

BMDMs with ASC specks quantified from images as 

in A, average data from n=4 independent 

experiments. (C) Percentage of extracellular ASC 

oligomers (n=4) from macrophages cultured and 

stimulated as in A. Statistically significant 

differences: *p<0.05 using Kruskal-Wallis test 

with Dunn’s multiple comparisons test. 
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Introduction 

Wound healing in soft tissues is characterized by a dynamic change of wound tissue composition. A spontaneously 

formed fibrin-clot – rich in fibronectin and hyaluronan – is transformed into a provisional collagen type I/III and 

fibronectin containing matrix. Resulting scar tissue is composed mainly of collagen type I (Coll) and 

glycosaminoglycans. Immune cells like macrophages (MPh), embedded in those dynamically composed tissues, 

alter their functional phenotype during healing, too. Therefore, immunological imprinting of primary human monocyte-

derived MPh triggered by extracellular cues (fibronectin) is investigated as an underlying mechanism. 

  

Experimental Methods 

We used 3D Coll-based networks, which were previously shown to be highly suitable to biomimetically modulate cell 

behavior in wound healing and cancer progression situations.1,2,3 Such matrices can be engineered with defined 

topology, elasticity and fibronectin content. In particular, 3D fibrillar Coll networks were reconstituted at 1.5 mg/ml in 

a 250 mM phosphate buffer (pH 7.5) at 37 °C and 95% humidity. Coll networks were functionalized with fibronectin 

at a concentration of  40 µg/ml of the incubation buffer. Network topology, stability, elasticity and fibronectin content 

were investigated via confocal laser scanning microscopy, colloidal force spectroscopy and fluorescence 

spectroscopy. Human monocytes were isolated by magnetic separation and differentiated into MPh subtypes inside 

Coll and Coll-fibronectin networks in presence of M-CSF (Coll-MPh, CollFN-MPh). As controls naïve M0-MPh 

(standard cell culture media), inflammatory M1-MPh (cell culture media + 24 h lipopolysaccharide (LPS) challenge) 

and anti-inflammatory M2-MPh (cell culture media with IL13 and rosiglitazone) were differentiated in tissue culture 

dishes. LPS-MPh with immune tolerance were received from LPS treated monocytes. Immunological imprinting of 

Coll- and CollFN-MPh was investigated in terms of gene expression and cytokine release profiles by RT-qPCR and 

ELISA. Indicator genes discriminating MPh subtypes were acquired by screening of genome-wide gene expression 

profiles including trained and tolerized MPh (BG-MPh, LPS-MPh).4,5 Performance of differentiated MPh under 

challenge with LPS was investigated, too. 

  

Results and Discussion 

3D fibrillar Coll networks were reconstituted at controlled topology, thickness, elasticity and fibronectin content. The 

fibril and pore diameter were adjusted with about 0.8 µm and 7 µm, respectively, network thickness and Young's 

elastic modulus was about 480 µm and 100 Pa, respectively. Coll networks were functionalized with approx. 0.15 µg 

fibronectin per µg Coll. Fibronectin functionalization did not influence Coll network microstructure or mechanics. 

Monocytes were able to infiltrate these networks with about 80% of invading cells, while the stability of network 

microstructure could be proven over the whole cell culture period. By investigating the expression of characteristic 

genes of tolerized/pro-inflammatory and anti-inflammatory MPh phenotypes in Coll-MPh and CollFN-MPh (FABP4, 

CLEC4E, SLC2A6, SOD2) we observed a MPh immune tolerance in dependence on fibronectin functionalization, 
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accompanied by an efficient immune response upon LPS challenge. IL6, IL8, IP10 and IL10 cytokine release patterns 

indicated a mildly decreased pro-inflammatory response of MPh in fibronectin-functionalized Coll matrices. 

  

Conclusion 

In sum, our work highlights fibronectin presence in 3D Coll matrices to support an immune tolerance imprinting during 

monocyte-to-macrophage differentiation. Furthermore, it was concluded that 3D collagen matrices are a useful tool 

to mimic in vivo tissues to elucidate specific cellular processes. 
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Introduction 

The immune response to implanted medical devices is a major factor determining their biocompatibility, but there is 

limited knowledge regarding the role of different immune cell types in the context of biomaterials. We aimed to 

develop an understanding of the role that different immune cell types play in the overall immune response to 

biomaterials. It is widely believed that myeloid cells such as monocytes initiate biomaterial immune responses which 

subsequently involve the participation of lymphocytes. However to the best of our knowledge, this assumption and 

the details thereof remain to be confirmed. To achieve this, we investigated the role of different immune cell 

populations cultured at varying ratios when in contact with biomaterial. 

  

Experimental Methods 

Immune cell fractions (monocytes and lymphocytes) were isolated from peripheral blood mononuclear cells with 

magnetic cell sorting (> 98% purity). Both fractions were cultured in isolation and at ratios of 2:1 and 9:1 

(lymphocytes:monocytes). The total number of cells was kept constant in all experiments. Immune responses were 

assessed with multiplex cytokine analysis (14 molecules) and flow cytometry (CD molecule expression on 

monocytes, T cells and NK cells). Experiments were performed with clinically-used titanium specimens previously 

found to provoke pro-inflammatory immune responses. 

  

Results and Discussion 

Confirming our previous findings, we observed a pro-inflammatory response to titanium specimens. Examining the 

role of different cell types revealed that immune responses to the titanium biomaterial specimens were differentially 

mediated by monocytes and lymphocytes. Monocytes produced the strongest pro-inflammatory signal in response 

to biomaterial in the absence of lymphocytes, as indicated by the release of IL-1beta, IL-6, MCP-1 and TNF-alpha. 

The level of this response far exceeded that observed for lymphocytes alone or lymphocytes cultured with monocytes 

at any ratio. Lymphocytes cultured together with monocytes had the effect of dampening pro-inflammatory cytokine 

release, with this effect stronger when a higher proportion of lymphocytes were present. By contrast, the immune 

response to titanium produced by lymphocytes alone was extremely low. Examining CD molecule expression on 

immune cell populations showed the presence of lymphocytes to result in a dose-dependent reduction in the 

expression of CD16 on monocytes. 

  

Conclusion 

Using a human-based in vitro model we show the relative contribution of different immune cell populations to 

biomaterial immune reactions. Our results challenge the assumption that monocytes and lymphocytes interact to 

produce the resultant immune response. Instead, our results highlight monocytes alone as the cell type responsible 
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for driving pro-inflammatory responses to biomaterials. These results may have implications for strategies aiming to 

modulate host immune response to biomaterials. 
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Introduction 

Persistent inflammation during dermal wound healing is often associated with impaired repair and dysfunction of the 

regenerated tissue and is often attributed to cell-cell and cell-matrix miscommunication. The underlying mechanisms 

are still insufficiently understood. 3D in vitromodels offer striking opportunities to study these interactions by allowing 

to mimic microstructure, mechanics and molecular composition of the extracellular microenvironment at pathological 

and physiological situations. We developed a modular matrix engineering platform based on fibrillar 3D collagen I 

matrices, which facilitates detailed examinations of various cell-cell interactions in vitro. In the present study we 

applied it to the analysis of the interaction between primary human fibroblasts (FB) and macrophages (MΦ) during 

early as well as late stages of wound healing. 

  

Experimental Methods 

Our model system is based on fibrillary 3D matrices reconstituted from collagen I. Pore size, fibril diameter and matrix 

stiffness were adjusted by reconstitution conditions and optional modifications by subsequent cross-linking or 

functionalization with other ECM molecules, e.g. glycosaminoglycans (GAGs) or fibronectin, as previously shown in 

other studies.1,2,3 Primary human dermal FB and human monocyte-derived MΦ were examined in their response to 

these matrices in coculture studies over 6 days. MΦ were either polarized into inflammatory or regulatory phenotype, 

achieved by distinct differentiation protocols after isolation. Cells were seeded inside the 3D matrix during collagen 

matrix reconstitution. FB were optionally stimulated by TGF-β1 to trigger a myofibroblasts (MyoFB) differentiation. 

We analyzed changes in cell distribution and matrix properties over the time course of the coculture study. 

Proliferation behavior of FB was examined using commercial WST-1 assay. 

Gene expression analysis of markers of MyoFB phenotype (αSMA, matrix protein synthesis) and 

immunofluorescence of αSMA incorporation into the actin stress fibers were used to study FB differentiation and 

dedifferentiation. We further determined IL-10 cytokine secretion using ELISA. 

  

Results and Discussion 

Inclusion of cells during collagen matrix reconstitution did not alter matrix properties in terms of pore size, fibril 

diameter and elasticity. Moreover, homogeneous distribution of cells remained stable during cultivation time. 

Coculture experiments of MyoFB and regulatory M2-MΦ revealed a dose-dependent regulation of MyoFB 

proliferation and differentiation. Proliferation of MyoFB increased whereas the total amount of MyoFB decreased in 

dependence on the amount of cocultivated regulatory M2-MΦ. The analysis of gene expression related to the 

formation of new ECM proteins (Coll I; Coll III and EDA-FN) confirmed these results of altered MyoFB phenotype. 

Additionally, regulatory M2-MΦ were shown to be the main source of secreted IL-10 cytokine. These findings 

indicated a direct paracrine impact of IL-10 secreted from M2-MΦ to the ascending de-differentiation of MyoFB in 

coculture. 
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Additional experiments with inflammatory M1-MΦ demonstrated a converse effect. Gene expression data showed a 

dose-dependent increase of MyoFB characteristic gene expression with cocultivated inflammatory M1-MΦ and a 

persistent MyoFB phenotype. IL-10 secretion of M1-MΦ in the absence of MyoFB was generally low, whereas the 

presence of MyoFB led to a dose-dependent increase of IL-10 in the supernatant, indicating additional paracrine 

effects of MyoFB on inflammatory M1-MΦ. 

  

Conclusion 

In sum, our 3D collagen I based matrices resemble a highly relevant biomimetic model of early and late stages of 

wound healing with a control of proliferation and differentiation of MyoFB by MΦ in coculture. 

Perspective experiments will uncover the regulation of the paracrine IL-10 and TGF-β1signal exchange between both 

cell types by an interaction with GAG-modified 3D matrices. 
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Introduction 

Key properties of bioactive glasses include their ability to dissolve and release ions when immersed in an aqueous 

environment, as well as the formation of an apatite surface layer on the glass during dissolution [1]. Due to the lower 

chemical durability of borate glasses and their ability to transform rapidly to hydroxyapatite, an increasing amount of 

research has started to focus on the use of borate bioactive glasses, especially in the field of wound healing [2]. To 

further improve the performance of bioactive glasses, it is possible to introduce therapeutic ions with specific effects, 

e.g. copper to enhance angiogenesis and zinc to avoid infections [3]. Since immune cells are crucial players during 

the wound healing process [4], the dose-depending effect of the biological active ions copper and zinc released from 

borate bioactive glasses on immune cells was systematically examined. 

  

Experimental Methods 

Based on the well-known 13-93 silicate glass, borate glasses, where all the SiO2 was replaced by B2O3, and Cu/Zn-

doped borate bioactive glasses were produced by melt-quenching and characterized using FTIR, SEM/EDX as well 

as XRD. Then, to study the dissolution behavior, bioactive glass particles (300-500 µm) were immersed in different 

relevant solutions and ICP measurements were conducted to confirm the release of the different ions. Cell culture 

media, conditioned with release products of bioactive glasses, was then used to incubate murine dendritic cells (DC). 

After different time periods the effect of the different ions on the immune cells was examined regarding their cell 

viability, their phenotype (by FACS) and their T cell stimulatory properties (by MLR) measurements. 

  

Results and Discussion 

Four different borate glasses doped with Copper or/and Zinc were successfully produced. Depending on the 

composition and the release conditions (static/dynamic, dissolution media), the glasses dissolve and release 

therapeutic active ions in relevant amounts. However, the release of zinc from Zn-doped borate glasses could not be 

measured; instead the zinc was incorporated in the formation of an apatite layer. During the release, a similar 

increase of pH was observed for all tested glasses [5]. A concentration dependent effect on the viability of (DC), by 

the released ions, was observed whereby the magnitude of viability was different between the used ion-doped 

glasses. Moreover, a specific and dose-dependent effect was observed on the phenotype of DC. Additionally, 

a  concentration- and composition-dependent effect was observed regarding the DC mediated T-cell proliferation 

capacity and on the secretion of cytokines by DC cultured in conditioned media. This clearly shows that bioactive 

glasses, depending on their composition, have an effect on the viability, phenotype and functionality of immune cells. 
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Conclusion 

Borate glasses, undoped or doped with the well-known therapeutic active ions copper and zinc, were fabricated by 

melt-quenching method. The fabricated glasses were firstly tested in different dissolution tests, showing their 

biodegradable nature and the release of biological relevant ions and secondly in contact with DC. A dose-depending 

effect, related to the glass composition, on immune cells such as DC and T cells could be proven. The results showed 

the great potential of boron containing bioactive glasses to significantly influence immune cells and therefore their 

role in wound healing. 
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Introduction 

Modification of the well-known glow discharge assisted nitriding process called active screen plasma nitriding has 

been used for enhancing the biocompatible properties of Ti6Al7Nb titanium alloy through production of 

TiN+Ti2N+αTi(N) diffusive surface layers [1]. The aim of the study was to evaluate the tissue reaction after 

implantation in the rabbit dorsal muscle of the Ti6Al7Nb titanium alloy and Ti6Al7Nb modified with TiN type layers. 

  

Experimental Methods 

The implantation test was carried out according to the standardized assays described in ISO 10993-6. A total of 72 

New Zealand white both sexes rabbits weighing from 3000 to 3500 grams were used in this experiment. Four implants 

(discs of 10 mm diameter 1,5 mm thickness) were aseptically inserted subcutaneously on the animal’s back. As a 

negative control Ti6Al7Nb titanium alloy was used. The animals were observed for: 4, 12 and 26 weeks. After animals 

euthanasia, a macroscopic evaluation of the implantation area was performed and the biomaterial implants were 

removed. The tissues were fixed with 4% formalin, embedded in paraffin, and stained with hematoxylin-eosin and 

Trichrome Masson for histological studies. 

  

Results and Discussion 

Histopathological analysis revealed in vast majority normal healing process around the implant and isolated cases 

of an inflammatory change, more frequent for the animals with TiN implants in the observation period of 4 weeks. A 

micro-section of the implants showed that the investigated material implanted for the different periods: 4, 12 and 26 

weeks, caused no response-mild fibrosis. There was no muscle degeneration, nor necrosis, nor any other significant 

change observed. 

  

Conclusion 

Both investigated biomaterials: TiN+Ti2N+αTi(N) produced in so called active screen plasma nitriding process on 

Ti6Al7Nb titanium alloy surface as well as Ti6Al7Nb, implanted in vivo did not induce any adverse tissue reactions in 

the long-term period of 26 weeks. 
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Introduction 

Despite having a nanometer thickness, polyelectrolyte multilayer (PEM) coatings are able to affect cellular behavior 

such as adhesion, proliferation and immune reactions on the interface between implant surfaces and biological tissue. 

The PEM coatings enable high variability of surface properties and by formation of well-defined surfaces allow precise 

regulation of biological systems. The interactions between cells and surface shall be adjusted to reduce the undesired 

immune response of the tissue. 

In our previous works, we found that PEM coatings for cardiovascular stents reduce the expression of 

proinflammatory messengers, in particular central chemokine Interleukin-8,  that are involved in the development of 

restenosis after stent implantation. A high correlation between degree of immune suppression and the characteristic 

surface properties nano-roughness and nano-stiffness was observed. 

In the present paper, we aimed for better understanding of the processes, which take place on the cell-surface contact 

with PEM coated surfaces. Nano-stiffness was one of the physical surface parameters that correlated most with the 

improvement of cell adhesion and reduction of immune response. To further study the effect of surface stiffness on 

biological cells, PEM coatings were modified by concentration of electrolytes in the deposition solution, which resulted 

in well-controlled changes in the viscous and elastic properties. Another aspect was the study of involvement of 

protein adsorption on the effect of PEM coatings on biological cells. 

  

Experimental Methods 

PEM coatings – preparation: Polyelectrolyte multilayer (PEM) coatings were prepared from weak and strong 

polyelectrolytes via layer-by-layer technique by alternating deposition of anionic and cationic polyelectrolytes. 

Physical-chemical Characterization: The PEM modified surfaces were characterized with focus on surface energy by 

contact angle, surface charge by zeta-potential, and topography, roughness and stiffness by atomic force 

microscopy. For characterizationof, by electrolyte concentration modified, PEM film viscosity and elasticity the Voigt 

model was applied on measurements with a quartz crystal microbalance with dissipation monitoring (QCM-D). 

Biological Characterization: These defined surface parameters were correlated with the degree of biological response 

of Human Umbilical Vein Endothelial Cells (HUVECs) such as expression of proinflammatory downstream products 

of the NF-????B pathway via RT-PCR for mRNA level and ELISA for protein level screening. Cell 

adhesion/proliferation were measured by fluorescence microscopy and cell activity by Resazuin Assay. 

  

Results and Discussion 

Results show that variation of PEM coatings by electrolyte concentration in the deposition solution enable controlled 

protein adsorption. Proteins from cell culture medium adsorb on positively and negatively charged surfaces and are 

affected by coating conditions. A direct correlation between the amount of adsorbed proteins and cellular adhesion 

was observed. Protein adsorption shows effect on viscous and elastic surface properties of various PEM coatings. 
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Depending on surface charge the viscous and elastic properties of PEM films show different effect on protein 

adsorption. 

  

Conclusion 

Viscoelastic properties influence cellular behavior [1], however no optimal values of elasticity and viscosity for 

immunosuppressive functionality are known as of yet. The protein adsorption study showed that proteins by 

adsorbing on the surface, influence and change viscoelastic properties of the surface, thus currently no conclusion 

can be made. Further experiments need to be carried out to address dependence of immune response on surfaces 

under consideration of the impact of proteins adsorbed from cell culture medium/ blood. 

Our research gives insights on cell-surface interactions on PEM coatings and advances towards the goal to create 

passive surface coatings for functional cardio vascular devices without application of pharmaceutical substances. 
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Controlled adhesion of HUVECs on PEM modified 

surfaces 
Fluorescence microscopy shows HUVECs adhering 

poorly on PEM coatings from a pair of weak 

polyelectrolytes (left) and strongly on PEM 

coatings from pair of strong polyelectrolytes 

(right). 
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Introduction 

In our days, the major challenge for improving the use of titanium (Ti) alloys as biomaterials has been its surface 

characteristics. Thus, looking for properties as relevant as the already found in the bulk of these alloys, many 

researchers of the biomaterials field increasingly focus their efforts on surface modifications. Several studies have 

shown that the anodization in order to obtain Ti oxide nanotubes is fast and low-cost treatment that enables designing 

samples of high surface energy, surface/volume ratio and morphology mimicking bone, which may lead improved 

osseointegration. However, this treatment severely increases the surface roughness, representing a potential issue 

for bacteria attachment. From this point, a combination of this technique to antibacterial coatings appears as a natural 

way to follow and the grafting of poly(sodium styrene sulfonate) (PNaSS) fits perfectly on this topic. The presence of 

this polymer on surfaces was demonstrated to control interactions with adhesive proteins as fibronectin, playing a 

fundamental role in the inhibition of bacteria adhesion without compromising the surface morphology. The union of 

this characteristics is a valuable  asset  and  stands out as a promising alternative to taylor such surfaces to better 

biological response. 

  

Experimental Methods 

Ti15Mo alloys were obtained by melting commercially pure metals in an electric arc furnace under argon atmosphere. 

Ingots were heat treated to insure homogeneity and cut into discs of 10 mm diameter. Discs were submitted to anodic 

oxidation at 10V for 24 hs in ammonium fluoride/glycerol electrolyte. Then the samples were heat treated to 

nanotubes crystallization. PNaSS grafting on anodized samples was achieved under UV irradiation for 1 h. Surfaces 

were characterized by SEM images, contact angle and FTIR. The amount of grafted PNaSS on Ti surface was 

estimated by colorimetric assay. The cell response - proliferation, morphology and viability assays- was achieved by 

using MC3T3-E1 cell line. The inhibition of bacteria adhesionwas evaluated by confocal fluorescent images of a 

Staphylococcus aureus (ATCC 25923) and Candida albicans (SC 5314) biofilm. 

  

Results and Discussion 

SEM images show the homogeneous formation of nanotubes across the surface of Ti15Mo alloys samples. 

Nanotubes have a very regular structure with internal dimensions estimated (image-editing software) around 22 nm. 

The efficacy of the PNaSS grafting on anodized samples was shown by characterization methods as wettability and 

FTIR spectra clearly showing the presence of PNaSS peaks. In addition, toluidine blue colorimetric assay indicates 

the presence of 7 μg PNaSS/cm2, a value fully consistent with previously performed tests on non-anodized alloys. 

Regarding the behavior of osteoblasts over the surfaces, all tests indicated better cell development on anodized and 

grafted surfaces, with an increased cell viability and early cell spreading as well as better proliferation after 7 days of 
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incubation. In parallel, fluorescence images show a drastic reduction in the number of biofilm elements on PNaSS 

grafted surfaces, confirming the influence of nanotubes and PNaSS presence over these two parameters. 

  

Conclusion 

Tests carried out throughout this study show that nanotubes formed by anodic oxidation on the Ti15 Mo can be 

effectively grafted with PNaSS by UV irradiation. It worthy pointing out that the combination of chemical and uperficial 

morphology provided by both treatments has a beneficial effect on the cell response and bacterial adhesion on 

studied surface. In summary, the treatment can be presented as a promising alternative to improve commercially 

available surfaces. 
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Confocal Laser Scanning Microscope (CLSM) images 

of live/dead staining at 48h 
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SEM images of osteoblast after 24 hours on he 

surface 
a)Ti15Mo flat samples, b)Ti15Mo anodized samples 

and c) Ti15Mo anodized and grafted surfaces 
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Introduction 

Amongst the most frequent causes for implant failure in arthroplasty stands aseptic prostheses loosening [1]. This 

phenomenon is attributable to the missing induction of secondary stability; meaning that the firm anchorage needed 

between the prosthesis and the surrounding bone is missing. Another common complication after implantation is 

microbial colonization on the prosthesis surface [2]. These complications often lead to secondary surgery and 

implant-exchange being required. In order to reduce these complications, implant surfaces can be coated with 

bioactive substances which can have both osteoconductive and antimicrobial properties [3]. The aim of the study 

was the development and optimization of high-velocity suspension flame spraying (HVSFS, [4]) process for producing 

thin resorbable bioactive ceramics coatings on the basis of degradable calcium phosphates and bioactive glasses. 

In these layers bactericidal effective metal copper was integrated. 

  

Experimental Methods 

Four different materials with a layer thickness of 20 µm were tested (Ca10[Na/K](PO4)7, bioglass, HA, ß-TCP). 

Additionally, the coatings contained copper. For biocompatibility-testing in vitro, cell culture experiments were carried 

out using MG-63 cells. Cell viability was verified histologically by Giemsa-staining and a Live/Dead-Assay (3, 7, 14, 

21d). A WST-1-Kit was used to quantify cell proliferation and viability, and LDH tests were performed to determine 

cytotoxicity. For examination of the antimicrobial virtues, Safe Airborne Antibacterial assay was applied on S. aureus. 

For biocompatibility-testing in vivo implants were inserted into the distal femur and left in place for 2, 4, 6, 12, or 24 

weeks. Eight animals were operated upon bilaterally for each material and each time of implantation. The implant 

fixation was analysed with push-out-tests by determining the shearing strength. Histological and image analysis was 

combined to assess the quantitative and time-dependent degradation of the material layers as well as document the 

progression and quality of osteointegration. 

  

Results and Discussion 

The experiments revealed that the coatings show different biocompatibility on MG-63 cells and do not have identical 

antimicrobial efficacy on S. aureus. The highest cell-vitality was detected on TCP and Bioglass- ceramics. The Cu 

doping showed only minor influence on the biocompatibility of the coatings. Cu-doped coatings had an antimicrobial 

effect against bacterial growth.In the histological and histomorphometric analyses, the coatings showed a good 

integration and a high percentage of implant contact to bone. The addition of copper showed no significant effects. 

The dynamics of the bone healing process differed depending on the material. Coatings with bioglass caused a 

mineralisational dysfunction at the contact area with the bone and also showed the least shearing strength throughout 

the trial period. The addition of bacteriocidal metals also prevents bacterial infection. The greatest average shear 

strength in the earlier stages between 2 and 12 weeks was achieved by implants coated with ß-TCP. At 24 week 

GB14-coated implants reached the highest shear strength of all implants. 
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Conclusion 

These studies support the evidence that implants coated with degradable materials improve the early stability of 

prostheses. 
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Introduction 

Polyetheretherketone (PEEK) is a member of high-performance polymers, utilised in orthopaedics as an alternative 

to metal implants. PEEK has excellent tunable mechanical properties which support its potential application as an 

implant, but PEEK’s inertness interferes with osseointegration. Overcoming this limitation remains the greatest 

challenge for PEEK implant clinical applications. One promising therapeutic strategy for the hydrophobic materials is 

transforming them to a bioactive surface which can interact and stimulate bone healing. 

Several approaches are used to promote osseointegration of bioinert materials for implant application; however, there 

is no method to improve the osteoinductivity of these materials. 

Therefore, this study investigated the potential of using bioactive coatings to promote the osteogenic bioactivity of 

PEEK. This was done using a nanoscale poly (ethyl acrylate) coating that interacts with fibronectin to support cell 

attachment and presentation of growth factors (1). We delivered ultra-low, topical doses of bone morphogenetic 

protein 2 (BMP-2) [100ng/ml] to the cells. This was based on the ability of plasma polymerised ethyl acrylate (p-PEA) 

to facilitate fibronectin (FN) fibrillogenesis where the cell and growth factor binding domains have been exposed. This 

allowed for a synergistic interaction of the integrin/growth factor receptors (2)(3). 

  

Experimental Methods 

PEEK was functionalised using plasma polymerised ethyl acrylate (p-PEA). The thickness of the deposited p-PEA 

coatings was (≈344 nm) (Figure1). Besides physical and chemical characterisation via SEM, AFM, WCA and XPS to 

optimise the coating, the sustained release of growth factor BMP-2 after 2 hours and daily over 14 days were 

measured. The tensile and shear tests were assessed to check the mechanical properties of the coating. The 

biological investigations of the engineered surfaces in terms of cell response and differentiation were performed using 

human mesenchymal stem cells (MSCs). Cell adhesion and osteogenic differentiation of the cells were evaluated 

using Coomassie brilliant blue, alkaline phosphatase (ALP) assay after 14 days and ALP staining after 28 days. 

Mineralisation was assessed by alizarin red and von Kossa staining after 28 days and 35 days, respectively. 

  

Results and Discussion 

WCA showed moderate hydrophilicity after the application of FN, which promoted better cell/surface interaction. The 

cumulative BMP-2 release from the materials over two weeks was less than 10% of the total bound BMP-2 which 

confirms the stability of BMP-2 on the coating. More cell adhesion and spreading were found on the coated PEEK 

surface in comparison to the uncoated ones. Osteogenic differentiation of the cells increased significantly on the p-

PEA coated PEEK. Mineralisation was confirmed on the surface of the coated PEEK compared to the uncoated ones; 

this was validated by the positive von Kossa and alizarin red staining (Figure2). 

Data showed the ability of osteogenic differentiation of the MSCs which supports the proliferation and interaction of 

MSCs with the tailored PEEK surface in-vitro. Cell adhesion and differentiation studies confirmed the potential of the 
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engineered coating to create a more favourable and controlled microenvironment for the bioinert polymer allowing 

for implant-bone interaction. 

  

Conclusion 

This in-vitro study successfully prepared the PEEK surface and improved its bioactivity. The results indicate the 

engineered synergistic integrin/BMP-2 system allowed osteogenic differentiation of undifferentiated MSCs and 

promoted osteogenesis on PEEK. These results confirmed the highly efficient growth factor presentation for potential 

implant-bone osseointegration applications.  An in-vivo study is being conducted in a rabbit model using custom-

made dental implants in the rabbit’s maxilla to verify the results before clinical trials. 
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Figure 2: 
Mineralisation assessment through Alizarin red 

and Von Kossa staining.A) Alizarin red on 

uncoated PEEK. B)Alizarin red histology shows 

bone nodule formation (calcium deposition) on 

the PEEK coated with p-PEA + FN + BMP-2 (arrow) 

after 28 days. Gross images of mineralisation 

showed at the lower right-side corner of the 

microscopic images of calcium deposition. C) Von 

Kossa on uncoated PEEK. D) Von Kossa on the 

coated PEEK shows phosphate deposition (arrows) 

after 35 days, positive staining showed as black 

deposition. 

  

 

Figure 1:  
 Illustration of the proposed presentation 

system. p-PEA= plasma polymerised poly (ethyl 

acrylate), PEEK= polyetheretherketone, BMP-2 = 

bone morphogenic protein 2. 
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V-OS18-05 

Multiscale 3D printed nanopatterned scaffolds 

Mahdiyeh Nouri-Goushki1, Michelle Minneboo1, Urs Staufer2, Lidy E. Fratila-Apachitei1, Amir A. 

Zaadpoor1 

1Delft University of Technology, Biomechanical Engineering, Delft, NL; 2Delft University of Technology, Precision 

and Microsystems Engineering, Delft, NL 

 
Introduction 

In vitro models play a key role in elucidating the molecular mechanisms involved in cellular interactions and 

functions1. Although traditionally, 2D in vitro models are used for this purpose, these models cannot replicate the 3D 

cellular microenvironments. Development of 3D microstructures with complex geometries and surface nanoscale 

features which can more closely resemble the native tissue matrix is therefore desirable but highly challenging. To 

achieve this, technologies that enable the fabrication of 3D structures based on predefined design are required2. 

Two-photon polymerization (2PP) is a powerful 3D printing technique for manufacturing structures with a resolution 

of a few hundred nanometers3. In this study, we successfully fabricated micro-scaffolds decorated with surface 

nanofeatures in a single printing step. The response of preosteoblast cells to these structures was investigated and 

compared to the 2D nanopatterned and non-nanopatterned surfaces. 

  

Experimental Methods 

The nanopatterned surfaces and micro-scaffolds were produced using a Photonic Professional GT (Nanoscribe, 

Germany) machine. The Galvo writing strategy and an acrylate-based resin (IPL, Nanoscribe, Germany) were 

selected for printing the features on glass coverslips (Nanoscribe, Germany). All samples were characterized using 

a scanning electron microscope (SEM) (Jeol InTouchScope JSM-6010LA, Japan). Preosteoblast cells (MC3T3-E1, 

Sigma Aldrich, Germany) were cultured in phenol-red free α-MEM (pH = 7.5) with 10% (v/v) fetal calf serum (FCS) 

(Life Technologies, USA). A concentration of 5 × 104 cells/ml was seeded on each sample. The media was refreshed 

after 2 days and SEM imaging was performed on day 2 and 4. 

  

Results and Discussion 

After optimization of the laser power and scan speed, arrays of nanopillars with a diameter of 426 ± 6 nm and a 

height of 913 ± 50 nm were generated on glass substrates with high reproducibility (Fig. 1a). Subsequently, these 

nanopillars could be printed on each woodpile of the micro-scaffold in a single printing step thus creating an integrated 

multiscale 3D structure (Fig. 1b). 

Significant differences in cell morphology were observed between the nanopatterned and non-nanopatterned 

surfaces after 2 days of culture. Polygonal cells were observed on the flat surface whereas highly polarized cells 

were visible on the nanopatterned surfaces. Nevertheless, after 4 days, cells spread nicely on the entire 

nanopatterned area. In addition, cells showed the ability to move across the interface between the nanopattern and 

the surrounding flat surface (Fig. 2). 

  

 

 



ESB 2019 | Abstract Booklet 

Wednesday, 11 September, 2019 

 

Page 359 of 1893 

Conclusion 

This study shows the potential of the 2PP process to fabricate 3D structures with controlled nanoscale surface 

features using a single material and process step. This approach is attractive not only for trying to reconstruct the 

native tissue matrices but also for fundamental studies on cell-surface interactions. The IP-L resin used in this 

research was not cytotoxic for the MC3T3-E1 cells. In addition, morphological changes associated with cell 

adaptation to the 2PP structures were found, which may influence important cellular functions, such as differentiation. 
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Fig.1 
SEM image of (a) nanopatterned surfaces and (b) 

nanopatterned micro-scaffold. 
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Fig.2 
MC3T3-E1 cells moving across the interface 

between the nanopatterned and non-nanopatterned 

areas: (a) after 2 days of culture and (b) after 

4 days of culture. 
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V-OS18-06 

Natural antibacterial coating on dental implants and/or abutments for 

the prevention and treatment of peri-implantitis 
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Tobias Weindl3, Jürgen Geis-Gerstorfer1, Lutz Scheideler1, Hans Peter Wendel2, Frank Rupp1 

1Tübingen University, University Hospital Tübingen, Section Medical Materials Science & Technology, Tübingen, 

DE; 2Tübingen University, University Hospital Tübingen, Department of Thoracic, Cardiac and Vascular Surgery, 

Tübingen, DE; 3Aimecs GmbH, Pfarrkirchen, DE 

 
Introduction 

Nowadays, osseointegrated medical implants have been widely used for the rehabilitation of partial and complete 

edentulous patients [1]. However, the upcoming of peri-implantitis, a destructive inflammatory process around 

implants contributing to the formation of peri-implant pockets and supporting bone loss, has become an important 

issue for implant failure [2]. Bacterial colonization and subsequent biofilm (plaque) formation on the implant surface 

is one of the essential cause and effect factors for peri-implantitis [3]. Plaque control and tissue regeneration has 

become the main target in prevention and treatment of peri- implantitis [4-6]. Various antibacterial coatings have 

been previously applied on implant surfaces, however, developing an ideal coating with both great antibacterial 

efficiency and good biocompatibility is still an unsolved task. Totarol is a kind of natural antibacterial agent, with 

bactericidal effect towards a wide range of gram-positive bacteria, even antibiotic resistant bacteria including the 

methicillin resistant S. aureus [7,8], and additionally appeared with low cytotoxicity [9]. This in vitro study aims at 

applying totarol coatings on experimental dental implant and abutment surfaces, and investigating the antibacterial 

capability of totarol coatings in a simulated oral environment. 

  

Experimental Methods 

After being ultrasonically cleaned with ethanol (70%) and dried with N2, wafer plates (10 mm × 10 mm) and round Ti 

disks (D=10 mm) are coated with totarol by spin coating. Column chromatography-purified totarol dissolved in ethyl 

acetate solutions are coated on wafer surfaces at concentrations of 10 mg/ml, 20 mg/ml, and 40 mg/ml, respectively, 

and on Ti disks at 20 mg/ml. The coated wafers and Ti disks (n=6/group) with and without coating are incubated in a 

S. gordonii - Schaedler medium (start ODλ= 620nm = 0.54) stirring system (stop 60 min/ stirring 15 min each cycle, 37°C 

incubator) (Fig 2. f, g). The wafers were harvested after 24h incubation and the Ti disks were harvested after 4 h, 8 

h, 24 h of incubation, respectively, then went through Live/Dead staining for testing the vitality and crystal violet 

staining for quantifying the amount of surface bound bacteria. One-way ANOVA was used to analyze differences of 

the quantification of surface bound bacteria between totarol coating and control groups. 

  

Results and Discussion 

The totarol coatings on wafer surfaces appeared homogeneous and at a lateral view with light blue, dark blue and 

gold color at the concentrations of 10 mg/ml, 20 mg/ml, and 40 mg/ml (Fig.1 b). All coatings caused significant contact 

killing effects towards 24 h S. gordonii films (Fig.1 c), only the 20 mg/ml group showed a lower amount of bacterial 

film formation (Fig. 1 d,e). The 20 mg/ml totarol coating on Ti showed distinct bactericidal effects towards 4 h, 8 h, 

and 24 h S. gordonii films (Fig. 2 a,b), and, according to the lower density in crystal violet staining, significantly 

inhibited the S. gordonii biofilm growth compared with the control group (Fig. 2 c,d). 
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Conclusion 

The natural antibacterial totarol coating showed bactericidal effects towards the early oral colonizer S. gordonii and 

a significant inhibition of its biofilm growth. This might offer the possibility for the peri-implant soft tissue to form a 

tight epithelial seal and to prevent bacterial infiltration. Therefore, totarol coatings of dental implant and abutment 

surfaces showed great potential for the prevention and treatment of bacterial caused infections, such as peri-

implantitis. 
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Fig. 2 Different stages of antibacterial effects 

of totarol coated Ti in stirring system. 
Totarol coated Ti disks were incubated in a 24h 

S. gordonii stirring system and analyzed at 4 h, 

8 h, 24 h of  incubation. a: Live/Dead staining 

of coating group; b: Live/Dead staining of 

control group; c: Crystal violet staining of 

coating group; d: Crystal violet staining of 

control group; e: quantification comparison 

of S. gordonii film in coating and control 

groups; f: rubber sample holder; g: stirring 

system in 37 °C incubator. 
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Fig. 1 Antibacterial effect of different 

concentrations of totarol coating on wafers.  
a: vertical view of coating; b: lateral view of 

coatings; c: Live/Dead staining outcomes of 24 h 

biofilm; d: crystal violet staining of 24 h 

biofilm (n=4); e: quantification comparison of 

S. gordonii film in different groups. 
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4:15 p.m. – 5:45 p.m. 

Hall 3 

VI-SY10 | ISBF SY:  Advanced biofabrication 

strategies and applications 

Jos Malda (Utrecht, NL) 

Miguel Castilho (Utrecht, NL) 

 

Biofabrication strategies in regenerative medicine have gained increasing attention due to 

their potential to engineer 3D tissue substitutes, capable of replacing lost and damaged 

tissues. During the last two decades, multiple biofabrication technologies together with 

cell-based therapies have been subjects of thorough investigation. This symposium will 

focus on new strategies for biofabrication and novel combinations of these, with special 

attention for recent developments in the field of 3D bioprinting for musculoskeletal tissue 

engineering. Both invited speakers Danny Kelly and Liliang Ouyang, have developed 

pioneering work in 3D bioprinting and in engineering bioactive tissue-like constructs. This 

symposium aims to strengthen the links between the biofabrication and biomaterials 

communities, as well as to reach out to new research fields to the already incredible 

interdisciplinary field of Biofabrication. 
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VI-SY10-KL01 

3D Bioprinting for Bone and Joint Regeneration 

Daniel J. Kelly 

Trinity College Dublin, Trinity Centre for Bioengineering, Dublin, IE 

 
Introduction 

Our musculoskeletal system has a limited capacity for repair. This has led to increased interest in the development 

of tissue engineering strategies for the regeneration of musculoskeletal tissues such as bone, ligament, tendon, 

meniscus and articular cartilage. This talk will review our attempts to use biomaterials and mesenchymal stem cells 

(MSCs) to bioprint cell-laden implants for use in bone and joint regeneration. 

  

Experimental Methods 

Two different bioprinting strategies will be described to engineer regenerative implants. For the first approach, 

bioprinted constructs are first matured ex vivo prior to implantation into the body. In the second approach, bioprinted 

constructs are implanted directly into the body without any prior ex vivo maturation. In both cases, the bioprinting 

process involves the integration of different bioprinting techniques (Fused deposition modelling, Micro-extrusion, Ink-

jet printing) to produce cell-laden constructs with defined functionalities.   

  

Results and Discussion 

This talk will demonstrate how 3D bioprinting can be used to engineer biological implants mimicking the shape of 

specific bones, and how these bioprinted tissues mature into functional bone organs upon implantation into the body. 

Next, it will be demonstrated that different musculoskeletal injuries can be regenerated using 3D bioprinted implants, 

including large bone defects and osteochondral defects. The talk will also describe how we can integrate biomaterials 

and MSCs into 3D bioprinting systems to engineer scaled-up tissues that could potentially be used regenerate entire 

diseased joints. 

  

Conclusion 

3D Bioprinting has the potential to transform how we treat damaged and diseased musculoskeletal tissues. 
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VI-SY10-KL02 

3D Bioprinting of Hydrogels: towards Generalization and Simplicity  

Liliang Ouyang 

Imperial College London, Materials, London, GB 

Introduction 

Despite the plethora of bioinks and bioprinting strategies under development in the biofabrication field, their 

application from bench to bedside is still hindered through their lack of standardization and generalization. One of 

the next steps for 3D bioprinting is to generalize and simplify the technologies towards a standard and easy-to-use 

platform for biomedical applications. Therefore, we are dedicated to investigating generalizable strategies for 

advanced biofabrication, taking extrusion-based bioprinting as an example. 

  

Experimental Methods 

To better understand the nature of extrusion-based bioprinting, we start with analyzing the general criteria for each 

stage in the whole route, ranging from bioinks to 3D cellular constructs (Figure 1A). Bioinks with varied gelation 

properties were studied, including guest-host self-assembly, thermal gelation, and photo-crosslinking (Figure 1B). 

The bioprinting process was optimized corresponding to specific bioink. For examples, temperature and light were 

well controlled for printing thermo-responsive and photo-crosslinkable hydrogels, respectively. 

  

Results and Discussion 

The shear-thinning and self-healing formulation (guest-host hyaluronan) was demonstrated to support consistent 

extrusion and maintenance of hydrogel shape, and additional secondary crosslinking helped to further stabilize the 

structure.[1] With careful control of temperature in the nozzle and printing platform, gelatin-based bioink could be 

successfully printed, maintaining good 3D printability and cell viability (> 90%).[2] By simultaneously introducing light 

to a light-permeable nozzle during printing, various non-viscous photo-crosslinkable bioinks could be printed into 3D 

constructs.[3] Based on these case studies, we are able to process different hydrogels in a generalizable way (Figure 1C). 
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Figure 1 
(A) Schematic of extrusion-based bioprinting 

process. (B) Schematic of representative 

bioprinting strategies corresponding to (i) 

self-assembly and shear-thinning, (ii) thermal, 

and (iii) photo-crosslinkable bioink 

formulations. (C) Representative photographs of 

printed tubular structure using various 

hydrogels. 
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3D Printed Bone Lego: Preliminary Design, Mechanical and Biological 

Characterization 
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Introduction 

The number of patients who need bone substitutes is increasing worldwide. The potential of 3D bioprinting to produce 

personalized bone grafts showed promising results during the past decade [1]. However, problems remain in the 

timely and mass production of clinically personalized relevant sized grafts including issues related to quality control 

and technician-clinician coordination. In this work, a new hypothesis has been proposed and evaluated to assemble 

standard 3D printed Legos (SDPLs) into one large bone piece. The (SDPLs) were designed, assembled and 

compared with the large piece to test how much legolization would affect its properties. The comparison involved the 

characterization of mechanical and biological behaviour including the osteogenic potential. 

  

Experimental Methods 

Block segmentation (legolization) of different preliminary designs were used to answer 2 main questions: 1) How 

much the design of the SDPL and the degree of segmentation would affect the mechanical properties of the whole 

big piece? 2) Is it possible to use the segmentation model to optimize the SDPL design, taking the simple cube as a 

reference? All the SDPL models were meshed with C3D8R elements and solved with Abaqus/Standard. The loading 

is compressive with the displacement boundary condition of 0.5mm. The mechanical response of (i) a single SDPL 

(1x), (ii) 2 assembled SDPLs (1xAssem) and (iii) a single piece with the dimensions of the 1xAssem (2x) (Figure 

1A) were analyzed as load-displacement curves at the loading point. For the 1xAssem configuration, the contact is 

assumed frictionless. 

Adipose-derived stem cells (ASCs) were seeded on 1xAssem SDPL segments within a fibrin hydrogel to test the 

success of cell seeding, homogenous distribution, migration and osteogenic differentiation potential on the 

assembled pieces. SDPLs were 3D printed from poly(ɛ-caprolactone) by using a Bioplotter device (Envisiontech). 

The samples were examined on days 1,7 and 14 using Live/Dead staining and scanning electron microscopy for 

cellular morphology, Alamar Blue test for viable cell number and alizarin red staining for osteogenic differentiation. 

  

Results and Discussion 

As a starting point, 3 simple designs have been proposed: Cube (CU), Cube Lego (CL) and Interlocking Lego (IL) 

(Figure 1A). These designs were segmented and tested for the effect of segmentation on their mechanical properties 

(stiffness, k). 

The results of the 3 configurations as force-displacement, represent k of the structure and stress distribution in color 

code (Figures 1B-D). The deviation from the linear response represents the initiation of plasticity, representing the 

failure of the structure. The CU structure has the highest k response (Figure 1B). The 1x-CU shows the k response 

compared to 2x-CU due to the well-known relation of k=EA/l [2]. 
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For the CL design, the weakest zone is the top pin. This is the reason for its reduced k compared to the CU(Figure 

1 B). This is also the first failure region because of its small cross-section area. For the IL, the weak points are the 

lower slot. Therefore, IL design was optimized by removing this feature from the bottom part (modified IL) (Figure 

1C). 

The segmentation of the modified IL showed a significant increase in the k which was attributed to stress center (SC) 

areas corresponding to the neck of the hinge’s width (red color, Figure 1B). By removing the lower SC (the lower part 

of IL as represented in (Figure 1C & D), there was a clear transfer for SCs, which again as expected distributed 

between different SC (the upper part of IL as represented in Figure 1D). Removal of any external SC would expect 

to show no difference in k between IL and cube structure (the highest k (Figure 1 A,D)). 

A 4 layers-IL (thickness, 1.5 mm) was 3D printed and seeded with ASCs to study the cellular response on assembling 

SDPLs. Alamar blue test and Live/Dead staining showed the proliferation of the seeded cells during 14-days where 

random distribution of the cells was observed within the pieces (Figure 2). The areas between the junctions need to 

be further investigated and the design needs to be optimized as they were observed blank during the study. Alizarin 

red staining showed calcification on day 14 on SDPLs (Figure 2C). 

  

Conclusion 

Based on segmentation modelling, in the absence of external SC structures, there would be no significant difference 

in stiffness between the simple cube and IL structures. Such preliminary results encourage further investigation for 

our hypothesis. 

In our work, a preliminary study has been run with a basic variation on both design and simulation levels. Still, a wide 

range of parameters including filling ratio during 3D printing, different materials with different additives, also different 

designs are being investigated with more parameters to be simulated including toughness and shear stress. Also, 

cellular distribution and orientation within and in between the SDPLs are being investigated. 
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Figure_2 
There is a clear increase in the cell number 

over time as seen in Alamar red (A), Confocal 

images showed a distribution of cells over the 

scaffold (B), also a significant difference 

between test and control could be seen in 

Alizarin red staining (C) , no clear cells could 

be seen in the junction between lego pieces, 

still a significant distribution of cells around 

the piece could be seen (D) 
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Figure 1:  
The three basic structures; Cube, Cube lego and 

interlocking lego, all of them were modeled in 

three different  form (1x, 2x and 1x assembly) 

(A), For the three basic structures with 

their  different  form, the effect of design and 

segmentation on the stiffness of the structures 

has been represented on (B), based on the 

simulation , a further modification and 

segmentation have been done in the IL structure 

(C), finally the simulation of the modified and 

segmented IL designs has been shown in (D). 
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VI-SY10-04 

4D Biofabrication by Shape-Morphing Polymers 

Leonid Ionov 

University of Bayreuth, Bayreuth, DE 

Introduction 

Most powerful technique for biofabrication – 3D printing still has certain limitations, which substantially restrict its 

broader use. These disadvantages are inability to achieve sufficient resolution and high-density cell printing, difficulty 

of fabrication of multicomponent and hollow structures, difficulty of orienting of cells and limited oxygen diffusion. We 

advanced design of biomaterials by developing 4D biofabrication approach using special polymers, which are able 

to change their shape – shape-morphing polymers. In particular, we developed a number of approaches for design 

of biocompatible shape-morphing polymeric objects using solid polymers and hydrogels, which are able to change 

their shape in response to such “biocompatible” stimuli as temperature and presence of calcium ions. We developed 

approaches for deposition of cells on and inside of shape-morphing polymeric objects. We have also demonstrated 

application of 4D biofabrication approach for controlled encapsulation of cells, design of porous scaffolds with 

controlled porosity and pore orientation, complex 3D cell patterning as well as fabrication of hydrogel-cell hollow 

structures. 

  

Results and Discussion 

The approach was exemplified by gelatin-polycaprolactone (PCL) bilayers. Non-crosslinked gelatin was used as a 

sacrificial material, which prevents folding of the crosslinked gelatin-polycaprolactone bilayer at room temperature 

und allows its folding at elevated temperature. The approach has been used for encapsulation of neural stem cells. 

Very recently, we developed a another approach for fabrication of shape-changing structures. The approach is 

compatible with 3D printing and allows fabrication of tubular cellular structures using shape-changing and is based 

on biopolymers with carboxylic groups such as alginate and hyaluronic acid. These polymers, when crosslinked, 

demonstrate reversible swelling properties in response to changes in Ca2+ concentration enabling shape-changing 

alginate and hyaluronic acid structures loaded with cells. The mouse bone marrow stromal cells survived 

photocrosslinking, changes in shape and remained vital for at least 7 days. 
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Schematic illustration of 4D biofabrication 

approach 
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4:15 p.m. – 5:45 p.m. 

Hall 2 

VI-SY16 | Korean-European symposium: 

Advances in musculoskeletal regeneration 

Ki-Dong Park (Suwon, KR) 

Michael Gelinsky (Dresden, DE) 

 

Korean Society for Biomaterials (KSBM) is the hosting organization for WBC 2024 that 

will be held in Daegu, South Korea. KSBM is striving to promote the friendship and 

collaboration with colleagues all over the world for the success of WBC 2024. In this spirit, 

KSBM is having joint symposium with EU partners during annual ESB meetings starting 

from 2017 meeting in Athens. In ESB 2019, under the theme title “Advances in 

musculoskeletal regeneration” , Prof, Gun-il Im from Dongguk University and Prof, 

Swieszkowski from Warsaw University of Technology will deliver keynote speech 

representing KSBM and ESB respectively. 

  



ESB 2019 | Abstract Booklet 

Wednesday, 11 September, 2019 

 

Page 373 of 1893 

VI-SY16-KL01 

Development of adipose stem cell therapeutics with 

enhanced angiogenic and osteogenic potential to treat bone defects 

and osteonecrosis of the femoral head 

Gunil Im 

Dongguk University, Goyang, KR 

 
Introduction 

While bone has a capability to heal itself, there is a great difficulty in reconstituting a large bone defects created by 

heavy trauma or resection of malignant tumor. Also, osteonecrosis of the femoral head , which is caused by 

obstruction of blood supply to bone cells and occurs in young population, is not amenable to successful bone 

regeneration. Cell implantation has been performed in those patients for the past two decades. Unfortunately, the 

desired effect has not been achieved. It is surmised that the cells are unable to obtain blood supply at the recipient 

site and undergo massive necrosis at the early stage of implantation  Also, the avascular environment of recipient 

site would further decrease chance of the survival of implanted cells. Therefore, rapid revascularization of the 

implantation site is essential to promote the survival of implanted cells and subsequent bone regeneration. 

  

Experimental Methods 

We developed VEGF and BMP2-transfected adipose stem cells (ASCs) using electroporation that that can effectively 

treat bone defects by providing rapid angiogenesis and osteogenesis. Optimal transfection method and optimal 

combination ratio of VEGF to BMP2  to enhance both osteogenesis and angiogenesis were explored. We tested the 

hypothesis that VEGF and BMP2-transfected ASCs promote the bone regeneration in critical-size calvarial defect 

and segmental long bone defect models in immunosuppressed rats. The enhancing mechanisms and related gene 

pathway in VEGF and BMP2-transfected ASCs were also investigated using RNA-seq analysis. 

  

Results and Discussion 

The optimal ratio of BMP2- to VEGF- transfected ASCs to enhnace both osteogenesis and angiogenesis was 

determined to be 9:1. BMP2-/VEGF-transfected ASCs administered in this ratio effective healed critical-size calvarial 

defects and long-bone segmental defect in rats. The administered cells did not migrate out of the implantation site 

by 56th day and increased BMP-2 and VEGF gene expression was found on the implantation site. TAZ, TEAD and 

ANKRD1 are overexpressed in BMP2-/VEGF-transfected ASCs, possibly suggesting mechanism of enhanced bone 

regeneration and angiogenesis. 

  

Conclusion 

This study suggested the possibility of a gene-enhanced stem cell therapeutics that which can be used for 

effective treatment of intractable bone defect  and osteonecrosis of femoral head.  
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Recent advances and challenges in 3D biofabrication of bone and soft 

tissue 

Wojciech Swieszkowski 

Warsaw University of Technology, Faculty of Materials Science and Engineering, Warsaw, PL 

 
Introduction 

An innovative technique that may overcome current limits in reproducing complex structures of human tissues and 

organs is 3D biofabrication. This emerging fabrication technology relies on the simultaneous deposition of cells and 

biomaterials, mostly in a layer-by-layer fashion, to form 3D well-organized living heterogeneous porous structures 

that can mirror physiologically and morphologically relevant complex biological architectures. In this study, innovative 

strategies and challenges in 3D biofabrication of musculoskeletal tissues like bone, muscle, tendon, or cartilage will 

be presented.  

  

Experimental Methods 

Our 3D biofabrication approach is based on a microfluidic system coupled to a co-axial needle extruder for high-

resolution computer-controlled 3D deposition of hydrogel fibers laden with different cells. The system is designed so 

that multiple bioinks can be delivered either individually or at the same time and rapidly mixed to the extrusion head, 

and finally deposited through a coaxial nozzle. This enables the deposition of complex 3D structures with very high 

shape fidelity and cell viability. Using such a system we have been bioprinting or bio-wet-spinning cell-laden hydrogel 

constructs recapitulating the natural structure and composition of musculoskeletal tissues like bone, cartilage, tendon, 

or muscle. Depending on application, the biomimetic hydrogels were composed of modified biopolymers like gelatin, 

alginate, hyaluronic acid, or PEG-fibrinogen. The gels were laden with different types of cells including bone marrow-

derived human mesenchymal stem cells, muscle precursor cells or chondrocytes. 

  

Results and Discussion 

The obtained with high resolution (~ 100 mm), a fiber-based 3D printed living constructs mimic organized tissues like 

bone, cartilage, tendon and muscle [1,2]. Furthermore, the mechanical loading and biochemical stimulation show 

significant influence on proliferation, alignment, and differentiation of the cells as well as ECM deposition in 3D 

biofabricated constructs. For instance, the aligned orientation of the fibers combined with mechanical stimulation 

result in highly preferential longitudinal cell orientation and demonstrates enhanced collagen expression. Additionally, 

the combination of biochemical and mechanical stimulations promotes the expression of specific markers, signatures 

of efficient cell differentiation towards required tissues.  

  

Conclusion 

By formulating tailored bioinks and precisely controlling the 3D spatial organization of the extruded hydrogel fibers 

using different biofabrication methods it was possible to engineer advanced 3D biostructures which after some period 

develop into neo-tissues of musculoskeletal system. 
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Introduction 

Clinical studies have reported that fracture healing duration in diabetic patients is prolonged by ~87%1. The role of 

diabetes on bone remodelling and regeneration is beginning to be unravelled and may involve the hypoxia-inducible 

factor (HIF) pathway. Diabetic patients have been reported to have a reduced ability to respond to reduced oxygen 

environments (hypoxia) 2. Destabilisation of HIF-1α by high glucose levels has been shown to impair the cellular 

response to hypoxia in diabetic conditions and have detrimental consequences such as reduced neovascularisation, 

contributing to delayed or impaired bone healing3, 4. The critical role of HIF-1a stabilisation in improving diabetic 

wound healing has, also, been reported5, 6. However, little attention has been paid to the effect of hypoxia and HIF-

1α on bone healing in diabetic environments. In this study, the effect of diabetic environment on bone regeneration 

will be investigated and the effects of hypoxia (1% O2) and two common HIF-mimicking materials (cobalt chloride 

(CoCl2) and DMOG) on bone nodule formation in diabetic environment will be examined to assess whether targeting 

HIF-pathway can promote bone regeneration in a hyperglycaemic (diabetic) model. 

  

Experimental Methods 

Primary rat osteoblasts were isolated from neonatal Sprague-Dawley rats and seeded in α-MEM supplemented with 

2 mM β-glycerophosphate, 10nM dexamethasone, and 50μg/mL ascorbate. When confluent, cells were exposed to 

1g/L, 4.5g/L and 9g/L glucose environments to mimic low, moderate and high blood glucose levels, respectively, and 

kept in normoxia (20% O2) and hypoxia (1% O2) for 21 days. To examine the role of HIF mimicking materials, the 

cells were also treated with cobalt (Co 12.5, 25 and 50µM) and DMOG (250,500 and 1000µM) conditioned medium 

with 1, 4.5 and 9g/L glucose. Metabolic activity (AlamarBlue), proliferation rate (total DNA), alkaline phosphatase 

activity and vascular endothelial growth factor (VEGF) expression of the cells were measured. Bone nodules were 

characterised using Alizarin Red staining, SEM, TEM, Raman. Interferometry technique was used for quantitative 

analysis of the bone nodule size. 

  

Results and Discussion 

In this study, we demonstrated that bone nodule formation is dependent on glucose concentration. Moderate (4.5g/L) 

and high (9g/L) glucose conditions inhibited nodule formation. However, the addition of HIF mimetics (CoCl2 and 

DMOG) appeared to restore nodule formation (Fig 1). In addition, both cobalt and DMOG enhanced VEGF production 

in moderate and high glucose environments. Hypoxia did not improve nodule formation in both moderate and high 

glucose conditions which suggests that the hypoxic-induced inhibitory effect is not HIF-dependent and is associated 

with the low oxygen level. 

  

 

 

 



ESB 2019 | Abstract Booklet 

Wednesday, 11 September, 2019 

 

Page 377 of 1893 

Conclusion 

A hyperglycaemic bone model was developed that demonstrated that high glucose levels (4.5 g/L and 9 g/L) inhibits 

bone nodule formation. Excitingly, for the first time it was demonstrated that the use of HIF mimetics (CoCl2 and 

DMOG) helped restore bone nodule formation. This discovery demonstrates the role of the HIF pathway in bone 

development and will enable the creation of biomaterials or tissue scaffolds designed for patients with impaired bone 

regeneration due to a defective cellular oxygen sensing pathway. 
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Introduction 

Elastin-like polypeptides (ELPs) are attractive biomaterials for tissue engineering because they are biocompatible 

and biodegradable and transform into hydrogel at physiological temperature.1 We have previously synthesized an 

Arg-Gly-Asp (RGD)-functionalized ELP, TGPG[VGRGD(VGVPG)6]20WPC, referred to as REP. REP binds cell 

surface integrin receptors and stimulates cellular behaviors such as adhesion and proliferation through RGD-induced 

signal transduction.2 Neural stem or progenitor cells are of great interest in treating Parkinson’s disease.3 However, 

after being transplanted into the defect sites, a great portion of cells undergoes a cell death due to the lack of 

extracellular matrix required for cell attachment.4 The main goals of this study were to use REP as a provisional 

matrix to enhance the survival of neural progenitor cells at the grafted site and improve the behavioral performance 

of a mouse model of Parkinson’s disease. 

  

Experimental Methods 

ELP were expressed in Escherichia coli BLR(DE3) using pET-25b(+)-1 plasmids and purified by inverse transition 

cycling as described previously.2 NPCs were cultured on matrigel-coated (0.1%) 10-cm dishes in Neural Cellutions 

Media supplemented with 1% N-Gro-001-S, 1% N2 supplement, 20 ng/mL fibroblast growth factor, 20 ng/mL 

epidermal growth factor, 1% penicillin/streptomycin at 37 °C in a humidified atmosphere of 95% air and 5% CO2. In 

vitro viability was assessed using LIVE/DEAD® Viability/Cytotoxicity Assay Kit or CCK-8 assay kit. For in vivo survival 

analysis, NPCs (1×105 cells) were labeled with VivoTrack 680, and fluorescent images were taken using an IVIS® 

Spectrum and analyzed with Living Image software. To induce parkinsonism, C57BL/6 male mice were injected 

intraperitoneally with 20 mg/kg of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine in sterile PBS five times at 2 h 

intervals for one day. Forty mice were randomly divided into two groups and one group received implants of NPCs 

only and the other received NPCs plus REP. Mice were anesthetized with a solution containing xylazine and 

ketamine, placed in a stereotaxic frame, and received one injection of 1×105 cells suspended in 2 μl of PBS or REP 

solution (10 μM) at 4oC in the right striatum (0,5 mm anterior, 2 mm lateral, 3 mm ventral, with respect to bregma) 

using a 10 μl Hamilton syringe coupled with 26-gauge needle. Motor performance was assessed by using a mouse 

Rota-Rod Treadmill according to the reported protocol.5  

  

Results and Discussion 

REP substantially increased the proliferation of NPCs in a dose-dependent manner. REP induced Fak, Erk, and Akt 

phosphorylation. These effects were abolished by inhibiting MEK and PI3K with PD98059 and Wortmannin, 

respectively. Growth of NPCs on REP alleviated Bcl-2/Bax ratio and reduced proteolytic cleavage of caspase-9, 

caspase-7, caspase-3, and PARP. These data suggest that REP increases proliferation of NPCs via activating FAK, 

MEK/ERK, PI3K/Akt pathways while suppressing caspase processing. When REP and NPCs were implanted 

together into the striatum of Parkinson’s disease mice, REP increased the differentiation of neural progenitor cells 
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into neurons and dopaminergic neuron, as indicated by the expression of tyrosine hydroxylase TH. Rotarod test 

showed a significant improvement in motor deficits by combined transplantation of REP and NPCs, compared to the 

implantation of NPCs only. These results indicate that REP is applicable as an extracellular matrix for neural 

progenitor cell transplantaion. 

  

Conclusion 

We demonstrated that RGD-functionalized REP provides a feasible and effective method for grafting Parkinson 

disease-targeting NPCs. Because beneficial effect of REP on the outcome of cell transplantation occurs through 

enhancing the viability of transplanted cells, REP-based stem cell delivery platform would be applicable for the 

treatment of a variety of other neurological disorders. 
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4:15 p.m. – 5:45 p.m. 

Hall 4 

VI-SY11 | Calcium phosphate materials-induced 

osteogenicity: from orthotopic bone formation 

to heterotopic bone induction 

Marc Bohner (Bettlach, CH) 

Osamu Suzuki (Sendai, JP) 

 

Calcium phosphate materials are recognized to display direct bone bonding properties. 

However, there is a still controversy whether they show osteoinductive property, i.e., the 

capacity of ectopic bone formation. It is of interest to learn about what is the factor leading 

to acquiring such an active property not only in orthotropic bone formation but also in 

ectopic bone formation from the view of the materials science and biological responses. 

The aim of this symposium therefore is to discuss the recent progress of 

osteoinductive/osteoconductive and specific cellular activation capacities related to the 

biodegradation, ionic dissolution, material volume, architecture, composition and crystal 

phase in calcium phosphates including OCP, β-TCP and HA ceramic materials. 
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Introduction 

Octacalcium phosphate (OCP) has been recognized as an osteoconductive material [1,2] as well as hydroxyapatite 

(HA) and β-tricalcium phosphate (β-TCP). OCP-based materials in fact have recently been applied in human oral 

bone tissues in anticipation of the defects repair [3,4]. However, the materials property of OCP stimulating their bone 

tissue repairs is not fully understood. We have found that the repair of critical-sized rat calvaria defect is enhanced 

during the progressive conversion of the implanted OCP to Ca-deficient HA in situ [2]. Analyses of OCP immersed 

in physiological solutions showed that the structural changes of OCP is accompanied by calcium ions consumption 

and inorganic phosphate (Pi) ions release in the solutions [5], these ionic dissolution products of which could be 

involved in the stimulatory capacity of OCP in enhancing osteoblastic differentiation from bone marrow stromal cells 

[2,5-7]. In this study, the involvement of the ionic dissolution associated with OCP materials will be presented and 

discussed from the view point of osteogenesis [8,9] and angiogenesis [10] . 

  

Experimental Methods 

OCP was synthesized in a wet method [1]. The studies were carried out by three ways: 1) Osteoblastic differentiation 

to osteocytes was estimated by incubating mouse IDG-SW3 cells in osteogenic differentiation media with OCP 

particles placed in the transwell inserts [8]; 2) Capillary-like tube formation was estimated by incubating human 

umbilical vein endothelial cells (HUVECs) on a gel matrix in endothelial cell growth medium with OCP particles placed 

in the transwell inserts [10]; 3) Differentiation from mesenchymal stem cells (MSCs) to osteoblastic cells was 

estimated by forming and incubating a 3D construct consists of OCP particles/D1 cells in osteogenic differentiation 

media using an oxygen permeable chip [9, 11]. Special attention was paid to detect ionic dissolution and the crystal 

structural changes of OCP during the incubation. In the 3D cell culture, chemical analyses of the crystals and the 

supernatant were carried out to determine the Ca/P molar ratio of the crystals and the media degree of 

supersaturation (DS) which is defined as a ratio of ionic activity products to solubility product constant. Curve fitting 

of FTIR spectra measured for the retrieved crystals after the incubation was analyzed to obtain the nature of the 

growing crystals. 

  

Results and Discussion 

OCP increased Pi concentration in the media and SOST/sclerostin and FGF23 gene expression of IDG-SW3 cells 

after 35 days of incubation, estimated by real-time PCR, indicating the enhancement of differentiation toward late 

stage osteocytes [8]. In the HUVEC culture study, capillary-like tube formation was maximized in certain dose of 

OCP, which induced distinct calcium and Pi ion concentrations, indicating the potential angiogenic capability of OCP 

[10]. In the 3D cell culture, alkaline phosphatase activity of D1 cells increased if the construct was formed by OCP in 

comparison with the control materials HA and β-TCP. The DS value with respect to HA salt in the 3D culture media 



ESB 2019 | Abstract Booklet 

Wednesday, 11 September, 2019 

 

Page 382 of 1893 

showed a decreasing tendency in OCP/D1 more than HA/D1 cells or β-TCP/D1 cells. Chemical analysis and FTIR 

spectroscopy of the crystals suggested that the differentiation of D1 cells was enhanced by the participation of 

amorphous calcium phosphate (ACP) precipitation together with the progress of OCP hydrolysis slightly [9]. It is 

reasonable to assume that the ionic dissolution stemmed from the chemical property of OCP under physiological 

conditions provided should be involved in the stimulatory capacity of OCP to increase both osteogenic and angiogenic 

cellular activities in vitro. Overall results suggest that such a stimulatory mechanism of OCP may be reproduced in 

vivo bone formation enhancement induced by OCP. 

  

Conclusion 

The studies showed that OCP facilitates the differentiation to osteocytes and osteoblastic cells from the cells in 

mesenchymal linages and the capillary-like tube formation from vein endothelial cells in vitro. The ionic dissolution 

of OCP and the structural changes should be involved in these cellular activation processes. 
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Georges Winter, one of the founding members of the European Society for Biomaterials, reported 50 years ago that 

a polymer foam implanted in soft tissues can trigger a biological cascade leading to bone formation [1]. Since then, 

numerous studies have been performed to decipher the link between material properties and heterotopic ossification 

(HO). These studies have demonstrated that many materials (metals, polymer, ceramics) can provoke an 

osteoinductive response. Also, many material properties (granule size, implanted volume, pore size and shape, 

porosity, etc…) may affect this process. Material-induced HO consists of a material and a biological component. The 

material induces an inflammatory response, which at some point drives mesenchymal stem cells into the osteogenic 

pathway [2]. Recently, the trigger of the material-induced immune response was uncovered [3]. The aim of the 

presentation is to review the literature on material-induced HO, to present the mechanism by which materials can 

induce an osteogenic response, to compare material-induced and material-free HO, and finally to present design 

principles for the generation of potent osteoinductive bone substitutes. 
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Introduction 

Apatite forming biocements have improved mechanical properties compared to their brushite forming counterparts 

[1]. Since the dissolution rate of α-TCP is low, the precipitation rate of calcium deficient hydroxyapatite (CDHA) and 

hence the setting time is slow and such cements have to be mixed with a small amount of CDHA and a sodium 

hydrogen phosphate solution as accelerators. The CDHA works as crystallisation seeds and the Na2HPO4 takes 

advantage of the common ion effect [2]. The cements can either be modelled intraoperatively or they can be injected 

minimal invasively into the defect. The latter requires low viscous cement pastes to avoid filter-pressing and phase 

separation during injection. Injectability can be improved by using citrates, which increase the absolute value of 

the surface charge of the cement particles resulting in a mutual repulsion and hence liquefies the paste. However, 

citrate modification has recently been demonstrated to have an adverse effect on cellular degradation by osteoclasts 

[3]. A suitable alternative might be phytic acid (PA), which bears six phosphate groups and may hence also increase 

the absolute value of the surface charge of cement particles. However, PA is also known to retard the setting reaction 

of brushite cements [3] and therefore it is crucial for a clinical application to find a balanced PA modification which 

improves the rheological properties of the paste, but at the same time does not detrimentally influence the setting 

reaction. 

  

Experimental Methods 

This study aims to investigate in detail the effect of phytic acid as setting modifier in apatite forming cements based 

on mixtures of α-TCP, CDHA and Na2HPO4. For this a mixture of α‐TCP and CDHA in a ratio of 9:1 was mixed with 

Na2HPO4 and different amounts of sodium phytate (0.25-1 wt%) were compared to a reference without the addition 

of sodium phytate. The produced pastes were tested in respect to their compressive strength, porosity, injectability, 

rheology during setting, surface charge and their setting behaviour at non-ambient conditions (37 °C and 100% 

humidity). These results were evaluated in terms of their viability to create an injectable bone cement paste to be 

used in a minimal invasive application. 

  

Results and Discussion 

It could be shown, that the addition of sodium phytate as low as 0.25 wt% had an enhancing effect on the injectability 

and the pastes remained nearly completely injectable even 10 min after mixing of the solid and the liquid phase. A 

higher amount of added sodium phytate had no significant effect on the injectability. Compared to the reference the 

injectability could be improved vastly. The surface charge of the cement particles was increased in comparison to 

the reference in water. Adding sodium phytate increased the initial viscosity due to the formation of chelate complexes 

consisting of Ca2+ ions and the phosphate groups of the phytic acid. This inhibited the typical dissolution/ precipitation 

reaction and had a retarding effect on the setting process. The setting time could be adjusted to an acceptable length 
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by the addition of sodium phytate, CDHA and Na2HPO4. Increasing the temperature accelerated the reaction as this 

comes with an overall increase in energy in the system. The rheology measurements showed that the viscosity 

increases faster during the setting process at a higher temperature. The compressive strength tests of the cement 

after 1d and 7d showed the initial retarding effect of the sodium phytate as the specimen were not as mechanically 

stable 

  

Conclusion 

The desired information about the influence of temperature and the modification with sodium phytate could be 

collected. The modified system shows suitable properties to be used as an injectable bone cement for a minimal 

invasive application. An amount of as low as 0.25 wt% sodium phytate was found to be sufficient to achieve maximum 

injectability and good rheological properties. 
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Figure 1:  
(A) The injectability of the different mixtures 

(dark - light corresponds to 0.00 - 1.00 wt% 

sodium phytate), (B) the surface charge of the 

particles with variing phytate content, (C) the 

viscosity development during the setting and (D) 

the compressive strength of the cement samples 

after 1d (dark) and 7d (light) of hardening are 

shown. 
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Introduction 

The imbalance of osteoblasts and osteoclasts in the case of osteoporosis causes increased fragility of the bone and 

worsened healing in the case of hard tissue defects. To treat bone defects under these conditions, we focused on a 

degradable material of gelatin-modified calcium and strontium phosphates – a material, ought to release strontium 

ions and keep the cation concentration on a physiological level, to stimulate osteoblastogenesis. In the course of in 

vitro investigations, the crystal structure, composition and morphology were specifically adjusted so that material 

degradation adapted to the expected in vivo degradation took place. This was confirmed in the osteoporotic rate 

model, in which the material showed an extensive degradation during the investigation period of 6 weeks. By means 

of an in vitro degradation model under development of a flow chamber, the results of the in vivo degradation are now 

to be reproduced in vitro in order to be able to predict the future material synthesis more accurately. 

  

Experimental Methods 

A phosphate solution was used to prestructure gelatin, which was mixed afterwards with calcium and/or strontium 

containing solutions. The precipitated organically modified mineral was cross-linked and lyophilized to obtain porous 

3D samples. The resulting material was investigated according to ion release and degradability. Cell culture of human 

mesenchymal stromal cells (hBMSC) as well as human monocytes was performed in vitro. The in vivo 

characterization of the material was done by implantation in a femoral defect in osteoporotic rats. Finally, the material 

degradation was analysed under different conditions of constantly flowing fluid in a specially designed chamber. 

  

Results and Discussion 

The materials caused an initial ion release in calcium-rich (2.0 mM) and low-calcium (0.4 mM) minimum essential 

medium. In case of gelatin-modified calcium / strontium phosphate with a Ca/Sr-ratio of 5:5, cultivation of monocytes 

next to the material led to formation of osteoclast-like cells, able to migrate, fuse, and differentiate proved 

morphologically and by PCR. In contrast, pure gelatin-modified strontium phosphate (Ca/Sr-ratio of 0:10) affected 

osteoclast formation. The osteoblastic reaction of hBMSC was most significant with mixed Ca/Sr-phosphates as well. 

Mass spectrometric imaging (ToF-SIMS) of thin cuts of the rat femurs revealed an increased bone formation with 

increasing strontium in the material, supported by histological analysis. 

  

Conclusion 

The study showed, that an adjustment of bone substitute materials – with respect to its degradation and ion release 

– to demands of systemically altered bone was successful. Furthermore the degradation under conditions of constant 

flowing medium can be used to predict material degradation in vivo more precisely. 
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VI-OS20-KL01 
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applications 

Berit Løkensgard Strand1,2 

1NOBIPOL, Dept of Biotechnology and Food Science, Trondheim, NO; 2NTNU Norwegian University of Science 

and Technology, Trondheim, NO 

 
Alginate hydrogels are attractive for tissue engineering applications as they have a low toxicity and immunogenicity 

profile and as cells can be entrapped in the gel at physiological conditions ensuring good viability and function of the 

cells. Alginates are linear polysaccharides from brown algae and some few bacteria consisting of 1->4 linked β-D-

Mannuronic acid (M) and its C5 epimer α-L-Guluronic acid (G). G-blocks are main contributor to the binding of divalent 

ions in the gel and determine to a great extent the mechanical properties of an alginate gel. Alginates are in general 

not known to promote specific cell interaction. Chemical modification of alginate allows the introduction of biological 

activity but weaken the mechanical properties of the alginate gels as the G-blocks are disrupted. Chemical 

modification allows for the introduction of e.g. peptides for cell attachment (1,2), Cyclodextrins for drug release (3) 

and sulphate groups that allows alginate to resemble heparin (4,5). Enzymatic modification by mannuronan C5 

epimerases, that converts M to G in the polymer, allows the tailoring of mechanical properties of the alginate (5). 

Here, both material characterization and biological responses of chemical and enzymatically tailored alginates will 

be presented. 
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Introduction 

The development of three-dimensional (3D) fibrous networks as platforms for tissue engineering applications has 

been attracting considerable attention. Among several scaffolding options, organized hydrogel microfibers are 

particularly appealing for engineering high-cell-density 3D constructs. Their shape is biomimetic, given that the ECM 

of native tissues has a microfiber-shaped network-like 3D structure. Also, they provide an open porous structure and 

a high surface-to-volume ratio, which favors homogeneous perfusion of oxygen and nutrients throughout the entire 

structure, enhancing cell survival and tissue growth.1.Among natural polysaccharides, alginate is the most extensively 

used as embedding hydrogel, due to its spontaneous mild crosslinking mechanism in the presence of divalent cations 

(Ca2+or Ba2+). Despite this, alginate presents some limitations in terms of mechanical properties and cell-instructive 

ability. To overcome these drawbacks, alginate physicochemical properties can be easily modulated towards 

improved processability and ECM biomimicry. Here, to combine the advantages of alginate hydrogels and 

microfibrous architectures, a simple coaxial flow wet-spinning system was used to prepare cell-loaded, 3D fibrous 

patches using RGD-modified, oxidized alginate. After process optimization, the effect of scaffold composition and 

architecture on the behavior of 3D-cultured mesenchymal stem cells (MSCs) was investigated. 

  

Experimental Methods 

Ultra-pure sodium alginate with low content of guluronate blocks (49%, Pronova ) was used to produce 

alginate microfibers. Alginate was oxidized (1%) and modified with cell adhesive motifs (RGD, GenScript) in a two-

steps procedure 2,3. Briefly, alginate was partially oxidized to a theoretical extent of 1% of sugar residues with sodium 

periodate, then lyophilized and covalently grafted with the integrin-binding peptide (glycine)4-arginine-glycine-

aspartic acid-serine-proline (RGD, GenScript) using aqueous carbodiimide chemistry. Oxidized,RGD-grafted alginate 

solution was prepared in Minimun Essential Medium at a final concentration of 1% w/v for MSCs entrapment in 

hydrogel microfibers (14 x 106 cells/mL).For microfibers fabrication, MSCs-alginate suspension was injected in a 

closed-loop circuit with circulating cross-linking solution (CaCl2 50 mM). The flow promoted stretching and 

solidification of continuous cell-loaded micro-scaled fibers that were collected in a strainer, assembling into a 

microfibrous patch. After 1, 7 and 14 days of culture, the viability and metabolic activity (resazurin assay) of entrapped 

cells were assessed and the ability in producing endogenous extracellular matrix proteins was investigated by 

confocal laser scanning microscope (CLSM) after immunostaining for fibronectin and collagen Type I.  

  

Results and Discussion 

The flow-circuit employed allowed the production of hydrogel microfibers with diameter of 100 – 300 mm that were 

assembled in a compact structure with an interconnected porosity (Figure 1). The viscosity of alginate solutions 
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showed to be a crucial parameter in the microfibers fabrication process. In fact, only 1% v/w alginate allowed the 

fabrication of uniform microfibers, while higher polymer concentration resulted in the formation of elongated beads, 

instead of microfibers. The system proved to be adequate for embedding of a large density of cells, which became 

homogeneously dispersed throughout the microfibers, and remained highly viable for up to 2 weeks, as confirmed 

by the viability and metabolic activity assays. The production of ECM components, namely fibronectin and collagen 

Type I, was investigated as a function of maturation time. MSCs entrapped in alginate microfibers deposited 

extensive amounts of fibronectin, which assembled into fibrillar networks and stretched along alginate fibers border, 

and collagen Type I, which accumulated substantially around cells throughout the culture period. Interestingly, the 

deposition of collagen slightly increased after 14 days, when cells were able to migrate out of the microfibers and 

spread on top of them (Figure 1). 

  

Conclusion 

A simple flow circuit was employed for the fabrication of cell-laden fibrous patches, where the spontaneous 

arrangement of microfibers resulted in the formation of a highly interconnected, cohesive 3D network. The microfibers 

of oxidized alginate modified with integrin-binding ligands provided a suitable 3D microenvironment, supporting cell 

survival and stimulating the production of ECM proteins, as fibronectin and collagen Type I.Collectively, these 

features make the proposed microfibrous structures stand out as promising 3D scaffolds for regenerative medicine. 
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Microfibers patch fabrication 
(a) schematic representation of the flow circuit 

employed, (b) macroscopic appearance and (c) 

optical microphotograph of dehydrated 

fibers.CLSM imaging after 7 and 14 days of 

culture showing that MSCs were able to produce 

fibronectin (FN) as a 3D network (d-e: FN in 

green and nuclei in blue). Cells also produced 

and deposited collagen Type I (Col I) (f- g: Col 

I in red and nuclei in blue). 
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Introduction 

Hydrogels have attracted research attention for wound healing applications since hydrogel dressings are an excellent 

source for providing moisture to a dry lesion, monitoring fluid exchange from within the wound surface, helping to 

cool down a wound, as well as provide temporary pain relief [1]. Thermosensitive amphiphilic block copolymers, 

polyethylene oxide-polypropylene oxide copolymers (Poloxamers or Pluronics, PPO-PEO-PPO), thanks to their 

ability to undergo thermal gelation, to their good tolerability, and low irritancy/toxicity, have been used in the 

biomedical field for instance for tissue engineering and drug delivery applications [2]. Hyaluronic acid (HA) is naturally 

occurring glycosaminoglycan, presents in mammalian connective tissues. It has been demonstrated that HA 

promotes dermal regeneration and for this, it is widely used as dermal fillers, as wound dressings and substrates for 

dermal engineering applications [3]. It has to be highlighted that infection is a crucial and generally unsolved issue in 

wound healing. Therefore, materials containing antimicrobial compounds, such as Ag nanoparticles (Ag NPs) have 

shown the capability to inhibit or decline infections. Corn silk extract (CSE), a waste material of the crop, has been 

used for AgNPs biosynthesis as both a reducing and stabilizing/capping agent [4]. In addition, CSE possesses 

excellent antioxidant capacity [5]. In this context, we propose novel and green thermosensitive nanocomposites 

hydrogels based on HA, Pluronics and AgNPs for wound healing applications. 

  

Experimental Methods 

The corn silk were heat extracted. AgNPs were synthesized within CSE by microwave. The hydrogels were prepared 

by dissolving different amounts of Pluronics F127 and F68 in silk extract with and without AgNPs, subsequently HA 

was added. The hydrogels composition was optimised by rheological analysis. The hydrogels were characterised for 

the rheological properties. The formation of AgNPs was confirmed by UV-Vis surface plasmon band while their 

morphology was evaluated by DLS and HRTEM. Bacterial cell suspensions were prepared, for each tested Gram-

positive and Gram-negative, the cell growth of the tested bacteria was determined at the end of the incubation period, 

based on the optical density measurements at a wavelength of 620 nm. In vitro biocompatibility was performed by 

Alamar Blue assay on L929 fibroblast cells culture. The wound healing potential of the realized formulations was 

assessed by wound healing assay on Human Dermal Fibroblast (HDF) cells after 24 and 48 hrs. of thermosensitive 

hydrogels incubation. Wound healing assay was performed by scraping the cell monolayer in a straight line to create 

a ‘‘scratch area’’. Wound area, was calculated using the ImageJ public domain software. The migration rate can be 

expressed as the percentage of wound area reduction or wound closure. 
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Results and Discussion 

Separate Pluronic F127 and F68 solutions do not show an appropriate Tgel but by formulating Pluronic F127/F68 

blends at specific concentrations, it was possible to obtain a medium with a Tgel close to Tb. The addition of HA 

slightly affects Tgel, but very interestingly, improved significantly the final gel viscoelastic properties. AgNPs were 

spherical with average diameter of 8 nm (Figure 1 A-D). The presence of AgNPs did not alter the hydrogels 

rheological properties. The AgNPs hydrogels showed an excellent bactericidal activity against the tested Gram-

positive and Gram-negative bacterial strains. The results confirmed the bactericidal activity of the samples in 

comparison with control. It has been demonstrated the biocompatibility of the hydrogel on L929 cells and  also that 

the presence of Ag does not modify the cell viability. The in vitro wound healing assay of the realized thermosensitive 

corn silk extract-nanosilver hydrogels was performed on HDF cells; the results (Figure 2 A-C) have been 

demonstrated that the wound surface area decreases with the increasing exposure times (24 to 48 hrs.) of the tested 

hydrogels compared to the controls. Accordingly, the wound closure percentage increases with the increasing time 

after exposure to the injectable hydrogels. The individual biomaterials used in this assay could affect positively the 

wound healing process. 

  

Conclusion 

We developed a novel and green thermosensitive injectable hydrogels based on HA, CSE and Ag NPs. In vitro model 

of wound healing revealed that the nanocomposites allow faster wound closure and repair, compared to the control. 

The obtained results highlight the potential application of these novel injectable hydrogels as wound dressing. 
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Figure 2 
(A) Representative bright-field images show HDF 

cells migration after the scratch at time 0 and 

after 24 and 48 hrs. of  thermosensitive 

hydrogels based on HA, Pluronics and AgNPs 

incubation. (B) Wound area expressed as the 

remaining area uncovered by the cells. The 

scratch area at time point 0 hrs. and after 24 

and 48 hrs. of CSE, Silk Pluronics and HA 

(SPHA), Ag Silk Pluronics and HA (AgSPHA) 

incubation. (C) Wound closure expressed as the 

percentage of the closure of the scratched gap 

after 24 and 48 hrs. of CSE, SPHA, AgSPHA 

incubation. The results are the means of three 

measurements 
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Figure 1 
(A) UV absorbance of CSE before and after 

microwave treatment. Size distribution 

measurements by  DLS (B) and TEM image (C) of Ag 

NPs in CSE solution after microwave treatment. 

(D) Visualization of nanoparticles in CSE 

medium. 
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Introduction 

Extrusion-printing has been used to deposit living cells, hydrogels ink and biomolecules in three dimentional 

structures to build complex tissue constructs. [1] Natural cortical bone is composed of tightly packed tubular units as 

concentric layers called osteons. Osteons are oriented parallel along to the axis of the bone and are made of 

mineralized collagen fibers around central Haversian canal, where vasculature and nerves are localized. 

The goal of this study was to mimic this 3D tubular layers “Osteon” using self-rolling constructs made of a composite 

hydrogel reinforced with bioactive ceramics nanoparticles. The printed construct reinforced with nanoparticles will be 

able to provide mechanical stability and bioactivity which is required for the biomineralization of the system [2]. This 

platform can be further developed similar to the native osteon with vascular system and neuronal network. 

  

Experimental Methods 

The nano particles of bioactive ceramic, forsterite (Mg2SiO4), with high surface area were synthesized using sol-gel 

technique. [2] Printing and rolling behavior was evaluated using various methacrylated hydrogels with a different 

particle’s concentrations (1- 5%wt nFo). Hydrogel inks developed in this study were methacrylated alginate, gelatin 

and hyaluronic acid with different concentrations. The flow behavior of the prepared composite inks as well as their 

sensitivity to temperature was evaluated using plate-plate rheology. Bioactivity of composite hydrogels, was also 

investigated during 14 days incubation in simulated body fluid (SBF) prepared according to Kokubo protocol [3]. 

Scanning electron microscopy-EDX, FTIR and elemental analysis was used for further analysis. 

  

Results and Discussion 

The results showed that by controlling the thickness of the printed structure, time of crosslinking and amount of the 

particles we can optimize the tubular structure formation. By increasing the amount of the particles the higher 

bioactivity was observed, which was confirmed by higher apatite precipitations on the surface of cross-linked 

hydrogels during 14 days. The elemental analysis also confirmed the higher release of Mg and Si ions from the 

composite inks containing 5wt% nFo. These results shows the suitability of this composite as an effective bone graft 

substitute. 

  

Conclusion 

In conclusion, this study demonstrates optimization of material parameters for 3D printed composite structure and 

enhancement of mechanical properties and bioactivity by incorporation of forsterite particles. 
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Scheme of self-rolling composite materials 

mimicking Osteon structure 
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Introduction 

The successful regeneration of large bone defects remains a significant challenge in orthopedic research. Along with 

tissue engineering and regenerative medicine (TERM) field evolution, new technologies aiming tissue repair have 

been emerged. Stem cells are the focus of many TERM applications, and adipose derived stem cells (ASCs) quickly 

became attractive for bone tissue engineering [1]. However, controlling stem cell multipontency and engineering bone 

in vivo remains a significant challenge, as it often leads to heterotypic and inferior osseous tissues. So, inspired by 

the multiphenotypic cellular environment of bone, we believe that self-regulated liquefied and multilayered 

microcapsules [2], loaded with ASCs and human osteoblasts (hOBs) cells could be a promising attempt. 

Microcapsules are composed by (i) a multilayered membrane obtained through layer-by-layer assembly (ii) a liquefied 

alginate core, (iii) surface functionalized poly(ε-caprolactone) microparticles (µPCL), and (iv) cells. While the 

multilayered membrane wraps all the cargo contents and ensures permeability to essential molecules for cell survival, 

the liquefied core maximizes their diffusion through the entire 3D construct. Moreover, taking advantage of the 

liquefied core, the proposed microcapsules were tested using a rotary cell culture system. The dynamic environment 

is expected to maximize the interaction between the different multiphenotypic cells and microparticles, while also 

mimicking the dynamic environment of native tissues. Microcapsules encapsulating only ASCs (MONO 

microcapsules) or a co-culture with hOBs (CO microcapsules) were cultured up to 21 days in culture medium with or 

without (basal) osteogenic differentiation factors. Our hypothesis is that by recreating the specific microenvironment 

of the bone regenerative process inside microcapsules, new microtissues with superior quality and without requiring 

any osteogenic medium supplementation could be engineered. 

  

Experimental Methods 

Alginate microgels are generated by electrohydrodynamic atomization (EHDA) technique (fig.1A). For that, under 

influence of electrical forces (10 kV), a liquid jet of alginate containing a dispersion of cells (5x106cells/mL) and µPCL 

(30 mg/mL) breaks up into droplets. After crosslinking in calcium chloride, microgels encapsulating cells and µPCL 

are obtained. Then, layer-by-layer is performed using poly(L-lysine), alginate, and chitosan as polyelectrolytes to 

produce the multilayered membrane surrounding the obtained microgels. The process is repeated until a 10-layered 

membrane is created. Ultimately, the core is liquefied by chelation with EDTA for 5 min. Afterwards, liquefied MONO 

or CO microcapsules were cultured up to 21 days in basal or osteogenic differentiation media. The proposed capsules 

were tested under dynamic culture conditions, using a rotary cell culture system, or in static conditions (control). 

  

Results and Discussion 

Microtissues were successfully obtained inside the compartmentalized and controlled environment of capsules with 

an appropriate diffusion of essential molecules for the long survival of the encapsulated cells (fig.1C). Interestingly, 

it is possible to observe that the dynamic environment led to the development of significantly larger aggregates of 

cells and µPCL comparing with static conditions. Of note, the late osteogenic marker osteopontin could also be 
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visualized in capsules cultured in the absence of osteogenic differentiation factors, evidencing that osteogenesis was 

prompted by the combined effect of the dynamic environment and the presence of hOBs (fig.1D). Moreover, it was 

observed by FTIR-ATR (data not shown) that the dynamic environment enhances the complexity of the organization 

of the protein aggregates, comparing to static cultures. These spectral features were confirmed by SEM analysis, 

showing elongated filaments in the micrometer scale, characteristics of collagen fibrils (fig.2A). After von Kossa 

staining performed on histological cuts, it could be observed an enhanced mineralization in microcapsules cultured 

under dynamic environment (fig.2B). Furthermore, apatite-like minerals were also observed for CO microcapsules, 

with a Ca/P ratio around 1.7 for microcapsules under dynamic conditions (fig.2C), which is comparable to the native 

apatite from bone matrix [3]. 

  

Conclusion 

The proposed system allowed the successfully development of microtissues inside the controlled environment of the 

microcapsules. The co-encapsulation of ASCs and hOBs, within a single hierarchical structure proved to be an 

effective strategy for the in vitro osteogenic differentiation. Additionally, the freely dispersion of the cells and 

microparticles prompted by the dynamic stimulus, provided a more realistic bone repair process in terms of the quality 

and quantity of the formed mineralized microtissues over static conditions. Accordingly, we intend to use the 

proposed system as hybrid devices implantable by minimally invasive procedures for TERM applications. 
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Figure 1. 
(A) Schematic representation of the production 

method of liquefied and multilayered 

microcapsules. (B) Light microscopy of 

microcapsules encapsulating cells and PCL 

microparticles. Scale bar represents 300 μm. (C) 

Live-dead fluorescence assay at day 21 of 

culture. Living cells were stained by calcein 

(green) and dead cells by propidium iodide 

(red). Scale bars correspond to 100 μm. (D) 

Immunofluorescence of osteopontin (pink) 

counterstained with DAPI for the visualization 

of cells nuclei (blue) in CO capsules cultured 

under static or dynamic environments after 21 

days of culture. Scale bars correspond to 100 

μm. The dotted lines in figures C and D 

represent the membrane of the microcapsules. 

 

 

Figure 2.  
Bone matrix analysis of CO microcapsulesafter 21 

days of culture in osteogenic differentiation 

medium and under dynamic environment. (A) SEM 

image of the encapsulated microparticles and 

cells (magnification: 500x). Scale bars 

correspond to 50μm. (B) von Kossa staining of 

the microtissues formed. Arrows point to 

phosphate deposits marked in black. Scale bar 

represents 50 μm. (C) Elemental analysis by 

chemical mapping of phosphate (P) and calcium 

(Ca). Ca/P ratio analysis of osteogenic medium 

and microcapsules cultured under static or 

dynamic environments spot sizes. SEM image 

evidences the presence of apatite-like 

aggregate, further analyzed by elemental 

analysis of P (red) and Ca (green). 
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Introduction 

Tissue engineering (TE) may provide effective alternative treatment for challenging temporomandibular joint (TMJ) 

pathologies associated with disc malpositioning or degeneration leading to severe masticatory dysfunction. The aim 

of this study was to evaluate the potential of chitosan/gelatin (Ch/Gel) scaffolds seeded with dental pulp stem cells 

(DPSCs) and cultured in a perfusion bioreactor to promote fibro/chondrogenic differentiation and production of 

fibrocartilage tissue, serving as a replacement of the natural TMJ disc.  

  

Experimental Methods 

Porous Ch/Gel scaffolds, with a composition of 40%-60% chitosan-gelatin, were fabricated by chemical crosslinking 

with 0.1% glutaraldehyde and lyophilization [1]. DPSCs were isolated from third molars and seeded onto the Ch/Gel 

scaffolds (2x106cells/scaffold). DPSC/scaffold constructs were cultured under normoxic (20% O2) or hypoxic (5% O2) 

conditions. For the viability assay constructs were cultured with standard culture medium, while for the assessment 

of differentiation constructs were cultured with chondrogenic medium. Live/dead staining was used to evaluate cell 

attachment and viability after 3, 7 and 14 days in culture. Real time PCR was used to evaluate the expression of 

specific fibro/chondrogenic markers (Collagen I-COLI, Collagen X-COLX, Sox9-SOX9) after 7 and 14 days in culture 

[2]. After 4 weeks in static culture, one group of DPSC/scaffold constructs was placed in the perfusion bioreactor (10 

ml/min) and further cultured for 4 weeks. DPSC/scaffold constructs were assessed for extracellular matrix production 

by means of histology and dynamic mechanical analysis after 4 and 8 weeks. 

  

Results and Discussion 

Live/dead staining showed that more than 90% of the cells remainedviable inside the scaffoldsin both conditions. 

DPSCs cultured into Ch/Gel scaffolds under hypoxic conditions demonstrated a significant increase of gene 

expression of fibrocartilaginous markers (COLI, COLX, SOX9) after 2 weeks in culture compared to normoxic 

conditions.Histological data after 8 weeks indicated that only the constructs cultured in the perfusion bioreactor 

support abundant fibrocartilaginous tissue formation. Dynamic mechanical analysis revealed increased yield strain 

of the constructs cultured under dynamic conditions compared to static ones. 

  

Conclusion 

Collectively, these data provide evidence of a promising strategy for TMJ disc TE-based replacement, by application 

of natural biomaterials combined with dental-tissue derived mesenchymal stem cells. 
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Introduction 

Understanding how the geometry of the environment influences the growth of epithelial tissues is of fundamental 

importance. The ability of epithelia to grow preferentially along a specific direction is indeed a key part of embryo 

development and wound healing. Unsurprisingly, it is also an important part of tissue engineering efforts aiming at 

fostering tissue repair or growing replacement tissues. Here, we sought to determine whether combining cell-scale 

curvature with topographical anisotropy could trigger and regulate the anisotropic growth of epithelia. 

We grew unconfined MDCK colonies over cell-scale PDMS grooves and ridges with various level of transversal 

curvature. These surfaces thus combine a topographical anisotropy materialized by the parallel grooves and ridges 

with a controlled and quantified cell-scale curvature. 

  

Experimental Methods 

Five 316L stainless steel master surfaces were micro-fabricated using a two-step electrochemical process. They 

consisted of an array of parallel grooves with a period of 100 µm and an amplitude of 10µm. For the five surfaces the 

mid height valley width equals the mid height peak width. Each surface presents a distinct peak curvature ranging 

from a straight edge (Topo I) to a sinusoidal curve (Topo V) (Figure 1A). PDMS replicas of these master surfaces 

were used for MDCK colonies culture. The growth of the colonies was followed by live imaging over 2 days under a 

confocal microscope. Actin and tubulin organization were analyzed after fixation and immunostaining. 

  

Results and Discussion 

First, we monitored the growth of circular MDCK colonies over all surfaces during 48h (Figure 1B). Colonies growing 

over flat, isotropic control surface show an isotropic growth illustrated by their persistent circular shape. By contrast, 

all the colonies cultured over topographies grow into an elliptic shape. 

Next, we decided to elucidate which cellular events could explain this curvature-dependent directional growth. First 

we observed that the formation of migration fingers is favored along the topography longitudinal axis and hampered 

along the transversal axis. Secondly we looked at the organization of contractile actomyosin cables formed at the 

periphery of colonies in function of curvature radius of grooves. On high curvature topographies, those peripheral 

cables are clearly oriented along the substrate longitudinal axis, a tendency less obvious on topographies of lower 

curvature. Further we looked whether events such as cell stretching and alignment as well as oriented cell division 

depend of transversal curvature of grooves. Cells from colonies growing over non-flat surfaces are more stretched 

although this effect seems independent from the curvature. Interestingly, cells are better aligned on average with the 

topography in colonies growing over higher curvature substrates. An overall alignment of mitotic spindles with the 

topography longitudinal axis was observed within the colonies. Altogether, we showed here that cell-scale anisotropic 

topographies exert a global control on epithelial growth. 

Finally to understand how the epithelial colony could sense the degree of curvature and the substrate anisotropy, we 

looked at the distribution of the nuclei on the five different topographies. We confirmed that nuclei from the epithelial 
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monolayer were deformed by and partially excluded from convex regions, to an extent proportional to convex 

curvature. Our interpretation of those results is that convex regions form longitudinally oriented “topographical 

barriers” hampering the crossing of nuclei and together with it, the transversal elongation of the epithelial monolayer. 

As a final consequence, the directional growth along the surface longitudinal axis is favored. 

Owing to the central role of actin in cell migration and tissue morphogenesis, we hypothesized that the transduction 

of the topographical information would also happen through a reorientation of the actin cytoskeleton. Effectively, we 

could observe a clear longitudinal orientation of F-actin on the high curvature topographies. In particular, we noticed 

longitudinal actin bundles seemingly accumulated at the convex regions. By contrast, we noticed transversally 

oriented actin stress fibers on the topographies of lowest convex curvature. We thus concluded that the organization 

of the actin cytoskeleton was also sensible to the substrate topographical information. 

  

Conclusion 

Here we report the curvature-modulated anisotropic growth of unconfined epithelia over cell-scale grooves and ridges 

of various transversal curvature. Curved regions of the substrate work as “topographical barriers”, causing 

heterogeneity and reorientation of the nuclei and F-actin position. As a result, the epithelium displays a spatial bias 

in various morphogenetic processes such as migration or mitosis. Altogether, this work establishes cell-scale 

curvature as a major tuning parameter to regulate the growth of epithelia and opens new possibilities for tissue 

engineering research. 

  

 

Figure 1 
The transversal curvature of the topography 

controls the extent of anisotropic growth of the 

epithelial monolayer 
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Introduction 

In the field of tissue engineering, adherent cells isolated from their respective tissues are typically grown on rigid 

substrates and to alter their phenotype based on the rigidity of the underlying matrix. However, Trappmann et al1 

showed that cell spreading and stem cell fate did not correlate with changes in the compliance of PDMS (from 0.1 

kPa to 1 MPa). These observations contrast with reports that soft substrates mimic the mechanical properties of 

specific tissues and modulate differentiation into defined lineages2.  Recently, we presented evidence indicating that 

the lack of response to the mechanical properties of PDMS arises from changes in the interfacial mechanics of the 

corresponding substrates. We reported the formation of mechanically strong protein nanosheets self-assembling at 

the interfaces between cell culture medium and ultra-soft hydrophobic substrates such as low viscosity oils3.We 

observed that adherent stem cells such as mesenchymal stem cells and primary keratinocytes can be cultured at the 

surface of liquid substrates and that nanoscale mechanics of the corresponding interfaces regulates stem cell fate. 

However, we observed that cells seeded at high densities can fracture these nanosheets (Figure 2). In this work, we 

explore how the incorporation of nanomaterials may help toughening polyelectrolyte nanosheets assembled at liquid 

interfaces. 

  

Experimental Methods 

Immunofluorescence and Hoechst staining were used to explore the ability of cells spreading on interfaces for 

assemble a cytoskeleton (F-actin) and stable focal adhesions (vinculin). Rheology, scanning electron microscopy 

(SEM) and Atomic force microscopy (AFM) were used to characterize the mechanical properties of the protein 

nanosheets adsorbed at liquid-liquid interfaces. 

  

Results and Discussion 

Unlike albumin nanosheets that enable the formation of highly confluent HaCaT cell sheets4, nanosheets assembled 

from the polyelectrolyte poly(L-lysine) (PLL) promoted fibronectin adsorption and stem cell adhesion5. However, our 

results indicate that these interfaces are relatively brittle, unlike albumin nanosheets. To toughen polyelectrolyte 

nanosheets, we deposited nanocomposites (such as graphene oxide or peptide fibres, Figure 1). With the help of 

nanocomposites, nanosheets displaying tougher mechanical properties were able to resist the concerted forces 

exerted by cell sheets proliferating at liquid-liquid interfaces (Figure 2). We showed that cells spreading on these 

nanocomposite interfaces generated focal adhesions and stress fibers and retained a stem cell phenotype. 

  

Conclusion 

The nanoscale mechanical behaviour of liquid-liquid interfaces allow cell spreading through the typical integrin-actin-

myosin based machinery. These liquid-liquid interfaces allow the culture of stem cells. With the help of 

nanocomposites, dense cultures of adherent stem cells can be achieved on liquid-liquid interfaces and these show 
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typical hallmarks of cell sheets mechanically engaged with their underlying substrates. Our results demonstrate that 

nanocomposites can toughen the mechanical properties of nanosheets at liquid interfaces. In addition, the design of 

quasi-2D nanocomposites with tough mechanical properties at the interface between oil and water will allow the 

development of a novel generation of 3D bioreactors (based on emulsions) for the expansion of cells and stem cells. 
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Figure 2 Epifluorescence images of labelled oil 

interface and HPKs. 
Interfaces were labelled with labelling PLL 

solution (1 mg/mL) during PLL adsorption. Each 

interface was ended by fibronectin adsorption. 

The HPKs was seeded as 105.263k cells/cm2 on 

fluorinated interface added with 0.00125 mg/mL 

PFBC and cultured for 24 h in KSFM. Images were 

acquired with epifluorescence microscopy before 

seeding the cells and after 24 h culture of 

cells. Red, Alexa Fluor 594, tagged PLL; blue, 

Hoechst; scale bar, 200μm. Bar chat is showing 

PLL fracture area which is corresponding to the 

epifluorescence images. 

 

 

Figure 1 Schematic representation of 

nanocomposites deposition at oil interfaces 
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Volume-by-volume bioprinting of chondrocytes-alginate bioinks in high 

temperature thermoplastic scaffolds for cartilage regeneration 
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Introduction 

Bioprinting technologies have emerged as a powerful tool for tissue engineering (TE) due to the ability to mimic the 

3D structure of any tissue. The use of biomaterials, cells and biomolecules combined with this manufacturing 

technique is gaining increasing interest within the scientific community. There is a wide range of different bioprinting 

technologies available and the selection of an appropriate technology must be based on the characteristics of the 

tissue you want to regenerate. 

  

Experimental Methods 

A bioprinter with 3 syringes and one FDM extruder (REGEMAT 3D, Granada, Spain), consisting of  hardware, 

Designer software  (REGEMAT 3D, Granada, Spain) with the algorithms that allow the configuration of VbV, and an 

electronic control unit (ECU) that connects the software to the hardware, were used for the experiments. The 

bioprinting system was configured for PLA and used two syringes with needles of different diameters to inject 

embedded chondrocytes in alginate bioink and a calcium solution. The position and distance between the FDM 

extruder and the syringes were configured to optimize the procedure. The Designer software can be set up using a 

simple graphical user interface (GUI) to print anatomical structures, selecting how and when the bioinks are 

deposited. 

  

Results and Discussion 

In order to demonstrate that VbV is not aggressive, chondrocytes immersed in alginate were printed together with 

PLA. Freshly isolated human chondrocytes cultured in a monolayer for 7-10 days were characterized before its use. 

Chondrocytes displayed a typical polygonal-shape with high expression of collagen 2 and proteoglycans, and a non-

detectable expression of collagen 1. 

Results showed that only immediately after the printing process (0 min) live cells number decrease, and apoptotic 

and necrotic cells significantly increase (p<0.05). However, after 30 min or 2 hours in culture, chondrocytes seem to 

recover from the stress of the printing procedure and no significant differences in apoptosis, necrosis or live cells 

when compared with CTL cells were found. 

In addition, proliferation and metabolic activity of chondrocytes was quantified by Alamar blue assay. Results showed 

an incremental growth in the number of cells from day 0 until day 5, with a stabilization of growth between day 5 and 

day 7 (Fig. 6C). Also, cell viability and cell distribution were checked at 24 hours and at 7 days using CTG (Fig. 6D). 

After 24 hours in culture, individual cells with rounded shape appeared; however, 7 days later chondrocytes were 

able to migrate and proliferate throughout the scaffolds, completely colonizing the PLA fibers, and forming a 

homogeneous surface. 
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Conclusion 

This novel VbV 3D-biofabrication procedure, prints a mesh structure layer-by-layer with a high adhesion 

surface/volume ratio, driving a rapid decrease in the temperature, avoiding contact with cells in high temperature 

zones. In our study, chondrocytes survived the manufacturing process, with 90% of viability, 2 hours after printing, 

and, after 7 days in culture, chondrocytes proliferated and totally colonized the scaffold. The use of the VbV-based 

biofabrication process presented in this study shows valuable potential in the short-term development of bioprint-

based clinical therapies for cartilage injuries. 
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Introduction 

Although in vitro models based on homogeneous hydrogel materials allow to recapitulate specific aspects of cell-

matrix and cell-cell interactions, they cannot reflect the structural and compositional complexity of living tissues and 

are limited in supporting locally differing biomolecular and physical requirements of heterocellular cultures. Thus, 

multiphasic cell-instructive materials with cross-scale heterogeneity in matrix properties and/or cellular composition 

are needed to guide the faithful in vitro reconstitution of tissues and thereby create new options for drug development 

and pathobiology studies. Toward this aim, we herein present a new biomaterials design approach that relies on 

integrating cell-laden spherical hydrogel microparticles (microgels) within cell-laden bulk hydrogel matrices to provide 

thoroughly tunable microgel-in-gel systems. As a proof of concept, it is exemplarily shown how the approach can 

recapitulate basic features of vascularized prostate cancer tissue. 

  

Experimental Methods 

The new class of tunable microgel-in-gel materials builds on a versatile platform of multifunctional poly(ethylene 

glycol)-heparin hydrogel types [1]. As an innovative technique to easily and efficiently prepare the required differently 

sized microgels, we developed a novel variant of droplet microfluidics. 

For the multiphasic 3D prostate cancer models, microgels supporting tumor spheroid formation of embedded cancer 

cells and a bulk hydrogel matrix supporting capillary network formation of embedded vascular endothelial cells were 

combined in microgel-in-gel co-cultures. Light microscopy and immunostaining/confocal laser scanning microscopy 

were used to thoroughly characterize these cultures. 

  

Results and Discussion 

The novel variant of droplet microfluidics allowed an effective variation of the microgel diameter without changing the 

microfluidic device and even within the course of one experiment. Sets of monodisperse hydrogel microgels of 

adjustable stiffness, degradability and biomolecular functionalization were obtained. Crosslinking by a rapid, cyto-

compatible Michael-type addition reaction permitted cell embedding under very mild conditions [2]. Microgel-in-gel 

materials containing differently cell-instructive and cell-laden hydrogel types were produced. Tuning the microgel size 

enabled a very simple variation of the interface and the extent of the interaction between the two engineered 

microtissue compartments across the microgel/bulk gel boundaries. 
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Compared to a recently reported monophasic 3D prostate cancer model [3] the multiphasic model presented in this 

study is beneficial due to the spatial confinement of the co-culture. The spatially segregated hydrogel compartments 

can be independently tuned to match the physical and biomolecular triggers of the desired cell organization and 

function. 

  

Conclusion 

Microgel-in-gel systems made of thoroughly tunable multifunctional poly(ethylene glycol)-heparin hydrogel types 

allow for controlling the matrix properties and cellular composition of both spatially segregated phases individually. 

Furthermore, mesoenvironmental parameters that reflect fundamental tissue properties such as the maturation of 

cell assemblies or their 3D configuration can be adjusted. 
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Introduction 

In Europe, decompensated liver cirrhosis due to chronic liver disease (CLD) causes 170,000 deaths per year 1. Global 

mortality rates linked to liver disease have exhibited an upward trend since the 1970s, contrary to downward trends 

observed in other leading causes of death 2,3. Researchers are on the hunt for new drug treatments, however in-vitro 

drug development methods are unable to provide effective and efficient routes in which this can be achieved 4. It is 

widely accepted that more relevant in-vitro models are required in order for drug development to progress, which 

could be achieved using controllable tissue engineering methods. Electrospun scaffolds have long been a subject of 

interest for tissue engineering research due to the ability to mimic Extracellular Matrix (ECM) structures with 

biocompatible polymers. There have also been large efforts within the research community to decellularise organs 

and harvest the ECM to provide natural biochemical cues to cells in-vitro. This study has explored the combined 

potential of morphologically defined electrospun polycaprolactone (PCL) fibres containing liver derived ECM for 

controlled and reproducible 3D in-vitro livertissue cultures.         

  

Experimental Methods 

Randomly oriented fibres, aligned fibres and highly porous cryogenic fibres all seen in Fig.1A were manufactured 

using PCL for large (5µm) and small (1µm) fibre sizes. Large fibres were produced using 19w/v% PCL solutions in 

5:1 Chloroform:Methanol and small fibres using 7w/v% PCL in Hexafluroisopraopanol (HFIP). Randomly oriented 

fibres were electrospun onto a mandrel rotating at 250RPM and aligned fibres at 1800RPM. Porous cryogenic fibres 

were spun onto a mandrel containing dry ice at -78.5°C. ECM-PCL scaffolds were manufactured using decellularised 

rat livers. Briefly, whole rat livers were isolated and decellularised by vascular perfusion with 0.25w/v% Sodium 

Dodecyl Sulphate (SDS) solution. These were subsequently washed with deionized H2O and lyophilised. The 

lyophilised ECM was then powdered using a planetary ball mill. 10w/w% and 5w/w% ECM-PCL mixtures were 

dissolved using HFIP and electrospun into fibres. Fibres were characterized using SEM imaging, mechanical 

analyses and FTIR Spectroscopy. Scaffolds were then punched and seeded with HepG2 cells which were cultured 

for 14 days. Cell viability, DNA quantitation, IHC staining and RT-qPCR Gene analysis were conducted at 24hr, 7 

day and 14 day timepoints.           

  

Results and Discussion 

Larger fibres observed higher rates of proliferation than small fibres with the porous cryogenic scaffolds showing the 

highest rates for both small and large fibres. The morphology also influenced the structure of cell clusters as seen in 

Fig.1B. Maintenance of key liver function genes was observed on PCL scaffolds with a relative reduction in interstitial 

ECM genes Collagen I (COL1A1) and Fibronectin (FN1). The presence and bioactivity of electrospun rat liver ECM 

is seen to be preserved in Fig.2 with higher cell viability observed on ECM scaffolds. Also, differences were observed 

in gene expression profiles of ECM vs. PCL only scaffolds. 
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Conclusion 

Electrospun fibre size and morphology are observed to have a measurable impact on hepatocyte cultures. This 

highlights the importance of understanding the interactions between cells and fibres as a means for controlling in-

vitro results. The incorporation of rat liver ECM into electrospun PCL scaffolds is capable of inducing altered 

biochemical responses in HepG2 cells, indicating that bioactive elements within the electrospun ECM are retained. 

Further investigation should confirm the degree to which bioactive ECM can be preserved within electrospun PCL 

scaffolds whilst maintaining tractable morphology. 
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Figure 2 
A) SEM image showing 10w/w% rat ECM-PCL fibres. 

B) FTIR spectrum confirming the presence of ECM 

moeities within the electrospun scaffolds. C) 

Cell viability of HepG2 cells on ECM scaffolds. 

N=5, One-way ANOVA, Tukey’s analysis, *** = p < 

0.001, error bars: ± SD. 

 

 

Figure 1 
A) SEM images of the various fibre morphologies 

B) DAPI, Phalloidin and CARS fluorescence of 

HepG2 cultures on the different scaffold groups. 
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Introduction 

In cardiovascular stents, the prevention of thrombosis and restenosis is key to prevent a new obstruction of the 

vessel. Stent surface is directly exposed to the patient’s tissues; thus, its modification is being explored in order to 

improve the tissue response. One strategy is the formation of nanostructures or the functionalization with active 

biomolecules. 

The main objective of this research was the development of quercitrin functionalized nanostructured titanium (Ti) 

surfaces that promote endothelial tissue regeneration and decrease platelet adhesion with potential application in 

cardiovascular stents.   

  

Experimental Methods 

Mirror polished titanium discs, c.p. grade IV, 6.2 mm diameter and 2 mm height were used in this study. 

Nanostructured Ti surfaces were developed by electrochemical anodization and functionalized with quercitrin. All 

surfaces were characterized by atomic force microscopy, scanning electronic microscope and contact angle analysis 

and quercitrin content was analyzed using a DPBA staining. Primary human umbilical cord endothelial cells (HUVEC) 

were used to test cell adhesion, cytotoxicity and metabolic activity. Platelet adhesion and hemolysis rate were also 

analyzed. Staphylococcus epidermidis CECT4184 was used to test bacterial adhesion at 30 minutes. 

  

Results and Discussion 

Functionalization with quercitrin did not affect surface topography or nanostructure size and contact angle was lower 

in quercitrin functionalized surfaces (TiQR and NNQR). No differences were found in HUVEC adhesion but metabolic 

activity was lower in nanostructured surfaces compared to Ti and TiQR which could be explained by a higher cell 

differentiation. All surfaces showed cytotoxicity levels lower than 30% and very low hemolysis rate. In addition, 

platelet adhesion was lower in NN surfaces compared to Ti but no effect was found after functionalization with 

quercitrin. Staphylococcus epidermidis adhesion at 30 minutes was lower on TiQR surfaces compared to Ti. 

  

Conclusion 

Our results suggest that NN structuration of Ti surfaces has a great potential to be used for stent coatings and that 

the combination with quercitrin functionalization could reduce the risk of bacterial adhesion. 

  

Acknowledgement 

This work was supported by the Osteology Foundation (13-069), the Ministerio de Educación Cultura y Deporte 

(contract to M.A. L.G; FPU15/03412) & the Instituto de Salud Carlos III (contract to J.M.R and M.A.F.G ;CP16/00124). 

The authors thank Dr. F. Hierro and Dr. J. Cifre (UIB) for their technical contribution with SEM and AFM respectively. 

  



ESB 2019 | Abstract Booklet 

Wednesday, 11 September, 2019 

 

Page 414 of 1893 

4:15 p.m. – 5:45 p.m. 

Conference room 2+3 

VI-OS22 | Surfaces and interfaces 

 

 

  



ESB 2019 | Abstract Booklet 

Wednesday, 11 September, 2019 

 

Page 415 of 1893 

VI-OS22-01 

PEEK/silicon nitride composites for biomedical implant applications 

Francesco Boschetto1,2, Giuseppe Pezzotti1,2, Elia Marin1,3, Wuenliang Zhu1 

1University, Ceramic Physics Laboratory / Kyoto Institute of Technology, Kyoto, JP; 2University, Department of 

Immunology / Kyoto Prefectural University of Medicine, Kyoto, JP; 3University, Department of Dental Medicine / 

Graduate School of Medical Science, Kyoto Prefectural University of Medicine, Kyoto, JP 

Introduction 

Polyetheretherketone (PEEK) has been used in a variety of applications, from aerospace and aviation to medical 

devices. PEEK presents a widespread relevance due to its high environmental resistance, biocompatibility, and 

mechanical properties comparable to human bone. Moreover, this material exhibits radiolucent characteristics 

compatible with imaging diagnoses. Due to its biologically inert behavior, PEEK has two disadvantages: a poor 

antibacterial resistance and a lack of bioactivity, which prevents the interaction between the implant surface and the 

adjacent bone tissues. Implant-to-bone interaction might release debris, causing pain, inflammation or even inducing 

deformity to the patient. The purpose of this study is to present an original approach to obtain surface-porous PEEK 

spinal implants with concurrently improved osteogenic and antibacterial properties. 

  

Experimental Methods 

Building upon the findings of previous researchers based on the use of direct extrusion of PEEK and coarse grains 

of sodium chloride (NaCl) salt (with successive leaching in water of the latter) to create porous surfaces, we propose 

a modification of this procedure, in which the mixture of coarse sodium chloride grains is accompanied by a fraction 

of micrometric silicon nitride (β-Si3N4) particles introduced into a partly melting PEEK surface by hot pressing with 

only the salt grains being successively leached off by water immersion. This implemented procedure produces a 

porous PEEK surface similar to that obtainable by extrusion but functionalized on the external surface in order to 

achieve concurrent biogenic properties similar to those exploited in bulk silicon nitride. Bulk PEEK-matrix Si3N4 

particulate composites were also investigated, which were prepared by conventional melting/mixing techniques. To 

verify the effectiveness of both surface and bulk modifications of the PEEK structure, substrates were divided into 

three classes to evaluate the different osteogenic and bacteriostatic responses: untreated (CTRL), surface roughness 

modified without silicon nitride (SG), surface roughness modified and functionalized with silicon nitride (SG+SN), and 

bulk PEEK-matrix Si3N4 particulate composites (PMSNC). Substrates before and after being exposed to 

osteosarcoma line cells (Saos-2) for a week and to different kinds of bacteria were characterized by FTIR, laser 

microscopy, fluorescence microscopy, SEM-EDX, and LDH assay. 

  

Results and Discussion 

Results provided, indicate how the concomitant effect of an increased roughness with the presence of β-Si3N4 is not 

cytotoxic improving cells adhesion as shown by Fluorescence Microscope images and LDH assay. Furthermore, the 

substrate roughness-modified and functionalized with β-Si3N4 shows an amount of extracellular mineralized matrix 

homogeneously distributed on the entire surface as indicated by SEM-EDX, FTIR and Laser Microscope. 

  

Conclusion 

In conclusion, PEEK surface modification and hybridization with β-Si3N4 particles demonstrate remarkable in vitro 

improvements when compared to monolithic PEEK suggesting the beneficial effect which the treatment could bring 

for future development of PEEK implants.  
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Introduction 

Ureteral catheters are used for temporary as well as long-term stenting of the ureter and belong to the most commonly 

used urological implants. Common complications of polyurethane catheters, like biofilm formation or encrustation, 

promote urinary tract infections and cause wound healing disorders in the ureter [1]. Encrustations are triggered by 

the precipitation of salt crystals, which can be of varying quantity depending on the metabolism of the patient. 

Encrustations are often accompanied by bacterial infections, as they tend to build a niche for bacterial growth. We 

aim at developing a new polymer catheter material with additional antibacterial coating that should minimize 

encrustation, prolong the dwell time of catheters and thus reduce the burdens of the patient. 

  

Experimental Methods 

Different polymer types [Thermoplastic Urethanes (Tecophilic, Elastollan), Styrene-Butadiene Copolymers 

(Styroflex), Ethylen-Vinylacetat Copolymers (Greenflex)] were tested for their surface characteristics (contact angle, 

surface charge, roughness). Chemically defined synthetic urine [2] with increasing pH was dynamically pumped over 

the samples with defined stop-go cycles and adjusted flow rates (150 µl/min) at 37°C to mimic the native body urine 

flow. The encrustations were analyzed quantitatively and qualitatively using polarized light- and scanning electron 

microscopy, energy dispersive X-ray- and Fourier-transform infrared spectroscopy. Additionally we deposited an 

antibacterial coating of copper-releasing diamond-like carbon nanolayers [3]. Copper release and antibacterial 

efficacy in vitro was tested with E. coli and biocompatibility with human urothelial cells HUC-1. 

  

Results and Discussion 

We developed an in vitro encrustation system to provoke crystals on the uncoated polymer samples within five days 

in a well-defined setup (Fig1). Analyses of the elemental composition of the crystalline deposits revealed depositions 

of carbonate apatite (Ca10(PO4)6(OH)2) and struvite (NH4MgPO4H2O). Also in vivo these depositions are the major 

phase on encrusted stents of infected patients [1, 4], thus we were able to provoke encrustations that are similar to 

the in vivo situation of infected ureteral catheters. 

Furthermore, we found a correlation of the quantity of the encrustation (highest Tecophilic 6.0 % > Greenflex 2.8 % 

> Elastollan 2.4 % > Styroflex 2.1 % lowest) depending on the surface characteristics of the material, e.g. contact 

angle (Tecophilic: 104°; Elastollan 85°). Low contact angle and strong negative surface charge (Tecophilic: -29.6 

mV; Elastollan -56.5 mV) are predictive for low formation of crystalline deposits. The reduction of crystalline 

depositions is one important step to reduce the niches for bacterial adhesion and growth. 
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Moreover, the quantity of encrustations and the bacterial growth was effectively repressed on the copper nanolayer 

coated materials. Copper release was adjusted so that E. coli bacteria, grown in synthetic urine, were completely 

eliminated, while urothelial cells were not affected. 

  

Conclusion 

We suggest considering in vitro encrustation models for the development of new catheter materials to minimize 

encrustation. The combination of these minimally encrusting materials with antimicrobial agents may offer a new 

opportunity for the design of novel ureteral catheter materials. 
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Fig1: SEM image of an encrusted Tecophilic 

surface after 5d in the encrustation system. 
Note the mix of amorphous depositions and clear-

cut crystals. The spot (arrow) schematically 

represents the size of a single bacterium 
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Introduction 

Natural Killer (NK) cells are part of innate immune system that provide first line of immune defence.1 Activating 

receptors (NKG2D), natural cytotoxic receptors (NKp30, NKp44 and NKp46) and adhesion proteins (CD11a) on their 

surface helps in tumour recognition via specific ligand-receptor interactions without affecting healthy cells.2 This 

makes them appealing therapeutic effectors for all cancer forms, including metastatic3. There is growing interest in 

developing NK cell based therapeutic platforms with few models already in phase 1 clinical studies4. Our study reports 

design and optimization of an NK cell mimicking by coating an isolated cell membrane onto a gelatinous core. We 

envisage that this novel therapeutic strategy will retain surface functionality of NK cells whilst incorporating superior 

physiochemical properties of gelatin to the mimics offering a new treatment strategy for treating cancer. 

  

Experimental Methods 

Cell culture of KHYG-1: KHYG-1 were procured from ATCC and grown as suspension cultures in vitro.   

Isolation and characterization of cell membrane: Prior to isolation, cells were suspended in cold hypotonic buffer (2 

mL) supplemented with a cocktail of protease inhibitors (10 µL) to initiate swelling. Cells were ruptured and their 

membranes were further isolated and purified to minimise nuclear and mitochondrial contamination. A combination 

of cell number, type of hypotonic buffer, rupturing techniques (probe sonication, dounce homogenizer, multiple free 

thawing, and bath sonication) and isolation methods (differential centrifugation and sucrose gradient) was extensively 

optimized to isolate the cell membrane. Total protein was quantified by BCA assay and a qualitative analysis of 

surface receptors (NKp30, NKG2D, DNAM-1, and CD11a) and purity was determined by western blotting. 

Gelatin spheres: An amphiphilic conjugate of gelatin (A, bloom~300) capable of self-assembling into spheres were 

synthesized by conjugating oleic acid via EDC/NHS chemistry.  Spheres of gelatin (A, bloom~300) were obtained by 

water in oil emulsion and subsequent cross-linking with DMTMM. These conjugates were characterized by FT-IR, 

NMR, TEM, SEM and laser diffraction to estimate their degree of substitution, purity and for size measurements. 

Preparation and cell membrane coated gelatinous core (CMGC): Cell membrane was coated on gelatinous core 

using bath sonication for few minutes and extruder 11 times. Surface receptors (NKp30, NKG2D, DNAM-1, and 

CD11a) and purity was determined by western blotting. 

Target efficacy of CMGC: The targeting ability of CMGC was tested against Human breast cancer cell MCF-7 and 

the normal MCF10A using flow cytometry. The immunogenicity of CMGC were tested in THP-1 cells for its 

inflammatory response using cytokine release assay. 

  

Results and Discussion 

Cell membrane isolation: Effect of hypotonic buffers (Buffer 1: 20mM HEPES, 1mM KCl, 1.9mM MgCl2, 1mM EDTA; 

Buffer 2: 225mM Mannitol, 75mM Sucrose, 0.5mM EDTA, 30mM Tris-HCl, 0.5% BSA) was analysed on the isolated 

cell membrane. Western blotting was suggestive of higher translocated CD11a receptor on cell membrane using 
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buffer 2. However, band corresponding to nuclear contamination was observed. To enhance the purity and efficiency 

of cell membrane three other methodologies of isolation were tried with buffer 2. Method 3 was found to be the most 

effective method with more surface receptors and minimal contaminations in the cell membrane. 

Method 3: One-time freeze thawed the cells and then 50 strokes of dounce homogenizer followed by discontinuous 

sucrose gradient method (30%, 40%, 55% sucrose in 0.9% normal saline solution). Cell membrane was found in 

between the band of 30-40%. 

Gelatin spheres: Self-assembled spheres of gelatin-oleic acid were prepared by dialysis against water in a size range 

of 200-400 nm. Cross-linked gelatin spheres formulated by emulsion technique were around 1-4 µm. Viscoelastic 

properties were measured by AFM. 

Target efficacy of the system: Cell membrane coated gelatinous core was investigated by incubating the system with 

tumour and normal cells. TCPP fluorescence intensity of CMGC was stronger for MCF-7 than MCF-10A.  This 

selectivity of CMGC is due to the NK cell protein markers which can recognize and binds to the receptor present in 

MCF-7. Further, the cells were subjected to immunofluorescence staining with anti-CD56/FITC at the end of the flow 

passage assay and imaged under a confocal microscope. As expected, CMGC was accumulated more in the MCF-

7 as proven by the FITC signals of CD56. In the case of the bare gelatin, no significant accumulation was observed 

between MCF-7 and MCF10A under flow condition. These results confirmed the in vitro breast cancer cell targeting 

efficacy of CMGC. 

  

Conclusion 

In conclusion, we have optimised the isolation of a KHYG1 cell membrane and formulated a polymer that can be 

used to create an artificial NK cell mimicking system with increase in efficacy to target tumour cells. 
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Introduction 

Guided by the principles of personalised medicine and based on the fundamentals of Selective Laser Sintering (SLS), 

the goal of our research is to develop a procedure where direct laser sintering, densification and bonding of a 

layer of ceramic biomaterial on hard tissues (i.e. bone and teeth) can be achieved. Such a technology, could find a 

unique space of applications in restorative dentistry and orthopaedics and potentially would enable the rabid 

restoration of hard tissues with a biomaterial chemically and structurally similar to the mineral of natural tissue (i.e. 

calcium phosphate). 

Conventional sintering and densification of ceramics (e.g. calcium phosphate materials) takes place at a temperature 

range between 1000 and 1500 ˚C [1]. Achieving the same result on the surface of a hard tissue without inducing any 

thermal damage, is a challenging and high-risk task. To be successful, numerous variables need to be taken into 

consideration; i) type of the laser; ii) irradiation parameters; iii) the properties of the biomaterial that will be attached 

on the hard tissue; iv) the properties of the initial coating. 

The aim of this work is to discuss the different variables that affect the sintering and attachment of ceramics on hard 

tissues (e.g. type of laser, properties of biomaterials) and to demonstrate the attachment of a layer of calcium 

phosphate on the surface of dental enamel. The sintered layers are characterised for their chemical, structural and 

mechanical properties (XRD, SEM, nano-indentation) and the induced thermal damage to the hard tissues is 

evaluated. 

  

Experimental Methods 

All the calcium phosphate minerals used in this work (i.e. brushite, hydroxyapatite and fluorapatite) have been 

synthesised through wet precipitation method at temperature of 37 ˚C and pH=5.4 for brushite and pH=8 for 

hydroxyapatite and fluorapatite. To enhance the laser-biomaterials interaction, we doped the minerals with 10% 

Fe2+/Fe3+. For laser irradiation experiments bovine enamel blocks have been coated with a mixture of chitosan 

solution and the corresponding mineral powder. Three different lasers have been utilised i.e. a CW laser emitting at 

976 nm (System A: LIMO32), a femtosecond pulsed laser with repetition rate of 1 KHz and emission at 800 nm 

(System B: Ti:Shaphire, LIBRA) and an ultrafast femtosecond pulsed laser with repetition rate of 1 GHz and emission 

at 1040 nm (System C). 

  

Results and Discussion 

It was proved that with the CW system we can partially melt the coating on the surface of enamel (average power of 

0.5W) while, at high average power (>0.8 W) we observed cracking and burning of the hard tissue. With System B, 

ablation was the dominant mechanism of laser-matter interaction and consequently there wasn’t any attachment of 

new material on the surface of our samples. The best results have been obtained with System C since we managed 

to form compact layers of fluorapatite and hydroxyapatite on the surface of dental enamel (Figure 1). The thickness 

of the new layers is between 20 and 30 μm and after nano-indentation the mechanical properties found to be very 

close to that of dental enamel and natural bone (Table 1). After examining the cross-sections of the sintered samples 
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we were able to determine that any induced thermal damage is restricted within a distance of 10 μm below the 

coating-enamel interface. 

At the moment the most SLS systems use continuous wave (CW) lasers, emitting at a wavelength of 10.4 μm with 

the average power ranging between 5 and 100 W [2]. These parameters result in the burning of the hard tissues 

since the optical absorption coefficient is high at 10.4 μm and CW irradiation cause immediate heat generation.  The 

use of a high repetition femtosecond (fs) laser, emitting at wavelengths within the optical window where the absorption 

coefficient of tissues is low (900-1080 nm) proved a promising solution for our objectives. Ultrashort pulses of a fs 

laser allow the control of the dissipated energy while, the mechanisms of laser-matter interaction favour the heat 

generation on metals and semiconductors but not on insulators like the material of bone [3]. Doping our minerals with 

metal ions (e.g. Fe2+) is a critical factor since we managed to enhance the interaction of the calcium phosphates with 

the femtosecond lasers. Eventually, the same laser beam cause the sintering of the biomaterial but has no effect on 

the hard tissues [4]. 

  

Conclusion 

This work successfully demonstrates the concept of direct laser sintering of calcium phosphates on dental hard 

tissues with the use of ultrafast femtosecond lasers. Although more research is required for the translation into clinic 

this is the first step for the rabid restoration of hard tissues. 
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Table 1 
Mechanical properties of natural enamel and the 

sintered layer as measured by nano-indentation. 

 

 

Figure 1 
Coated dental enamel before and after sintering; 

a) pre-sintered dental sample coated with a 

mixture of chitosan and fluorapatite crystals; 

b) sintered fluorapatite layer after irradiation 

with system C (0.6 s exposure time and 0.4 W 

average power). 
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Introduction 

Tissue transglutaminase (TGase 2) is proposed to be important for biomaterial-cell or -tissue interactions due to its 

presence and versatile functions in the extracellular environment. For example, TGase 2 catalyzes the crosslinking 

of proteins through its Ca2+-dependent acyltransferase activity or enhances the interactions between fibronectin and 

integrins by its action as scaffold protein. Thereby, TGase 2 mediates the adhesion, migration and motility of cells. 

Additionally, TGase 2 is a key player for the development of fibrosis. Consequently, this study aimed at investigating 

whether TGase 2 is present at the biomaterial-tissue interface and might serve as an informative biomarker for the 

visualization of tissue response towards gelatin-based biomaterials. 

  

Experimental Methods 

Two differently crosslinked hydrogels were used (G10_LNCO3 and G10_LNCO8), which were obtained by reaction 

of gelatin with lysine diisocyanate ethyl ester [1]. Expression and secretion of TGase 2 by primary human aortic 

endothelial cells and human leukemia THP-1 and HL-60 cells, differentiated to macrophages or granulocytes, were 

analyzed via Western blotting after contact to hydrogels or their degradation products. Hydrogels were implanted 

subcutaneously in immunocompetent, hairless SKH1-Elite mice. TGase 2 expression at the implantation site was 

detected ex vivo by immunohistochemistry over a period of 112 days. The presence of active TGase 2 in tissue 

sections was confirmed by incorporation of fluorescently labeled cadaverine derivatives [2] and verified using a 

selective irreversible inhibitor of TGase 2 1 [3] (Figure 1A). Furthermore, Rhodamine B-labeled cadaverine (R-I-Cad) 

was tested as optical imaging agent for TGase 2 activity in vivo. 

  

Results and Discussion 

In vitro, expression of TGase 2 by endothelial cells, macrophages and granulocytes was partly influenced by contact 

to the hydrogels or their degradation products, but there was no clear correlation. In contrast, TGase 2 secretion 

differed remarkably between the different cells, indicating that it might be involved in the cellular reaction towards 

gelatin-based hydrogels. Ex vivo analysis of tissue sections revealed enhanced expression levels of TGase 2 around 

the hydrogels especially 14 and 21 days after implantation. Incorporation of fluorescently labeled cadaverine 

derivatives was in accordance to the results of the expression analysis (Figure 1B). The presence of the irreversible 

TGase 2 inhibitor 1 led to attenuated incorporation of the cadaverines, which verified the catalytic action of TGase 2 

(Figure 1B). In vivo, no TGase 2 activity was detectable by the cadaverine probe used. 

  

Conclusion 

In vitro and ex vivo results underlined TGase 2 to be a potential biomarker for tissue response towards gelatin-based 

hydrogels. Nevertheless, in vivo no TGase 2 activity was detectable, which is mainly attributed to the unfavorable 
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physicochemical properties of the cadaverine probe used. Further efforts will focus on the development of suitable 

probes based on selective TGase 2 inhibitors for optical or radionuclide-based in vivo imaging. 
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Figure 1: Cadaverine incorporation into tissue 

sections by active TGase 2 
A: Structures of TGase 2 substrate R-I-Cad and 

the selective TGase 2 inhibitor 1. 

B: Incorporation of R-I-Cad by active TGase 2 into tissue sections of G10_LNCO3 implantation areas was investigated 

at selected time points after implantation. Incorporation could be inhibited by coincubation with the selective 

TGase 2 inhibitor 1. TGase 2 is depicted in green, R-I-Cad in red, and cell nuclei in blue. The scale bars indicate 

100 µm. 
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Introduction 

Nowadays, it is becoming common knowledge that the human body, its tissues and cells react to biophysical and 

biochemical cues located on biomaterial surfaces.[1,2] Identifying how these parameters influence cellular behavior is 

of crucial importance and will aid us in the further development of medical implant technology. Unfortunately, in many 

studies attempting to identify these physicochemical properties’ influence on cell behavior, investigation of individual 

properties is the conventional method, leaving out a significant number of other variables which are encountered in 

vivo, which is where cells always interact with multiple cues simultaneously.[3,4] We developed an orthogonal double 

gradient platform which allows us to investigate just such complex situations in a high-throughput screening (HTS) 

fashion. The platform grants us the power to screen the cell response towards thousands of these combined 

parameters in a single experiment, which will result in the optimization of material properties to enhance biomaterial 

and implant function. Our current work includes the screening of silicone rubber susceptibility to fibrosis and scar 

tissue formation. 

  

Experimental Methods 

PDMS orthogonal double gradients are prepared by sequential shielded air plasma oxidation treatments in 

accordance with previously published single linear gradients.[4–6] 

  

Results and Discussion 

Every imaginable position on the orthogonal double gradient surfaces has a unique combination of the present 

parameters, resembling ‘real’, clinically relevant values. Wavy topography gradients range from λ = 1 μm – 12 

μm  and A = 50nm – 2,5 μm, the smallest wavelengths corresponding with the smallest amplitudes going from small 

to big, in a coupled fashion. Stiffness gradients range in Young’s Modulus from ~5 – 90 MPa, and ‘wettability’ 

gradients from 5 – 80 ° in water contact angle (WCA). As a ‘proof of concept’, we cultured hBM-MSCs on the platforms 

for 24 h, imaged the cells via automated fluorescence microscopy and identified the cell response with respect to cell 

density, cell spreading, nucleus area, and vinculin expression. We have found that the synergistic effect of 

abovementioned parameter combinations all influence cell behavior in a different manner with regard to these 

relatively ‘simple’ assessable characteristics. Our next steps involve the identification of regions of interest (ROI) 

resulting in alterations in collagen (type-I) deposition and expression of α-sma in human dermal fibroblasts, which 

then can further be investigated in a more complex, close-up study. 

  

Conclusion 

The highly efficient cell screening tool we have created with our double orthogonal gradient platform allows us to 

screen cell response to combined physical parameter influence in a high-throughput fashion. It will serve its purpose 

to facilitate enhanced biomaterial development. 
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Region of Interest translation to additional 

study 
Figure 2.                           Schematic 

representation of the translation of a ROI to a 

separate, homogenous platform. Parameter values 

are known and can be translated to new samples. 

 

 

Established orthogonal double gradient formation 

& Biological evaluation 
Figure 1.                            HTS 

approach. The screening platforms (top) enable 

all physical parameter combinations between 

topography, stiffness and hydrophobicity, to be 

present within a gradient-like range. The 

influence on cell behavior is identified via 

fluorescence immune-staining and semi-automated 

imaging. 
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PL3-01 

Advances in biology change the way we think about bioactive scaffolds 

Lour Serrano De La Pena, Joachim Kohn 

New Jersey Center for Biomaterials at Rutgers University, Piscataway, US 

 
Introduction 

Starting about 60 years ago, biomaterials scientists recognized the importance of the integrin-mediated signalling 

that influences key cellular responses such as attachment, migration, and proliferation. This line of research is now 

at the centre of a world-wide effort to engineer bioactive scaffolds for the creation of tissues either ex-vivo (e.g., in a 

bioreactor before implantation) or in-situ (e.g., within the body of the patient).  

Bioactivity is defined as the ability to control and direct cell and tissue growth toward desired outcomes.  In this sense, 

natural extracellular matrix (ECM) can be regarded as the most desirable bioactive scaffold.  Embedded within the 

structure of natural ECM is all the information needed to control and direct cell attachment, proliferation, migration, 

and differentiation.  We have not yet been able to decipher this “secret code”, but science has identified (i) mechanical 

cues, (ii) architecture and topography, and (iii) chemical cues as the three channels by which materials interact with 

cells.  While engineers work on increasingly sophisticated scaffold designs, the biological approach starts from living 

donor tissue and aims to create whole organs by mild decellularization to preserve the ECM structure, followed by 

recellularization with healthy, autologous cells from the patient. 

  

Results and Discussion 

Figure 1 illustrates current work to design bioactive scaffolds for specific cell types.  In this case, an attempt was 

made to build a scaffold for the regeneration of the osteochondral interface, the area in all articulating joints where 

bone transitions into cartilage. Osteoblasts and chondrocytes require different substrata for optimum proliferation and 

to retain their respective phenotypes. This requirement is met by a biphasic scaffold consisting of a layer optimized 

for bone growth and a layer optimized for cartilage. The next step in this work is the addition of appropriate biological 

signals that can drive the formation of a functional osteochondral interface either ex-vivo or in-situ.  Figure 2 illustrates 

advanced scaffold designs that are facilitated by additive manufacturing (3D printing). Finally, Figure 3 demonstrates 

the deposition of extracellular matrix (ECM) within an electrospun fiber mat.  An early definition of the term 

"biomaterial" specified that the term biomaterial must exclude any viable cells or tissues.  Today, most scientists 

regard cells and tissues as an integral part of a tissue engineering scaffold. As synthetic materials and living cells 

and tissues are increasingly integrated within the same device, two advanced research efforts will change the path 

of biomaterials research in the future:  One research effort aims to design synthetic biomaterials that can respond to 

the cells and tissues adjacent to them.  Referred to as "biologically responsive materials", these future biomaterials 

will sense the state of cells and tissues and take corrective action, for example, by releasing anti-inflammtory 

cytokines when the level of reactive oxygen species (ROS) in the surrounding tissue is too high.  The second research 

effort aims to modify cells in situ to increase their ability to form functional tissues within a scaffold.  This can be 

achieved by the use of epigenetic modifiers that prime stem cells to differentiate into desirable cell types.  It is also 

theoretically possible that epigenetic modifiers will be identified that can upregulate the regenerative potential of 

senescent stem cells.  
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Conclusion 

Biological and engineering approaches are now being combined to develop bioactive scaffolds that can control and 

direct cell growth and tissue formation toward desirable outcomes. Designing materials that can sense and respond 

to the status of cells and tissues is the next major challenge in biomaterials science.  Creating engineered cells (or 

epigenetically modified cells) in situ that are primed to perform a desirable function is another forward-looking 

reserach challenge.  Together, these two approaches will provide the foundation for significant advances in the near 

future. 
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Figure 3: Hybrid scaffold 
Figure 3 illustrates a hybrid scaffold 

consisting of reinforcing polymer microfibers 

that provide mechanical strength and improve 

handleability while a layer of decellularized 

ECM provides a range of biological signals that 

improve the bioactivity of this scaffold 

design.  This design strategy seems to be a 

promising way to combine the advantages of 

synthetic polymer fibers with the bioactivity 

inherent in natural ECM. 

 

 

Figure 2 
Examples for state-of-the-art scaffold designs. 

LEFT: Use of additive manufacturing to create 

gradient scaffolds (illustrated here by a 

transition from a yellow to a red dye). MIDDLE: 

Super-porous scaffold using reinforcing, 3D 

printed struts that hold airbrushed or electro-

spun nanofiber mats in place. Right: Scaffold 

for regeneration of bone and living teeth - an 

innovative alternative to currently used metalic 

tooth implants.   

 

 

Figure 1 
(A) Development of a bi-phasic scaffold 

optimized for bone regeneration at the bottom 

and cartilage regeneration at the top.  (B) 

compressed and (C) after release, showing the 

different mechanical properties of the two 

layers. (D) SEM of pore structure and interface. 

(E) after sterilization; (F) after 2 day and (G) 

after 9 days in medium. 
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KdG AW-01 

Bioinspired strategies for bone regeneration: a teamwork 

Maria-Pau Ginebra1,2 

1Universitat Politècnica de Catalunya (UPC), aBiomaterials, Biomechanics and Tissue Engineering Group, Dept. of 

Materials Science and Metallurgy, Barcelona, ES; 2Barcelona Research Center in Multiscale Science and 

Engineering, UPC, Barcelona, ES 

 
Scientists are not islands in the ocean of global research. Now more than ever, in a super--‐ connected society, 

scientific progress builds on previous work and in turn paves the way for future research. The role of communication 

and collaboration in scientific research cannot be overestimated. Especially within experimental disciplines, research 

is based on a network of interactions at different levels. Relationships within research groups at different levels are 

especially important, e.g. between supervisor and doctoral student or experienced researchers and young scientists. 

These mentoring relationships are part of the ethical dimension of science. However, when evaluating the scientific 

career, these collaborative aspects, and more specifically the role of the researcher as a mentor is frequently 

overlooked. The accent is often placed on the leadership capacity of the candidate to be promoted, as an indicator 

of its scientific value. In my opinion, this comes from an excessively individualistic and competitive view of research. 

Putting more emphasis on mentoring would help to change the focus and would potentiate the power of the 

collaborative dimension of research. 

This presentation aims to illustrate the power of teamwork and mentoring in the research I have carried out over the 

last few years on the development of biomaterials for bone regeneration, in the search for intelligent materials, 

capable of instructing and tuning the cellular response to specific directions. 

El leitmotiv in this path has been boinspiration, a powerful approach when designing functional biomaterials. Synthetic 

bone substitutes have been used for more than 40 years in the clinics. However, after decades of research, they 

have not been able to outperform autografts, which are still the gold standard, in spite of the serious drawbacks they 

entail. Paradoxically, conventional synthetic bone grafts are obtained by classical ceramic sintering routes, resulting 

in microstructures and compositions far from the bone mineral. Recently, novel biomimetic routes have opened 

unprecedented possibilities in terms of tuning the nanostructure and composition of hydroxyapatite, imitating more 

closely the mineral phase of bone. Tuning the size, shape and composition of hydroxyapatite nanocrystals allows 

promoting the osteoinductive and osteogenic properties of the material. This brings tremendous benefits in the in 

vivo synchronization between scaffold degradation and new bone deposition, suggesting that biomimetic apatite is 

able to enter the natural bone remodeling cycle. Moreover, the control of pore architecture by using advanced 

manufacturing technologies, such as 3D--‐printing or foam templating open up new possibilities in the design of 

customized bioceramics for bone regeneration. 

The progress in this field wouldn’t have been possible without the enthusiastic work and commitment of many PhD 

students, postdoctoral fellows and young researchers who have devoted their efforts to the hard and often arduous 

task that is scientific research. 
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Hall 3 

ICF-BSE Session | ICF-BSE Debate Session: A 

Perspective of Biomaterials Science in the Year 

2050 

Joachim Kohn (New Jersey, US) 

 

The “Special Fellows Session” is organized by the International College of Fellows of 

Biomaterials Science and Engineering (ICF-BSE). Fellows of ICF-BSE are elected in a 

worldwide competition every four years and are among the most accomplished in the field 

of biomaterials. Special Fellows Sessions explore important and sometimes controversial 

topics and are designed to be interactive: the audience will have an opportunity to 

participate and will vote on the issues. 

This year a group of four fellows will offer different visions for the future of biomaterials 

science in the coming decades. The speakers will explore the current status of 

biomaterials science, identify important trends, and speculate how these trends may 

change the path of biomaterials research. The four presentations will be followed by an 

opportunity for the audience to participate, ask questions, and offer their own thoughts.  

The audience will then be asked to vote which of the four different perspectives is most 

likely to influence the future path of biomaterials research. 
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ICF-BSE-KL04 

Biocomaterials as driving model for future therapy strategy 

Luigi Ambrosio 

Institute of Polymers, Composites & Biomaterials, National Research Council, Naples, IT 

Modern medicine is based on the implementation of a personalised approach together a less invasive surgery for 
the restoration of human tissues and organs lost to diseases and trauma, this is forced also by the health care 
system as the related costs are increasing due to the aging population, for the decrease of birth rate and increase 
of the life expectancy that is frequently not matched by maintenance of health and quality of life. 
Biomaterials (metals, ceramics, polymers, composites) plays a pivotal role in many biomedical sector in an enormous 

number of applications starting from load bearing applications (such as hip joint, plates, cages,..) scaffold for tissue 

engineering, surgery systems and tools, biomedical packaging, and structures for advanced therapy/diagnosis 

medicine. Biomaterials chemistry combined with novel processing methodologies such as bioprinting, 

electrospinning, direct patterning and self-assembly are used to manufacture nano-biomaterials which can lead to 

design advanced biomaterials. The design of bio-inspired materials, able to guide therapeutically tissue regeneration 

and repair has been pursued in the last years and still remain a challenging goal for the future. In fact, some 

phenomena have still to be investigated, the capacity to design and understand the multiscale systems is not 

sufficient, more effort should be done to analyze the interfaces among the “scale”. “Smart sensing” can be a 

methodology that leverage quantum techniques for use in characterizing subcellular behavior. 

More advanced techniques are now available which can clearly produce macromolecular structures of nanometres 

size with a finely controlled atomic composition and architecture. Nano-biostructure are continuously under intense 

investigation in regenerative medicine to change the physical or chemical properties of biomaterials and guide the 

activation of specific cellular signalling. This is an unique approach for designing a multi-scale, multi-functional, 

biosensing and cells-instructive materials. 

This includes novel methods in the discovery of ground-breaking basic science that can range investigations at the 

quantum, atomic and molecular scales within the biological landscape. This should aim to better achieve a clearer 

understanding of chemical biology and biological physics and subsequently to develop the next generation 

biomaterials, providing appropriate solutions aid in solving the problems of treating chronic disorders in an aging 

population by tailoring systems for specific patients and disease states. 

Thus, the biomaterials will be considered at the centre of any successful regenerative medicine strategy and provides 

many essential features and cues to direct the cells toward a functional outcome. 
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Multifunctional polymer matrices to recapitulate key features 

of hematopoietic microenvironments in vitro 
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Carsten Werner1,2 

1Leibniz Institute of Polymer Research Dresden, Max Bergmann Center of Biomaterials, Dresden, DE; 2TU 
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Institute of Health and Biomedical Innovation, Brisbane, AU 

 
Introduction 

Homeostasis of hematopoietic stem and progenitor cells (HSPC) is controlled by a combination of biochemical and 

biophysical environmental cues in the bone marrow (BM) niche, where a tight balance of quiescence and proliferation 

of HSPC is maintained. Specifically, soluble factors, extracellular matrix (ECM) components and spatial confinement 

have been recognized to be critical for regulation of HSPC fate. Although in vivo models for investigating HSC niche 

function are established, as they reflect the full complexity of the BM microenvironment, they are hard to interpret in 

terms of dissecting the individual parameters which guide HSC fate decisions.  

Glycosaminoglycans (GAGs) govern important functional characteristics of the extracellular matrix (ECM) in living 

tissues. Accordingly, incorporation of GAGs into biomaterials opens up new routes for the presentation of signaling 

molecules in ways that allow for exploring mechanistic aspects of tumor formation and progression under defined 

constraints, as well as for individualized anticancer drug screening. In an attempt to systematically explore the related 

options, we have introduced a rational design strategy for biology-inspired hydrogels based on multi-armed 

poly(ethylene glycol), GAGs and peptides (1,2,3). The theoretically predicted decoupling of biochemical and 

mechanical gel properties was confirmed experimentally and applied for implementing GAG-based 

biofunctionalization schemes to afford cell adhesiveness and morphogen presentation. 

In the discussed approach, we combined GAG-mediated factor presentation with varying degrees of spatial 

constraint using a cell encapsulation strategy to assess the interplay of biophysical cues, GAG, and growth factor 

presentation on HSPC fate decisions in a 3D culture environment. For this aim, we used an in situ forming starPEG-

heparin hydrogel system, assembled by Michael type addition reaction, to create a 3D culture environment mimicking 

GAG-rich BM and facilitate GAG-mediated growth factor presentation to the cultured cells. 

  

Results and Discussion 

Using GAG-based biohybrid hydrogels, human HSPC were effectively triggered in vitro through the simultaneous 

regulation of exogenous biochemical and biophysical cues. Our results demonstrate that HSPC respond to increased 

spatial confinement with lowered proliferation and cell cycling, which results in higher frequency of quiescent LTC-IC 

(long-term culture initiating cells), while GAG-rich 3D environments further support maintenance of the cells 

(4,5). Furthermore, matrix metalloproteinase-sensitive GAG-based hydrogels functionalized with adhesion ligands 

and pro-angiogenic factors were shown to be instrumental for the ex vivo analysis of acute myeloid leukemia 

development and response to treatment (6). 
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Conclusion 

The reported biohybrid hydrogel culture is conclude to offer a powerful tool for long-term maintenance of HSC by 

enabling the control of cell cycling through independent adjustment of biophysical cues and providing an optimal 

cytokine environment through the negatively charged heparin component. Our results suggest that the maintenance 

of HSC in the 3D hydrogel culture is achieved by a synergistic interplay of spatial cell confinement, paracrine 

signaling, GAG-mediated scavenging of cell secreted factors and high local cytokine concentration. 
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Glycosaminoglycan hydrogels promote chronic wound healing 
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Introduction 

Wound healing after skin injury involves an orchestrated appearance of signaling molecules regulating key cellular 

processes including activation, migration, proliferation, and differentiation of immune cells, capillary forming 

endothelial cells and matrix producing fibroblasts. Dysregulation of these signals can lead to severe impairment of 

tissue regeneration, especially found in chronic wounds. Glycosaminoglycans (GAGs) control the availability and 

activity of such cell signaling molecules in vivo and thus are a key target for maintaining regenerative processes with 

material-based approaches[1]. We report herein a modular biohybrid hydrogel system that is based on star-shaped 

poly(ethylene glycol) (StarPEG), the GAG heparin and selectively desulfated derivatives thereof, as well as functional 

peptides in order to vary the affinity for soluble signalling molecules, to allow for cell-responsive remodelling and to 

adjust the physical properties of the resulting hydrogel matrices. Accordingly, the material can be easily customized 

for a particular application and in here it was optimized in order to promote wound healing under chronic conditions. 

  

Experimental Methods 

Biohybrid hydrogels were formed from StarPEG and heparin building blocks using direct amide bond formation 

between amine-terminated StarPEG and activated carboxylic acid groups of heparin or the Michael type addition 

reaction between thiol-terminated StarPEG and maleimide-pre-functionalized heparin. The mechanical properties of 

the materials were characterized by rheometry and swelling measurements. Moreover, the binding and subsequent 

release of chemokines and growth factors to/from the hydrogels have been analysed using ELISA and multiplex 

techniques. The ability of the hydrogels to control immune cell migration (and thus chronic inflammatory processes) 

was tested with human neutrophils and granulocytes. Furthermore, pro-regenerative growth factor releasing 

hydrogels were assessed in vitro in order to control the fate of human endothelial cells and dermal fibroblasts. Finally, 

experiments in diabetic mice with inflammatory chemokine sequestering as wells as VEGF-releasing hydrogels were 

performed to proof the feasibility of the modular approach in vivo. 

  

Results and Discussion 

The multifunctional GAG-based hydrogels were able to scavenge inflammatory chemokines and to deliver growth 

factors capable of inducing angiogenesis and tissue maturation in dependence of their sulfation pattern. As such, 

extensive in vitro studies utilizing recombinant proteins, human immune cells, endothelial cells, fibroblasts and wound 

fluids from patients suffering from chronic venous leg ulcers demonstrated that the scavenging of inflammatory 

mediators and the release of pro-regenerative factors like VEGF and TGF-ß are widely tuneable and thus could be 

customized for different wound pathologies [2,3]. Furthermore, healing studies in an in vivo model of delayed wound 

healing (db/db mice), where our hydrogel material outperformed the standard-of-care product Promogran with 

respect to reduction of inflammation, as well as increased granulation tissue formation, and vascularization [4], 

demonstrate the potential of the matrices for a rapid translation into the clinic as adaptable wound dressing material. 
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Conclusion 

The in here presented modular hydrogel platform combines anti-inflammatory, angiogenic and pro-regenerative 

functionality as it is crucial to promote wound healing but may similarly aid therapeutic strategies to control other 

inflammatory diseases. 
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Introduction 

Biofunctional hydrogels are widely used as extra cellular matrix (ECM) mimicking materials to support formation of 

physiologically relevant cell and tissue models for biomedical research and drug development. Numerous covalent 

crosslinking strategies have been developed for generation of hydrogels, but they typically suffer from cross-reactivity 

or generation of cytotoxic biproducts. Bioorthogonal crosslinking based on e.g. strain-promoted alkyne-azide 1,3-

dipolar cycloaddition (SPAAC) has thus emerged as a promising technique for generating hydrogels that facilitates 

efficient cell encapsulation.[1,2] Here we demonstrate a hyaluronan-poly(ethylene glycol) hydrogel formed by SPAAC-

mediated crosslinking that also comprise an additional peptide-folding triggered crosslinking mechanism. Possibilities 

to simultaneously combine both bioorthogonal covalent and physical crosslinking enables fabrication of hydrogels 

with dynamic gelation kinetics and tunable mechanical properties as well as possibilities to introduce new 

functionalities by means of specific peptide dimerization interactions. 

  

Experimental Methods 

The peptides JR2EK (H2N-NAADLEKAIEALEKHLEAKGPKDAAQLEKQLEQAFEAFERAG-COOH) and JR2KK 

(H2N-NAADLKKAIKALKKHLKAKGPKDAAQLKKQLKQAFKAFKRAG-COOH) were synthesized on an Fmoc-Gly-

Wang resin in 0.1 mmol scale using a Quartet automated peptide synthesizer, and purified by reversed phase HPLC. 

JR2EK was conjugated to bicyclo[6.1.0]nonyne (BCN) modified HA (Mw 100 - 150 kDa) using SPAAC. HA-JR2EK 

or HA-BCN was mixed with p(N3)8 at a ratio of 2:1 BCN:N3 at 1.5 – 2.5% (w/v) total polymer concentration to initiate 

crosslinking. 

  

Results and Discussion 

The helix-loop-helix peptide JR2EK was conjugated to hyaluronan (HA) modified with an excess of BCN. JR2EK was 

designed to fold and homodimerize into four-helix bundles at pH < 6 or in the presence of Zn2+or to heterodimerize 

with the complementary peptide JR2KK.[3,4] Crosslinking of the HA-peptide hybrid with an eight-armed poly(ethylene 

glycol) with terminating azides (p(N3)8) using SPAAC resulted in the formation of fully transparent and cytocompatible 

hydrogels within minutes. The storage modulus (G´) reached about 150 Pa within 2 hours but continued to increase 

over time. In contrast, when triggering the crosslinking under conditions also favoring peptide homodimerization, the 

resulting hydrogels formed significantly faster because of the simultaneous and rapid peptide-mediated self-

assembly process (Figure 1). Moreover, the possibility to exploit peptide heterodimerization as a means to introduce 

new functional moieties to the already formed hydrogels was investigated (Figure 2a). By including a biotin in the 

loop region of JR2KK, addition of the peptide to the hydrogels enabled subsequent attachment of avidin. The specific 

supramolecular introduction of avidin was demonstrated by addition of biotin-labeled alkaline phosphatase (ALP). 
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ALP catalyzes the hydrolysis of the chromogenic substrate BCIP, resulting in a colorimetric response in hydrogels 

modified with the biotin-labeled JR2KK peptides (Figure 2b-c). In addition, inorganic phosphate generated by ALP 

mediated hydrolysis of calcium glycerophosphate could be exploited to trigger a localized biomineralization process 

in the hydrogels. 

  

Conclusion 

Combining bioorthogonal covalent and supramolecular peptide-folding mediated crosslinking enables tuning of 

gelation kinetics and dynamic changes of hydrogel viscoelastic properties. The conjugated helix-loop-helix peptides 

also enables introduction of various biofunctional moieties through heterodimerization with a complementary peptide. 

This strategy thus allows for flexible and modular alterations of hydrogel properties, which can substantially facilitate 

hydrogel optimization and studies cell response to dynamic changes in the microenvironment. 
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Supramolecular hydrogel functionalization 
Figure 2. Peptide heterodimerization enables 

dynamic introduction of new biofunctionalities. 

a) A biotin labeled complementary peptide 

allowed for specific incorporation of avidin and 

subsequent introduction of biotinylated ALP. b-

c) Addition of the chromogenic substrate BCIP, 

resulted in a colorimetric response in the 

hydrogels. 
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Dual bioorthogonal crosslinking 
Figure 1. a) Schematic representation of the 

dual bioorthogonal crosslinking of the 

hydrogels. Upon mixing of HA-BCN/JR2EK and 

p(N3)8, the BCN and azide groups react via a 

strain-promoted alkyne-azide 1,3-dipolar 

cycloaddition to form a stable 1,2,3-triazole. 

Parallel peptide homodimerization triggered by 

Zn2+(b) or pH (c) results in physical 

crosslinking that dramatically increase the rate 

of gelation. 
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Introduction 

Synthetic conductive biopolymers have gained increasing interest in tissue engineering, as they can provide a 

chemically defined electro-conductive surrounding, yet also mimic the natural microenvironment of cells. However, 

existing conductive hydrogels often show shortcomings to meet the increasing biomedical needs. For example, in 

addition to low cytotoxicity and biocompatibility, injectability and adhesiveness are important for many biomedical 

applications but have proven to be very challenging. Recent results have shown that fascinating material properties 

can be realized with a bio-inspired hybrid network, especially through the synergy between irreversible covalent 

crosslinking and reversible non-covalent self-assembly. Herein, we report a polysaccharide-based conductive 

hydrogel crosslinked through non-covalent and reversible covalent reactions, while the hybrid material exhibits 

rheological properties associated with dynamic networks such as self-healing and stress relaxation. Moreover, 

through fine-tuning the network dynamics by varying covalent/non-covalent crosslinking content and incorporating 

electroconductive polymers, the resulting materials have exhibited electroconductivity and reliable adhesive strength, 

at a similar range to that of clinically used fibrin glue. The conductive soft adhesives exhibit high cytocompatibility in 

2D/3D cell cultures and can promote myogenic differentiation of myoblast cells. The materials were further 

characterized in vivo using immunocompetent mice, both for topical application and as injectable materials. The 

heparin-containing electroconductive adhesive showed high biocompatibility in both studies. The materials could 

have utilities in many biomedical applications, especially in the area of cardiovascular diseases and wound dressing. 

  

Experimental Methods 

1.1. Synthesis and characterization of PEDOT:Hep and PEDOT:PSS 

1.2. Formation of electroconductive hydrogels 

1.3. Hydrogel mechanical characterization 

1.4. Electrochemical measurements 

1.5. Pull-off tests 

1.6. Lap-shear tests 

1.8. 3D Printing 

1.9.Tissue adhesive testing 

1.10. C2C12 cell culture in the hydrogel 
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1.11. In vivo biocompatibility testing 

  

Results and Discussion 

Covalent crosslinking could improve the mechanical strength and cohesive force of a non-covalently assembled 

hydrogel; however, it could also impair various properties associated with a dynamic network, e.g., self-healing, 

shear-thinning and injectability. In this work, we have developed a hybrid dynamic hydrogel system composed of 

non-covalent network and reversible imine crosslinking. The use of conductive polymers, not only led to 

electroconductivity, but also to a plethora of hydrophobic moieties, which are absent in most synthetic hydrogels. In 

many natural adhesives, such as proteins from burrowing ground frogs of the genus Notaden, sericin from the 

silkmoth Bombyx mori, and protein/saccharide associations from echinoderms, adhesion results from the synergy 

among different types of interactions, including hydrophobicity, electrostatics, and hydrogen bonds. The synthetic 

hybrid hydrogels present a rich source of positive and negative charges, hydrophobic/aromatic groups, and hydrogen 

bond donors/acceptors, while the dynamic network allows them to adapt and adhere to various surfaces. Moreover, 

the hybrid network of non-covalent and covalent crosslinking results in enhanced cohesion strength of the network, 

leading to adhesive materials with high mechanical robustness. 

  

Conclusion 

In summary, we have created an electroconductive hybrid polymer network, in which both covalent and non-covalent 

crosslinking are reversible and dynamic. While the electroconductivity can function as an electronic sensor, as well 

as a biophysical cue to promote myogenesis, the cytocompatible adhesive can also be used to encapsulate cells for 

cell-based therapy as injectable therapeutics. The materials were also characterized in vivo using immunocompetent 

mice, both for topical application and as injectable materials. The materials showed high biocompatibility in both 

studies. Interestingly, by replacing PEDOT:PSS with a polysaccharide-doped bio-electroconductive polymer 

PEDOT:Hep, the resulting hydrogel has shown remarkably enhanced adhesive strength on tissues, as well as fast 

degradation in vivo. These soft and stress relaxing materials can match the mechanical properties of soft tissues and 

would be particularly attractive for applications in heart, muscle, and neuron diseases, as well as wound dressings. 
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Introduction 

In the human body, physiological barriers have a fundamental role in controlling the absorption of substances and 

maintaining the homeostasis of the different body compartments. For these reasons, engineering barrier models in-

vitro is not only crucial for a better understanding of their pathophysiology, but also for drug testing and toxicology. 

Therefore, barrier-forming cells are often cultured in bioreactors [1] onto porous membranes, i.e. permeable supports 

for the cultured cell layer that must be biocompatible and cell adhesive. 

In this work a commercial poly(carbonate)urethane copolymer (Bionate® II 80A) was used to replicate the basement 

of the physiological barrier, thanks to its combination of elastic characteristics from the urethane and the biostability 

from the carbonate segment. Additionally, in order to increase the cell adhesion, gelatin was used in combination 

with Bionate®. 

The electrospinning technique was chosen to obtain porous supports. Solutions with different Bionate®:gelatin 

volume ratios were electrospun to identify the one better mimicking the physiological barrier in terms of both 

hydrophilic and mechanical characteristics. 

  

Experimental Methods 

Bionate® and Gelatin A were dissolved at 10% (w/v) in HFP and different percentages of Bionate® conjugated with 

gelatin were investigated (Bionate®: Gelatin at 50:50, 70:30, 80:20, 90:10). 

Electrospinning parameters were the following: voltage = 30 KV, distance needle-collector = 15 cm, needle diameter 

= 0.41 mm, Q = 1 mL/h. 

Images of the membranes were obtained with the confocal microscope in order to evaluate fibers and pores average 

dimensions. The contact angle was measured on control membranes and on membranes dipped in 70% 

ethanol/distilled water (EtOH/dH2O). 

Tensional stress-strain tests were performed on the membranes. Firstly, the Young's modulus was evaluated in dry 

conditions at room temperature, in order to evaluate how gelatin can influence the stiffness. Moreover, since the 

membranes will be used in a rather aggressive environment, the mechanical characterization was repeated for long 

term tests, evaluating their structural properties after several days of incubation in PBS at 37°C (wet condition), as 

well as fatigue tests. Four different cyclic strain times were studied: 1, 2 and 4 hours of cyclic stretching. After this 

preconditioning phase, the Young's modulus was evaluated with a traditional tension stress strain test in order to 

determine the occurrence of plastic behaviour. 

Finally, A549 cells were seeded on the 50:50 membranes (150 000, 200 000 and 250 000 cells/cm2) and the Alamar 

Blue assay performed after 1, 5 and 7 days of culture, in order to evaluate the cell adhesion to the support. 
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Results and Discussion 

Membrane geometrical characteristics were derived via image analysis, obtaining: thickness, 73.18±26.67 μm; fibre 

diameter, 3.177±0.774 μm; pore dimeter, 5.068±2.170 μm. The contact angle of the electrospun membranes was 

measured, observing a low wettability in 80:10 and 90:10 membranes, with a decrease of the contact angle by 

increasing the amount of gelatin. The 50:50 and 70:30 membranes showed high wettability and that the contact angle 

could not be measured as the membrane quickly absorbed the drops. Moreover, the treatment with 70% EtOH/dH2O 

generally improved the wettability and the 80:20 and 90:10 membranes became hydrophilic. 

Mechanical tests in dry conditions (Fig. 1A) showed that increasing the amount of gelatin causes a decrease of the 

linear region of the electrospun membrane. Conversely, in a wet environment all the membranes exhibited a linear-

elastic behaviour within the whole region of deformation (Fig. 1B). 

Moreover, figure 2A shows that the Young’s Modulus of the membranes 50:50 and 70:30 incubated for 1, 2, 3 and 7 

days in PBS did not change significantly during the incubation time (p>0.05), while a significant change was observed 

for the 80:20 and 90:10 membranes. 

Finally, after cyclic stretching in a wet environment, electrospun membranes showed no significant differences in the 

elastic modulus with respect to dry samples (p > 0.05, Figure 2B). These results show that the tests were performed 

into the linear range of the material, without any residual plastic deformations. 

The 50:50 Bionate®:gelatin membrane was selected for cell seeding as it was the most wettable. The 

Alamar Blue assay showed that cells were growing well, showing the suitability of this support for tissue engineering 

applications. 

  

Conclusion 

A new biohybrid material made of Bionate® and gelatin was synthetized. In particular, by varying the amount of 

gelatin, it was possible to obtain membranes with different stiffness and elasticity, allowing to mimic different type of 

physiological barriers and different pathological conditions. The electrospinning technique was chosen to obtain 

porous membranes, while Bionate®’s flexibility allows mimicking the cyclic stretching of barriers in the human body 

(i.e. alveolar barrier during breathing). 
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Figure 2 
A) Incubation time (0, 1, 3 and 7 days) versus 

Young’s Modulus of the electrospun membranes. 

(*) p<0.05, (**) p<0.01. 

B) Cyclic stretching (0, 1, 2 and 4 hours) versus Young’s Modulus of the electrospun membranes 

 

 

Figure 1 
Stress-Strain curves of the electrospun 

membranes tested in A) Dry-condition and B) Wet-

coondition 
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Introduction 

Current trends in tissue engineering, such as personalised medicine and near-patient manufacturing, favour the use 

of additive manufacturing techniques for the fabrication of bone scaffolds, using an emerging technique called the 

selective laser sintering (SLS). SLS at present appears to be one of the most well-established and widely used 

methodologies. For tissue engineering, different materials have been used so far, for example, Ti-metal alloys, 

polymers and bioglass powders [1]. However, the bone-forming β calcium pyrophosphate (βCPP), (Ca2P2O7), 

minerals are of particular interest due to intrinsic chemical and structural similarity with the hydroxy apatite, 

Ca5(PO4)3(OH), which is the main constituent mineral of natural bone. In a recent work, we have demonstrated that 

doping of βCPP with Fe2+/3+ ions enhances the laser-matter interaction and allows the localised sintering without 

inducing any thermal damage to the surrounding materials [2]. This work aims to identify an optimum doping 

concentration of Fe2+/3+ ions based on the requirements of natural bone by demonstrating: a) mechanical properties 

of the doped material; b) osteogenic potential; and c) ultimate fabrication potential of βCPP for in-theatre 

manufacturing of synthetic bone with a suitable laser (e.g. a femto-second laser) for adapting with natural bone.  

  

Experimental Methods 

Brushite powders (CaHPO4·2H2O) with various doping concentrations of Fe2+/3+ ions (0%, 5%, 10%, 20% and 30% 

mol) have been synthesised via wet precipitation method. Laser irradiation experiments were carried out with two 

different types of femto-second laser i.e. 1 kHz repetition rate femtosecond pulsed laser, operating at 800 nm 

(Coherent-Libra) and a lab-engineered 1 GHz repetition rate femtosecond laser emitting at 1040 nm [2]. The ablation 

threshold fluence (Fth) for all the materials was calculated by using D2 method [4]. The pre/post irradiation biomaterials 

were characterised by analysing the crystal structure using XRD, spectroscopic properties for laser radiation 

absorption using UV-visible spectroscopy, and mechanical properties using nano-indentation. The in vitro 

biocompatibility of laser-irradiated scaffolds was characterised by evaluating the adhesion and proliferation of 

osteoblast (G-292) cell lines.  

  

Results and Discussion 

The phase analysis demonstrated that the doping of brushite raw materials with Fe2+/3+-ion up to 20 mol% in the form 

of Fe(OH)3, stabilizes the original crystal structure of brushite (CaHPO4.2H2O). However, for doping concentrations 

above 20mol%, an amorphous iron phosphate (FePO4∙2H2O) forms and remains the dominant phase. Using the 

above  laser at 1GHz laser at 1040nm, the brushite-doped with Fe3+-ions were sintered, after which nano-indentation 

was used to measure the hardness before and after sintering samples. For the 0% and 5 % doped laser sintered 

samples, the measured hardness values were found to be around 0.4 GPa, which then increased dramatically to 

1GPa for the 10% sintered sample. For doping concentrations higher than 20 mol%, the hardness decreased to 0.1 

GPa, which is attributed to the presence of FePO4. In Fig.1 shows the surface topology of the undoped material after 
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irradiation with constant laser pulse energy at 200 µJ. Deep microchannels were formed on the surface which is a 

clear indication of ablation. The same irradiation parameters, resulted in partial melting and shallow microchannels 

for the 5%, 10% and 20%. For 30 mol% Fe-doping, there are no indications of ablation, however the incident energy 

was readily absorbed by melting the mineral phase. The effect of Fe2+/3+ doping on the laser–matter interaction 

mechanism was analysed and it was evident after the phase analysis using XRD of the post irradiated samples. For 

the 0%, 5% and 10 mol%, we observed the formation of monetite (CaHPO4). The transformation of brushite into 

monetite normally occurs at ~200 °C during slow heating. On the other hand, iron oxide phosphate (Fe2OPO4) formed 

for 20% and 30%. Osteoblast cell lines  were used to test the cell proliferation on sintered Fe2+/3+ brushite materials. 

DNA using picogreen protocol was applied for the proliferation process. Fig. 2 shows the confocal microscope images 

of osteoblast cell lines on the top 10 mol% Fe-doped material. It is clear that the cells adhesion is more extensive 

into the microchannels, which is a strong indication of preferences for cellular colonisation and proliferation for tissue 

scaffold engineering. 

  

Conclusion 

Our most important findings can be summarized as follows: 

· Brushite is the dominant mineral phase present up to 20 mol% doping concentration. 

· The highest hardness of 1 GPa was measured for the 10 mol% doped materials. 

· The ablation threshold of the minerals increases as the doping concentration increases. 

· The presence of Fe in βCPP enhances the proliferation of osteoblasts on the surface of sintered samples. 
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Confocal microscope image presents the growth of 

cells into the 10% Fe-βCPP microchannels 

 

 

Figure 1: 
SEM image shows the microchannels into 0% Fe-

brushite. 
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Introduction 

The ideal calcium phosphate bone cement (CPC) should be injectable with washout resistance and macroporous 

with certain load-bearing capacity. This work explores the use of a thixotropic poly(lactic acid-co-glycolic acid)-b-

poly(ethylene glycol)-b-poly(lactic acid-co-glycolic acid) (PLGA–PEG–PLGA) triblock copolymer to provide both 

injectability and cohesion to a macroporous cement. In addition, this work studies the use of polycaprolactone (PCL) 

and amphiphilic PCL/Pluronic (PCL/Plu) fibres for the mechanical reinforcement of the macroporous cement while 

preserving its injectability. 

  

Experimental Methods 

Alpha tricalcium phosphate (α-TCP) powder was used as the only solid component of the cement. It was synthetized 

by solid state reaction at 1400 °C between CaCO3 and CaHPO4. The liquid phase consisted of 15 wt% solution of 

PLGA–PEG–PLGA copolymer, synthesized via ring opening polymerization. PCL fibres were produced via 

centrifugal force spinning and were disaggregated to tangled fibres (~100 μm) by cryogenic grinding. Pluronic blocks 

were grafted to the PCL fibres to increase their hydrophilicity. Cement samples were mixed using a drill at liquid to 

powder ratio of 0.5 ml/g, containing 0, 1, 3 or 5 wt% of fibres with respect to the solid phase. Following this mixing 

method several air bubbles were incorporated in the obtained paste. Extrusion and rheological tests were performed 

to study the injection behaviour of the fibre reinforced CPCs and different samples were shaped by injection in rubber 

moulds and set by immersion in water at 37 °C for 10 days. After setting the CPC samples were characterized in 

terms of crystalline composition (XRD), microstructure (SEM), porosity (MIP and μ-CT) and compressive strength. 

  

Results and Discussion 

The incorporation of fibres slightly impaired the injectability of the CPC. However, the force required to inject the CPC 

with 5 wt% of fibres was significantly increased. CPCs exhibited shear thinning rheological behaviour with Bingham 

yield stress of 1200 Pa, followed by a slow reduction of shear stress with shear rate and partial recovery of viscosity 

when shear was removed. This peculiar rheological behaviour prevented phase separation during injection and 

provided the cement with washout resistance when injected in water at 37 °C. After setting the CPCs were composed 

of an entangled network of calcium deficient hydroxyapatite (CDHA) plate-like nano-crystals. The CPCs exhibited 

pores at two length scales, nanopores below 300 nm and macropores around 110 ± 33 μm due to air bubbles trapped 

during mixing. Nonetheless, the macropores were mainly connected by the nanopores and not by connections at 

micrometric scale. 3D reconstructions showed that the fibres and macropores were homogenously distributed in the 
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CPCs thus forming an isotropic material. The total porosity of the CPCs was between 50 and 60 %. PCL/Plu fibres 

were mechanically interlocked with the CPC matrix, showing an interphase gap around 300 nm probably due to fibre 

dehydration for SEM observation. Compression test show a quasi-brittle behaviour for reinforced CPCs and brittle 

behaviour for plain cements. The compressive strength of the plain cement was 3.3 ± 0.2 MPa. The addition of fibres 

increased the strength, however only 3 wt% of PCL/Plu fibres was needed to see statistical significant reinforcement 

(4.8 ± 0.8 MPa), while 5 wt% was needed for PCL fibres (4.4 ± 0.5 MPa). Reinforcement of CPCs with PCL fibres 

has been barely studied probably due to the long term degradation of PCL in physiological environment. However, 

the degradation rate of PCL better matches the resorption rate of apatitic CPCs, therefore long-term reinforcement 

may be expected. In addition, the hydrophilic modification of PCL fibres promote the mechanical reinforcement of the 

cement matrix. 

  

Conclusion 

The incorporation of PLGA–PEG–PLGA copolymer resulted in totally injectable CDHA bone cement with complete 

cohesion when injected in a liquid medium at physiological temperature. Mixing the cement at high speed with a drill 

allowed both the homogeneity of the fibres and the incorporation of macropores. The addition of fibres did not impair 

the injection of the cement but reduced the brittleness and increased the compressive strength. 
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Viscosity and shear curves (left) and 

microstructure of the cement reinforced with PCL 

fibres. 
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Introduction 

Bone tissue engineering may provide an alternative to autograft, however scaffold optimisation is required to 

maximise bone ingrowth. In designing scaffolds, pore architecture and resorbability of the calcium phosphate (CaP) 

support structure is important. For the former, there is evidence that cells prefer a degree of non-uniformity with better 

bone ingrowth into naturally occurring pore structures (1). For the latter, combining a more soluble phase with an 

insoluble phase of CaP may provide an optimal balance between stability and replacement with regenerated bone 

tissue (2). Using a natural marine sponge as a template, the aim of this study was to investigate the optimal phasic 

composition of a ceramic-based scaffold for bone ingrowth in vivo. 

  

Experimental Methods 

Using the marine sponge Spongia agaracina as a template (3, 4), scaffolds of 4 mm Ø × 8 mm L were created in 

three formulations: 100% b-tricalcium phosphate (b-TCP), 100% hydroxyapatite (HA) and 50:50 b-TCP:HA. These 

were press fit into defects created in the distal femoral condyle of New Zealand White Rabbits with autograft as a 

positive control. At 5, 10 and 20 weeks post-implantation, femora were retrieved, underwent mCT analysis and were 

then processed for histological analysis. Outcome measures included bone ingrowth, residual ceramic area and 

presence of osteoclasts determined by area of tartrate resistant acid phosphatase-positive staining. 

  

Results and Discussion 

The greatest amount of bone ingrowth was seen in the b-TCP scaffolds (Fig 1) and this was paired with the greatest 

degree of scaffold resorption (shown by mCT and histological analysis). As expected, the highest amount of residual 

ceramic was seen in the HA group (28% residual ceramic in defect site at 20 weeks in HA group compared to 17% 

in b-TCP group). It had been our hypothesis that the biphasic 50:50 scaffolds would provide the most optimal 

conditions for healing but this was not the case. Bone ingrowth was lowest in this group and, combining all time 

points, this was statistically significant compared to b-TCP group (p=0.003). From the histology, it appeared that 

“pockets” of high mineral content were created within the biphasic material (Fig 2) which slowed healing. Interestingly, 

the osteoclast activity also differed in the biphasic 50:50 group with no change in TRAP staining across time points 

whereas, in the b-TCP and HA groups, TRAP staining peaked at 10 weeks and was greatly reduced at 20 weeks. 

This suggests that the healing response had slowed by 20 weeks in the b-TCP and HA groups but was continuing in 

the biphasic scaffolds. 

  

Conclusion 
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Biphasic calcium phosphates may slow bone healing when used as porous scaffolds. Monophasic ceramic scaffolds 

provided better bone ingrowth and supported a more natural healing cycle. 
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Fig 1. Pecentage of bone in defect site based on 

area measurement in histological sections (mean 

+ std dev). 

 

 

Fig 2. 



ESB 2019 | Abstract Booklet 

Thursday, 12 September, 2019 
 

 

Page 456 of 1893 

Fig 2. Biphasic 50:50 implant at 5 wks (B=bone, 

S= scaffold P=pocket of solubilised scaffold) 
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Introduction 

Metastasis is a highly complex and dynamic process during which tumor cells disseminate away from the primary 

tumor sites and colonize adjacent or distant parts of the body. Metastasis faced in the red bone marrow (BM) and 

bones determines poor patient survival. Behavior of disseminated tumor cells in BM is strictly regulated by 

multifaceted three-dimensional (3D) cell-cell and cell-matrix interactions. However, molecular base of these 

interactions is largely unknown. Study of cancer biology within their native microenvironment is generally restricted 

to the use of animal models. Nowadays, a great expectation is directed towards bio-engineered platforms that can 

serve as a chimeric microenvironment recapitulating native tissue remarks. Adopted in the field of cancer research, 

these mimetic models could open new avenues for more comprehensive in vitro studies of the biology of BM and 

bone metastases. 

Here we explored whether β-tricalcium phosphate (β-TCP) scaffolds with a tailored interconnecting channel structure 

could enable appropriate 3D mimetic BM microenvironment for the growth of metastatic neuroblastoma cells. Besides 

driving osteogenesis, scaffolds also established marrow supportive stroma and served as a surrogate niche for the 

growth of metastatic cancer cells. 

  

Experimental Methods 

Tailored calcium phosphate-based scaffolds with interconnected channels of 500 µm in diameter were manufactured 

by combining 3D wax printing and a slip casting technique. Primary human mesenchymal stromal cells (hMSC) from 

the bone marrow aspirates of healthy donors were cultured inside the scaffolds. Upon 3 weeks, tumor neuroblastoma 

cell line SH-SY5Y was added and cells co-cultured for the next 10 days. Cell distribution inside the scaffolds was 

examined by scanning electron microscopy. Gene expression studies were done by performing qPCR. Protein 

expression and distribution inside the cells was studied by two photon microscopy. 

  

Results and Discussion 

By combining molecular biology and standard imaging techniques we monitored organization and interaction 

between stromal cells and metastatic tumor cells inside the spongy-like artificial bone. Scaffolds provided the 

mechanical support for human mesenchymal stromal cells (hMSC) and allowed them to proliferate, differentiate 

towards osteoblasts, and produce the deposits of extracellular matrix. The in vitro microenvironment shaped by 

stromal cells was in following tailored by neuroblastoma tumor cells. Inside the interconnecting channels tumor cells 

formed the characteristic rosette-like aggregates only when co-cultured with differentiating hMSC. A growing rate 
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and the level of Ki-67 of tumor cells decreased in 3D conditions with respect to the 2D counterpart. Also, the 3D 

culturing promoted neuroblastoma cell quiescence as sustained by increased p27 protein level. A balance between 

cell proliferation, survival, and differentiation was apparent for tumor cells grown inside the 3D scaffolds, thus 

mirroring better the situation found in vivo.  

  

Conclusion 

Our data sustain the proposed 3D β-TCP scaffold type as a suitable 3D mimetic in vitro niche for studying growth of 

disseminated tumor cells, and for related biological and pharmacological surveys. 
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Introduction 

Severe hearing problems such as impaired hearing or deafness are frequent disabilities. They can be caused by 

damaged and degenerated hair cells in the inner ear, resulting in an atrophy of spiral ganglion cells (SGC). To regain 

the ability to hear, cochlear implants are a common treatment. The possible regain of hearing depends on the extent 

of the degeneration of the cells inside the inner ear. In dependence of the SGCs atrophy, the production of neuronal 

growth factors decreases as well. The implant consists of a silicon tube with several platinum electrodes, giving the 

possibility for frequency-dependent locations to stimulate the SGC. Thereby, the cochlear frequency-specific sound 

detection is mimicked. Platinum as electrode material has a high electrical conductivity but a very low cell adherence 

due to its smooth surface. Therefore, a gap between implant and SGC may remain, lowering the electrical signal 

transmission. To improve the implant performance, a biocompatible coating can be applied. Furthermore, this coating 

can be used to deliver functional biomolecules. To enhance the production of neuronal growth factors as well as to 

improve the cell adherence, a biodegradable coating of calcium phosphate nanoparticles carrying functional DNA 

was prepared in a layer-by-layer (LbL) method on the electrodes of a cochlear implant. 

  

Experimental Methods 

The particles were prepared by a precipitation method as described earlier and loaded with protein-encoding plasmid 

DNA (pDNA) for the neuronal growth factors BDNF and NT3.[1] To protect the pDNA from nucleases, a calcium 

phosphate shell was applied. Figure 1 shows the synthesis of the calcium phosphate nanoparticles. Dynamic light 

scattering (DLS), scanning electron microscopy (SEM) and atomic absorption spectroscopy (AAS) were carried out 

to characterise the particles. The pDNA concentration loaded onto the particles was determined by ultraviolet-visible 

spectroscopy (UV-Vis). 

The coating procedure was carried out by applying alternating layers of poly-L-lysine (PLL) and calcium phosphate 

nanoparticles.[2] To quantify the loading of particles for the coating, AAS was carried out. 

  

Results and Discussion 

SEM imaging showed that the particle morphology was not affected by the coating process. Contact angle 

measurements showed an increasing wettability for the coated surfaces. A positive zeta potential was determined by 

streaming potential measurements. To determine the effect of the coating to the electrical resistance across the 

implant surface, electrochemical impedance spectroscopy (EIS) was carried out. Cell culture studies were carried 

out with HeLa cells as well as primary cells from spiral ganglion explants of rats (p3 to p7). Experiments were carried 

out for coated substrates and dispersed particles. The protein expression for neuronal growth factors was quantified 

by ELISA. 
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Confocal laser scanning microscopy (CLSM) showed that the particles were taken up into all investigated cells. 

Transfection experiments using nanoparticles loaded with EGFP-encoding DNA confirmed the applicability of our 

approach on glass coverslips as model substrates. 

  

Conclusion 

The results show, that coating substrates with pDNA loaded calcium phosphate nanoparticles give a genetically 

active coating. 
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Figure 1: 
Transfection of cells from the surface of 

cochlear implants (left) and in dispersion as 

control (right). 
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Introduction 

Calcium phosphates (CPs) have been widely used in various fields of medicine. The majority of CPs products is 

ceramics. The so-called next-generation CP biomaterials has been more and more requested. Many studies have 

been devoted last time to the products based on high-temperature α-tricalcium phosphate, α–Ca3(PO4)2 (α-TCP, 

Ca/P = 1.5), in particular, on its metastable form ᾱ-TCP which crystallizes at mediate temperatures. ᾱ-TCP usually 

forms jointly with  β-TCP, and a single phase ᾱ-TCP can be prepared only under certain conditions. The majority of 

CPs used in medicine has an atomic ratio within 1.5–1.67. Studies on CPs with Ca/P < 1 have mainly been performed 

in context of the biomineralization problem. However, it was recently found that ceramics based on β-calcium 

pyrophosphate, β-Ca2P2O7 (β-CPP, Ca/P=1) are even more bioactive under certain conditions than HA. Besides, 

both the metastable ᾱ- and stable β-forms of CPP positively affects the sintering of β-TCP [1]. 

The present study shows how via the conventional simple and cheap nitrate synthesis single-phase ᾱ- and β-CPPs, 

ᾱ- and β-TCPs, as well as their desired mixtures were prepared as nanopowders. 

  

Experimental Methods 

The fast precipitation modification of the nitrate synthesis was used [2]. All syntheses were proceeded for 1 min. After 

this time, an emerged slurry (precipitate in the mother solution) was treated according to three procedures. Procedure 

1. The slurry was lyophilized. The almost dry mass obtained was then defrosted at about 1 °C and rinsed for 30 min 

with 0.5 L of distilled water at 5 °C and pH 10. The rinsing water was decanted, and the precipitate was rinsed again 

under the same conditions. The resulting twice-rinsed precipitate was lyophilized until a seemingly dry friable powder 

was obtained (powder 1 in the following). Procedure 2. It was performed similar to procedure 1 (excluding preliminary 

freezing), however, the volume of rinsing water (2 L) was twice as those in procedure 1 (resulted in powder 2). 

Procedure 3. It was conducted similar to the former two procedures, but the volume of water (3 L) and the rinsing 

duration (3 h) were thrice as those in procedure 1 (powder 3). The as prepared powders 1–3 were heat-treated (5 

K/min) in air to various temperatures in the range of 20-1000 °C in a muffle furnace, cooled to a room temperature 

and examined by XRD, TG-DTA, IR, ESEM and EDX. 

  

Results and Discussion 

Powder 1. The as-prepared powder was XRD-amorphous and retained this state until 500 °C. The crystallization 

started above 500 °C, and two phases, ᾱ-CPP with some admixture of β-CPP (~30 wt%), were formed. As the 

temperature was increased to and above 800 °C, ᾱ-CPP gradually transformed to β-CPP. Powder 2. The rinsing time 

for the powder was as the total rinsing time for powder 1. However, the volume of used water W compared to the 

volume of the slurry S was about three times higher (W/S =1 L : 0.3 L = 3.3). This increase resulted in the following. 
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Though the initial powder 2 was also XRD-amorphous, its crystallization started at a noticeably higher temperature 

above 600 °C, and the main phase formed was ᾱ-TCP. The crystallization completed at 800 °C, and ᾱ-TCP started 

transforming to β-TCP above this temperature. At 900 °C, a two-phase ᾱ-TCP/β-TCP mixture formed, and a single-

phase β-TCP was fixed at 1000 °C. Powder 3. The crystallization happened above 680 °C, and a single-phase 

metastable ᾱ-TCP formed at 800 °C. Above this temperature, ᾱ-TCP started transforming to stable (at these 

intermediate temperatures) β-TCP, and a single-phase β-TCP formed at 1000 °C. 

  

Conclusion 

It was revealed that ordinary water rinsing the precipitates before lyophilization beside removal of concomitant by-

product and contaminated foreign ions can simultaneously be used for hydrolysis. The hydrolysis/rinsing procedure 

under certain conditions (a high water/slurry volume ratio, relatively prolonged treatment at a low temperature and 

high pH) resulted in the increase of the Ca/P ratio of the precipitates from the given value of 1:1 to 1.5, and tricalcium 

phosphates in metastable (ᾱ-TCP) and stable (β-TCP) forms, as well as their mixtures with each other and of CPP’s 

in a desired proportion were prepared by heating the hydrolyzed products. The processed single-phase and 

polyphasic powders are nanocrystalline and can be used for producing prospective biomaterials. 
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Drug refillable polymers for chronic and recurrent disease 
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While drug delivery has been a powerful tool in clinical applications - being capable of local drug administration, and 

overcoming systemic dosing effects - all devices are ultimately limited in the amount of drug they can hold.  A device 

would be considered unsuccessful if it is empty before the disease is cured.  As such, drug delivery devices are 

typically not used for recurrent or chronic diseases.  Our group has pioneered the use of molecular interactions to 

drive the in situ refilling of drug delivery systems after they have been implanted, and successfully used them to treat 

recurrent disease such as implant infection, and tumor recurrence.   This refilling, we will show,  is possible after 

implantation of empty devices, allowing user and/or need specific refilling and subsequent delivery.  We will also 

show in the case of infection that drug refilling and subsequent delivery is even possible after bacterial colonization 

and formation of bacterial bioflim.  Lastly, in this work we will show that this refilling strategy can be further applied 

to chronic disease, such as macular degeneration and osteoarthritis, where following diagnosis a patient can expect 

to undergo lifelong debilitating conditions including pain, inflammation, and degeneration.  We have demonstrated 

that through local tissue injections, polymers can be refilled with additional doses of drugs, for multiple therapeutic 

delivery windows. 
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Introduction 

Dendrimers are promising carriers of different bioactives1 in the nanomedicine field, due to their unique key features: 

globular, well-defined, very branched and controllable nanostructure, low polydispersity and multivalency. Particularly 

relevant is their capacity to complex and protect nucleic acids (NA) in compact nanostructures protecting them from 

degradation and rapid renal clearance.2 

However, one important disadvantage of the most commonly used dendrimers is their non-degradability under 

physiological conditions, that can lead to toxicity by bioaccumulation. Moreover, in the gene therapy field, vector 

stability can further hinder the intracellular release of the NA, consequently leading to low transfection efficiencies 

(TE).3 Therefore, recent interest has focused on the development of biodegradable dendrimers, but only few works 

report their biomedical applications.4 Because of this, we have recently reported a new family of partially/hybrid 

biodegradable PEG-dendrimers for siRNA delivery.5,6 Our systems showed a great ability to internalize siRNA,6 yet 

a low transfection efficiency was observed due to the partial vector stability. 

Here, we present our new fully biodegradable PEG-dendrimers,5 as well as their function as siRNA vectors. Fully 

degradability favoured the intracellular siRNA release, leading to higher TE. 

  

Experimental Methods 

Fully biodegradable PEG-dendrimers were synthesized and subsequently functionalized by copper(I)-catalyzed 

azide alkyne cycloaddition (CuAAC, click chemistry) with different amine moieties. All copolymers were characterized 

by NMR and FTIR. 

siRNA dendriplexes were prepared at different N/P ratios (N=number of primary amines in the conjugate; P=number 

of phosphate groups in the RNA backbone) ranging from 5 to 80 by adding siRNA to different volumes of dendrimer 

solution. The siRNA complexation efficiency for the dendrimers was assessed by polyacrylamide gel electrophoresis 

and SybrGold® exclusion assays. The resulting dendriplexes were characterized regarding their size, polydispersion 

index (PdI) and zeta potential by dynamic light scattering (DLS), and their morphology was studied by transmission 

electron microscopy (TEM). Relative metabolic activity in the presence of dendrimers and dendriplexes was 

evaluated by the resazurin assay in U2OS and ND7/23 cells. Cellular association/uptake and silencing assays were 

carried out in U2OS and ND7/23 cells expressing the fusion protein eGFP-Luciferase (U2OS/eGFPLuc and ND7/23-

eGFPLuc cells) and evaluated by flow cytometry. 

  

Results and Discussion 

Fully biodegradable PEG-dendrimers have been successfully synthesized until generation 3 (G3) and characterized 

by NMR and FTIR. They can be efficiently functionalized with different terminal groups; thus, they can act as suitable 

and versatile vectors for several biomedical applications. 



ESB 2019 | Abstract Booklet 

Thursday, 12 September, 2019 
 

 

Page 466 of 1893 

In the present work, their successful functionalization with different amine groups allowed the efficient complexation 

and protection of siRNA and, therefore, to explore their potential as vectors of this nucleic acid. The resulting 

dendriplexes were characterized in terms of their physicochemical properties, showing sizes and PdI’s and 

morphologies very suitable for cellular uptake. PEG-dendrimers and their corresponding siRNA-dendriplexes showed 

no toxicity in U2OS and ND7/23 cell lines. Moreover, their biological performance was evaluated regarding 

internalization and TE in these cell lines. These fully biodegradable nanosystems showed a great ability to complex, 

protect and mediate the internalization of siRNA. Interestingly, the fully degradable character was crucial for an 

efficient siRNA intracellular release, contributing to an excellent silencing effect. 

  

Conclusion 

A new family of fully biodegradable, biocompatible and non-toxic PEG- dendrimers is presented. Their CuAAC 

functionalization with different amine groups allowed the efficient complexation, protection and successful 

intracellular delivery of siRNA. The biodegradable dendritic nanosystems developed here can be easily and efficiently 

functionalizated with different ligands by click chemistry, thus the present study puts forward then not only as suitable 

vectors for nucleic acids, but also opens new avenues for further developments exploring their use in theranostics. 
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Introduction 

Chronic wounds affected 637,567 patients in Ireland >65 between 2011 and 2016 and this is forecast to reach 

875,000 patients by 2025.1 It has been reported that the cost of treating one patient with three Grade IV pressure 

ulcers was €119,000 over a duration of 129 days.2 The primary drivers (85-90%) of these costs are attributed to 

nursing time and hospitalisation.3,4 This equates to a staggering cost of €75B over a 5-year period. MicroRNAs (miRs) 

act as post-transcriptional regulators of multiple proteins and therefore have great potential as therapeutics in 

complex pathways with several stages such as those found in wound healing. Herein, we developed a new genetic 

nanomedicine for the treatment of chronic wounds. Nanoparticles (NPs) were designed to deliver DNA encoding 

miR-31, up-regulates multiple proliferative and angiogenic genes. A novel linear peptide system ‘PEP’ was also 

designed to deliver the pmiR-31 cargo intracellularly. The NPs were delivered via electrospun PVA nanofibres (PVA-

NF), designed to facilitate temporal controlled delivery in vivo. 

  

Experimental Methods 

The NPs were synthesised by self-assembly and the particle size and zeta potential determined by Dynamic Light 

Scattering. NCTC-929 fibroblast, HMEC-1 endothelial and HaCaT keratinocyte cells were transfected with 

PEP/pmiR-31 NPs, which was quantified via qRT-PCR. The functional effects of miR-31 upregulation on cell 

migration and angiogenesis were subsequently assessed using wound scratch and tubule formation assays. An 

experimental design approach was used to optimise the PVA-NF electrospun wound patch, which was crosslinked 

prior to NP loading. The functionality of the wound patch was investigated with an in vivo full thickness wound model 

using C57BL/6N mice. After seven days, each mouse was sacrificed, and the wound bed harvested for histological 

examination. 

  

Results and Discussion 

PEP successfully condensed pmiR-31 into NPs with particles sizes <100 nm and zeta potential of ~10 mV for N:P 

ratios ≥4. Furthermore, transfection analysis with each cell line showed significant upregulation of miR-31 (Figure 

1A). Expression of miR-31 increased cell migration rates in the HaCaT (p-value<0.01), HMEC-1 (p-value<0.05) and 

NCTC-929 (p-value<0.05) cell lines. Treatment resulted in a significant increase in the rate of angiogenesis (p-

value<0.05) with HMEC-1 cells. Complete NP release from the PVA-NFs was achieved within 48 h and gel 

electrophoresis showed that loaded DNA was undamaged (Figure 1B). In vivo evaluation showed there was a 

significant increase in epidermal (p-value<0.05) and stratum corneum thickness (p-value<0.001), as well an 
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increased blood vessel density (Figure 1C). All of which are indicative of an increase in keratinocyte functionality 

and angiogenesis. 

  

Conclusion 

PEP/pmiR-31 delivery via PVA-NF-based patches can have significant effects on cellular function for in vitro and in 

vivo wound healing. Further studies will involve the functional assessment of the wound patch in a delayed wound 

healing model in vivo, using a diabetic mouse model. 
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Figure 1 
Evaluation of PEP/pmiR-31 NPs potential for 

wound healing via PVA-NFs. (A) NP synthesis and 

effect of transfection on miR-31 levels in skin 

cell lines. (B) Fabrication of PVA-NF by 

electrospinning and loading with NPs. (C) 

Evaluation of the wound patch in vivo with 

subsequent histological examination.  
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Introduction 

The demographic development with an ever increasing number of multimorbid patients with reduced healing capacity 

raises the need for novel biomaterial approaches. Functional biomaterials able to bind, stabilize and release bioactive 

proteins in a defined manner would allow for adjustable growth factor interaction profiles fostering wound healing. 

Non-immunogenic hyaluronan (HA)/collagen-based hydrogels can be adapted in this respect via the incorporation of 

sulfated glycosaminoglycans. Chemically sulfated HA derivatives (sHA), in particular the high-sulfated sHA3, were 

shown to positively influence numerous aspects of skin repair [1]. The goal of this study was the development and 

characterization of bioinspired HA/collagen hydrogels containing sHA that promote skin regeneration either by 

binding and controlled release of relevant growth factors, e.g. heparin-binding EGF-like growth factor (HB-EGF), or 

by scavenging and thereby rebalancing dysregulated factors, e.g. transforming growth factor β1 (TGF-β1). The latter 

is particularly relevant in fibrotic conditions. 

  

Experimental Methods 

Hydrogels were prepared by crosslinking HA and low-sulfated sHA acrylates in the presence of collagen followed by 

lyophilization [2, 3]. However, the high substitution degree of sHA3 impedes the introduction of crosslinkable groups. 

A new strategy to incorporate non-modified sHA3 into hydrogels allowing for a controllable sHA3 retention is therefore 

required. One option is incorporating sHA3 into HA/collagen-based hydrogels using HA-based microgels generated 

in a microfluidic approach, which contained artificial extracellular matrix composed of collagen and sHA3. The 

appearance and size distribution of microgels was analyzed by microscopy after staining for the collagen and sHA3. 

The composition and stability of hydrogels were biochemically characterized in terms of HA, sHA and collagen 

release. The HB-EGF and TGF-β1 release profiles were examined via ELISA. The biological effects of gel 

composition and released HB-EGF were analyzed in cell culture using keratinocytes and fibroblasts, while wound 

closure was investigated in a porcine skin culture model. 

  

Results and Discussion 

Hydrogels containing low-sulfated sHA bound and released bioactive HB-EGF over at least 72 h, thereby inducing 

keratinocyte migration and hepatocyte growth factor expression in dermal fibroblasts. Importantly, hydrogels 

containing sHA strongly increased the effectivity of HB-EGF in inducing epithelial skin wound closure in a porcine 

skin organ culture model [4]. 
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Incorporating sHA3-containing aECM in microgels significantly enhanced the retention of non-crosslinked sHA3 

within the bulk HA/collagen-based gels allowing a controlled sHA3 presentation. Gels containing sHA3 bound higher 

amounts of TGF-β1 compared to pure HA/collagen hydrogels. Moreover, the presence of sHA3-containing microgels 

improved the TGF-β1 retention within the hydrogels. 

  

Conclusion 

These findings suggest that hydrogels containing sHA can be engineered as effective wound dressings with 

adjustable sHA release and growth factor interaction profiles to foster skin regeneration. 
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Introduction 

Recent studies have demonstrated the synergistic immunosuppressive and anti-inflammatory capacity of 

dexamethasone (DEXA) and naproxen (NAP) [1]. However, the low solubility of these drugs and their adverse effects 

reduce their efficacy on the treatment of inflammatory processes [2, 3] being nanoparticulated systems promising 

candidates to overcome these drawbacks [4]. This work aims to prepare an anti-inflammatory system based on self-

assembled polymeric nanoparticles (NPs) that incorporate NAP and DEXA to improve retention at inflammation site 

and reduce their dose- and time-dependent side effects keeping DEXA disease-modifying capacity to repolarize M1 

macrophages to M2 anti-inflammatory phenotype. 

  

Experimental Methods 

Monomer and Copolymer Preparation. A methacrylic derivative of NAP (HNAP) was prepared and characterized 

by 1H-NMR. Poly(HNAP-co-VI) copolymers were synthesized by free radical copolymerization at different feed molar 

fractions of HNAP: 0.2, 0.5 and 0.8. HNAP copolymer molar fraction (fHNAP) and monomers reactivity ratios (rHNAP y 

rVI) were determined by 1H-NMR or in-situ1H-NMR. 

NPs preparation and Characterization. NPs were prepared by nanoprecipitation method. Hydrodynamic properties 

(i.e. size, PdI and surface charge) were determined by Dynamic Light Scattering and Laser Doppler Electrophoresis. 

Stability in suspension was assessed up to one month. 15 % (w/w) DEXA and 1% (w/w) coumarin-6 (c6) were 

encapsulated in order to study NPs cytotoxicity and anti-inflammatory capacity or NPs cellular uptake, 

correspondingly. The encapsulation efficacy (%EE) was determined by HPLC and UV spectrophotometry, 

respectively. 

In Vitro Evaluation of the System. An extensive in vitro evaluation of the NPs was performed comparing the DEXA-

loaded system with the unloaded system and the free drug. NPs uptake rate by murine macrophages (RAW264.7) 

was assessed by c6-loaded NPs endocytosis studies. Macrophage viability at different NPs concentrations was 

tested (Alamar Blue assay) and anti-inflammatory capacity was evaluated by nitric oxide (NO) release studies and 

RT-PCR quantification of M1 or M2 phenotype marker genes. 

  

Results and Discussion 

Monomer and Copolymer Preparation. HNAPmonomer was obtained with yields > 90%. Poly(HNAP-co-VI) 

copolymers were successfully obtained as demonstrated by 1H-NMR. The acute differences in reactivity ratios of 

both monomers (rHNAP = 10rVI) resulted into a gradient amphiphilic microstructure. 

NPs preparation and Characterization. Those copolymers with fHNAP < 0.8 formed NPs in aqueous media. The 

synthesis protocol and storage conditions were optimized so that their diameter (130 nm) and surface charge (+30 

mV) may favor an efficient retention at the inflamed tissue. The system demonstrated to be stable up to one month 
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in suspension with no significant changes in hydrodynamic properties over time. DEXA and c6 were successfully 

encapsulated with %EE = 8 and 92 %, correspondingly. 

In Vitro Evaluation of the System. NPs uptake by RAW264.7 macrophages increases linearly over time with more 

than 60% of the initial c6 internalized after 8 hours of exposure demonstrating the system potential for improve 

retention at inflamed areas avoiding clearance by the lymphatic system. Cytotoxicity studies showed a statistically 

significant reduction of the cell viability when comparing encapsulated DEXA with the free drug. No significant 

differences in % NO release and M1/M2 genes expression ratios were observed when DEXA-loaded NPs are 

compared to free drug. Results demonstrate no compromise of the anti-inflammatory capacity of encapsulated DEXA. 

  

Conclusion 

DEXA-loaded NAP-based NPs were successfully prepared with hydrodynamic properties that may favor 

accumulation and retention at inflamed areas as they are rapidly sequestered by macrophages. In vitro biological 

studies demonstrated a reduced cytotoxicity without compromising anti-inflammatory activity of DEXA when 

compared to the free drug. 
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Graphical Abstract 
(Up) Schematic presentation of the copolymeric 

system and nanoparticulated system obtained when 

it self-assembles in water. (Down) Schematic 

presentation of the in vitro evaluation of the 

anti-inflammatory capacity of the system. 
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Over the last 50 years, biomaterials, prostheses and implants saved and prolonged the life of millions of humans 

around the globe. The main clinical complications for current biomaterials and artificial organs still reside in an 

interfacial mismatch between the synthetic surface and the natural living tissue surrounding it. Today, 

nanotechnology, nanomaterials and surface modifications provides a new insight to the current problem of 

biomaterial complications, and even allows us to envisage strategies for the organ shortage. Advanced tools and 

new paths towards the development of functional solutions for cardiovascular clinical applications are now available. 

In this talk, the potential of nanostructured metallic degradable metals to provide innovative solutions at medium term 

for the cardiovascular field will be depicted. Focus will be on Fe-based biodegradable metals with exceptional 

resistance, ductility and elasticity, for pushing innovative applications in vascular surgery. The intrinsic goal of this 

talk is to present an extremely personal look at how biodegradable metals can impact materials, surfaces and 

interfaces, and how the resulting unique properties allowed biomedical functional applications to progress, from their 

introduction, to the promising future that biodegradable metals may or may not hold for improving the quality of the 

life of millions worldwide. 
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Introduction 

Non-degradable metals used such as cobalt chromium  or nitinol used as a platform for stents or heart valves are 

the gold standard in terms of mechanical strength and scaffolding properties. However, chronic foreign body reactions 

and non-physiologic vessel restraints, i.e. the “caging” of anatomic structures, have intensified the search for strong 

but yet degradable metallic backbones of cardiovascular implants. Zn and Mg are essential trace elements of the 

human body that are daily incorporated without toxic side effects. Allergies towards the two trace elements do not 

exist. Both metals are characterized by an excellent biocompatibility, and Zn- and Mg alloy platforms have emerged 

as valuable implant alternatives compared with non-degradable metals in recent trials. 

  

Experimental Methods 

-Modern Zn- and Mg-stents and stentgrafts are characterized by an alloy backbone that fulfills mechanical 

requirements of an implant in human arteriosclerotic disease by far better that currently tested bioresorbable polymer 

stents. In addition, superior performance in terms of elongation to fracture rate, lessened elastic recoil, and consistent 

degradation pattern will lead to a rapidly increasing clinical utility of Zn-and Mg stents. 

  

Results and Discussion 

  -Mg-stents have already been approved in Europe and have been tested extensively in clinical trials of coronary 

artery disease. The best studied Mg-stent (Magmaris) is characterized by complete human biocompatibility and 

performs similar compared with standard cobalt chromium stents if catheter based removal of calcium rich stenotic 

plaques was performed by the physician prior to vessel implantation.  A novel approach is a Zn alloy stent platform 

which allows a faster and more precise stent implantation with better mechanical performance in pre-clinical animal 

models. Furthermore, Mg alloys cause damaging H2 production and rapid material degradation whereas Zn alloys 

do not. Thus, Zn alloy could replace Mg alloy as a stent with better scaffolding properties in the near future. 

  

Conclusion 

Zn- and Mg alloys are good and clinically needed candidates for the improvement of cardiovascular implant 

technology according to recent studies worldwide. The results of ongoing trials studying these implants are eagerly 

awaited. 
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Introduction 

Development of biodegradable materials for bone repair is one of the important research directions in recent years. 

For fracture fixation and scaffolding applications, the use of biodegradable implants eliminates the need for second 

surgical intervention of implant removal. In addition, use biodegradable materials will allow complete tissue 

regeneration without the risk of chronic inflammation and stress shielding. 

For load-bearing applications, biodegradable polymers are weak and biodegradable ceramics are brittle. 

Biodegradable metals such as Mg and Fe are strong and ductile and are considered promising candidates for load-

bearing biodegradable orthopedic implants. However, degradation of Mg based materials is too fast and 

accompanied by release of hydrogen. Degradation rate of Fe based alloys is too low for biodegradable orthopedic 

implants, since complete degradation requires more than a year1,2. 

In recent studies we showed that pronounced increase of Fe degradation rate can be achieved in Fe-Ag 

nanocomposites as a result of formation of Fe-Ag nanogalvanic couples, as compared to degradation rate of Fe-Ag 

composites with grainsize of tens of microns3. In present research nanosize iron oxide (Fe2O3) was introduced as 

the cathodic second phase to increase the degradation/corrosion rate of nanostructured Fe. Fe2O3 nanoparticles are 

especially attractive due to their broad biomedical applications, such as magnetic resonance imaging (MRI) and 

targeted delivery of drugs in tumor therapy. 

  

Experimental Methods 

Fe-10Fe2O3 nanocomposite powders were prepared employing two methods: a) high-energy attrition milling of Fe 

and Fe2O3 nanopowders blends for 30 min; b) partial reduction of Fe2O3 nanopowder in hydrogen flow at 425°C for 

1.5 h (schema in Fig. 1). Nanocomposite powders were cold sintered/high pressure consolidated at pressures up to 

3GPa to result in near dense Fe-Fe2O3 nanocomposites with 4-5% open porosity that was used for drug loading. 

Heat treatments at 300°C in Ar flow were employed to remove residual stresses caused by plastic deformation during 

consolidation and improve bonding between particles. 

Materials were characterized by XRD, SEM, HRSEM with EDS. Mechanical properties were tested in compression 

and bending. Degradation behavior in vitro was studied employing immersion test in saline solution for periods up to 

4 weeks. Drug loading into interconnected system of open pores and drug release into TRIS solution was investigated 

using antibiotic - vancomycin and antitumor drug -doxorubicin. 

Toxicity of developed nanocomposites was studied in vitro on human osteoblast cells. 

  

Results and Discussion 
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High resolution SEM micrograph of Fe-10Fe2O3 nanocomposite cold sintered from partially reduced Fe2O3 is 

presented in Fig. 2 (plasma etched surface). Partial reduction of Fe2O3 nanopowders allowed to obtain Fe-10Fe2O3 

nanocomposites with more homogeneous distribution of finer Fe2O3 phase as compared to nanocomposites prepared 

from attrition milled Fe-Fe2O3 nanocomposite powders. Near to dense (95% theoretical density) Fe-10Fe2O3 

nanocomposites from partially reduced Fe2O3 nanopowders with <100 nm grainsize exhibited high strength of 1035 

MPa in compression, slightly higher than from attrition milled powders. This is 4 times higher than reported data for 

Fe-10Fe2O3 with grainsize 25 μm4. Annealing at 300°C resulted in improvement of ductility with retention of nano-

structure and high mechanical properties. The degradation rate of cold sintered Fe-10Fe2O3 nanocomposites after 4 

weeks immersion was 2-fold that of the nanostructured pure Fe and 30 times higher than for Fe-10Fe2O3 composites 

with micron size grains. The proposed processing approach allows loading of antibiotics and antitumor drugs via 

incorporation into the interconnected system of open nanopores of Fe-Fe2O3 nanocomposites under vacuum and 

following slow release of drugs from nanopores. 

  

Conclusion 

High mechanical properties of biodegradable Fe-10Fe2O3 accompanied by high degradation rate required for 

biodegradable implants were obtained by nanostructuring and homogeneous distribution of galvanic Fe-Fe2O3 

nanocouples. Interconnected system of open nanopores obtained during high pressure consolidation allowed 

vacuum loading of antibiotic and antitumor drugs into Fe-10Fe2O3 nanocomposites and slow release of drugs during 

immersion of specimens into TRIS solution. In cell culture experiments, Fe-10Fe2O3 nanocomposites supported the 

attachment of human osteoblast cells and exhibited no signs of cytotoxicity. 
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Fig. 1 - Schema of Fe-Fe2O3 nanocomposite 

fabrication 
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Fig. 2 - Fe-10Fe2O3 nanocomposite prepared by 

cold sintering of partially reduced Fe2O3 

nanopowder 
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Introduction 

Magnesium alloy LAE442 has been tested as cylindrical implants with promising results regarding homogeneous 

degradation, mechanical stability due to supplementation of rare earth elements and biological compatibility [1]. 

Additionally, pore size over 100 µm increase osteoconductivity for other implant materials [2]. Therefore, an open-

pored cylindrical LAE442 scaffold was used, which could possibly show good results as bone graft substitute. The 

aim was to compare the degradation performance as well as the stimulating effect on the ingrowth behaviour of bone 

between two different pore sizes. 

  

Experimental Methods 

Open-pored scaffolds (4 mm x 5 mm) of the magnesium alloy LAE442 (4 wt. % Li, 4 wt. % Al, 2 wt. % rare earth 

elements) were produced by investment casting and coated with MgF2. Scaffolds with pore sizes of 400µm (p400) 

or 500µm (p500) were placed in the not weight-bearing, cancellous part of the greater trochanter major of rabbits. 

For every time period (6, 12, 24 and 36 weeks) ten scaffolds of each implant type were inserted. Implants of porous 

beta-tricalcium phosphate (ß-TCP) of equal dimensions served as a reference. In-vivo µCT investigations of long-

term implants (36 weeks) were performed to evaluate the degradation behaviour. After each time point cross-sections 

of the implant-bone compound were prepared, stained with toluidin blue and evaluated for structural changes of the 

implant, remodelling processes of bone and for cellular reactions. Furthermore, REM and EDX measurements were 

carried out in order to locate element contents in specific areas. 

  

Results and Discussion 

Clinically, all animals tolerated LAE442 and ß-TCP scaffolds well. Both LAE442 scaffolds degraded equally slowly, 

and the implant density and volume did not show any significant difference between both pore sizes. ß-TCP was 

completely resorbed in all animals after 36 weeks. Few bone-scaffold contacts were visible at the outer rims for p400 

as well as for p500. 

In contrast to ß-TCP, bone marrow cells surrounding LAE442, were displaced by increasing areas of gas. Therefore, 

the granulation tissue was not able to completely invade the scaffolds. Both scaffolds showed mild to moderate 

infiltration of blood vessels and mild accumulation of macrophages. In contrast, trabecular bone and bone marrow 

cells migrated into ß-TCP 6 weeks after surgery without cellular signs of inflammation. Starting in week 24, more 

immature bone matrix was visible in p500 compared to p400. However, p400 showed slightly more mature bone 

islands after 36 weeks. ß-TCP was traversed by mature bone at the end of the examination period. 
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Whereas a granulated surface with incorporated cracks was visible for LAE442 scaffolds histologically, EDX 

measurements showed an increasing degradation layer from week 6 on. Especially at the rims of the scaffolds, 

aggregations of calcium phosphate deposits were detected at later time periods. 

  

Conclusion 

An increasing bony basic matrix which includes slightly more mature bone within p400 shows a positive reaction of 

the host tissue to the open-pored Scaffolds. No differences in cellular reactions between the two different pore sizes 

may indicate a good biocompatibility. Displacement of granulation tissue by gas [3] and possible side effects of the 

alloying elements [4] could be the reason for an insufficient mineralization of the ingrowing substance. Controlling 

gas formation for magnesium implants to such an extent that the proliferative tissue reaction gets promoted remains 

a challenge. 
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Introduction 

Bioactive Ti alloy and bioactive glass having high bone bonding capacity currently become essential materials for 

bone repair in orthopedic and dental fields. The former is used as load bearing implant such as hip joint, while the 

latter is used as bone substitute. Requirement of providing antibacterial activity to these implants is arising to avoid 

bacterial contamination which could lead to prosthetic failure and pain for the patients. 

The aim of this study is to develop antibacterial and bioactive surfaces on Ti alloy and bioactive glass by chemical 

treatment using silver and defining characterization techniques suitable to compare a wide range of antibacterial and 

bioactive materials. 

  

Experimental Methods 

Ti-6Al-4V alloy plates were soaked in 5M NaOH solution, and then in a mixed solution of 50 mM CaCl2 and 50 mM 

SrCl2. They were heat treated at 600 ºC for 1 h, followed by soaked in 1M Sr(NO3)2 solution doped with 1 mM AgNO3. 

The resultant products were denoted by “Ti64(Sr+Ag)”. Other alloy plates were pre-treated with a diluted HF aimed 

to remove the natural titanium oxide layer, and subsequently treated  in H2O2 solution added with 1 mM AgNO3 

(denoted by “Ti64(HF-H2O2+Ag)”. Bioactive glass in a system of SiO2-Na2O-CaO-P2O5-B2O3-Al2O3 was also prepared 

and soaked in 30 mM AgNO3 solution to incorporate silver ions on its surface (denoted by “BG+Ag”). The sample 

surfaces were analyzed by FE-SEM, EDX, TEM, XPS, XRD, Raman, zeta potential measurement. Apatite formation 

was examined by soaking the samples in SBF [1]. Cytocompatibility of the samples for Human fetal pre-osteoblasts 

(hFOB) were investigated by cultivating the cells on the samples at 37 oC, 5% CO2. Antibacterial activity of samples 

to multi-drug resistant Staphylococcus aureus was evaluated according to ISO 22196 standard. 

  

Results and Discussion 

Ti64(Sr+Ag) and Ti64(HF-H2O2+Ag) showed nano-textured surfaces with oxide layers about 1.5 μm and 200 nm in 

thickness, while BG+Ag showed smooth surface. These surfaces contains 0.2, 0.3 and 0.4 % Ag, respectively. XRD 

and Raman revealed that Sr+Ag containing calcium titanate, anatase and rutile were produced on Ti64(Sr+Ag), while 

hydrogen titanate was produced on Ti64(HF-H2O2+Ag). In contrast, only a broad halo attributed to glass phase was 

observed on BG+Ag. It should be noted that the surface of Ti64(HF-H2O2+Ag) could be analyzed by Raman, but not 

by XRD, probably due to its submicron thickness. XPS and TEM reveled that silver was doped as metal nanoparticles 

on Ti64(HF-H2O2+Ag), while they gave no evidences of the presence of silver particles on Ti64(Sr+Ag) and BG+Ag. 

It is considered that silver was doped as ions on these samples. All the alloy and glass samples were negatively 

charged and formed apatite in SBF. Zeta potential measurement reveled that kinetics of reaction in SBF occurred 

faster on BG+Ag than alloy samples so as to induce apatite formation within 1 day. The mechanism of apatite 
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formation was considered to be different for these samples: it is based on chemistry of micro environment for 

Ti64(Sr+Ag), surface charge for Ti64(HF-H2O2+Ag), or ion exchange for BG+Ag. 

In antibacterial test, all the samples exhibited high antibacterial activity to multi-drug resistant Staphylococcus aureus: 

e.g. Ti64(Sr+Ag) and BG+Ag displayed 4.8 and 4.3-logs reduction compared with untreated alloy or bioactive glass 

without silver, respectively. Cytocompatibility test revealed no significant differences between Ti64(Sr+Ag) and 

untreated alloy, and also between BG+Ag and bioactive glass without silver. 

  

Conclusion 

Three types of antibacterial and bioactive materials with similar amount of Ag were prepared. The surface properties 

were compared by various types of characterization techniques. Ag is present as metal nanoparticles on Ti64(HF-

H2O2+Ag), while seems to be as ions on other materials. The materials formed apatite in SBF based on different 

mechanism and kinetics, indicating their high potential for bone bonding. Antibacterial activity was proved on all the 

materials without any cytotoxicity. These materials are promising for next generation implant because of their high 

antibacterial activity, cytocompatibility and apatite formation. 
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Introduction 

Graphene-based materials (GBMs) availability has increased and so has the exploitation of their applications.1 

Infection-protective coatings of medical devices and wound dressings, where cell interaction also occurs, are 

examples of applications requiring a clear understanding of the interaction between GBMs as a surface and the 

surrounding biological environment. Also, deeper insights on GBMs real effect when alone as a surface are still 

lacking. 2 Thus, a systematic study was designed, where films of oxidized and reduced GBMs are used to identify 

the surface features that most strongly affect the major biological systems: bacteria, mammalian cells, and blood 

components. 

  

Experimental Methods 

GBMs films were produced by vacuum filtration using GBMs with different layer thickness and oxidation degree 

(graphene oxide (GO) and reduced GO (rGO) - 0.34 nm thick; graphene nanoplatelets (M5) and their oxidized form 

(M5ox) - 6-8 nm thick). Films were characterized regarding elemental composition and functional groups by XPS, 

crystallinity and structural properties by XRD, surface topography by SEM and AFM, and wettability by contact angle 

measurements. The antibacterial performance was assessed towards clinically relevant Gram-positive/Gram-

negative bacteria with different sizes and morphology (S. epidermidis, S. aureus, P. aeruginosa, and E. coli) after 2 

h and 24 h. In vitro biocompatibility was evaluated towards human fibroblasts (HFF-1) after 1, 7 and 14 days. 

Adhesion, viability, and proliferation of bacteria and mammalian cells on films were quantitatively evaluated through 

LIVE/DEAD assay (PI/Syto9) and Ethidium-1/Calcein/Hoechst fluorescence staining, respectively, using high-content 

screening microscopy. Blood cells adhesion and activation were explored by SEM and fluorescence microscopy, and 

hemolytic activity was quantified by spectrophotometry. 

  

Results and Discussion 

XPS showed increased content of oxygen-containing groups in oxidized films (GO and M5ox, ~32%), with 

intermediate levels in rGO (13.5%) and negligible amounts in M5 (3.5%) surfaces. XRD confirmed that intrinsic 

crystallinity and structural properties of raw GBMs is maintained in films. SEM showed that graphene sheets’ sharp 

edges are exposed in M5 films, while a wrinkled surface with fused graphene platelets is observed on oxidized and 

rGO films. However, AFM highlights differences between them: GO and M5ox films have a smoother surface with 

nanotopography and low height variation (Sz GO = 1.0 μm, Sz M5ox = 1.3 μm), while rGO and M5 present 

microtopography and high peak to valley height heterogeneity (Sz rGO = 2.2 μm, Sz M5 = 1.7 μm) and more flat areas. 
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Oxidized surfaces are hydrophilic, while rGO and M5 get closer to hydrophobicity. Antimicrobial studies reveal an 

overall increase of adherent bacteria over time, despite lower adhesion levels in oxidized surfaces, suggesting that 

a higher degree of oxidation reduces bacterial adhesion. The reduced thickness of platelet flakes also better prevents 

bacterial adhesion, with the exception of S. epidermidis. Rougher and less or non-oxidized surfaces favor bacteria 

viability, possibly due to the ability to provide shelter for bacteria. S. aureus and P. aeruginosa are the less susceptible 

strains, while S. epidermidis seems to be more affected. Fibroblasts adhesion on films is similar after 14 days, with 

good viability being observed. Blood cells, namely erythrocytes, leukocytes, and platelets adhere to all materials, 

with higher numbers and higher platelet activation in rGO and M5 surfaces. None of the surfaces, however, induced 

hemolysis (< 5%). 

  

Conclusion 

Overall, this study shows a causative effect of surface morphology/chemistry on bacteria, fibroblasts and blood cells 

when different GBMs are integrated as a surface. More oxidized materials are more anti-adhesive while rougher and 

less oxidized surfaces favor bacterial adhesion and viability. Oxidation degree and size have less influence towards 

mammalian cells, with all materials allowing cell adhesion and viability up to 14 days. Less or non-oxidized surfaces 

cause a more active response from blood cells, however, none caused hemolysis. Medical applications should, 

therefore, take all this into account in order to achieve a faster bench-to-bedside transition. So, is there a perfect 

match? Perhaps: GO and M5ox seem to be the best candidates, fighting bacteria while allowing cells to thrive, even 

though blood components might get on the way. 
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Introduction 

The 3rd generation of Biomaterials aims for multifunctional devices effective in promoting the target tissue repair, 

favouring the surrounding tissue growth and preventing bacterial infection that is fast turning as the first reason for 

implants failure. Bone repair is a complex process that requires an effective cross-talk with the soft tissues at the 

interface as well as the formation of blood vessels to ensure biochemical signalling. Accordingly, in this study a Cu-

doped bioactive glass-zein composite coating has been applied onto the surface of bone implantable stainless steel 

316L specimens to improve the healing of bone (by bioactive glass) [1], to favour soft tissues colonization (by zein) 

[2] and to promote neo-vascularization (by copper incorporation) [3]. Moreover, the presence of copper enables a 

strong and broad-range antibacterial activity [4]. 

  

Experimental Methods 

Zein, bioactive glass (BG) 45S5 and Cu doped bioactive glass 45S5 particles were mixed in an ethanol/water solution 

before deposition process using electrophoresis. Discs of stainless steel 316L were used as substrates for the 

deposition process. SEM images were taken to evaluate the microstructure of the coatings. Degradation studies were 

performed in PBS immersion from 1 to 21 days. FTIR analysis was carried out to confirm the presence of the inorganic 

fillers in the coatings. Specimens’ cytocompatibility was in vitro demonstrated by direct contact with cells 

representative of target tissues: mature and progenitor osteoblasts (U-2 OS, hFOB 1.19), primary fibroblasts (HGF) 

and endothelial cells (EA.hy926) by means of metabolic evaluation (Alamar blue). Antibacterial activity was in vitro 

proved by infecting specimens with the orthopaedic-related pathogens Escherichia coli, Staphylococcus aureus and 

Staphylococcus epidermis. Copper ability to protect cells from infection was assesed by a co-culture system where 

hFOB progenitors were seeded onto specimens’ surface and then infected by the three strains above mentioned. 

Finally, copper efficacy to recruit blood vessels was in vivo tested by subcutaneous implantation into wild-type mice 

and four weeks post-implantation specimens’ histology. 

  

Results and Discussion 

Surface analysis revealed porous structures of zein and zein-BG-Cu coatings. Zein-BG coatings showed a worm-like 

surface structure. FTIR analysis confirmed the presence of the BG particles in the coatings. Degradation studies 

showed a slow degradation of zein coatings compared with the composites. Biological evaluation results are 

summarised in Figure 1 using hFOB progenitors and S. aureus as a representative example. Copper addition did not 

introduce any toxic effect as cell viability was comparable for all the composites (Fig. 1a); on the opposite, specimens’ 

antibacterial activity was increased as Cu-doping significantly decreased bacteria viability in comparison with other 
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compositions (Fig. 1b, p<0.05, indicated by §), indicating that the incorporation of Cu is effective in protecting cells 

after infection (Fig. 1c,  p<0.05, indicated by §). Finally, in vivo post-implantation composite surface histology 

confirmed a high density of blood vessels, likely attracted by the presence of copper, that were able to penetrate 

across the coating (Fig. 1d, indicated by red arrows). 

  

Conclusion 

The novel zein –Cu doped BG composite coatings developed in this study appear to be very promising to orchestrate 

all the events related to bone healing with the benefit of added antibacterial capability. 
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Figure 1. 
Biological characterisation. Copper-doped 

specimens (zein-BG-Cu) were cytocompatible (a) 

and effective in reducing bacterial metabolism 

(b) as well as able to protect pre-seeded cells 

from infection (c) in a significant manner in 

comparison to other compositions (p<0.05, 

indicated by §). In vivo post-implant histology 

(d) revealed the presence of blood vessels 

(indicated by red arrows). 
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Introduction 

Osteomyelitis (OM) is an inflammation of the bone triggered by an infection, which results in inflammatory destruction 

and tissue necrosis. Orthopedic surgeons face a difficult challenge in simultaneously repairing bone and inhibit 

infection in methicillin-resistant Staphylococcus aureus (MRSA) OM. The current treatment involves surgical 

debridement and prolonged systemic antibiotic therapy1, with a frequently ineffective outcome, expensive treatments, 

harmful side-effects and development of resistant bacteria. Thus, the combination of the local delivery of harmless, 

but potent, antibiotic agents with regenerative therapy would represent a substantial improvement. 

Antimicrobial peptides (AMPs) are part of the innate immune system with potential as novel therapeutic agents due 

to its high spectrum of antimicrobial activity and low propensity for bacteria to developing resistance.2 The bactericidal 

effect of LL37, the only known human cathelicidin, has been reported.3 Given its pro-angiogenic activity, LL37 has 

also demonstrated to promote wound healing.4 LLKKK18 (LL18), an LL37 analog, has been engineered to enhance 

antimicrobial properties and decrease toxicity, being three-fold more effective in the killing of mycobacteria than LL37. 

Vancomycin is a broad spectrum antibiotic currently being useful to treatment OM.5 Antimicrobial synergistic effects 

may be achieved when combining antibiotics with positively charged AMPs.6 Thus, a synergistic antimicrobial effect 

between LL18 and vancomycin is exploited. 

Overall, the present work aims to contribute to the construction of a system to the local treatment of OM, using LL18 

as an antimicrobial agent. For that, LL18 was incorporated into an injectable oxidized dextrin (ODEX) hydrogel.7 

  

Experimental Methods 

In order to evaluate the most effective antimicrobial concentration of LL18 in vivo, a process of acute osteomyelitis 

was established in rat tibia using a clinical MRSA isolated from a patient with an infected diabetic foot ulcer. Four 

different concentrations of LL18 were loaded into ODEX hydrogel7 prior to in vivo application: 0.2; 0.5; 0.7 and 1 

mg/mL (C1, C2, C3 and C4, respectively). A dose of vancomycin alone and vancomycin together with LL18 were 

also tested. At day 7 rats were sacrificed, remaining bone bacteria was quantified and damage in surrounding tissues 

was evaluated through histological analyses. 

  

Results and Discussion 

ODEX alone showed a significant antimicrobial effect, being able to reduce CFU/g to a half when compared to the 

control - with no treatment. The smallest and the highest dose used, C1 and C4, added no further antimicrobial effect 
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to ODEX. While C1 is too low, C4 ineffective result may be associated to aggregation or poor solubility at high 

concentrations. C2 and C3 had similar outcome and reduced bacteria to almost a half when compared ODEX. Both 

vancomycin and LL18-vancomycin conditions eradicated bacteria. Both LL18 and ODEX attenuated inflammatory 

response triggered by OM. C1 and C2 showed smaller histopathological scores than vancomycin conditions. 

  

Conclusion 

This work confirmed that in vitro antimicrobial activity of LL18 is observed in vivo. LL18 was not able to eradicate 

OM, but reduced considerable bacteria viability even though very low doses were tested. Despite intended to perform 

as a carrier and a controlled release system, ODEX hydrogel showed suitability for antimicrobial therapy. Neither 

LL18 nor ODEX induced an inflammatory response, revealing a good biocompatibility. The model of acute OM used, 

however, was not long enough as to reach conclusions regarding regenerative action of the cathelicidin analogue. 

Further studies in a chronic OM prolonged process are important to attain LL18 regenerative ability, as well as an 

improvement of bioavailability. 

Ongoing work: Despite LL18 advantages, exogenous administration is limited by enzymatic degradation and 

cytotoxicity, ultimately leading to an unsuccessful local delivery of AMPs. Dextrin is a medical grade water-soluble 

polymer degradable by human amylase, providing a good platform for a convenient, controlled drug release 

technology. Dextrin derivatives bearing reactive groups are being produced, in order to allow the conjugation of 

dextrin to LL18 and to cholecalciferol. Vitamin D plays a key role in the human immune response to infections as it 

induces the production of cathelicidin. Thus, the supplementary administration of dextrin and vitamin D3 conjugates 

could further enhance LL18 bioactivity. After detailed characterization and in vitro testing, the conjugates will be 

evaluated in vivo for the treatment of chronic OM. 
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Local delivery of LLKKK18 
Different concentrations of LLKKK18 are 

dissolved in oxidized dextrin-based (ODEX) 

hydrogel. A process of acute osteomyelitis is 

established: a bone defect is performed in rat 

tibia prior addition of bacteria inoculum. Then, 

the hydrogel is immediately injected within the 

site of infection. After sacrifice, remaining 

bacteria in the tibia is removed by sonication 

and quantified by Colony Forming Units (CFU) 

counting. 
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Introduction 

The bactericidal effects of silver nanoparticles (Ag-NP) against infectious strains of multiresistant bacteria are well 

known nowadays, but their utilization is highly limited by their cellular toxicity and, consequently, the narrow 

therapeutic window. There are only a few studies on the bacterial uptake of Ag-NP, and as a result, the mechanism 

behind their toxic and antimicrobial properties are still not fully understood. 

  

Experimental Methods 

In this work, we used silver-gold (AgAu) alloy nanoparticles as antimicrobial agents, which were synthesized by 

pulsed laser ablation in liquids. This process does not need any artificial organic ligands as stabilizers and thus may 

avoid potential toxic cross-effects [1]. The ablated particle showed a completely homogeneous elemental distribution 

of the desired composition and crystal structure, identical to the ablated bulk target, which was verified by EDX line 

scans and XRD [2,3]. Through biological assays with oocytes, bacteria and human fibroblasts, we can show that 

there is a non-linear decrease of the bactericidal effects with an increasing gold molar fraction [4,5], probably 

originating from the inhibition of Ag dissolution by the more noble metal gold. Besides, we determined that the cellular 

uptake of silver and gold nanoparticles by oocytes is material dependent. To study the bacterial uptake of nano-silver 

we use the model bacterium Staphylococcus aureus. 

  

Results and Discussion 

Interestingly recent studies on the cellular uptake of AgAu alloy nanoparticles by the bacterium S. aureus revealed 

that only small particles could be found inside of the bacteria. High-resolution EDX measurements of the internalized 

particles showed that they were significantly more silver-rich than the primary particles (Ag > 95% inside in contrast 

to 50:50 outside). Based on these findings we conclude that these silver-rich particles were probably formed by 

particle dissolution, cellular uptake of silver ions and intercellular reduction to form silver nanoparticles. 

  

Conclusion 

With the help of the AgAu alloy nanoparticles, we were able to understand the mechanism of Ag nanoparticles uptake 

by bacteria, which could be relevant for numerous studies dealing with cellular uptake and antimicrobial activity of 

nano-silver. 
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Introduction 

One of the recent advances in the development of drug encapsulation and delivery systems has been the emergence 

of living materials, that contain genetically modified living organisms performing enhanced functions. We are 

developing living hydrogels containing bacteria that act as productive, adaptable and replenishable on-demand drug 

delivery repositories.1,2 The polymer matrix of the hydrogel maintains the structural integrity inside the bodily 

environment while the living organisms produce the optimal amount of drug at the required time of delivery. Here we 

demonstrate the development of a hydrogel system to encapsulate genetically engineered E. coli bacterial strain, in 

3D bioprinted scaffolds, leading to a light-regulated, localized, tunable and prolonged drug release. 

  

Experimental Methods 

The light-regulated drug-producing E. coli strain was engineered by incorporating the genes related to the metabolic 

synthesis of the drug into a light responsive optogenetic plasmid.2 Bacteria was encapsulated in 3D-bioprinted 

constructs capable of being crosslinked on UV light exposure using a free-radical photoinitiator. These constructs 

were used to study the effect of change in the crosslinking density and thus the mechanical properties on the bacterial 

growth rate. Thin films of bacterial hydrogels were casted on the porous membrane (0.4 µm diameter pores) of 

transwell inserts to detect the drug production after 48 h irradiation on light exposure.          

  

Results and Discussion 

After 48 h within the physically crosslinked hydrogel, the bacterial growth observed was 20 times higher than that in 

the chemically crosslinked hydrogel. Also, with increasing chemical crosslinking density, the drug production reduced 

ten-fold. Intermediate bacterial growth and drug release were observed with intermediate physical and chemical 

crosslinking in the hydrogels. 

  

Conclusion 

Genetically engineered bacteria were successfully encapsulated inside 3D bioprinted hydrogel system. We 

demonstrate the possibility of controlling the bacterial growth by tuning the mechanical properties of the hydrogel and 

thus the drug release in situ, using an optogenetic strategy. 
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Introduction 

Polysaccharides are biodegradable, biocompatible and non-toxic biopolymers derived from renewable sources 

showing great potential for several biomedical applications, such as the prevention and treatment of staphylococcal 

infections. A strategy to treat these infections is the use of polysaccharides in antimicrobial therapy. Polysaccharide 

based in situ-forming hydrogels are able to improve the efficacy of the loaded drug(s) by overcoming different 

drawbacks like: burst effect, high systemic toxicity, side effects and fast degradation [1,2]. In this work we investigated 

the efficacy of anionic polysaccharidic hydrogels as vancomycin stabilizers. The newly biocompatible and 

biodegradable designed formulations could be potentially used as enhancers of drug structural stability overcoming 

its degradation pathways. 

  

Experimental Methods 

Hyaluronic acid, alginic acid, propylene glycol alginate, xanthan gum and dextran (as control) were used as anionic 

polysaccharides, while vancomycin was selected as a cationic drug. Polysaccharide-vancomycin solutions containing 

a fixed amount of polysaccharide (5mg/mL) and polysaccharide-vancomycin hydrogels at gel-point concentrations 

were formulated in aqueous media at pH 7.4 and pH 9 (i.e. vancomycin isoelectric point). Chemical stability tests of 

polysaccharide/antibiotic solutions and hydrogels were performed for 22 days by HPLC-DAD-MS. Placebo hydrogels 

and drug-loaded systems were characterized by rheological analysis at 37°C, to evaluate the presence of ionic 

complexes between negatively charged polysaccharides and the positive charges of the drug. Vancomycin release 

studies were conducted at 37°C upon addition of PBS (pH 7.4) on top of the gels. The antimicrobial activity of the 

complexes was tested against Staphylococcus aureus at 106CFU/mL after 24,48 and 72 hours via microdilution 

method and by contact susceptibility tests. 

  

Results and Discussion 

The chemical stability of the drug can be achieved by physical encapsulation of the drug into the hydrogel networks 

at physiological conditions. The polysaccharidic solutions with ±24% of drug stability (Figure 1a) and polysaccharidic 

hydrogels with ±40% of drug stability (Figure 1b) are able to preserve the vancomycin native structure compared with 

drug solution. The results show that not all polymers were able to stabilize the drug to the same extent. Vancomycin 

stability is governed not only by physical network encapsulation, but also by ionic interaction between drug and 

polysaccharidic matrix thanks to self-assembling ionic complexes composition. To validate this hypothesis, stability 

studies were also performed at pH 9, when vancomycin is uncharged. As depicted in Figure 2, ionic bonds are 

essential to promote the improvement of vancomycin stability. In addition, the formation of complexes affects 
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rheological characteristics of the systems. More in detail, the presence of the peptide confers to hyaluronic acid and 

propylene glycol alginate formulations the transition from an entangled solution to a gel-like rheological behaviour. 

Otherwise, unloaded xanthan gum formulations displays a gel-like rheological behaviour and, when loaded with 

vancomycin, an evident increase of both viscoelastic moduli was detected. Regarding alginic acid, no significant 

changes, between unloaded and loaded gels, were observed. Release tests were performed for 70 hours before the 

beginning of hydrogel degradation process. Figure 1c shows different release kinetics according to the nature of the 

polymer. A 60% of vancomycin release is achieved within three days for all formulations. Antimicrobials susceptibility 

tests show a significant bacteria reduction compared to the vancomycin in solution, and only hyaluronic acid fails to 

stop bacterial growth. In particular, xanthan gum reaches the ±91.5% of bacteria reduction until 24h and a zone of 

inhibition of ±24mm, promoting as best candidate. 

  

Conclusion 

Vancomycin-polysaccharidic hydrogels are able to preserve the structural stability of the drug enhancing its 

antimicrobial activity in physiological environment thanks to the physical encapsulation and self-assembling ionic 

complexes configuration. Furthermore, these designed formulations could be used as functional coating in the 

treatment of wound infections and in the prevention of implant-associated infections. 
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Figure 1. 
Chemical stability of native vancomycin at pH 7.4 

loaded into (a) polysaccharidic solutions and (b) 

polysaccharidic hydrogels; (c) cumulative release 

of vancomycin in PBS pH 7.4, 37°C. 

 

 

Figure 2. 
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Comparison of vancomycin decay at pH 7.4 (ionic 

interaction) and pH 9.0 (vancomycin isoelectric 

point) complexed with polysaccharide solutions. 
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Introduction 

In the last decade, nanomaterials have gained increasing research interest due to their unique properties and 

usefulness in biomedicine. The range of clinical applications of inorganic nanoparticles is broad, from contrast 

enhancers in diagnostic imaging to carriers of therapeutic biomolecules (e.g. antibodies or RNA) into eukaryotic cells, 

both in vitro and in vivo [1,2]. Calcium phosphate (CaP) nanoparticles have a high affinity to nucleic acids and 

therefore can serve as their carriers into cells in targeted delivery. They are characterized by high biocompatibility 

and biodegradability, as CaP is the natural inorganic component of human hard tissue (bone and teeth), and are 

readily taken up by cells. The process of nucleic acid delivery enables to modify and control gene expression in cells 

[3]. Small interfering RNA (siRNA) is a potent therapeutic biomolecule well known for its ability to inhibit gene 

expression in cells by RNA interference. siRNA-mediated silencing of genes involved in inflammatory processes, e.g. 

NF-κB p65, is a promising therapeutic strategy to overcome a variety of inflammatory diseases [4]. 

  

Experimental Methods 

Our aim was to synthesize and characterize fluorescent CaP nanoparticles (with and without p65-specific siRNA 

loading), and evaluate the cellular uptake of these nanoparticles as well as the gene silencing of NF-κB p65 in murine 

cells. Fluorescent CaP nanoparticles were synthesized by precipitation, stabilized with Cy5-labeled 

polyethyleneimine, loaded with p65-siRNA (functional or scrambled) and coated with a silica shell. The nanoparticles 

were purified by centrifugation, and characterized by dynamic light scattering (DLS), atomic absorption spectroscopy 

(AAS) and scanning electron microscopy (SEM). The nanoparticles were also tested for the presence of endotoxins 

(pyrogenicity). To evaluate the cellular uptake of the nanoparticles, mouse monocytes (cell line J774A.1) and mouse 

endothelial cells (SVEC4-10) were incubated with the fluorescent nanoparticles (without siRNA loading) in 2D 

cultures up to 48h. The uptake efficiency was determined by confocal laser scanning microscopy (CLSM). For 

evaluation of the gene-silencing efficiency, J774A.1 cells were incubated with siRNA-loaded nanoparticles in 2D 

cultures for 48h. The expression of the NF-κB p65 proteins and NF-κB p65 mRNA (messenger RNA) in cells was 

determined by Western Blot and Real-Time PCR, respectively. 

  

Results and Discussion 

CaP nanoparticles were spherical with an average size of 50 nm (by SEM) and a ζ-potential of +30 mV. The 

nanoparticles were colloidally stable, efficiently loaded with siRNA (approx. 95% of the biomolecules were 

incorporated) and non-pyrogenic. The concentration-dependent uptake of the nanoparticles was confirmed in both 

cell lines. Nanoparticle-mediated gene silencing was demonstrated in monocytes. The NF-κB p65 expression was 

decreased by the nanoparticles in a concentration-dependent manner up to 85% on protein level and 25% on mRNA 

level for the highest studied siRNA concentration (0.5 µg/mL). 
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Conclusion 

CaP nanoparticles can be used as tools for nucleic acid delivery and gene silencing in cells. They have the potential 

to be widely applied in the treatment of various inflammatory diseases. 
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Within the biofabrication field, two main material strategies are currently being explored. 

When a biomaterial is applied to produce the structure, the material can either be used as 

a biomaterial ink or as a bioink. Biomaterial ink refers to the use of a prefabricated scaffold 

obtained via additive manufacturing for subsequent cell seeding. The term bioink refers to 

a mixture already containing cells prior to additive manufacturing.   

Lithography-based bioprinting offer some advantages compared to conventional 

technologies. During this special symposium both biomaterial inks and bioinks processed 

using light-based techniques (stereolithography, two-photon polymerization, photo-

crosslinking during extrusion) will be covered. Abstracts covering hydrogels of natural or 

synthetic nature, in which hypotheses-driven biological properties are linked to structural, 

chemical and/or processing features interacting with cells of any kind are particularly 

sought in this symposium. With a transversal approach, this symposium will discuss the 

key factors of light-based processing of hydrogels which modulate the in vitro 

microenvironment and elucidate how the newly developed knowledge will enable clinical 

translation and commercialisation of light-based 3D printing in the years to come. 
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High Definition 3D Printing of Photopolymers for Biomedical 

Applications 

Aleksandr Ovsianikov1,2 

1Technische Universität Wien (TU Wien), 3D Printing and Biofabrication, Vienna, AT; 2Austrian Cluster for Tissue 

Regeneration, Austria, AT 

 
Development of biomaterials for 3D printing is an established direction in modern research [1]. Different 3D printing 

approaches impose specific requirements on the properties of these materials. Bioprinting technologies rely on 

hydrogels precursors, which can be processed in the presence of living cells, the so called bioinks [2]. Lithography 

based approaches implement materials, which can be cross-linked by exposure to UV or visible light. Among them 

multiphoton lithography stands out as a method providing access to multiple levels of spatial resolution, capable of 

producing features smaller than mammalian cells. Recently developed materials and photoinitiators enabled 

realization of such high-resolution structures directly in the presence of living cells [3]. In this contribution resent 

advances in the field of multi-photon processing of photopolymers, including hydrogels for bioprinting will be 

presented. 
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The lack of sufficient numbers of donor organs for human transplantation therapies results in the loss of tens of 

thousands of lives and costs tens of billions of dollars each year in the US alone. However, the ability to create, de 

novo, functional organ replacements to treat human disease is fundamentally limited by the lack of a comprehensive 

vascularization strategy for engineered three-dimensional (3D) tissues. Solid organs transport fluids through distinct 

vascular networks that are biophysically and biochemically entangled, creating complex three-dimensional (3D) 

transport regimes that have remained difficult to produce and study. We establish intravascular and multivascular 

design freedoms with photopolymerizable hydrogels by using food dye additives as biocompatible yet potent 

photoabsorbers for projection stereolithography. We demonstrate monolithic transparent hydrogels, produced in 

minutes, comprising efficient intravascular 3D fluid mixers and functional bicuspid valves. We further elaborate 

entangled vascular networks from space-filling mathematical topologies and explore the oxygenation and flow of 

human red blood cells during tidal ventilation and distension of a proximate airway. In addition, we deploy structured 

biodegradable hydrogel carriers in a rodent model of chronic liver injury to highlight the potential translational utility 

of this materials innovation. These technologies provide a flexible platform for a wide array of specific applications, 

and may enable the scaling of densely populated tissue constructs to arbitrary size. 
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Introduction 

Vascularization plays a crucial role in bone formation and regeneration process1. Development of a functional 

vasculature to improve survival and integration of tissue-engineered bone substitutes remains a major challenge. 

Biofabrication technologies, such as bioprinting, have been introduced as promising alternatives to overcome issues 

related to lack of prevascularization and poor organization of vascular networks within the bone substitutes2. Among 

them, Laser-Assisted Bioprinting (LAB) has emerged as a rapid and high-resolution prototyping method allowing for 

precise organization of biomaterials for tissue engineering and regenerative medicine applications3. In this context, 

this study aimed at organizing endothelial cells in situ using LAB, in mouse calvaria bone defects, to generate a 

prevascularization with a defined architecture, and promote in vivo bone regeneration. 

  

Experimental Methods 

The LAB workstation comprised a laser, focused on a quartz ribbon that was coated with a thin absorbing layer of 

gold and a 30 µm layer of cell bioink. This technology was used to print Red Fluorescent Protein (RFP)-labeled 

human umbilical vein endothelial cells (HUVECs) in situ into mouse calvaria bone defects of critical size, prefilled 

with collagen containing stem cells from the apical papilla (SCAPs) and vascular endothelial growth factor (VEGF). 

First, accuracy and safety of LAB procedure were assessed. Then, the impact of different cellular configurations on 

vascularization organization, vessel density, and bone regeneration was investigated in vivo. Statistical analyses 

were performed using GraphPad Prism software (GraphPad, San Diego, CA, USA). 

  

Results and Discussion 

LAB technology allowed safe and controlled in vivo printing of different cell patterns. In situ printing of endothelial 

cells gave rise to organized microvascular networks into bone defects (Fig.1). At two months, vascularization rate 

(vr) and bone regeneration rate (br) showed statistically significant differences between the “random seeding” 

condition and both “disc” pattern (vr=+203.6%; br=+294.1%) and “crossed circle” pattern (vr=+355%; br=+602.1%). 

These results indicate that in vivo Laser-Assisted Bioprinting is a valuable tool to introduce in situ prevascularization 

with a defined configuration and promote bone regeneration. 

In situ bioprinting provides interesting perspectives for clinical applications and could evolve to be integrated into a 

sterile operating room. Recent studies focused on the development of technologies for scaling-up and automating 

the fabrication of 3D engineered tissues in order to increase production and improve product consistency4. 

Applications of in vivo printing for clinical practice imply the development of user-friendly and transportable 

bioprinters, that could rapidly generate constructs of clinically relevant size in clinics directly onto the patient. This 
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would constitute an innovative and personalized therapeutic approach, allowing for the fabrication of “tailor-made” 

substitutes. 

  

Conclusion 

In conclusion, the results presented here demonstrate that Laser-Assisted Bioprinting is a relevant technology to 

organize in situ prevascularization in vivo. Defined local cell density and printing parameters allowed the generation 

of microvascular networks with defined configurations into critically-sized bone defects. The results showed that in 

situ printing of HUVECs improved vascularization and bone regeneration into critical bone defects in mice. This work 

has important prospects in the field of regenerative medicine as it offers an alternative approach to induce in situ 

prevascularization and promote bone regeneration. 
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Figure 1 
Observation of calvaria bone defects and 

fluorescence detection of printed RFP-labeled 

HUVECs at two months, for each printed condition 

: a) “ring” pattern, b) “disc” pattern, c) 

“crossed circle” pattern. 
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Fabrication of Hydrogels with Stiffness Gradient by Two-Photon 

Polymerization for analyzing the Durotaxis of Cells 
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Introduction 

The extracellular matrix (ECM) of native tissues is characterized by defined physicochemical and biochemical 

properties. The elastic modulus ranges from very soft for brain tissue (0.1-0.5 kPa) and adipose tissues (1‐3 kPa) 

over medium stiff for muscular tissue (10-15 kPa) until very stiff for bone and teeth (0.4‐17 GPa). Tissue stiffening is 

a consequence of collagen remodelling, whereas mechanical signals from the ECM lead to proliferation, 

differentiation and cell migration[1]. Migration of cells is important in many natural processes like tissue 

morphogenesis and homeostasis, angiogenesis, and wound healing or even in tumour progression. Thus, cells 

respond to stiffness changes by migration to the stiffer area, which is called durotaxis or they migrate to softer areas, 

which is known as inverse durotaxis[2]. The knowledge of the mechanism of these phenomena is very important for 

the establishment of biomaterials for disease modelling applications. 

Because the ECM consists mainly of collagen and glucosaminoglycans, hydrogels are a suitable material for 

simulating the ECM because of their high water content and excellent biocompatibility. Several synthetic and natural 

hydrogels were already used as materials for fabrication of an artificial ECM, such as poly(ethylene glycol), 

poly(glycolic acid), collagen or hyaluronic acid[3]. In principle, the polymer for simulating the ECM should have defined 

properties, such as high biocompatibility and moderate biodegradability as well as tissue specific stiffness, pore size 

and porosity. One method for fabrication of hydrogels with defined stiffness is the two-photon polymerization (2PP). 

In 2PP, the light of a femtosecond laser is focused over an objective lens inside a photoactive polymer precursor 

(Figure). Radical polymerization occurs only in the focus volume of the sample leading to a resolution in the nm 

range. By moving the laser focus through the sample a three dimensional structure can be generated[4]. 

The aim of this study was to develop hydrogels with stiffness gradient to analyze the effect of stiffness on the 

proliferation and the phenotype of various cell types, like osteoblasts or fibroblasts. 

  

Experimental Methods 

We prepared hydrogels based on collagen-I and methacrylated hyaluronic acid, whereas collagen-I was cross-linked 

by natural fibrillation of the collagen-I molecules. Collagen-I-hyaluronic acid-methacrylate hydrogels with stiffness 

gradient were prepared by 2PP, through variation of the structuring parameters. The Young`s modulus of the gradient 

gels was measured by atomic force microscopy (AFM). Cell response of osteoblasts and fibroblasts was analyzed in 

dependency of the stiffness gradient by confocal fluorescence microscopy (CLSM) 72 h post culture. 

  

Results and Discussion 

Results of the AFM studies showed that we successfully established hydrogels with stiffness gradient by 2PP. Thus, 

when increasing the hatching distance during the 2PP process the stiffness increases from 5 kPa to 20 kPa, stiffness 

in the range of connective tissue and osteoid. Cell culture study showed excellent biocompatibility of the hydrogels, 
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whereas osteoblasts and fibroblasts build up a confluent cell layer after 7 d. CLSM images showed that osteoblasts 

preferred the stiffer cross-linked areas and a highly spread phenotype with formation of actin-myosin stress fibers 

was visible. In contrast to the durotaxis of the osteoblasts, fibroblast showed inverse durotaxis. Thus, these cells 

adhered preferentially on the softer areas of the gels. Due to the soft substrate, no distinct actin filament structure 

was observed for the fibroblasts. 

  

Conclusion 

The results of the study demonstrate, that we successfully established hydrogel networks based on collagen-

hyaluronic acid-methacryate hydrogels with stiffness gradient. Furthermore, we have demonstrated durotaxis of 

osteoblasts and inverse durotaxis of fibroblasts in the investigated stiffness range. Thus, these hydrogels are a 

promising tool for tissue engineering and disease modelling applications. 
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Principle of two-photon polymerization 
The light of a femtosecond laser is focused over 

an objective lens inside a sample. A three 

dimensional structure is generated by moving the 

laser focus throught the polymer. 
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1:00 p.m. – 2:30 p.m. 

Hall 2 

VIII-OS27 | Polymeric biomaterials 2 
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Introduction 

Synthetic materials commonly used in soft-tissue engineering have low deformability and stretchability. In addition, 

scaffolds structuration plays a key role in the control of cells behavior during regeneration[1]. The development of 

efficient biomimetic scaffolds requires the control of three-dimensional structures that have interconnected pores to 

promote host-tissue reconstruction[2]. In this work, we evaluate the impact of various architectures of electrospun 

degradable scaffolds (square motif and honeycomb motif) on their mechanical behavior and on their ability 

to promote cellular growth using time-lapse experiments.  

  

Experimental Methods 

Well defined structures PLA, PLA-PEG-PLA triblock copolymer and star-shaped PEG8arm-PLA block copolymer were 

synthesized via ring-opening polymerization for 5 days at 130°C. Polymer solutions in DCM/DMF (70/30 v/v or 50/50 

v/v) were prepared and electrospun with an applied voltage of 15kV. Those polymers were further electrospun to 

design architected scaffolds on micro-structured collectors. The analyses of morphology and orientation of the micro-

fibres were performed by SEM (ultra 55 SEM FEG, Zeiss, Jena, Germany). Mechanical measurements were carried 

out using ARES-G2 rheometer (TA Instruments, New Castle, DE, USA). Degradation tests samples were conducted 

in PBS (pH 7.4) at a constant temperature. C2C7 myoblasts were seeded on the different scaffolds (films, random 

fibres, and micro-structured) to evaluate their adhesion and proliferation over time. Concurrently, NIH3T3 GFP 

fibroblasts were seeded on architected scaffolds and direct cells observation was conducted over time upon 

colonization. 

  

Results and Discussion 

PLA, PLA-PEG-PLA and PEG8arm-PLA were electrospun to design both 3D architected fibrous scaffolds (square motif 

and honeycomb motif) and 3D non-architected fibrous scaffolds (random fibres). The mechanical properties of the 

architected fibrous scaffolds showed microstructure dependence (square-like scaffold versus honeycomb-like 

scaffold) and anisotropic behaviours. In addition, even though scaffolds micro-structuration nature did not influence 

degradation rate, the micro-structuration was maintained over three months degradation time.  Finally, the micro-

structuration of the architected scaffolds - square motif as well as honeycomb motif - guided cell colonisation and 

promoted their proliferation over time in comparison with random fibres. These results were confirmed by time-lapse 

experiments on architected and non-architected scaffolds. 

  

Conclusion 



ESB 2019 | Abstract Booklet 

Thursday, 12 September, 2019 
 

 

Page 508 of 1893 

Thanks to the design of a 3D architected scaffolds, myoblasts were guided and promoted over time upon colonization 

in comparison with non-architected scaffolds. Degradable architected fibrous scaffolds appear therefore as promising 

biomimetic materials for muscle reconstruction.  
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Direct NIH3T3 GFP fibroblasts observation on 

fibrous scaffolds over time upon colonization 
Scheme of different fibrous scaffolds (random 

and micro-structured fibres) (a). SEM image, 

micro-structured electrospun scaffold with a 

square motif (b). Two frames of GFP labelled 

NIH3T3 fibroblasts seeded on square motif 

electrospun scaffolds based on star-shaped PEG-

PLA copolymer. Confocal time-lapse imaging from 

0h (c) to 64h (d). Magnification X 10. 
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Introduction 

Scaffolds that are prepared by cryopolymerisation (cryogels) have become the center of much research focus for 

applications in tissue engineering and regenerative medicine [1]. Their high surface area, generated by their 

macroporous structure, offers versatile opportunities for a sustained release of potential therapeutics [1]. In order to 

make them injectable for minimally invasive applications in the brain, we have recently developed microscale cryogel 

particles, called microcarriers (MCs) [2]. These MCs, based on polyethylene glycol (PEG) and heparin, can bind and 

release positively charged molecules (growth factors) to the brain through electrostatic interaction with the negatively 

charged sulfate groups of heparin. Furthermore, it could be shown that the MCs have a good compatibility with brain 

tissue. However, the polydispersity of the MCs and the inconvenience of using animal sourced heparin, lead us to 

designing the next generation of charged MCs. Our aim was to use a flow focussing microfluidic device, to create 

purely synthetic and monodisperse microscale cryogels. 

  

Experimental Methods 

The microscale cryogels were synthesized by using a microfluidic flow-focussing device with a channel height and 

width of 100 µm that was fabricated by photo-lithography [3]. The dispersed phase contained the aqueous precursor 

solution either of poly(ethylene glycol) diacrylate (PEGDA) alone or PEGDA and 3-sulfopropyl acrylate potassium 

salt (SPA) and pegylated 2-Hydroxy-1-[4-(hydroxyethoxy)phenyl]-2-methyl-1-propanone (PEG-Irgacure 2959) as 

photoinitiator for both systems. The continuous phase was an immiscible fluorinated oil (HFE 7500, 3MTM, NOVEC), 

which contained a surfactant synthesized in our lab to create uniform stable droplets of the precursor solution. After 

reducing the temperature to -20°C for 2 hours, the frozen precursor droplets were photo-crosslinked using a UV 

lamp. Afterwards, the purfication was performed by adding a perfluorooctanol solution, followed by a series of 

washing steps in HFE, isopropanol and finally water to completely remove the oil phase. 

  

Results and Discussion 

Monodisperse, spherical and macroporous PEGDA and additionally functionalized PEGDA-SPA based microcarrier 

with high surface to volume ratio where successfully developed. The implementation of negatively charged moieties 

from the sulfate groups of SPA was verified by Raman spectroscopy, while the macroporous morphology could 

definitely be identified by scanning electron microscopy. With these insights, the now proposed and fully synthetic 

approach opens new possibilites and could provide better properties in comparison to the first generation of 

microcarrier system. 

  

Conclusion 
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Using a microfluidic flow focussing technique in combination with a cryogenic process and rapid photo-polymerization 

allows the fabrication of reproducible, uniform, non-charged and highly negatively charged microcarriers with a high 

throughput rate for applications for focal therapeutic delivery of partially positvely charged molecules like growth 

factors. The spherical and macroporous PEGDA and PEGDA-SPA scaffolds enable a potential loading and sustained 

release of molecules. Furthermore, the highly porous nature minimizes the dead space and allows shape memory 

properties for ease of injection. 
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Reaction scheme of microscale cryogels 
Reaction scheme of the non-charged PEGDA and 

negatively charged PEGDA-SPA based uniform, 

globular and macroporous cryogel scaffolds, 

synthesized by free radical photo-polymerization 

at subzero processing temperature 

 

 

  

 

Fabrication of microscale cryogels 
(A) Fabrication of monodisperse PEGDA and PEGDA-

SPA based droplets. (B) Freezing of droplets and 

subsequent UV induced photopolymerisation. (C) 

Formation of uniform, globular and macroporous 

cryogel scaffolds 
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Introduction 

The biodegradable and biocompatible polymers, polyhydroxyalkanoates (PHAs), are actively used in medicine for 

production of a wide range of medical devices and dosage formulations, as well as for the manufacture of scaffolds 

for tissue engineering. For tissue engineering, these polymers obtained by chemical synthesis (e.g. polylactides, 

polyglycolides, poly-ε-caprolactone, and their copolymers) are mainly used, but the interest in the bioengineering 

application of natural poly(3-hydroxyalkanoates) obtained biotechnologically is also growing. Actually, the chemically 

synthetic PHAs are biomimetic analogs of bacterial poly(3-hydroxybutyrate) (PHB) and its copolymers. Due to the 

favorable properties (high biocompatibility, the relatively low rate of biodegradation, and good mechanics) PHB is the 

most promising for bone tissue engineering and bone regeneration. However, the problem of the osteoinductive 

activity of PHB remains insufficiently studied. Thus, the purpose of our research is to analyze the possible 

osteoinductive activity of PHB. 

  

Experimental Methods 

PHB and its bioPEGylated copolymer (PHB-PEG) were produced by the original biotechnological technique using a 

highly productive producing strain Azotobacter chroococcum 7B [1]. The obtained copolymer PHB-PEG, the 

composite of PHB with PEG (PHB/PEG) and polylactide (PLA) were used as controls to PHB. The obtained polymeric 

biomaterials were used to prepare the 3D-scaffolds by various modifications of salt leaching method. The morphology 

of scaffolds was analyzed by the scanning electron microscopy and the wide-field light microscopy. The 

physicochemical properties of the produced scaffolds were studied by rheometry, differential scanning calorimetry, 

and water uptake test. The ability to support the growth of mesenchymal stem cells (MSCs) isolated from rat bone 

marrow and 3T3-NIH fibroblasts in scaffolds were studied using the XTT-assay. The osteogenic differentiation of 

MSCs in regular and osteogenic media was studied by Alkaline Phosphatase activity assay, Alizarin Red staining 

assay, and analysis of change in expression of MSCs phenotype markers (CD90, CD45, CD 11b/c, CD29) using flow 

cytometry, scanning electron and confocal microscopy [2]. The osteogenic activity of PHB scaffolds in vivo was 

studied on the noncritical 1.5 mm defect of famous bone and the 8 mm critical defect of parietal bone that were 

modeled in Wistar rats by surgery technique using a trephine С-reamer. The bone tissue regeneration after 

implantation of the scaffolds as bone substitutes was evaluated by histological methods and fluorescent microscopy 

[3]. To estimate the dynamics of neo-osteogenesis on 3 different stages the vital fluorescent labeling of the newly 

formed bone tissue was carried out using i.p. administration of doxycycline, tetracycline, and alizarine red C. All 

experiments was performed according to guidelines for ethical treatment of animals ISO 10993-2. 
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Results and Discussion 

The produced PHB, PHB-PEG, PHB/PEG, and PLA scaffolds have a 3D porous structure: with various pore sizes 

(the micropores and macropores), mean porosity >90%, and interconnected pore system. The 3D-growth of MSCs 

and 3T3-NIH fibroblasts in the scaffolds were observed. The spontaneous osteogenic differentiation of MSCs in 

regular medium and the modulation of their osteogenic differentiation in the osteogenic medium on PHB and 

PHB/PEG scaffolds were demonstrated, whereas PHB-PEG and PLA scaffolds promote MSCs growth that was not 

accompanied by pronounced differentiation. The PHB, PHB-PEG, and PHB/PEG scaffolds stimulated the bone tissue 

regeneration after their implantation in the noncritical and critical bone defects as the bone substitutes. 

The osteogenic activity of PHB scaffolds depends on the physicochemical properties of the polymers, 3D- and 

surface microstructure of scaffolds, and also possibly the own biological activity of PHAs. But the reason and 

mechanisms of such biological activity of PHB remain unclear. We suggest here that the osteoinductive activity of 

PHB can be associated with its natural properties as a bacteria-origin biopolymer. This biopolymer is present in 

bacteria of mammalian microbiota, whereas endogenous PHB is containing in mammalian tissues. A series of studies 

indicate the possible regulating functions of PHB in bacteria of mammalian microbiota for their interaction with cells 

of host-organism [4]. The possible association of osteogenic properties of PHB with various biological functions of 

PHB in bacteria and eukaryotes, including in humans, are discussed. 

  

Conclusion 

Thus, we suggest the presence of own osteoinductive activity of PHB, which can be associated with its natural 

properties as a functional biopolymer in bacteria of mammalian microbiota. 
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Figure 1. Osteogenic differentiation of rat bone 

marrow MSC on PHB scaffold 

 

 

 

  

 

Figure 2. The  islands of the newly formed bone 

tissue in the pores of PHB scaffold. 
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Introduction 
Neurodegenerative diseases are one of the main medical challenges of our age, and the vast majority of neuronal 

disorders still lacks proper treatment. Each brain degenerative condition is characterized by its own hallmarks, as an 

example the degeneration of substantia nigra dopaminergic neurons in Parkinson's disease or the deposit of β-

amyloid plaques in Alzheimer's disease. However, from a molecular point of view, it is possible to identify a common 

theme that plays a key role in brain-related pathologies: the presence of high levels of reactive oxygen species (ROS), 

that are able to interfere with physiological cellular functions1. The design and the development of innovative 

antioxidant systems, therefore, represent an interesting opportunity for the treatment of neurodegenerative 

conditions. With this aim, polydopamine nanoparticles with a lipid coating (PDNPs) were prepared and investigated 

in terms of biocompatibility and antioxidant properties. Antioxidant delivery is not the only promising tool for treating 

nervous system pathologies: direct brain stimulation (with physical means like electric fields, magnetic fields, etc.) 

has been deeply investigated for its possibility to ameliorate the symptoms of several neurological disorders. 

However, this approach has been hampered by the low accessibility of the nervous system2. To overcome the limits 

of direct neuronal stimulation the possibility to use light-responsive inorganic materials to elicit neuronal activity has 

been deeply investigated,3and at this aim the photothermal conversion ability of PDNPs and the feasibility to use this 

system to stimulate neurons activity was also investigated. 

  

Experimental Methods 

Polydopamine nanoparticles were prepared using a Stöber reaction and then coated with DSPE-PEG (5000 kDa) 

through the use of an ultrasonic probe. Nanostructures were then characterized in terms of size (dynamic light 

scattering measurements), surface charge (Z-potential analysis), morphology (scanning and transmission electron 

microscopy imaging), porosity (Brunauer-Emmet-Teller analysis), and antioxidant capacity (electron paramagnetic 

resonance). The biocompatibility of the structures was evaluated on differentiated SH-SY5Y cells using pico-green 

assay. Internalization rates and in vitro ROS scavenging action were also evaluated on differentiated SH-SY5Y 

through confocal imaging and flow cytometry analysis. Photothermal conversion capacity of PDNPs was evaluated 

both macroscopically by measuring the temperature increment after near-infrared (NIR) irradiation of nanoparticles 

dispersions and both at the cellular level through the use of a fluorescent thermo-responsive dye. 

  

Results and Discussion 

Characterization of the PDNPs dispersions demonstrates the presence of well dispersed and homogeneous 

structures with an average size of 170±30 nm (Figure 1). PDNPs showed good biocompatibility and an extremely 

high antioxidant ability, even if compared to other nano-antioxidant systems well known for their ROS scavenging 

properties (namely nanoceria4). Even more interestingly, DSPE-PDNPs showed the capacity to act as a photothermal 

converting material when irradiated with NIR laser (a water suspension of 1mg/ml of DSPE-PDNPs irradiated for 2 
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minutes with 0.82 W/cm2 was enough to increase the dispersion temperature from 22 to 56°C) being able to generate 

a highly localized temperature increment in neuronal cells. 

  

Conclusion 

PDNPs showed extremely high antioxidant capacity and remarkable photothermal conversion ability, laying the base 

for successive exploitation of this system in the treatment of brain diseases. Other nanostructures are already 

exploited in the literature with similar features, like antioxidant cerium oxide nanoparticles or well-known NIR 

responsive gold nanostructures. However, PDNPs are able to outperform both of these examples, by combining ROS 

scavenging and NIR photothermal conversion into a single system. In addition, PDNPs are entirely constituted of 

organic components, bypassing in this way any concern regarding the use of inorganic structures in living organisms. 
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Polydopamine nanoparticles 
Representative scanning electron microscope 

image of PDNPs. 
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Introduction 

The polyester known as Poly(glycerol sebacate) (PGS) has been studied since it was discovered around two decades 

ago. It presents suitable and optimal properties such as biocompatibility and biodegradability making it a great option 

to be used as a biomaterial. There is considerable controversy regarding its inconsistency in reproducing the same 

process conditions between different research groups.1 

The PGS synthesis is based on two-step polycondensation reaction, first a prepolymerization step at a specific 

temperature and under an inert atmosphere (usually Nitrogen or Argon), where the monomers react leading to a non-

completely crosslinked network that still can be dissolved, and secondly, a curing step at constant temperature based 

on its final scaffold application, where the PGS prepolymer (pPGS) completes its crosslink leading to a PGS network.2 

In this study, we suggest that the early stages of the prepolymerization process are key elements for understanding 

the reaction, and its modifications can alter the entire synthesis leading to different and non-predictable final 

materials. Thus, we studied how the reaction took place at different times and how advanced the polycondensation 

was to understand its evolution and being able to monitor its final characteristics as a tunable biomaterial. 

  

Experimental Methods 

Sebacic acid and glycerol were mixed at 1:1 molar ratio at 140°C until the monomers melted completely. Then the 

mixture was stirred at 130ºC for 28 h under N2 atmosphere to obtain the prepolymer (pPGS). Material (monomers 

and pPGS) and residues (H2O and glycerol) samples were collected during the procedure at different time points 

every four hours until the prepolymerization was complete. 

Afterwards, the molecular weight, chemical composition and degree of esterification was performed by means of gel 

permeation chromatography (GPC), Fourier-transform infrared spectroscopy (FTIR), proton nuclear magnetic 

resonance spectroscopy (RMN-H1) and titration techniques to understand its composition and how the reaction was 

evolving. Rheometric techniques were performed to follow the evolution of viscosity with time. 

To explain how the crosslink between the pPGS macromers leading to PGS occurs, monomers of sebacic acid (SA) 

and glycerol, propylene glycol and 1,3-propanediol were mixed and its curing process studied at three different 

temperatures (130, 150 and 170ºC) monitoring its viscosity throughout time until the PGS monomers achieved its gel 

point. 

  

Results and Discussion 

The rheometric curves of the different mixtures show that the PGS monomers initial viscosity was higher than in the 

rest of the mixtures and that the propylene glycol and 1,3-propanediol mixtures with SA cannot crosslink because of 

the bifunctionality of its monomers. 
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The different characterization techniques revealed that the earlier stages of the PGS polymerization are fundamental. 

The study first hours are the period when most of the conversion reaction takes place, around 50% (Figure 1). 

The determination of water and glycerol residues during the reaction shows that the first fractions are the most 

glycerol enriched, indicating how the glycerol loss because of evaporation is a key parameter to control. FTIR and 

RMN-H1 techniques didn’t reveal significant differences except an increasing trend towards more ester links formation 

as we expected. 

  

Conclusion 

We probe how the early stages of the pPGS formation are fundamental to be properly monitored for an optimal final 

product as a biomaterial because is the key for its inconsistency in reproducing process conditions. More analysis 

and experiments will lead to the PGS proper control and better exploitation as a potential biomaterial. 
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Figure 1. Samples normalised conversion values 

at different times 
Evolution of monomer normalised conversion 

values as prepolymerization time increases shows 

a rising trend at constant temperature of 130ºC. 
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Introduction 

Light-mediated hyperthermia therapy1 and photothermal-controlled drug delivery may achieve better therapeutic 

outcomes by minimizing the drawbacks associated with conventional chemotherapy, such as: poor drug distribution 

in tumors, ineffective treatment on drug-resistant cancer cells and damages on normal tissues. In this study, we 

proposed a multifunctional nanotheranostic system including features on: near-infrared (NIR)-triggered drug release, 

magnetic targeting and magnetic resonance imaging (MRI) imaging. The propose nanocomplex system, 

SAPP@DOX, is composed of poly(lactic-co-glycolic acid) (PLGA) with encapsulated doxorubicin (DOX), 

superparamagnetic iron oxide nanoparticles (SPION) and gold nanorods (AuNR). 

  

Experimental Methods 

Hydrophobic gold nanorods (AuNRs) was prepared by replacing the surface CTAB layer with dodecanethiol. The 

SAPP@DOX was fabricated by an oil-in-water (o/w) emulsification process. Size distribution and zeta potential of 

the SAPP@DOX were analyzed using a ZetaSizer. The magnetic properties of DOX@SAPP were characterized 

using SQUID magnetometer and MRI. Photothermal-triggered drug release was examined by repeatedly irradiated 

the SAPP@DOX solutions with NIR light (808 nm) with predesignated intervals. Supernatant from the NIR-irradiated 

SAPP@DOX solutions was collected to calculate the extent of photothermal drug release. Cell internalization of the 

SAPP@DOX by cancer cells was studied using flow cytometry and fluorescence microscopy techniques. In vitro 

combined photothermal- and chemo- anticancer effects were studied using MTT assay. 

  

Results and Discussion 

Dodecanethiol was used to covert the hydrophilic CTAB-AuNR into hydrophobic dodecane-AuNR, which were highly 

dispersed in nonpolar organic solvents such as chloroform and tetrahydrofuran. Size and surface potential of the 

SAPP@DOX were ~202 nm and -24 mV respectively. TEM images show that SAPP@DOX were polymeric spheres 

containing numerous SPIO and AuNR nanoparticles. No aggregation or significant size change was observed from 

the SAPP@DOX PBS solutions for at least 15 days. T2 relaxivity of the SAPP@DOX (430.4 mM-1s-1) was higher 

than the commercially SPIO-based T2 magnetic resonance imaging (MRI) contrast agents. The potentials of using 

SAPP@DOX on cancer cell imaging was revealed by displaying significant T2-weighted image contrast from the 

SAPP@DOX-containing cells. Photothermal effects of SAPP@DOX was demonstrated by observing rapid 

temperature rising after irradiating the nanoparticle solutions with NIR laser. The degree of heating was also 

proportional to the AuNR content in the SAPP@DOX. In addition, the NIR-inducing heating could effectively trigger 

DOX release from the SAPP@DOX. Over 70% of loaded DOX was released from the nanoparticles after 4 cycles of 

NIR irradiations. Cellular uptake of the SAPP@DOX by human breast cancer cells were significantly promoted by an 
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external magnetic attraction. Combined photothermal and chemo treatment by SAPP@DOX exerted more cancer 

cell death than single treatment. In vivo therapeutic effects of using SAPP@DOX for cancer treatment is under 

investigation. 

  

Conclusion 

In this study, a NIR-responsive SAPP@DOX nanocomplex system was designed for combined photothermal- and 

chemo-cancer therapy. SAPP@DOX exhibited several favorable properties, including excellent colloidal stability, 

multiple NIR-triggered drug release, efficient cellular uptake and effective cancer cell death induction. In vivo anti-

cancer effects of SAPP@DOX is currently under investigation. 
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Figure 1 NIR-triggered DOX release from the 

SAPP@DOX.  
The SAPP@DOX solutions received NIR irradiations 

(808 nm) for multiple times. After each 

irradiation, supernatants containing the 

released DOX were collected and quantitated 

using a fluorescence spectrophotometer. DOX-

containing nanoparticles without AuNR was also 

tested as the control group.  Data represent the 

mean +/- standard errors; n=3. 
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Introduction 

Silicate based bioactive glasses (BG) are used clinically to regenerate bone [1] [2]. Numerous papers have 

demonstrated the therapeutic importance of BG dissolution products for bone repair and regeneration [3]. There 

remains, however, a lack of understanding on how soluble silica species interact with cells. This includes how silica 

species are internalised (and possibly excreted), the intracellular concentration and location of these ions. A greater 

understanding of silicate cellular internalisation will help in the optimisation of bioactive glass ion release rates for 

more precise control of cell behaviour. As such, this study aims to investigate silicate ion uptake dynamics in 

osteoblasts whilst examining some the roles these ions may play in bone regeneration. 

  

Experimental Methods 

Osteoblast-like (SaOS-2) cells were cultured at 10,000/cm2 in McCoy’s Glutamax 5A medium containing 1 M sodium 

silicate hydrate. To assess if cytotoxicity was induced by different silicate concentrations and uptake inhibitors, 

proliferation, metabolic activity and cellular morphology were assessed by total DNA, Alamar blue and light 

microscopy assessment, respectively. Quantification of Si uptake was performed by ICP-OES, following lysing cells 

in 1M Nitric nitric acid at 85°C and filtration (after 6-96 h cell culture). Inhibition of Si silicate uptake mechanisms were 

evaluated by the use of chemical inhibitors of the sodium-bicarbonate co-transporter protein by S0859 (Merck). To 

locate intracellular Si, cultured cells were fixed in 2% paraformaldehyde resin, stained with 1% osmium tetroxide and 

mounted on to 400 mesh copper transmission electron microscopy (TEM) grids. Scanning transmission electron 

microscopy (STEM) (JEOL 2100 Plus) was used to image the cells and energy dispersive X-ray spectroscopy (EDXS) 

was used to locate and quantify Si content. Si uptake experiments were performed in triplicate. Data was statistically 

analysed using a Tau-Thompson assessment for anomalies and a student’s t-test for statistical significance. 

  

Results and Discussion 

Exposure of SaOS-2 cells to media containing Silicate conditioned media at 0.5, 1 and 2 M sodium silicate did not 

produce a significant difference in showed no significant difference in  proliferation, metabolic activity and morphology 

(P>0.05). A total increase in intracellular Si uptake was observed up to 48 h (whilst the uptake rate per hour decreased 

over time) (fig. 1A/B). Upon the replacement of Si containing serum with a control (no Si containing media) the 

concentration of Si decreased (p<0.05), suggesting the excretion of Si from the cells (Fig. 1C). The inhibition of 

sodium-bicarbonate channel co-transporter protein decreased ion uptake (without effecting cell number) suggesting 

a potential mechanism of uptake (Fig 1D). STEM/EDX point analysis showed Si to be evenly spread outdistributed 

within the cell body. Higher concentrations were seen to be localised within vesicle-like structures suggesting an 

active movement of Si throughout the cell. 
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Conclusion 

Osteoblast-like cells reach a maximum uptake of Si ions over time. Our study suggested that the cells may begin 

excreting ions at specific stages during their proliferation. EDX spectral analysis highlighted that Si ions may be 

evenly spread outdistributed across the cell while higher concentrations were commonly localised inside vesicles. 

Further experiments showed that sodium-bicarbonate channels may play a role in the cellular uptake of these ions. 

As such, new BG materials should be tailored to release silicate and other ions to target specific cell types dependent 

on their uptake rates and mechanisms. 
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Understanding Si Ion Uptake Dynamics in Bone 

cells 
Figure 1. Si uptake by osteoblast-like SaOS-2 

cells as determined by ICP-OES.(A) Intracellular 

Si concentration increased/µg DNA up to 48hrs, 

(B) Si ion uptake rate decreases as a function 

of time, (C) replacing culture medium with Si 

and non-Si conditioned mediums causes a 

significant decrease in Si, (D) intracellular Si 

ion concentration decreases following inhibition 

of sodium-bicarbonate uptake channels. N=3, 

error presented as +/- SD, *= P<0.05, **= P<0.01  
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Introduction 

Large segmental bone defects caused by trauma, infection or tumors often result in non-unions. The gold standard 

for treatment is autologous bone grafting, which is accompanied by additional interventions and limited material. New 

and innovative bone substitutes are needed. In the present study, an inexpensive 3D-desktop printer was used to 

print polylactide (PLA) porous cages loaded with bone sialoprotein immobilized in a collagen I-gel. Former in vitro 

studies demonstrated biocompatibility of these materials (1). Bone sialoprotein (BSP) plays an essential role in bone 

mineralisation and remodelling(2). The aim of this study was to combine BSP with polylactide and collagen gels and 

evaluate the effects in vivo on bone regeneration. Therefore, te material was tested for its potential to induce bone 

regeneration in a critical size femur defect in rats. 

  

Experimental Methods 

A 6mm critical size femural defect was created in wistar rats employing the ratfix-Sytem (RIsystem). During lifetime 

x-rays were performed every two weeks to detect early bone formation. Eight weeks after implantation rats were 

killed, the femur extracted and further analyzed employing µCT and quantification by bone volume / total volume 

ratio. After decalcification, histological slizes were produced. First, HE-stainings were performed, followed by 

immunohistological stainings for markers of osteogenesis as well as for angiogenesis. 

  

Results and Discussion 

The results revealed that in the negative control without any implant material formation of non-unions could be 

demonstrated. Immobilization of BSP resulted in enhanced bone regeneration; the fracture gap was almost closed 

after eight weeks. The effect of BSP on bone regeneration was more pronounced than immobilization with bone 

morphogenic protein (BMP-7). Moreover, the amount of newly formed bone increased with higher concentration. The 

results of µCT could be confirmed by histology with HE-staining, showing bone tissue inside the PLA-cage in the 

groups modified with BSP, whereas in the groups without growth factors  collagenous connective tissues 

predominated. 

  

Conclusion 

Our study shows that polylactide is an interesting material for 3D-printing in biomaterial research particularly with 

regard as bone substitute. Especially the combinations with a soft material like collagen I and an extracellular matrix 

protein like BSP resulted in increased bone formation in the employed critical size defect. Further studies with longer 

lifetime and higher group numbers have to be performed to confirm the potential of the material as bone substitute 

material. 
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BSP induces bone regeneration in a critical size 

defect in the rat femur 
A) in vivo model 

B) Bone regeneration after implantation of PLA-collagen-BSP scaffold 
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Introduction 

Mesoporous bioactive glasses (MBG), first described by Zhao et al. in 2004 [1], are synthesised via the sol-gel route 

in presence of structure-directing polymers. Making use of an evaporation-induced self-assembly and subsequent 

thermal removal of the polymer, this class of biomaterials possesses a highly ordered mesopore system in the nm 

range making them well suited for drug-delivery applications. Additionally, MBGs exhibit a bioactivity superior to non-

mesoporous glasses and are degradable, suggesting them as promising materials for bone defect regeneration [2].   

Recently, the use of SiO2/CaO/P2O5 glasses as precursors for self-setting materials was proposed [3]. Based on this 

concept, we aim to employ MBGs as building blocks for pasty, self-setting biomaterials that, via the integration of 

surface functionalities that allow the attachment of e.g. cell instructive peptides, could help using this promising 

material class in the context of material-driven hard tissue regeneration and controlled drug delivery. 

Here, we synthesized MBG with varying silica content and Ca/P-ratio and investigated the impact of chemical 

composition on glass and mesopore-formation and recrystallization behaviour of the materials in aqueous 

environment. In addition, the introduction of functional groups on the material surface was investigated. 

Cytocompatibility of the synthesized MBGs was investigated using human mesenchymal stromal cells (hMSC). 

  

Experimental Methods 

MBGs were synthesised based on the method proposed by Zhu et al. [1]. A sol was obtained by ageing a mixture of 

tetraethyl orthosilicate, triethyl phosphate and calcium nitrate in varying proportions in the presence of structure-

directing agent Pluronic P123. SiO2-content and the Ca/P ratio were varied between 60–85 mol% and 1–2.75, 

respectively. Gels were aged for 24 h, dried and heat-treated at 650°C for 5 h to remove organic components 

(Pluronic P123). 

Phase composition of the obtained glasses was analysed by XRD (D2 Phaser, Bruker) and FTIR (Nicolet iS50, ATR 

mode). Mesopore formation was investigated using TEM (Tecnai G2, FEI). Material degradation in aqueous media 

was studied using ICP-MS (iCAP Q, Thermo Scientific). Based on the work of Sun et al. [4], amine and thiol 

functionalization was performed by refluxing MBG samples in dry toluene containing appropriate amounts of (3-

Aminopropyl)triethoxysilane or (3-Mercaptopropyl)trimethoxysilane, respectively. 

Metabolic activity as well as proliferation of hMSC cultured on tissue culture polystyrene and exposed to cell culture 

medium extracts of various MBG compositions were investigated over 7 days using the Presto Blue (Invitrogen) and 

CyQuant (Molecular Probes) assays, respectively. 

  

Results and Discussion 

Amorphous MBG could be obtained with Ca/P ratios between 1 and 1.67. At higher ratios, formation of calcium 

phosphate minerals during solvent evaporation and subsequent heat treatment was observed. Over the whole range 

of material compositions, the formation of mesopores with approx. 4.3–4.6 nm diameter and 7.2–7.6 nm spacing 
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could be confirmed. Using fluorescent labelling the successful surface grafting of both amine and thiol functional 

groups onto pre-sintered MBG could be demonstrated. 

During ageing in aqueous media, release of Si and Ca from the samples indicated material degradation; however, a 

depletion of P in the phosphate-containing immersion liquid suggested the simultaneous re-precipitation of the 

materials. In accordance, XRD confirmed the crystallization of hydroxyapatite in all samples, being most pronounced 

in MBG with low Si-content. Hence, the formulation of self-setting pastes based on MBGs appears feasible. 

Both metabolic activity and proliferation of hMSC was not impaired during exposure to MBG-conditioned media, 

suggesting the cytocompatibility of the materials. 

  

Conclusion 

Amorphous MBG could be obtained over a broad range of compositions in the SiO2/CaO/P2O5 system. Given their 

ability to re-crystallize into hydroxyapatite and their cytocompatibility, the formulation of self-setting implant materials 

based on modified MBGs for the application in hard-tissue regeneration appears promising. In addition, the 

successful grafting of functional surface groups onto the synthesized MBGs will allow us to tailor their material 

properties in terms of bioactivity [4] and for controlled drug delivery applications. 
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Introduction 

Bone grafting is still the standard treatment for bone defects after tumor excision or accidents for example. However, 

this approach has considerable drawbacks, such as a second surgical procedure for autografts or a theoretical risk 

of disease transmission for allografts. An alternative to bone grafting is the replacement of missing bones with bone 

substitute materials that accelerate healing and, ideally, resume the characteristics of the natural bone. 

An absorbable scaffold with high porosity as a bone substitute material was developed. The device was designed to 

realize interconnected pores, large pore volume and sufficient pore size allowing ingrowth of osteoblasts and 

vascularization. This could be realized by using materials composed of water-soluble polyvinyl alcohol fibers (PVA) 

and caprolactone fibers (PCL) functionalized with hydroxylapatite (HA) which were sintered and the water-soluble 

core component was desolved. As a result an absorbable scaffold with high porosity was obtained. The use of X-ray 

microtomographic images (µCT) and a flow simulation proved the interconnectivity of the pores. The improved cell 

adhesion and migration of osteoblasts into the scaffold could be shown. Cell biological studies have shown that the 

cells adhere and proliferate well on the material. 

  

Experimental Methods 

In a monofilament extrusion with PCL (ITV Produktservice GmbH) in a twin-screw extruder (Prism Eurolab 16 Twin 

Screw Extruder, Thermo Fischer Scientific) 21 wt.% HA was compounded. The monofilaments were then stretched 

until a diameter of 0.6 mm was achieved. Monofilaments of polyvinyl alcohol (Mowiflex232) were extruded for the 

water-soluble component (3devo Next Extruder). The smallest achievable diameter was 0.36 mm. Both 

monofilaments were cut into 2-4 mm short fibers. 

A mixture of the short fibers (30 wt.% PCL / HA and 70 wt.% PVA) were sintered at 100°C into cylindrical bodies with 

10 mm diameter which were cut into 4 mm slices for the cell cultivation. Dissolving the PVA in water, a porous scaffold 

of PCL / HA was obtained and sterilized with gamma radiation. 

The three-dimensional, porous structure of the scaffolds was investigated in a micro-CT (phoenix nanotom). By flow 

simulation, the interconnectivity of the pores was proved. Scanning electron microscopy (Hitachi TM-1000) was used 

to measure the size of the pores (ImageJ). 

Colonization was performed with L-929 mouse fibroblasts for biocompatibility testing. Each specimen was given 150 

μL of cell suspension (50,000 cells). Metabolic activity was tested by MTT test and Hematoxylin-eosin staining 

(Hemacolor, Merk) after 24 h and 4 days. 

Colonization with osteoblasts (SaOs-2 cell line) was carried out accordingly to colonization with L cells with 150000 

cells on each specimen. After a culture time of 5 and 11 days, hematoxylin-eosin staining, alkaline phosphatase 

assay (Biomol), light microscopic and SEM were performed. 
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Results and Discussion 

The micro-CT (FIG. 1) shows a highly porous interconnecting structure with evenly distributed pores. The flow 

simulation (FIG. 1) confirms the high porosity and interconnectivity of the pores. The pore diameters in the SEM show 

an average of 350 - 399 μm which is sufficient for vascularization. 

Adhesion of L-929 mouse fibroblasts within the scaffold is facilitated by the reduced hydrophobicity of the PCL due 

to the functionalization with hydroxyapatite. After four days, the number of cells on the scaffold has increased 

significantly, which shows that not only adhesion, but also cell proliferation has taken place. Cells can be seen in 

almost all pores (FIG. 2), which also show the polygonal-elongated morphology of fibroblasts. No cytotoxicity could 

be observed even after 4 days of cultivation(MTS test). 

After five days, the specimens are evenly populated with osteoblasts, suggesting that HA improves the adhesion of 

osteoblasts. The SEM images (FIG. 2) show that the cells are in different cell cycle stages also forming extracellular 

matrix. After eleven days, the inner surfaces of the specimens are densely populated with osteoblasts. Evidence of 

alkaline phosphatase (ALP) shows that the osteoblasts synthesize ALP. In addition, a significant increase in ALP 

levels from day five to eleven was found showing cells are in the second phase of their bone building function. 

  

Conclusion 

The production of a bone substitute material with high porousity (70 %vol), interconnecting pores and large pore 

sizes using absorbable fibers of HA-PCL-compound could be shown. The open pore structure corresponds to the 

requirements necessary for osteoconductivity and neovascularisation. 

The cell studies with osteoblasts showed an increased synthesis of alkaline phosphatase by cells in direct contact to 

the material, which confirms an osteoinductive effect by the hydroxyapatite. Thus, especially due to the 

osteoinductivity, this new bone substitute material is a promising approach for the use as scaffold for osteoblasts. 
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Fig. 2: SaOs-2 cells after 11 days, SEM images, 

gold layer sputtered, magnification see scale  



ESB 2019 | Abstract Booklet 

Thursday, 12 September, 2019 
 

 

Page 529 of 1893 

After eleven days, the specimens are densely 

populated with the osteoblasts (A). After five 

days, cells can be seen in different cell stages 

(B). Cells form ECM (C + D). This shows that the 

cells feel comfortable on the material and 

behave as in their natural environment 

 

 

Fig. 1: Interconnecting pores of the bone 

substitue material 
Left: μ-CT images of the specimen, top view and 

side view; right: flow simulation, plan view and 

side view with colored scale of the flow 

velocity 
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Introduction 

The main requirements of cardiovascular implants are biocompatibility, hemocompatibility and long term durability in 

order to provide a healthy replacement for the damaged tissues or organs. The implants are supposed not to cause 

any damage for the surrounding tissue and should show non- thrombogenic behavior due to the fact that the surface 

induced thrombosis is one of the main reasons of the implant failure. The cardiovascular patients might face with a 

risk of hemorrhage due to the chronic anticoagulation therapy for blood coagulation [1]. The response of Endothelial 

cells (EC) to the surface of cardiovascular implants is very important for tissue regeneration and tissue repair. Proper 

endothelialization can reduce blood cell activation, and consequently, prevent the thrombus formation [2]. For this 

reason, it is vital to understand the thrombus mechanism at the interface of biomaterial and blood. In this study, we 

aimed to reduce or to avoid the anticoagulant usage of the patients by investigating the optimal materials and surfaces 

which have the lowest thrombotic effects. Based on our preliminary study on several high-strength ceramics, we 

concluded that platelet activation on the single crystalline SiC was significantly lower than that of its polycrystalline 

form. This result motivated us to deepen our research with different single crystals, their polymorphs and various 

crystallographic planes.  Due to the non-thrombogenic nature, endothelial monolayer was selected as the best control 

surface possible for an accurate comparison with single crystalline ceramic surfaces. For the first time in the literature, 

the effect of different cystallographic orientations on the blood cell activation was examined and compared with 

endothelial monolayer to simulate the natural blood vessel wall. 

  

Experimental Methods 

Cytotoxicity, endothelialization quality and blood cell responses for (0001) and (11-20) planes of Al2O3 single crystals, 

Si and C faces of 4H-SiC and 6H-SiC as well as SiO2 and ZrO2 single crystals were examined. Surface roughness 

values of the single crystals were measured by atomic force microscopy (AFM). In order to provide information on 

surface wettability, contact angle measurements were performed by the Sessile drop technique. Cytotoxicity of the 

specimens were analyzed by the live-dead staining assays for human umbilical vein endothelial cells (HUVECs) and 

blood cells. In order to examine the blood cell activation in terms of platelets and white blood cells, human peripheral 

blood mononuclear cells (PBMC) were isolated from the whole blood. Cell behaviors on the single crystal ceramics 

were analyzed under the dynamic flow conditions besides of the static cell culture conditions, in order to simulate 

physiological blood flow conditions of blood vessels. CD62P marker was used to investigate an activated and 

adhered platelets by using ELISA assay. Visualization of the structure and interaction of blood cells with ceramic 

specimens were performed by using scanning electron microscopy (SEM). 
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Results and Discussion 

According to the live-dead staining assay, the overall viability values indicated that all single crystals are nontoxic for 

HUVECs and PBMCs. (11-20) plane of Al2O3 exhibited the most prominent result of the static and dynamic tests. 

The circular shape of platelets indicates the inactivated cell state on this surface which is an important sign of 

improved hemocompatibility. Minimal number of cells on (11-20) plane of Al2O3 reveals that blood cells do not tend 

to adhere to the surface even under the static conditions. The behavior of blood cells on the (11-20) plane of Al2O3 

is comparable to endothelial monolayer control surface, in terms of lower cell adhesion with minimal activation, see 

Figure 1. If the endothelial monolayer is assumed to be purely hemocompatible, (11-20) plane of Al2O3 displays 

almost the same superior performance. It attracts attention (0001) plane of Al2O3 shows significantly higher blood 

cell adhesion than (11-20) plane even though they exhibit similar surface roughness values. This can be attributed 

to the difference of the surface energies and surface charge distributions, which effect the protein adsorption at the 

surface and signifies the high sensitivity of blood cell responses to the contact surface. 

  

Conclusion 

As a conclusion, Al2O3 (11-20) showed the best non-thrombogenic surface properties by mimicking the endothelial 

monolayer with minimal blood cell activation and adhesion. Its superior hemocompatible characteristic 

interconnected to surface properties will lead us to better understand the reactions at the interfaces “implant–blood 

cells” and “implant–endothelial cells”. This knowledge could be further used to create the innovative group of 

materials and their surfaces that have the lowest thrombotic effects and at the same time exhibit bioactive character 

to the endothelial cells in order to improve implant integration. 
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Figure 1: 
SEM images of PBMC cells on different surfaces. Static and 

dynamic test results of (11-20) plane of Al2O3 are compared to 

the other control surfaces and (0001) plane of Al2O3. Glass was 

used as a cytocompatible control specimen, while Triton-X100-

treated surface was used as a toxic control (dead control) due 

to its destruction effects on the cellular activity. 
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Introduction 

Current bone tissue engineering strategies are based on porous biocompatible scaffolds seeded with tissue-specific 

cells. Improvement in rapid prototyping technology, such as 3D printing, allows fabrication of custom-made 3D 

scaffolds with high resolution. Our group has developed a new material, made of medical grade poly(lactic-co-

glycolic) acid (PLGA) mixed with 10% (w/w) hydroxyapatite nanoparticles (HA) for 3D printing by Fused Deposition 

Modelling (FDM). It showed a low chemical degradation during manufacturing steps, expected loading and 

homogeneous HA distribution. Based on this, our aim was to evaluate biocompatibility and osteopromotive potential 

of these new materials. 

  

Experimental Methods 

PLGA and PLGA-HA 10% (w/w) filaments were used to 3D printed porous membranes. The membranes were seeded 

with human adipose-derived stem cells (hADSCs) or human bone marrow stem cells (hBMSCs). Cytotoxicity was 

assessed according ISO 10993-5, cell proliferation by CyQuant® and cell viability by Live-Dead. Osteogenic 

differentiation was evaluated with qualitative alkaline phosphatase (ALP) staining and quantification of mineralization 

by red alizarin. Inflammatory potential was analyzed by subcutaneous implantation in rat during 1 and 4 weeks. 

  

Results and Discussion 

The composite materials were non-cytotoxic. Both hADSC and hBMSCs had high viability and proliferate on the 

materials, even after 21 days of culture [Figure 1]. At day 21, hADSCs highly colonized the material and formed 

bridge-like structures in the pores [Figure 1]. ALP staining and mineralization seemed higher with PLGA-HA 10% 

materials relative to PLGA for both cell types. Histological results for subcutaneous implantation are under way. 

PLGA is largely known to be cytocompatible [1]. As expected, addition of HA might have positive impact on 

osteodifferentiation [1,2]. 

  

Conclusion 

Our preliminary data demonstrate that it was possible to fabricate a PLGA-HA composite biomaterial for 3D printing 

by FDM. Materials showed favorable properties and relevant cellular response for bone tissue engineering 

applications. Our next evaluations will focus on osteoblastic gene expression characterization and implantation in a 

critical calvaria defect model in rat to assess bone regeneration potential of developed materials. 
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Figure 1. Evaluation of cell viability with 

Live-Dead assay.  
hADSCs and hBMSCs was seeded on PLGA and PLGA-HA 

10% (w/w) membranes. Cell viability was 

evaluated by a Live-Dead assay on days 7 (D7), 

14 (D14) and 21 (D21).  
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Introduction 

Osteoporosis (OP) is a worldwide disease with a substantial incidence in aged population. It is characterized by a 

low bone mass due to microarchitectural and structural deterioration of bone tissue, that leads to enhanced bone 

fragility and consequent increase in fracture risk.1 The extracellular matrix (ECM) of OP bones undergoes important 

modifications with changes in protein content and chemical structure that lead to an increase in mineral/matrix 

ratio.2 In the frame of the ERC project BOOST, which aims to develop and 3D print a scaffold mimicking human bone, 

we matched different morphological and structural approaches and techniques to acquire a wide-ranging knowledge 

of healthy and OP bone structure. 

  

Experimental Methods 

Human femoral and humeral heads, discarded during surgical interventions on orthopaedic patients (healthy and 

osteoporotic), have been harvested. Histological staining, immunohistochemistry and western blotting analyses have 

been executed to evaluate differences in bone tissue morphology and expression of the main ECM components (i.e. 

Collagen Type I, TGF-β, IGF-1, Osteocalcin, Osteopontin, Decorin and Bone Sialoprotein-2). Raman spectroscopy 

and X-ray diffraction (XRD) analysis have been performed to investigate the bone matrix organization and the 

structure of the inorganic phase, respectively. Furthermore, bone samples have been subjected to micro-computed 

tomography (micro-CT) analysis to study the overall 3D trabecular organisation as well as its tissue mineral density. 

  

Results and Discussion 

Micro-CT and histological staining showed a narrowing of OP bone trabeculae. Furthermore, OP bone trabeculae 

resulted to have a preferential orientation and a lower interconnection, probably due to a loss of transversal 

trabeculae (Fig.1A). Micro-CT analysis revealed also an increased tissue mineral density for OP samples, indicative 

of an increased inorganic phase amount. This result was also confirmed by XRD analysis that detected an increase 

of hydroxyapatite crystal size in the OP bone. Moreover, both histological observation and Raman spectroscopy 

suggested a less organized structure in OP tissue at the nanoscale in comparison to healthy one. Histological 

analysis revealed indeed a disordered tissue morphology (Fig.1B), while Raman spectroscopy detected an increased 

contribution of random coil configuration of ECM proteins. In addition, western blotting identified the appropriate ratio 

of the main proteins in bone ECM, whilst immunohistochemistry defined their correct localization. 

  

Conclusion 

Biological and chemical/physical techniques allowed a detailed investigation of the structure and composition of 

healthy and OP bone. From the results obtained through these analyses, it is possible to affirm that OP bone presents 
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an altered structure and morphology at both the microscopic and the nanometric scale. The knowledge of the healthy 

and OP bone features is mandatory for the development of biomimetic 3D-scaffolds with a suitable architecture and 

a punctual localization of molecules to favour a correct bone remodelling. Studies are also ongoing for the setting up 

of appropriate biomaterials suitable for the 3D printing process of BOOST smart scaffolds. 
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3D reconstruction and histological 

representation of OP bone 
A) 3D micro-CT representation of an OP bone 

sample. Circled in red the not-bridging 

transversal trabeculae; B) Histological section 

(H&E) of bone tissue in OP subject showing the 

irregular morphology of lamellae. 
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Introduction 

In internal fracture fixation, metallic plates are a common treatment modality. However, the excessive stiffness of 

metallic plates leads to an unequal distribution of load between the implant and the healing bone, known as “stress-

shielding” [1]. The subsequent underloading of bone, in turn, may lead to adverse bone remodeling resulting in non-

union or re-fracture of the bone. 

Fiber reinforced composites (FRC), combining less weight and ability of adjusting the stiffness, have been suggested 

as alternatives to metals [2-4]. Adapted FRC plates reduce stress-shielding and facilitate the natural fracture healing 

process reducing the risk of non-union or re-fracture. In practice, FRC plates often include one or several layers of 

continuous unidirectional fibers. The screw holes in these plates are made by drilling which compromises the integrity 

of fibers. Additionally, the holes themselves are stress concentrators, which further decreases the reliability of the 

plate. 

In Tailored Fiber Placement (TFP), a variety of embroidery technology, continuous glass or carbon fibers are placed 

onto a fabric sheet, fixed by stitching with a sewing thread and impregnated in a polymer matrix [5]. Thus, the screw 

holes are formed by the particular placement of the fibers considering the stress distribution under load [6] and 

bypassing the screws, thus avoiding the need to drill holes. Hence, stress concentration around holes is minimized. 

As their metallic counterparts, biostable FRC plates often require plate removal after complete fracture healing. This 

second surgery could be avoided by the use of bioresorbable materials. However, bioresorbable FRC fracture fixation 

plates for load-bearing applications are not commercially available. 

We propose a novel concept of a bioresorbable bioactive fracture fixation plate, adjustable for different clinical 

applications. In this study, we focus on the treatment of front limb fractures in toy-breed dogs where the complications 

associated with the use of metallic plates are particularly amplified. Therefore, the animals give a representative 

model for the development of a novel treatment. Ideally, the plate is to be made of a bioresorbable polymer reinforced 

with silica-based bioactive glass (BG) fibers by TFP (Fig. 1). The BG fibers additionally serve as a bioactive 

component stimulating bone growth and reducing the risk of infection [7]. The plate is intended to completely resorb 

in the body after the bone healing. The plates can be developed for further applications in other animal species and 

humans. 

The goal of this study was to design diverse TFP patterns for fracture fixation plates in toy-breed dogs, fabricate the 

biostable sample plates and test their mechanical performance. Future studies will include in vitro and in vivo testing 

of plates made of bioresorbable polymers reinforced with BG fibers. 
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Experimental Methods 

Different TFP plate patterns were developed. Finite element (FE) models considering the layup and directions of the 

fibers were generated and further used in computer simulation of mechanical loading of the plates. 

Plates were prepared and tested mechanically. E-glass fibers have been applied as surrogates for BG fibers. 

Dimethacrylate-based light curable resin and polylactic acid were used as matrices in the composites. Plates 

reinforced with continuous unidirectional E-glass fibers served as controls. The testing procedures included four-

point bending of plates, four-point bending and torsion loading of osteotomized bones fixed with the plates. 

  

Results and Discussion 

In four-point bending of plates, the plates reinforced with unidirectional fibers were predictably stiffer than their TFP 

counterparts. However, bending of the osteotomized bones fixed with both types of plates revealed similar stiffness 

of both plated bone constructs which implies that in a real clinical situation the stiffness of TFP plates can be sufficient 

for successful bone healing. 

In all testing conditions, TFP plates withstood substantial deformations before failure. Typical failure of TFP plates 

was followed by accumulation of multiple cracks none of which was fatal to the plate if taken separately. TFP plates 

rarely broke apart even when their load-bearing capability decreased to a minimum. In contrast, the plates reinforced 

with unidirectional fibers tended to break dramatically once cracks appeared in the direction of the fibers placement 

(Fig. 2). 

FE modeling of the behavior of TFP plates subjected to the loading conditions of the tests applied in the study 

demonstrated adequate prediction of the structural stiffness of the plates. Further development of the FE model will 

aim on the evaluation of progressive damage of novel plates using extended finite element method. 

  

Conclusion 

TFP plates demonstrated structural integrity superior to that of plates reinforced with unidirectional fibers and stiffness 

suitable for fracture healing. Thus, TFP technique has a potential in fabrication of fracture fixation plates for load-

bearing applications. 

  

References 

1. Huiskes, R., Weinans, H., Van Rietbergen, B., 1992. The relationship between stress shielding and bone resorption 

around total hip stems and the effects of flexible materials. Clin. Orthop. Relat. Res. 274, 124 – 134. 

2. Akeson, W.H., Woo, S.L., Coutts, R.D., Matthews, J.V., Gonsalves, M., Amiel, D., 1975. Quantitative histological 

evaluation of early fracture healing of cortical bones immobilized by stainless steel and composite plates. Calcif. 

Tissue Res. 19, 27 – 37. 

3. Hastings, G.W., 1978. Carbon fibre composites for orthopaedic implants. Composites. 9, 193 – 197. 

4. Tayton, K., Johnson-Nurse, C., McKibbin, B., Bradley, J., Hastings, G., 1982. The use of semi-rigid carbon-fibre-

reinforced plastic plates for fixation of human fractures. Results of preliminary trials. J. Bone Joint Surg. Br. 64, 105 

– 111. 

5. Mattheij, P., Gliesche, K., Feltin, D., 1998. Tailored Fiber Placement - Mechanical Properties and Applications. J. 

Reinf. Plast. Comp. 17, 774 – 786. 

6. Gliesche, K., Hübner, T., Orawetz, H., 2003. Application of the tailored fibre placement (TFP) process for a local 

reinforcement on an “open-hole” tension plate from carbon/epoxy laminates. Compos. Sci. Technol. 63, 81 – 88. 

7. Hoppe, A., Güldal, N.S., Boccaccini, A.R., 2011. A review of the biological response to ionic dissolution products 

from bioactive glasses and glass-ceramics. Biomaterials 32, 2757 – 2774. 



ESB 2019 | Abstract Booklet 

Thursday, 12 September, 2019 
 

 

Page 538 of 1893 

  

 

Figure 2. Comparison of a plate reinforced with 

unidirectional fibers and a plate reinforced by 

TFP  
In TFP plates, fibers bypass the screw holes, 

thus the integrity of fibers is maintained (A). 

When subjected to load, stesses in TFP plates 

are distributed more evenly than in plates 

reinforced with unidirectional fibers (B). 

Plates reinforced with unidirectional fibers 

tend to break apart while TFP plates retain 

structural integrity even when their load-

bearing capacity drops to a minimum (C).  

 

 

 

Figure 1. Render of the concept of a novel 

bioresorbable bioactive fracture fixation plate 

by TFP 
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VIII-SY14-DGBMT | DGBMT SY: Biohybrid 

Implants 
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Biohybrid implants, i.e. implants that are made by combining synthetic or natural materials 
with the body‘s own cells or tissues are on the rise. They allow for better and faster tissue 
formation and integration, less short- mid- and long term side effects and overall better 
clinical outcome. 
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Engineering, Aachen, DE; 2Maastricht University, Aachen-Maastricht-Institute for Biobased Materials (AMIBM), 

Maastricht, NL 

 
 

Regenerative Medicine has promised to overcome the limitations of conventional implants with the potential to 

remodel, to self-repair and specifically for the pediatric applications to grow with the child. In the past two decades, 

many successful pre-clinical trials have demonstrated the potential of tissue-engineered implants, but the number of 

translated products to the clinic are very limited. This is due to the high complexity of the production process and the 

need to control the complex adaptive behavior of the patient-individualized cell source in the process. 

While the classical tissue-engineered implant has primarily focused on a complete autologous solution, the biohybrid 

approach is looking for a balance combination of technical and biological components with regard to (i) a high 

(re)producibility by the technical component and (ii) an optimal hemo/biocompatibility by the biological component. 

Because “human beings are textile-reinforced composites”, textile engineering offers a multi-scale toolbox for 

mimicking and supporting tissue engineered constructs. We have demonstrated the use of textile fibers to create 

anisotropic tissue constructs in cardiovascular and respiratory tissue engineering. 

The keynote lecture will give an insight in the “evolution” of cardiovascular and respiratory tissue-engineered implants 

from complete autologous towards biohybrid textile reinforced constructs as key technology for a (re)producible and 

herewith transferable implant into clinic. 
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VIII-SY14-DGBMT-KL02 

Biohybrid Cochlear Implant Electrode  

Thomas Lenarz, A. Warnecke 

Hanover Medical School, Hanover, DE 

 
 

Background:  

Cochlear Implants have proven to be a safe and reliable method for hearing rehabilitation in patients with severe to 

profound hearing loss. They replaced the function of hair cells which transduce acoustic information into action 

potentials of the auditory nerve for further processing in the central auditory system. Patients can understand speech 

in quiet but have severe limitations in noise and with music listening due to the reduced number electrically separated 

information channels due to the wide distance between electrode contacts and neural elements and the 

encapsulation by fibroblasts.  

 

Ways to improve the electrode nerve interface:  

The goal is the direct connect between the regrown peripheral dendrites of the auditory neuron with the electrical 

substrate on the electrode carrier fast leaving to multi-channel electrode with several hundred information channels 

compared to the current devices (maximum 20 electrode contacts).  

This can be achieved by surface functionalization with optimized micro- and nanostructures for cell selective on 

growths, polymer coating for relieves of drugs due to press trauma reaction and subsequently fibroblast growths and 

induction of peripheral dendrite regeneration through nerve growths factors e. g. BDNF.  

 

Biohybrid implant with cell coated electrodes. The entrapped cells e. g. program fibroblasts or stem cells sustainably 

and autonomously produced this nerve growths factors to maintain the concentration gradient to attract the dendrites 

towards surface.  

 

Integrated reservoirs for nano particles containing nano particles are used for gene therapy. AAB viruses or artificial 

nano particles will be released and can be invade the target cells e. g. remaining hair cells or neurons to induce 

functional preservation by exchange of genetic information. 

Access cellular matrix will be used to bridge the gap between electrode and neurons to provide the necessary medium 

for nutrition of cells and growths and dendrites.  

 

Perspective: 

All of these steps have been already brought from bench to bedside while other approaches are at a different 

technology at readiness levels for prior to clinical studies.  

 

First clinical results will be presented.  
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VIII-SY14-DGBMT-03 

Bioprinting in 3D and 4D for novel in vitro models and biohybrid 

implants 

Horst Fischer 

RWTH Aachen University Hospital, Dental Materials and Biomaterials Research, Aachen, DE 

 
 

Bioprinting technology enables the build-up of cell-laden hydrogel-based 3D constructs with a high geometrical 

complexity. Among various methods the drop-on-demand bioprinting technique in particular holds great potential. 

Moreover, a novel acoustic bioprinting technique is introduced that requires no nozzle and in addition enables both, 

the printing of cell clusters and single cells. With both bioprinting techniques the spacial organization of cells 

mimicking in vivo condition can be achieved. However, the cell-laden constructs do not exhibit full biofunctionality 

after printing right away. A subsequent cultivation process in vitro with the self-organization of the embedded cells 

over time ('4D' aspect) is of crucial importance to achieve fully biofunctional tissue. The talk will present major factors 

influencing the response and the development of bioprinted cells and tissue maturation in the '4D' biofabrication 

process. 
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VIII-SY14-DGBMT-04 

New perspectives in cartilage repair through an in-situ gelling hydrogel 

with anti-inflammatory, anti-angiogenic and chondrogenesis 

supportive properties 
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Reutlingen, DE; 4TETEC AG, Head of Research & Development, Reutlingen, DE; 5 TETEC AG, Project Manager 

Research & Development, Reutlingen, German 

 
Introduction 

Localized full-thickness and painful chondral and osteochondral defects of the large joints can have different causes. 

Accompanying discomfort and impairment of quality of life are comparable to those of patients with osteoarthritis 

(OA). Also the risk to develop OA after having such a defect rises significantly with increasing defect size, provided 

that the lesion is not or not correctly treated. In this context clinical trials demonstrated that early onset of OA and the 

conversion rate for an artificial joint replacement was considerably reduced, when a cartilage restoring approach was 

used that led to a high-quality cartilage regeneration in the defect [1, 2]. 

Osteochondral transfer (e.g. mosaicplasty) and autologous chondrocyte transplantation (ACT) are referred to as 

regenerative or restoring methods, whereas bone marrow stimulating techniques such as microfracture are counted 

among the reparative treatments, which predominantly induce biomechanically inferior fibrocartilage instead of 

hyaline or hyaline-like cartilage. Based on the best available evidence ACT is recommended for the treatment of 

knee and hip cartilage defects with a defect area > 2-3 cm2 [3]. 

Due to the anatomy of the hip, mosaicplasty or matrix-assisted ACT (m-ACT) using a solid biomaterial as a cell carrier 

cannot be applied without causing considerable surgical comorbidities. The problem of a difficult surgical access 

exists also in the ankle joint, the patella or the tibia plateau of the knee joint. Possible caused by substantial 

complications invasive open intervention (e.g. femoral head necrosis after hip luxation) often lead to an inappropriate 

risk-benefit ratio. 

Additionally, clinical studies have shown that an increased expression of IL-1 (interleukin-1), FLT-1 (vascular 

endothelial growth factor receptor-1) and a reduced expression of COL2A1 (collagen type II) of in vitro expanded 

chondrocytes is associated with a significantly increased risk of treatment failure or worse clinical outcome after ACT 

[4]. Collagen type II is an important extracellular matrix protein of the intact hyaline cartilage, IL-1 induces 

inflammation and FLT-1 angiogenesis. Both, inflammation as well as adverse angiogenesis represent key 

pathomechanisms for development of OA [5]. 

  

Results and Discussion 

Considering the mentioned problems and insights, an in-situ gelling hydrogel consisting of albumin and hyaluronic 

acid was developed as a carrier material for m-ACT that can be applied arthroscopically also in case of difficult defect 

locations. The hydrogel possesses anti-inflammatory and anti-angiogenic properties, and stabilizes the phenotype of 

human chondrocytes [6]. In feasibility studies and ongoing clinical trials high biocompatibility of the hydrogel together 



ESB 2019 | Abstract Booklet 

Thursday, 12 September, 2019 
 

 

Page 544 of 1893 

with very low complication, reoperation and high therapy response rates was observed in the knee as well as in the 

hip joint [7]. Histological examinations revealed cartilage regeneration with hyaline rather than fibrous properties. 

Surgery time and surgical comorbidity was reduced considerably by use of the hydrogel compared to the experiences 

made with solid biomaterials. This is of particular importance, because longer operating times can impair structure, 

biochemistry and the metabolism of human articular cartilage [8]. 

  

Conclusion 

The procedure called NOVOCART® Inject, therefore represents an improvement of existing therapies for many 

indications. However, the translation from development into routine health care is long-lasting and difficult due to 

extensive regulatory requirements and increasing bureaucratic obstacles, also on the part of the national technology 

assessments. 
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Arthroscopic application  
Arthroscopic application of the cell augmented 

and in-situ gelling hydrogel into a full-

thickness cartilage defect of the medial femoral 

knee condyle. 

 

 

Morphology of chondrocytes in the hydrogel. 
In chondrocytes the spherical cell morphology is 

a sign of the differentiated phenotype and 

functionally related with the cartilage-specific 

matrix synthesis [9]. 
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Influence of two pretreatments and their combination prior to NaF 

coating on the electrochemical corrosion behavior of five experimental 

magnesium alloys 
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University Hospital Tuebingen, Section Medical Material Science and Technology, Tuebingen, DE 

 
Introduction 

When magnesium alloys are used as biodegradable alloys in medical applications, corrosion is considered to be too 

rapid and this problem is still unresolved. Different pretreatment and / or coating technologies offer opportunities to 

improve the corrosion resistance of Mg alloys, resulting in an Ez shift in anodic direction, lowering of Icorr and 

increasing Rp values, and forming a passive region compared to untreated ones. In general, different pretreatments 

are recommended for each coating option [1,2]. Typical pretreatments are boiling in hot water to produce a Mg(OH)2 

protective layer, an alkali pretreatment, e.g. with NaOH at various concentrations and times, for conditioning or 

roughening the surface. The general purpose of pretreatments is to improve the coating so that it stays on the Mg 

surface for longer, until the degradation process begins. The effects of pretreatments and coatings depend on the 

alloy composition, the treatment solutions, pH and technologies used, the immersion time of each process step, and 

the subsequently used electrolytes to characterize the corrosion behavior [1,3]. Chen [3] states that most Mg alloy 

coating technologies take a long time, and he recommends focusing on optimizing pretreatments rather than 

coatings. The aim of this study was to investigate the influence of hot water treatment, alkali treatment and their 

combination on the initial electrochemical corrosion behavior of five experimental Mg alloys. 

  

Experimental Methods 

The experimental Mg alloys MgZn1, MgAl3, Mgal9, MgAl3Zn1 and MgAl9Zn1 were used [4,5]. From each alloy and 

for each treatment, 3-5 samples were prepared. After grinding in ethanol with SiC 1200, the samples were 

ultrasonically cleaned in ethanol (untreated reference). For hot water cooking (pretreatment A), the samples were 

immersed for 20 minutes and then dried in air for 20 minutes. For conditioning (pretreatment B), the samples were 

immersed in 0.5 M NaOH for 20 minutes and then dried in air for 20 minutes. The combination (pretreatment A+B) 

took place in succession as described. With untreated and pretreated samples anodic polarization measurements 

were performed (PAR 273, software: M352, EG&G) from -150 mV ~ Ecorr to -1200 mV at a rate of 1 mV/sec in PBS 

at 37 °C. From each measurement, the parameters Ez, Icorr, Rp, Ep, ip and ΔE=Ep-Ez were calculated. Microscopic 

images were taken before and after corrosion measurements (stereomicroscope M 400, Wild, Herbrugg, 

Switzerland). 

  

Results and Discussion 

As an example, Figure 1 shows the anodic polarization of all pretreatments of MgAl9 and MgAl9Zn1 compared to the 

untreated alloys. Figure 2 shows the results of the Icorr and Rp values of all 5 experimental alloys as a function of all 

pretreatments compared to untreated ones. 

The results revealed, compared to untreated conditions, that the combination of both pretreatments significantly 

improved the corrosion resistance of all the Mg alloys used in this study, followed by pretreatment A. Conditioning 
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with 0.5 M NaOH reduces corrosion resistance and cannot be recommended as a pretreatment, especially for the 

binary Mg alloys. Lower icorr values were found for the tertiary Mg alloys, but Rp did not increase. For MgZn1, the 

effect of most pretreatments was low or opposite. Of all the alloys tested, it was the only one that formed a passive 

region with detectable breakdown potential when left untreated. In the combined pretreatment, all tested Mg alloys 

showed a passive range that varied from low to significant. 

  

Conclusion 

Based on this study, the combination of hot water treatment and conditioning with 0.5 M NaOH may be recommended 

as a suitable pretreatment for the Mg alloys used in this study for improving the corrosion resistance especially for 

Mg alloys, which showed no passive region in the untreated state.   

It can be concluded that the formation of a passive region and / or the shift to lower current densities have the most 

positive effect of improving the corrosion resistance of the Mg alloys investigated here. 
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Determined parameters icorr and Rp of all 

magnesium alloys and pretreatments. 

 

Figure 1: 
Anodic polarization curves (mean curves) of 

MgAl9 and MgAl9Zn1 depending on the 

pretreatment. 
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Introduction 
Since the 1970ies it has been hypothesized from in vitro studies that plasma proteins are adsorbed as the first step 

following prosthetic implantation [1], leading to the current doctrine that "Blood is invariably the first tissue that the 

implant will contact when introduced into the bone" [2]. Mechanistically proteins are adsorbed to surfaces with high 

affinity by multivalent, cooperative [3] interactions involving adsorption hysteresis [4]. On the basis of these 

prerequisites we undertook a protein layer analysis on hip implants shortly after implantation. 

  

Experimental Methods 

This is the first clinical study on an explant proteome analysis after femoral stem implantation [5]. After 2 min. in situ 

the stems were explanted in a no tough technique, washed with saline, quick frozen in liquid nitrogen and stored at 

-80 °C. Proteins were eluted under reducing conditions with 4% SDS at room temperature and analyzed by LC-

MS/MS [5]. 

  

Results and Discussion 

Under the set conditions the implant proteome was found to consist of 2802 unique proteins. Of these 77% were of 

intracellular origin, 9% were from the plasma proteome, 8% from bone proteome. The most abundant protein in the 

adsorbed total protein layer was hemoglobin (~10%) followed by serum albumin (~5 %). 

  

Conclusion 

This study is a major step forward in understanding and predicting the implant-induced response of the osseous 

microenvironment, which may lead to enhanced healing with a reduction of postoperative surgical revisions. The in 

vitro-based plasma protein doctrine for initial protein adsorption could not be verified for the hip implant proteome. 
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Introduction 

Infections related to medical devices and implants cause constant and serious clinical problems. The initial bacterial 

colonization and growth may result in biofilm formation which protects the microorganisms against host defense 

mechanisms and makes antibiotic treatment difficult. Also due to increasing resistance to antibiotics, there is a need 

for additional antibacterial active implant coatings. Silver and nanosilver as antimicrobial agent have been used to 

inhibit initial bacterial colonization on the surface. Recently, we presented a sacrificial anode system by combining 

silver with a more noble metal (platinum group elements) to achieve enhanced release of silver ions from silver dot 

arrays. The results demonstrated enhanced antimicrobial activity of sacrificial anode samples compared to similar 

non-sacrificial anode silver dot arrays. 

The goal of this study was to further reduce the total amount of silver as well as the rare and expensive platinum 

group metals and to establish an antimicrobial active platinum/silver sacrificial anode system as ultrathin 

nanopatches. 

  

Experimental Methods 

The samples were fabricated using magnetron sputter deposition of silver and platinum on titanium coated Si/SiO2 

substrates. A very short sputter time (10s, 20s or 60s) was applied which resulted in nanopatch-like deposits (5-60 

nm in diameter, depending on sputter time). Three sample types of each sputter time were fabricated: silver patches, 

consecutively sputtered platinum/silver patches, and co-sputtered platinum/silver patches. The shape and 

composition of the deposited patches were analyzed using transmission electron microscopy (TEM), HR-TEM 

(HAADF Mode) and energy-dispersive X-ray spectroscopy (EDX). The amount of released silver ions from the 

surface was quantified electrochemically by the voltammetry. The bacterial test was performed with Staphylococcus 

aureus (DSMZ 1104) in BHI-broth using a drop-based experimental set-up, which allowed the detection of adherent 

bacteria on the surface and the planktonic bacteria in the supernatant. 

  

Results and Discussion 

Microstructural analysis using HR-TEM showed nanopatches of silver and platinum deposits, which had, depending 

on the sputter time, a thickness of 1,3-3,9 nm and a diameter of 5-60 nm. The HAADF-STEM and EDX-mapping 

showed an inhomogeneous distribution of platinum and silver deposits. The antibacterial results towards 
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Staphylococcus aureus demonstrated an enhanced antibacterial activity of sacrificial anode platinum/silver-

nanopatches compared to pure silver-deposits. The sputter patterns influenced the dissolution of silver as well as the 

antimicrobial activity. The results demonstrated an enhanced silver ion release and enhanced antimicrobial efficiency 

induced by the samples which were consecutively sputtered with platinum/silver compared to the co-sputtered 

samples. The electrochemically measured dissolution of silver ions correlated to the antimicrobial activity. Due to the 

sacrificial anode effect, the duration of the antimicrobial activity was self-limiting and holds just up to 8 hours. 

  

Conclusion 

The advantages of such platinum/silver deposits are the enhanced antimicrobial activity at a reduced total amount of 

silver and the time limited effect due to the rapid silver dissolution, which is based on a sacrificial anode effect. 
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Introduction 

The aim of this study was to combine the trace elements copper and zinc with inorganic surface modification 

techniques already successful in bone applications and to investigate potential synergistic effects of both ions. 

Copper ions released from bone implant coatings are known to enhance vascularization1, whilethe incorporation of 

zinc is intended to act chemotactically and stimulatingly on bone forming cells. Additionally, both ions might have at 

least slight antimicrobial effects for released amounts in concentrations below cytotoxic level. Calcium phosphate 

phases (CPP) were utilized as a carrier for the selected trace elements in order to i) provide osteoconductive surfaces 

and ii) to tune the immobilized amounts and release behavior of the trace elements. 

  

Experimental Methods 

Deposition of brushite onto c.p.Ti discs was performed by means of electrochemically assisted deposition (ECAD) 

from aqueous electrolytes containing Ca(NO3)2 and NH4H2PO4. Cu and Zn integration was realized by addition of up 

to 0.5 mM Cu(NO3)2 and Zn(NO3)2 either alone or in different combinations to the electrolyte. (Sample labelling reflects 

applied concentrations.) The coatings were characterized by chemical analysis after dissolution in 0.1 M HNO3. Ion 

release from coated surfaces was analyzed after incubation in simulated body fluid (SBF) with or without 10% fetal 

bovine serum (FBS). Human marrow stromal cells (hMSC) were seeded with a cell density of 5000 cells/cm² onto 

coated samples either directly or after 3 days of pre-incubation in serum-free medium. This pre-incubation was 

performed to avoid depletion of Ca level in close vicinity to attaching cells due to conversion of brushite into more 

stable CPP phases. 

  

Results and Discussion 

When Cu2+ and Zn2+ ions were added during the ECAD process, their deposited amount depended mainly on the 

concentration of the respective ions in the electrolyte. Single addition of both ions up to 0.5 mM Cu resulted in nearly 

similar immobilized amounts of up to 68.9±0.1 µg Cu/cm² and 56.6±0.4 µg Zn/cm². Co-deposition of both ions was 

achieved with no changes in Zn content for added Cu while the presence of Zn increased immobilized Cu content 

even slightly. 

Release of deposited Cu and Zn species from the obtained coatings was negligible in serum-free SBF in all 

combinations. In contrast, much higher amounts were released in SBF with 10% FBS depending mainly on initially 

immobilized amounts and ranged between 1-6 µg/ml for Cu and 0.3-0.8 µg/ml for Zn within first 24 h. Burst like 

release was observed for Cu but not for Zn for daily medium exchange. The release behaviour of Cu was not 

significantly changed by the co-immobilization of Zn while the presence of Cu in the coatings resulted in roughly 

twofold increase of released Zn amounts. 
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Detailed cell studies with hMSCs were performed with selected combinations of 0.1-0.3 mM Cu and 0.3-0.5 mM Zn. 

The respective contents in coatings ranged between 5 and 40 µg/cm² Cu and 25 and 57 µg/cm² Zn. The presence 

of Zn was beneficial for cell adhesion as well as further growth (Fig. 1A) while cytotoxic effects were already visible 

for coatings obtained with 0.3 mM Cu. However, the presence of Zn in Cu03Zn03 and Cu03Zn05 could alleviate such 

effects but cell number was still reduced by ~50% compared to respective Cu-free samples. The most critical step 

was cell adhesion while further proliferation was only slightly affected. Differentiation in terms of activity of alkaline 

phosphatase was always higher for highest Zn additions (p<0.01). On pre-incubated samples overall highest values 

were observed for Cu03Zn05 (p<0.05). Pro-angiogenic potential was evaluated according to normalized release of 

vascular endothelial growth factor (VEGF) by hMSC and was clearly highest on high Cu content (see Cu03 in Fig. 

1C) and comparatively high also for pure brushite while Zn alleviated relative release. 

Antimicrobial tests with E. coli revealed decrease in adhering bacteria compared to titanium reference for brushite 

alone by ~60% and further decrease of bacterial coverage for all Cu- or Zn-containing coatings in particular those 

with high Cu content (< 1%). 

  

Conclusion 

It was shown that Cu and Zn can be co-deposited together with calcium phosphate onto metallic implant materials 

by ECAD. The deposited amount of these ions is tunable in a certain range. The well-known potential for osteogenic 

stimulation by Zn was maintained in presence of Cu, with lower Cu content promoting cell growth while for high Cu 

contents highest differentiation potential combined with highest antimicrobial effects was observed. 
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Fig. 1  
(A) Cell growth and (B) differentiation of hMSC 

after 14 days on titanium samples coated with 

brushite layers containing different additives 

of Cu and Zn; 
(C) VEGF release measured in supernatants after 

3 days of incubation, normalized to cell number 
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Introduction 

Functional and esthetic reconstitution in partially and edentulous patients is gaining importance because of 

demographic changes in western societies. The actual numbers are over 1,200,000 replacements per year in 

Germany. Despite all material and surgical improvements over the last decades, the expected prolonged durability 

of implants in the human body will increase the problems with biofilm-related inflammation. Peri-implant inflammation 

of soft and hard tissue is responsible for implant failure with a prevalence of more than 20% after five years. 

There is an unlimited interest in implant research to modify the surface of medical implants by various physical and 

chemical techniques in order to improve their antibacterial properties. To our knowledge none of these innovative 

surfaces reached the status of mainstream clinical application. Reasons for this lack in translational success are 

manifold. Many of these strategies are sufficient in vitro against single bacterial strains but do not consider the 

influence on host tissue or wound healing. Other implant improvements can only be applied on simple geometries or 

disqualify for industrial application because of high costs or limited benefit in vivo. Even the evident consideration 

that a new implant surface has to meet clinical hygiene standards and therefore has to be sterilized by a supplier 

causes the failure of many promising implant innovations from the literature in the translational process. 

  

Experimental Methods 

We investigated coating strategies for titanium implants with three different copolymers regarding antibacterial 

properties and cytocompatibility. The adhesion of S. aureus and S. oralis were visualized using live/dead staining 

and CLSM microscopy. Cytotoxicity was analyzed regarding metabolic activity and membrane integrity. The cell 

attachment was quantified using a modified LDH assay. Additional, storage and sterilization processes were 

simulated and the effects on the coating strategy were evaluated. 

  

Results and Discussion 

From the investigated copolymers all showed as a substance good cytocompatibility with host tissue cells and as a 

coating high bacterial repelling properties (up to more than 98%). Only one coating allowed the adhesion and 

proliferation of human gingival fibroblasts to the same degree as uncoated controls. The simulation of storage 

revealed a decrease in the antibacterial effect more severe than sterilization with gamma-rays or hot steam for all 

coatings. Hot steam treatment even reactivated the suppression of bacterial attachment, especially for the tissue-

friendly copolymer-surface. 
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Conclusion 

We could present an innovative polymer coating strategy, which is inexpensive and easy to apply on complex implant 

geometries. Noteworthy, our strategy has unique antibacterial repelling qualities without damaging the interaction of 

peri-implant tissue cells with implant material. Moreover, the coating is stable under well-established storage and 

sterilization techniques and can be adapted for titanium and ceramic surfaces. 
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Introduction 

In dental implantology, peri-implantitis is an increasing problem characterized by destruction of adjacent alveolar 

bone of implants with a prevalence of 20% in patients within 5-10 years. Biofilm formation on implant surface is the 

primary cause of peri-implantitis and the treatment is based on the removal of biofilm. However, it is hard to 

completely remove the organic residues of biofilm by conventional treatments, which would have adverse effects on 

the therapeutic effect and re-osseointegration. Photocatalysis has been widely used in organic pollutants degradation 

and shows satisfying efficiency. Rupp et al. fabricated a anatase-TiO2 crystalline coating on titanium and proved it 

could effectively photo-oxidation of bovine serum albumin and acquired dental pellicle, but poor mechanical 

properties and nonactivation to visible light may limit its application. In this study, a novel plasma electrolytic oxidation 

(PEO) based procedure was developed to fabricate a TiO2 nanoceramic coating on Ti substrates, showing superior 

wear-resistance and visible-light photocatalytic activity. 

  

Experimental Methods 

1. Sample preparation 

Pure titanium (PT) samples were first plasma electrolytic oxidized in CH3COONa electrolyte under potentialstatic 

mode. The samples were then heated up to 600 ℃ in a muffle furnace, maintained for 1 h. Then the samples were 

carefully polished with abrasive paper to remove the outermost porous layer and the final samples were named as 

harden pure titanium (PT-H) samples. TiN coated, sandblasted and acid-etched (SLA) and H2SO4-HCl anodized 

samples were prepared as controls. 

2. Surface and coating characterization 

The as-prepared samples was observed by SEM and AFM. Surface roughness values (Ra) and water contact angles 

(WCAs) were measured. XRD, Raman and XPS spectra were detected. FIB-TEM and EDX mapping were applied 

to observe the coating cross-section structures. 

3. Surface mechanical properties 

Nanoindentation hardness and the wear behaviors of PT, PT-H and TiN coated samples were tested. P. Gingivalis 

were used as the model bacteria to form biofilm on PT and PT-H samples, which were then removed by steel curretes 

and ultrasonic device with steel tips. 

4. Photocatalytic activity 

Photocatalytic degradation of methylene blue (MB) and lipopolysaccharide (LPS) were investigated under UV and 

visible light irradiation. The generation of reactive oxygen species (ROS) was probed by DMPO spin-trapping EPR 

technique. 

5. Biological experiments 
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The morphology, attachment, spreading and differentiation of MG63 cells on PT, PT-H and SLA samples were 

detected to evaluate the biocompatibility of PT-H samples. PT and PT-H implants were implanted into mandibles of 

mini-pigs for 4 and 12 weeks and the results were analyzed by Micro-CT. 

  

Results and Discussion 

We successfully developed a novel method to fabricate a black, 1 μm-thick TiO2 nanoceramic coating on Ti 

substrates. The coating was dense-packed and nano-crystallized with excellent coating-substrates bonding ability, 

exhibiting a defective TiO2-x layer in the outermost part, which has never been reported before.  

The PT-H samples showed two-fold higher nanoindentation hardness than PT and excellent wear-resistance toward 

steel balls in ball-on-disc test. It also showed excellent scratch-resistance towards decontamination instruments such 

as steel curretes and ultrasonic device. The improvement could be attributed to the specific micro-structure and the 

nano-size hardening effect of the nano-crystallites. 

Under UV irradiation, the PT-H samples showed the best photocatalytic ability, with the MB degradation rate of about 

90% after 2 hours, while the PT and SLA samples showed a terminal degradation rate of about 35%. The PT-H 

samples also showed the best photocatalytic activity under visible light irradiation. The generation of ·O2 and ·OH 

radicals were involved in the photocatalytic process of PT-H samples. The introduction of Ti3+ and oxygen vacancies 

of the coating resulted in an enhanced absorption of visible-light.  

Moreover, the PT-H sample showed better MG63 cells responses and comparative osseointegration ability than PT 

samples. 

  

Conclusion 

In this work, we successfully fabricated a biocompatible and wear-resistant TiO2 nanoceramic coating on titanium 

substrates by a three-step procedure based on a novel plasma electrolytic oxidation technique. This coating also 

showed enhanced visible-light photocatalytic activity towards methylene blue and lipopolysaccharide due to its 

outmost defective TiO2-x layer. This work provides a unique coating technique as well as photocatalytic cleaning 

strategy for enhanced decontamination of titanium dental implants, which will make a breakthrough in treatments of 

peri-implantitis. 
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Evaluation of the photocatalytic activities of 

PT, PT-H, SLA and anodized samples. 
Evaluation of the photocatalytic activities of 

PT, PT-H, SLA and anodized samples. (A) MB 

degradation under UV irradiation. (B) MB 

degradation under visible light irradiation. (C) 

Durability of PT-H samples under UV irradiation 

with five consecutive cycles. (D) Durability of 

PT-H samples under visible light irradiation with 

five consecutive cycles. (E) LPS degradation 

under UV and visible light irradiation on PT-H 

samples. (F) EPR spectra of the PT-H sample with 

or without Xe lamp irradiation for the detection 

of ·O2 radicals. (G) EPR spectra of the PT-H 

sample with or without Xe lamp irradiation for 

the detection of ·OH radicals. 

 

 

Results of the nanoindentation and ball-on-disc wear 

test.  
Results of the nanoindentation and ball-on-disc wear 

test. Stereomicroscopic photographs of PT (A), PT-H 

(B) and TiN (C) samples and SEM images of PT (D, G), 

PT-H (E, H) and TiN (F, I) samples after test are 

presented. The red arrow refers to the wear scar on 

the PT-H sample. Element composition in wear scars 

areas of PT (J), PT-H (K) and TiN (L) samples are 

detected by EDX. 

 



ESB 2019 | Abstract Booklet 

Thursday, 12 September, 2019 
 

 

Page 561 of 1893 

1:00 p.m. – 2:30 p.m. 

Conference room 2+3 

VIII-OS30 | Antibacterial and drug delivery 2 

 

 

  



ESB 2019 | Abstract Booklet 

Thursday, 12 September, 2019 
 

 

Page 562 of 1893 

VIII-OS30-01 

Bio-selective bacteriostatic and fungistatic surfaces made of 
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Introduction 

Pathogenic microbial contaminations on the surface of e.g. medical products and the associated risk of infection are 

a severe problem especially in the public health care sector. Microbial colonization and subsequent biofilm formation 

are highly problematic, as biofilms are much more difficult to eradicate than isolated microbes. Furthermore, 

antimicrobial resistant strains are increasing at an alarming rate due to the overuse of antimicrobial agents. Since 

one critical step in biofilm formation is the initial adherence of pathogenic microbes onto a material’s surface, inhibiting 

microbial attachment is a reasonable approach to develop material surfaces resistant to biofilm formation. There are 

two main strategies for inhibiting surface attachment, referred to as either active or passive resistance. While 

passively resistant surfaces utilize super hydrophilic or hydrophobic polymers, zwitterionic and other synthetic 

polymers, actively resistant ones include contact killing materials such as cationic polymers, amphiphilic polymers, 

antimicrobial peptides and polymeric/ composite materials loaded with antimicrobial agents. In this work, a novel 

passive approach was developed originating from the basic observation that some silk materials display high 

resistance against microbial degradation. 

  

Experimental Methods 

We systematically investigated the bacteriostatic and fungistatic properties of a biotechnologically designed 

recombinant spider silk protein system. Different recombinantly produced spider silk proteins based on consensus 

sequences of Araneus diadematus dragline silk proteins (fibroin 3 and 4) were processed into 2D-patterned films and 

3D-hydrogels. These materials were exposed to pathogenic bacteria (S. mutans, S. aureus, E. coli) and fungi (C. 

albicans, P. pastoris) as well as to mammalian cells (BALB/3T3 fibroblasts). Biofilm formation was observed 

qualitatively via SEM imaging and quantified by fluorescence analysis and by atomic force measurements of single 

bacteria's adhesive forces on spider silk films in comparison to other material surfaces (regenerated B. mori fibroin 

and polycaprolactone). Furthermore, the bioselective growth of fibroblasts and simultaneous repellence of microbes 

was demonstrated in co-culture experiments.  

  

Results and Discussion 

2D- and 3D-materials based on engineered recombinant spider silk proteins provide bacteriostatic and fungistatic 

properties as shown with a range of tested microbial organisms considering both, bacteria (S. mutans, S. aureus, 

and E. coli) and fungi (C. albicans, and P. pastoris). None of the tested microbes could manifest biofilms on 

recombinant spider silk films, hydrogel surfaces or within hydrogels. The chosen microbial pathogens are often found 

in nosocomial infections in humans, and their strong ability to produce biofilms and aggressive infections can be a 
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severe health threat. To specifically demonstrate the aptness of these properties of recombinant spider silk in the 

field of tissue engineering, we performed co-culture experiments of bacteria and fungi with mammalian cells using 

films and hydrogels made of an RGD-modified spider silk variant. Introduction of the RGD-sequence allowed the 

generation of a bio-selective spider silk surface, displaying attachment and unhindered proliferation of mammalian 

BALB/3T3 fibroblasts but only little/no adhesion of bacteria and fungi. In previous studies, the shear thinning behavior 

of these hydrogels was demonstarted and they could be applied as a 3D-printable ink for biofabrication. The latest 

findings complement these properties reducing the risk of contamination when using these materials in the field of 

tissue regeneration.  

  

Conclusion 

The obtained novel properties complement the previously shown non-toxicity, biodegradability and mechanical 

stability of recombinant spider silk materials boosting the potential for various biomedical (e.g. tissue engineering, 

wound coverage devices, implant coatings) or technical (e.g. coatings of textiles, water tubes) applications. To our 

knowledge, the bacteriostatic and fungistatic properties of materials made of recombinant spider silk are unique, 

whereas materials prepared from regenerated B. mori fibroin, which resemble to some extend the composition and 

properties of spider silk proteins, do not show such behavior. 
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Introduction 

Infectious diseases remain a major burden in today’s world, causing high mortality rates and significant economic 

losses, with >9 million deaths per year predicted by 2030.1 One of the main causes is the formation of structures 

known as biofilms, which constitute a natural microorganisms mechanism of defense against external aggressions 

as antibiotics and immune system.2 Nowadays, there is an urgent need to combat biofilm-associated infections 

through the design of nanoplatforms able to prevent biofilm formation or to produce dispersion of preformed biofilms.3 

Currently, mesoporous silica nanoparticles (MSNs) are excellent candidates to develop targeted drug delivery 

devices and multifunctional platforms in cancer therapy, owing to their high biocompatibility, intrinsically large drug 

loading capacity and versatility in terms of chemical modification of its surface.4 

  

Experimental Methods 

Herein, different approaches focused in the design these nanocarriers for infection treatment are proposed. In this 

sense, MSNs will be designed to: (i) selectively transport antimicrobial agents into Gram-negative bacteria and 

bacterial biofilm, (ii) release different combinations of antimicrobial agents in a controlled fashion (iii) generate 

hyperthermia properties with biofilm-disruptive effects through light stimulus. 

  

Results and Discussion 

For targeted therapy, different vectorization elements have been externally incorporated into the MSNs in order to 

selectively transport antimicrobial agents inside the bacteria or biofilm. These elements are: polyamine dendrimers 

(G3),5 diamine molecules (DAMO),6 lectins (Con-A) and cationic polypeptides based on lysine and valine amino acids 

(pLys and pLys-Val). The obtained results show that the synergistic combination of bacterial or biofilm internalization 

and antimicrobial agents into a unique nanosystem provokes a remarkable antimicrobial effect against bacterial 

biofilm (see Figure). 

For co-delivery, MSNs were loaded with a wide spectrum antibiotic (levofloxacin, LVX) into the mesopores and 

subsequently externally coated with a gelatine layer (GEL) containing a mucolytic agent (acetylcysteine, AC). A fast 

release of AC, able to weaken the polysaccharides wall of the biofilm and therefore facilitating the input of the LVX, 

which exhibits a slower and prolonged kinetics, inside the biofilm, is intended. The preliminary in vitro assays against 

S. aureus show that this nanosystem is able to notably reduce the thickness of the biofilm by 75% in comparison with 

MSNs loaded with each of the drugs. These results display the successful synergistic effect between the antibiotic 

and the mucolytic co-delivered from the MSN based systems, showing this approach as a promising treatment for 

bone infection. 

For hyperthermia, core@shell nanosystems formed by Au nanorods (Au@MSNs) have been synthetized. 

Subsequently, the surfaces of these nanoparticles were conjugated with a nitrosothiol group through a heat liable 
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linker, enabling their stimulated release through infrared radiation to promote disintegration of the bacterial biofilm. 

The effects of these nanosystems were then analyzed through in vitro assays of biofilms formed by S. aureus cultures 

to study the synergetic efficacy of phototherapy and nitric oxide liberation. These novel nanosystems have initiated 

a potent alternative for the treatment of bacterial infections. 

  

Conclusion 

MSNs constitute promising nanoplatforms in the treatment of infection thanks to their great versatility in synthesis 

and functionalization. 
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Figure  
Targeted-therapy confocal study based of MSNs. 

(Left) Internalization of MSN-G3 nanosytem into 

the Gram-negative bacteria (bacteria wall in red 

and nanoparticles in green). (Right) 

Internalization of MSN-ConA nanosytem into the 

S. aureus biofilm (nanoparticles in red, live 

bacteria in green and biofilm protective layer 

in blue). 
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Introduction 

Whole plant Cannabis medicinal extracts (CME) contain a considerable amount of pharmaceutical compounds from 

several different chemical classes, including cannabinoids, a group of terpenophenols, which are singular to this 

plant1. In recent years, it has been  realized that many components of the Cannabis plant are synergistically active, 

stipulating medicinal superiority of the whole plant extracts in contrast to isolated single constituents2,3. Currently, 

CME consumption is limited to oral or respiratory pathways, limiting its bioavailability and may result in dose 

sensitivity4. These factors may be overcome via extended release formulations, such as polymeric drug-delivery 

microspheres, used to encapsulate and deliver active pharmaceutical ingredients (APIs)5. Prevalent microsphere 

manufacturing techniques are solvent-based, resulting in significant API loss and low encapsulation efficiencies6. 

Recently, we have developed a straightforward, solvent-free method for printing drug delivery microspheres directly 

from melt, by jetting a molten polymer excipient with an API payload onto non-wetting surfaces7. In this research, this 

method had been used to produce CME-loaded microspheres as a controlled release formulation. 

  

Experimental Methods 

Cannabidiol (CBD)-enriched extract (prepared as described in Berman et al.8) was mixed with a biodegradable 

polymer, polycaprolactone, at 90℃ . Then, the molten mixture was jetted onto non-wetting surfaces using a 

pneumatic jetting apparatus to form discrete solid CME microspheres7,9.  The microspheres were characterized in 

terms of particle size, morphology, extract loading and encapsulation efficiency. Cannabinoids release profiles were 

investigated in vitro,under simulated physiological conditions (n=3). To validate in vivo dose response, microspheres 

(equivalent to 5 mg extract) were suspended in 1 ml saline solution containing 1% (w/v) carboxymethylcellulose and 

1% (w/v) Tween®20, and then administrated via subcutaneous injection through a 20-gauge syringe into mice. 

Cannabinoids plasma concentrations were detected over 1, 2, 3, 7 and 14 days, compared to pure extract (n=4).  At 

the same time points, microspheres were recovered from the injection site to quantify cannabinoids release profile in 

vivo. Cannabinoids identification and quantification were performed by liquid chromatography mass spectrometry 

(LC/MS), according to the method described by Berman et al.8. 

  

Results and Discussion 

Spherical CME microspheres loaded with 30% w/w extract were produced, with an average size of 216± 14 µm. In 

Figure 1, a sequence of images taken from a high-speed camera shows the spontaneous formation of CME-loaded 

microsphere, upon interaction of the molten jet with the surface, and a SEM image of a resulting microsphere.  The 

use of the melt processing allowed us to encapsulate the different cannabinoids present in the extract with especially 

high efficiencies, of 110.1 3.7%, 92.1 1.2%, 107.4 0.6%, 89.6 4.1%, 96.4 6.3%, 103.5 2.4% and 93.5 2.1% for CBDV, 

CBDA, CBD, CBG, CBN, Δ9-THC and CBC, respectively (n=3). The microspheres showed a sustainable release 
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profile, releasing 70% of the entrapped major cannabinoid, CBD, within 2 weeks, both in vitro and in vivo, with a close 

to zero-order release kinetics during the first 4 days, followed by a plateaued, slower release profile (Figure 2). 

CBDA, the acidic precursor to CBD, has shown a burst release effect in vitro, probably due to its higher solubility in 

aqueous media, and could not be detected in vivo. CBDV, CBG, CBN, Δ9-THC and CBC, the other natural 

cannabinoids present in the extract, have shown a similar sustained release pattern as CBD, each component with 

its individual release rate. Moreover, steady levels of CBD were observed in murine plasma even after two weeks, 

correlating well with its in vivo release characteristics, as can be seen in Figure 2. 

  

Conclusion 

These results demonstrate the potential of the microspheres to extend cannabinoids bioavailability from several hours 

to days and weeks, while maintaining the “Entourage Effect” of whole plant extracts. 
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Figure 2: CBD release from CME-loaded 

microspheres 
Release profiles in vitro and in vivo vs. plasma 

concentration in mice. 

 

 

Figure 1: Formation of CME microsphere 
Frames taken from high speed imaging, capturing 

the formation of a CME-loaded PCL microsphere 

onto a non-wetting surface (left), and a SEM 

image of a microsphere after solidification 

(right). Scale bar: 100 um.  
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Introduction 

Chronic osteomyelitis is currently a severe disease harmful to human health, often causing persistent infection and 

is still lack of effective treatment. The treatment of infection with debridement may cause bone defect and hematoma 

which can lead to recurrent infection. Based on the pathogenesis of osteomyelitis and application of drug delivery 

system for local treatment, we design a positively charged chitosan (CS) nanospheres loaded with bone 

morphogenetic protein (BMP-2), and a negatively charged gelatin nanospheres loaded with antibiotic berberine (Bbr), 

to realize their electrostatic self-assembly and multifunctionality. Investigation on the structure, morphology, assembly 

property of the nanospheres will be carried out in detail, together with the controlled release behavior of the drug and 

protein, and the efficacy and mechanism for treatment of chronic osteomyelitis and repair of bone defect. 

  

Experimental Methods 

Chitosan microspheres with diameter of 14.3～48.5 μm were prepared by emulsion method and using natural vanillin 

as cross-linking agent[1]. FT-IR, XRD, TGA, SEM and laser particle size analysis were used to characterize their 

physico-chemical properties. MG63 cell lines have the osteoblast phenotype, which is suitable for the primary 

screening cell of bone implant materials and the microspheres’ cytocompatibility with osteoblast-like MG63 cell lines 

was evaluated in vitro. 

  

Results and Discussion 

The hollow microspheres showed a well-defined spherical shape with median diameter of 30.3 μm and possessed a 

uniform surface with micro-wrinkles, which is in favor of the drug release. Interpenetrating network cross-linking 

mechanism might result from the Schiff base reaction and the acetalization of hydroxyl and carbonyl between 

chitosan and vanillin. Berberine, was loaded in the microspheres and released in a sustainable manner. The drug 

loading ratio could change from 9.16% to 29.70% corresponding to the entrapment efficiency of 91.61% to 74.25%. 

In vitro cell culture study using MG63 cells and in vivo implantation clearly showed that the microspheres could 

provide favorable cell attachment and biocompatibility(Fig.1). The positively charged chitosan microspheres (CSM) 

(~35.5 μm) and negatively charged O-carboxymethyl chitosan microspheres (CMCSM) (~13.5 μm) were loaded 

respectively with bone morphogenetic protein (BMP-2) and berberine (Bbr) via swollen encapsulation and physical 

adsorption without significant change of the electric charges(Fig.2). TheBbr/CMCSM microspheres group possessed 

high antibacterial activity against the S.Aureus; the BMP-2/CSM microspheres group also owned excellent 

cytocompatibility, and improved osteoinductivity with assistance of BMP-2. The assembled gel group consisting of 

Bbr/CMCSM and BMP-2/CSM had a porous structure allowing biological signals transfer and tissue infiltration, and 

exhibited significantly enhanced bone reconstruction than the respective microspheres groups, which should result 

from the osteoconductivity of the porous structure and the osteoinduction of the BMP-2 growth factor[2]. 
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Conclusion 

The CS microspheres have a high drug loading and entrapment efficiency and moderate swelling ratio, presenting a 

sustained drug release behavior. It can be a good candidate for localized and sustained drug delivery, allowing for 

further biomedical investigation as therapeutic bioactive microcarrier.The n-HA/CS can act as worthy candidates for 

a multifunctional injectable matrix in bone tissue engineering. 
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Fig.2 Injectable gel constructs  based on 

assembled chitosan microspheres 
A, Scheme of preparation of oppositely charged 

microspheres and their assembled gel. B, (a) SEM 

image, fluorescence photograph of the assembled 

structure. C, Gel formation test (a) and 

viscoelastic properties (b-e) of the 

microspheres assemblies. D, In vivo quantitative 

estimation of new bone volume (b) among 

different implanted materials (control, A, B, C 

and D) based on the 3D reconstruction of around 

256 CT-images. E, HE staining evaluation 

micrographs of various implanted materials 

(group A, B, C and D) at 4 week (a-d), 8 week 

(e-h), and 12 week (i-l) (group A: CSM+CMCSM, 

group B: Bbr/CMCSM, group C: BMP-2/CSM, group D: 

BMP-2/CSM+Bbr/CSMCSM). The black arrows and blue 

arrows indicate the degraded microspheres with 

erose shape and indistinct shape respectively. 

  

 

Fig.1 Preparation and characterization of 

crosslinked chitosan therapeutic bioactive 

microcarriers. 
Glutaraldehyde cross-linked CS microspheres 

(GM), vanillin cross-linked CS microspheres 

(VM), terephthalaldehyde cross-linked CS 

microspheres (TM) were prepared by emulsion 

method(A).The hollow microspheres showed a well-

defined spherical shape and possessed a uniform 

surface with micro-wrinkles(B). Incubation of 

the drug carrying microspheres in phosphate 

buffered saline (pH=7.4&5.7) revealed slow 

degradation(C). Significant release of drug from 

drug loaded microspheres was apparent in 

vitro(D), this can be attributed to their 

swelling(E). Cells surrounded the microspheres 

showing a continuous monolayer with 

distinguishable microvilli and adhered well on 

the microspheres forming abundant cell layer(F).  
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Introduction 

Cyclodextrins (CDs) are cyclic oligosaccharides characterized by truncated cone structure with hydrophobic core and 

hydrophilic surface [1]. They are prone of forming interesting inclusion complexes with drug molecules that modulate 

their physical, chemical and biological properties. Consequently there is an increase in solubility and permeability of 

quest molecule through biological membranes resulting in significant improvement in their therapeutic efficacy 

combined with important decrease in toxicity [1]. Although the excipient role of CD in drug molecules is very well 

studied, the capacity of CDs to modify efficiency and toxicity of nanoparticles (NPs), especially NPs with antimicrobial 

characteristics, is not completely clear [2]. 

  

Experimental Methods 

Nanoparticles were synthesized using sonochemical approach and functionalized using amino acids pre-mixed with 

cyclodextrin [3]. Antimicrobial testing was performed in Pseudomonas aeruginosa (PAO1) [4] and confirmed using 

Live/Dead and FM646/DAPI staining. In vitro testing was done in lung epithelial A549 cells using Presto blue staining. 

In vivo testing was performed in Galleria mellonela worms injected with 10 uL of tested suspensions. 

  

Results and Discussion 

In this study we investigated amino acid- functionalized gold nanoparticles (AuNPs) designed as structural analogues 

of antimicrobial peptides (with the properties illustrated in Fig.1). With hydrophilic and cationic surface provided by 

amino acid, hydrophobic cores made of AuNPs as well as bioactive, hydrophilic apatite carrier they have all key 

characteristics to mimic antimicrobial peptides. If the surface of AuNPs is decorated by a mixture of cationic amino 

acids, there is a synergy that provides more than 10-fold increase in antimicrobial efficiency. However, selectivity 

index, in vitro and in vivo toxicity profiles of so-formed NPs do not favour their application and need to be improved. 

For that purpose we modified AuNPs functionalized by arginine as well as AuNPs functionalized by mixture of 

arginine, lysine and histidine using CD-molecules. Finally- formed AuNPs were very stable and readily dispersible in 

water. Morphologically, they are spheres up to 15 nm in size with positive zeta potential. Addition of CD boosted 

antimicrobial activity of amino acid-functionalized AuNPs, as observed in case of the Pseudomonas aeruginosa 

(PAO1). Low concentrations of NPs were providing strong antimicrobial effect (LIVE/DEAD test). NPs were able to 

deform bacterial cell structure and induce disruptions in bacterial wall (FM 646/DAPI staining). Cytotoxicity was tested 

in lung epithelial A549 cells and it showed significant improvements and selectivity was increased after modification 

by CD. In vivo toxicity was investigated in Galleria mellonela worm model. After addition of a high content of CD-

modified NPs 100%-survivability was obtained. 
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Conclusion 

CD-modification increases affinity of NPs for interaction with bacterial cells and promotes disruption of bacterial wall. 

Bacteria-favoured interactions are boosting antimicrobial activity and significantly decrease toxicity. The strategy is 

suggested as very efficient in designing next generations, antibiotic free antimicrobials based on nanotechnology. 
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Clara Mattu, Giulia Brachi, Gianluca Ciardelli 

Politecnico di Torino, DIMEAS, Turin, IT 

 
Introduction 

Systemic chemotherapy is often ineffective in treating cancer, due to poor selectivity and adverse off-target effects 

[1]. Polymer nanoparticles (NPs) are promising candidates as they enhance tumor uptake by passive and active 

targeting mechanisms, reducing undesired side effects [2]. 

Moreover, NPs can be used for packaging of multiple payloads, allowing combinatorial treatments that could not 

otherwise be obtained due to different biodistribution profiles on un-encapsulated drugs [3]. 

Here, we exploit the versatile chemistry of polyurethanes (PUR) to design a platform of NPs exhibiting: i) high drug 

loading ability [4]; ii) Active and passive targeting functionalities [5,6]; iii) ability to combine different treatment options 

[7]; iv) imaging capability [8].  

  

Experimental Methods 

PURs were obtained by a two-step synthesis procedure and their hydrophilic/hydrophobic balance was modulated 

by selecting different ratios between the hydrophobic poly(ε-caprolactone) (PCL) diol and the hydrophilic 

poly(ethyleneglicole) (PEG) [4]. NPs were prepared by emulsification of nanoprecipitation methods. Active tumor 

targeting was achieved in vitro by surface-modification with the monoclonal antibody Herceptin (HER). Core shell 

PUR NPs, were designed for the co-encapsulation of multiple payloads, including chemotherapeutics with different 

biodistribution profiles and imaging probes. In vivo studies were performed to determine tumor uptake and ability to 

efficiently co-deliver multiple payloads. Because of the low toxicity profile and versatile design, core-shell PUR-NPs 

were delivered intra-cranial (IC) in glioblastoma (GBM) bearing mice, and transport and treatment studies were 

performed. 

  

Results and Discussion 

We showed that PURs are optimal candidates to form NPs. High drug loading, in vitro cell targeting and 

internalization, and long-term stability were achieved. Functional groups or surface charge was successfully exploited 

for surface modification with HER and selective targeting of HER-2 over-expressing cells was demonstrated in vitro. 

The core-shell design of PUR NPs resulted high in vivo tumor accumulation in a breast cancer flank tumor model 

(4T1 cells). We showed efficient tumor co-accumulation of Doxorubicin and Docetaxel, two drugs with different 

pharmacokinetics and, therefore, not compatible for combinatorial treatment. NPs showed long residence time in the 

brain after IC injection (up to 10 days post injection) and good coverage of the tumor mass. Drug-loaded PUR NPs 

significantly extended survival of GBM-bearing mice. 

  

Conclusion 

Our results warrant further investigation of PURs as NP-forming materials in nanomedicine, in virtue of their 

versatility, surface-modification ability, and high affinity with both, hydrophilic and hydrophobic, drugs. 
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Introduction 

Breast cancer is the most common invasive cancer in women, and the second main cause of cancer death in women. 

Metastatic breast cancer, most frequently localized in bone, is causing considerable pain and high patient morbidity. 

The treatment of bone is challenging due to bone repair, and patients are often treated by implanting a passive 

artificial junction in addition to a systemic chemotherapy treatment.3D printing is emerging as a powerful tool for bone 

repair. Long-term bone regeneration of normal anatomic structure, shape, and function is clinically important 

subsequent to fracture due to bone trauma and tumor. 

3D printing is providing the ability to print bone substitute materials or “scaffolds” designed to mimic the extracellular 

matrix. The scaffolds need to be biocompatible and bioresorbable with a highly porous and interconnected pore 

network to control the degradation and resorption rate. They have a controlled shape and a suitable chemist surface 

for cell attachment, proliferation, and differentiation. Finally, the mechanical properties have to match those of the 

tissues at the site of implantation. For patients with bone metastasis, the scaffold may also allow the controlled and 

local release of anticancer drugs. One of the strategies to deliver these drugs by the scaffolds is to encapsulate them 

in microspheres such as Poly (lactic-co-glycolide) or PLGA microspheres which are one of the acknowledged 

vehicles for drug release approved by FDA. 

  

Experimental Methods 

To this aim, PLGA microspheres have been loaded with Raloxifene hydrochloride (RH) which is a selective estrogen 

receptor modulator (SERM) and Alendronate (AL) which is a bisphosphonate drug used for the treatment of bone 

metastasis. These drugs show an extremely poor bioavailability via oral administration thus justifying a local release. 

These microspheres made by emulsion have been incorporated into a 3D scaffold fabricated using a 

Stereolithography 3D printer system with a Poly (propylene fumarate) (PPF) photopolymer. PPF is an ultraviolet 

curable and biodegradable polymer with potential applications for bone regeneration and excellent mechanical 

properties.  

  

Results and Discussion 

The physicochemical properties of the nanocomposites scaffold have been fully characterized. The results showed 

that the microspheres were elongated and slightly less smooth after the loading of RH and AL, depicting the 

successful encapsulation of the drugs. The encapsulation efficiency and the realasing are obtained by UV-

spectrometry. Encapsulation efficiencies of 14% and 54% were obtained for RH and AL respectively with relasing 

above 30% after one month for both drugs. The size of microspheres are obtained in range of 1µm and 50µm 

confirmed by dynamic light scattering and granulometry. The molecular weight of the polymer has been determined 

by gel permeation chromatography with Mn of 1,5kDa and a PI of 4. The physicochemical properties of the 3D printed 
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scaffold have been determined using scanning electron microscopy to show the surface of the scaffolds and the 

porosity. Finally the mechanical properties of the 3D printed nanocomposites scaffolds have been determined by 

tensil test as well compression test to show the influence of the incorporation of the PLGA microspheres. 

Biological testing has been carried out in order to confirm the effects of encapsulated drugs on MCF7 cells 

proliferation. A cell viability test using MG63 cells has been conducted to determine the scaffold biocompatibility and 

its effects on cell proliferation. The successful cell adhesion was revealed by fluorescent microscopy ans by SEM.The 

aim of this work is the development and characterization of novel biomimetic biodegradable 3D printing scaffolds 

allowing both bone regeneration and inhibition of breast cancer cell proliferation. 

  

Conclusion 

These first results appear very promising and open prospects for bone metastasis treatment in breast cancers. 
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Introduction 

Ameniscus tear is one of the most common knee injuries with an annual incidence of 66/100,000 in the USA. Menisci 

are vital for load bearing and stabilization of the knee and meniscus damage often results in the loss of normal joint 

function and the development of osteoarthritis (OA). A partial meniscectomy, which is the most common surgical 

treatment for meniscus tears, alleviates acute pain but often leads to OA over time. As meniscus replacement via 

allograft transplantation is limited by issues of availability and graft sizing, synthetic implants have been developed 

as off-the-shelf solutions to restoring meniscus function. Currently available meniscus implants, however, have 

received limited clinical adoption due to poor surgical performance and lack of clear long-term clinical benefits. There 

is thus a need for a partial meniscus implant with sufficient mechanical properties for arthroscopic surgical fixation, 

immediate load-bearing, and long-term performance. Here, we report an acellular 3D bioprinted chitosan/poly(vinyl 

alcohol) (PVA) composite meniscus, fabricated using Aspect Biosystems’ patented microfluidic bioprinting 

technology. This implant exhibits suture pull-out, tensile strength, and compressive strength values appropriate for 

effective surgical implantation due to a unique combination of rationally designed synergistic biomaterial and 

structural components. 

  

Experimental Methods 

Chitosan/PVA blends were bioprinted using the microfluidic RX1™ Bioprinter (Aspect Biosystems Ltd.). The acidic 

chitosan was ionically crosslinked during bioprinting using a sodium triphosphate (STP) solution whereas the 

aqueous PVA was crystallised post-printing by freeze-thaw cycling. Ring-shaped samples were printed for the tensile 

testing of different blends with a UniVert mechanical tester (CellScale, Waterloo, Canada). To fabricate a composite 

implant, a bioprinted, meniscus-sized chitosan/PVA mesh was combined with a PVA solution (20% w/v), subjected 

to additional freeze-thaw cycles to crystallise the cast PVA, and hydrated with saline. The target values for suture 

pull-out, tensile, and compressive strength were set as 20 N, 1 MPa and 100 kPa, respectively, and measured using 

a Mach-1 device (Biomomentum, Montreal, Canada). The values for the composite meniscus were compared to the 

printed mesh and the cast PVA matrix alone. The ratios of the printed chitosan/PVA fibres, the PVA matrix, and the 

incorporated water in the composite menisci were quantified based on wet and dry mass measurements. 

  

Results and Discussion 

The chitosan/PVA blends developed for meniscus bioprinting exhibited high tensile strength, elasticity, and recovery 

after tensile deformation. Increasing the chitosan solution concentration from 3.5% to 4.5% and the PVA solution 

concentration from 10% to 15% increased the tensile strength of printed rings by 25% and 100%, respectively. In 

contrast, increasing the chitosan:PVA ratio from 1:1 to 3:2 made the rings less elastic and the tensile strength 
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decreased by 30%. In order to maximize mechanical performance, a blend of 4.5% chitosan and 15% PVA was 

chosen for the printing of the mesh component. We showed that combining the printed mesh with the cast PVA 

matrix, had a synergistic effect on the mechanical performance of the tissue. The average suture pull-out strength 

and ultimate tensile strength of the composite meniscus (58.6 N and 1.51 MPa) were significantly higher than the 

printed mesh (40.7 N and 0.98 MPa) and the cast PVA matrix alone (30.1 N and 0.66 MPa). The printed mesh 

demonstrated high suture retention and tensile strengths, while the addition of the cast PVA significantly increased 

the compressive strength of the composites (105.4 kPa) compared to the mesh alone (23.9 kPa). The composite 

meniscus thus met all of the predefined mechanical target values. The mechanical properties of the composites could 

be further tuned by varying the geometry of the bioprinted mesh. In addition to the promising mechanical 

characteristics, the composition of the composite meniscus was found to correspond well to the native meniscus, 

with approximately 74% water and 26% polymer.  

  

Conclusion 

Meniscus implants hold the promise to delay or prevent OA linked to meniscus damage. We have developeda novel 

chitosan/PVA implant for partial meniscus replacement by utilizing Aspect’s microfluidic bioprinting technology. Our 

composite implant combining a bioprinted mesh and a cast matrix exhibits the appropriate mechanical properties for 

arthroscopic surgical fixation and short-term load-bearing. Furthermore, the composite contains a similar amount of 

water than a native human meniscus and is partly resorbable, which has the potential to enhance engraftment to the 

host meniscus in the long-term. In the next phase of development, the fibre-reinforced composite chitosan/PVA 

meniscus will be tested in a large animal model to study in vivo surgical and mechanical performance, tissue 

engraftment, and clinical efficacy at preventing early-stage cartilage degeneration. 
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The 3D bioprinted composite meniscus 

demonstrates high suture retention. 
Figure 1. Suture pull-out strength of a cast PVA 

matrix, a 3D bioprinted (3DBP) chitosan-PVA mesh 

and a composite (3DBP + cast) meniscus. N = 4, 

mean ± SD, NS = not significant, ** p < 0.01, 

*** p < 0.001 by 1-way ANOVA (Tukey’s post-

test).   
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Introduction 

Implantable fibrous scaffolds-associated infection and consequent failure is a severe health issue, which can result 

from bacterial adhesion, growth and biofilm formation at the implantation site, ultimately leading to sepsis and patients 

death. Graphene-based materials, namely graphene oxide (GO), have been described as potential antibacterial 

compounds, particularly when immobilized and exposed in composite polymeric matrices1. The main goal of this 

work was to improve the antimicrobial properties of poly(ε-caprolactone) (PCL) fibrous scaffolds. For that, GO was 

mixed with PCL and layer-by-layer organized composite scaffolds were produced by 3D printing, using wet-spinning 

combined with additive manufacturing (AM). This fabrication method was chosen based on the desired fiber diameter 

(around 100 μm), allowing the incorporation of GO sheets, but also their exposure, which is difficult to achieve in 

fibers with larger diameter. Scaffolds were evaluated regarding 3D structure, GO exposure at the surface of the 

fibers, antibacterial properties and ability to adhere human fibroblasts. 

  

Experimental Methods 

Graphene oxide (GO) was produced from graphite using the modified Hummers method (MHM) and oxidation was 

evaluated by X-ray photoelectron spectroscopy (XPS). Poly(ε-caprolactone) (PCL) fibers, with and without 

incorporated GO, were precipitated in a coagulation bath and assembled in a 3D-organized scaffold, by combining 

wet-spinning with additive manufacturing (AM). Several optimization steps were performed, concerning polymer and 

GO concentration, specific printing parameters as flow rate and plotting speed, and different xyz distances between 

fibers. The 3D structure of the produced scaffolds was visualized by stereomicroscopy and scanning electron 

microscopy (SEM). GO exposure on the outer surface of the fibers and in their cross-sections was assessed by SEM. 

Antimicrobial properties were evaluated through live/dead assays performed with Staphylococcus epidermidis, a 

bacterial species commonly found in infected implantable devices. After 2h and 24h of contact with the scaffolds, 

adherent bacteria were stained with Syto9 (live) and propidium iodide (dead), observed by confocal microscopy, and 

counted using Fiji/ImageJ software. In vitro biocompatibility was studied using Human foreskin fibroblasts (HFF-1), 

which were cultured on the scaffolds for up to 7 days. Adherent cells were stained with DAPI (nuclei) and phalloidin 

(cytoskeleton) and observed by confocal microscopy. 

  

Results and Discussion 

XPS analysis revealed that the produced GO was constituted by 70.9% of carbon atoms and 29.1% of oxygen atoms, 

while commercial graphite typically has a much lower percentage of oxygen (8% O 1s). Wet-spinning combined with 

AM allowed the production of well-defined PCL and composite PCL/GO fibrous scaffolds with average fiber diameters 
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of 100 μm. Low flow rates and plotting speeds, as well as wide distances between fibers (dxy = 200 μm), proved to 

be the best settings to obtain defined and precisely plotted scaffolds. PCL concentration was set at 7.5% (w/v) and 

GO concentration ranged from 0% to 7.5% (w/w) (some examples are depicted in the figure below). SEM images 

revealed that a concentration of 5% GO was sufficient to expose GO sheets at the surface of the composite fibers. 

Regarding the antibacterial potential assessment, the 2h and 24h adhesion assays to the scaffolds revealed GO 

time-dependent bactericidal effect and an increase in death rate from about 14% in neat PCL scaffolds to nearly 80% 

in composite scaffolds with 7.5% GO, after 24h of contact. In vitro biocompatibility evaluation showed that both PCL 

and composite PCL/GO scaffolds allowed human fibroblasts (HFF-1) adhesion and spreading along the fibers during 

7 days of culture, suggesting the absence of cytotoxicity. 

  

Conclusion 

Composite PCL/GO 3D-organized fibrous scaffolds were unprecedently produced using wet-spinning combined with 

additive manufacturing. The antimicrobial properties of fibrous scaffolds containing GO were assessed for the first 

time, revealing outstanding GO bactericidal effect over time. As such, GO-containing fibrous scaffolds developed in 

this work promoted bacteria death, while allowing human fibroblasts adhesion. These features demonstrate the 

potential of GO incorporation in polymer fibrous scaffolds for antimicrobial medical implantation purposes. 
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SEM analysis 
SEM images of the top view of PCL and PCL 

containing 7.5% GO scaffolds. Scale bar: 400 μm. 
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Introduction 

Poly(2-oxazoline)s are a group of polymers which recently gained increased interest, especially due to their excellent 

biocompatibility and thermoresponsive behavior in aqueous solutions. Furthermore, their utilization in the field of 

biofabrication was proven as bioinks as well as in combination with Melt Electrowriting, an emerging technique, that 

enables the user to directly deposit polymer fibers in a directed manner. 

In this study, we present a polymer blend based on Poly(2-oxazoline)s, which leads to the formation of fibrillar, thread-

like scaffold structures, after being processed via Melt Electrowriting. An effect, which seems to be induced by 

directed phase separation of the polymer melt based on pressure and the electrical field. Furthermore, these 

structured fibril bundles induce regenerative M2-marker expression in human macrophages based solely on the 

topographical stimulus without any addition of differentiation factors.  

  

Experimental Methods 

Scaffold production via Melt Electrowriting of Poly(2-n-propyl-2-oxazoline) (PnPrOx)+Poly(2-cyclopropyl-2-

oxazoline) (PcycloPrOx)  blend 

To create blends with different ratios of PnPrOx and PcycloPrOx, the polymers were weighted, and a final amount of 

1 g was dissolved in 50 ml deionized water and lyophilized. For the process of Melt Electrowriting, we used a custom 

build device. In order to create homogenous fibers, the MEW-device was equipped with one heating zone at the 

syringe and another one at the nozzle. Scaffolds were crystallized afterwards by prolonged heating at 60°C for 24 

hours. 

Monocyte culture and analysis 

Monocytes were isolated from human blood-derived buffy coats of healthy donors. Freshly isolated monocytes were 

seeded in a 50 µl suspension with 0.75 x 106 cells on top of each sample in a tissue culture-treated 24 well plate. 

The cells were cultivated for 7 days latest on the scaffolds and analyzed for gene expression via qPCR and for protein 

expression via Western Blot, ELISA and immunohistochemistry. Macrophage alignment was shown by microscopic 

and SEM-images. 

  

Results and Discussion 

In this study, we present a method to create fibrous scaffolds made of aligned nanostructured microfibers of PnPrOx. 

For this, PnPrOx and amorphous PcycloPrOx were blended and printed via Melt Electrowriting. After bulk 

crystallization of the blend scaffold by prolonged heating, we were able to separate the crystalline PnPrOx from the 

amorphous PcycloPrOx by dissolution in water. Fibril bundles made of crystallized PnPrOx were exposed. 

The optical analysis and DSC of the blend shows phase separation and therefore no miscibility. To examine whether 

the electrical field has an impact on fiber morphology, we optically compared fibrils which were printed with and 
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without voltage during the process of MEW. The pressure itself leads to an initial fibril formation from the blend, 

however, a uniform fibril morphology was only achieved by introducing charge. Hence, the electrical field seems to 

finally shape the morphology of the fibrils. This leads to the assumption, that fibril formation is based on a directed 

phase separation of PnPrOx and PcycloPrOx induced by the combination of pressure with the electrical field applied 

during the process of MEW. 

We further provide an immunomodulatory application of the scaffolds. For this, human monocytes were seeded on 

the fibril scaffolds, which led to topography-mediated expression of anti-inflammatory M2-factors after 7 days without 

any further stimuli. Macrophages on fibril scaffolds showed lesser decrease of anti-inflammatory cytokines, higher 

release of anti-inflammatory IL-10 and angiogenenesis-promoting IL-8 combined with a decrease of the fibrosis 

marker TGF-b1 compared to the control scaffolds. The anti-inflammatory effect of the fibrillar scaffolds was also 

shown via protein expression analysis of CD163 and CD206, both M2 macrophage specific surface marker. 

Compared to controls, both markers were upregulated on the fibrillar structures after seven days of cultivation. 

  

Conclusion 

Taken together, we developed a polymer blend based on Poly(2-oxazoline)s, which leads to the formation of fibrillar, 

thread-like scaffold structures, after being processed via Melt Electrowriting. Furthermore, these structured fibril 

bundles induce regenerative M2-marker expression in human macrophages based on the topographical stimulus. 

Besides its immunomodulatory effect, this combination of Poly(2-oxazoline)s and MEW has the potential to become 

a platform for topography mediated differentiation of several cell types for tissue engineering and regenerative 

purposes. 
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PnPrOx+PcPrOx Blend Scaffold 
A: Stereomicroscopic image of blend scaffold; B: 

Microscopic image of fibril scaffold after 

PcPrOx dissolution in water; C: 

Stereomicroscopic image of fibril scaffold after 

lyophilization; D: SEM-Image of aligned 

fibrillar microfiber 
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Introduction 

Contaminated or infected bone defects remain serious challenges in clinical trauma and orthopedics. The aim of this 

work is the development and characterization of novel biomimetic biodegradable implants called « scaffolds » 

obtained by 3D printing. Scaffolds that possess adequate biodegradability, interconnectivity, and mechanical 

properties in accordance with the injured tissue are required.Polylactide (PLA) is a currently used bioresorbable, 

biodegradable and biocompatible synthetic polymer that has been widely investigated and approved by FDA for 

biomedical applications. However PLA is a typical hydrophobic polymer. It has poor mechanical properties for tissue 

engineering applications. One of the strategies to improve these properties is to incorporate nanofillers inside this 

polymer.  

  

Experimental Methods 

During this study, PLA scaffolds reinforced with different quantities of Boron Nitride (BN) nanosheets were prepared 

by Fused Deposition Modeling 3D printing. BN sheets were exfoliated from boron nitride powder. Briefly, 20% gelatin 

solution  was prepared  and 1g of BN powder was added to the gelatin solution.The solution was sonicated to facilitate 

the exfoliation using an ultrasonic probe system  for overnight Exfoliated BN was separated by centrifugation and 

resultant precipitates were dried at 80°C for 48 hours and then calcined at 600°C in air for 2 hours in order to obtain 

the exfoliated boron nitride. 

The PLA solution was prepared using chloroform. BN will be dispersed in acetone and placed in an ultrasonic bath 

for 15min. The solution containing the BN was introduced into the polymer solution under constant magnetic stirring 

until the solution is homogenized. PLA/EBN dispersion was poured into a Teflon dish and allowed to dry overnight at 

room temperature. Further, dried polymer were cut into pieces and introduced to a single screw extruder.  

The scaffold is modelled using computer-aided design (CAD) software . Once the shape of the scaffold is determined, 

a STL file is created to be analysed by software (Prusa3Dslicer). The 3D printer used is a Prusa Research MK2S. 

  

Results and Discussion 

Thermal characterizations showed that the addition of nanosheets does not modify the PLA transition temperature. 

Scanning Electron Microscopy indicated that the scaffold has an average pore size of 350 μm. A modification of the 

roughness and of the porosity of the surface was observed when the nanosheets are added to the scaffolds. The 

physicochemical analysis by X-ray Diffraction and Raman spectroscopy were performed in order to confirm the 

presence of the nanofillers. Improved mechanical properties by tensile test have been demonstrated. The 

measurements of the contact angle showed a transition from a hydrophobic surface observed for the pure PLA to a 

hydrophilic surface for our nanocomposites. 

Scaffolds have been tested on osteosarcoma cells (MG63) in order to evaluate their enhanced mineralization ability. 

Biocompatibility, cell attachment and proliferation results showed that the scaffolds are nontoxic. Moreover, MG63 

cells grown on the scaffolds were induced in differentiation as shown by alizarin red staining. 
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Conclusion 

BN reinforced PLA composites were synthesized. PLA/BN composites were employed to fabricate customized 

scaffolds using FDM assisted 3D printing technique. BN-reinforced polylactic acid scaffolds are synthesized and 

characterized. The mechanical properties are also investigated. Boron nitride effectively reinforces the polymer matrix 

and increases the Young’s modulus. Cell-viability assays, fluorescence imaging and Alizarin RED S activity using 

MG63 cells indicate that BN did not affect cell attachment and proliferation compare to PLA. Hence, BN-reinforced 

polylactic acid scaffolds are highly biocompatible and suitable for bone tissue engineering. The improved Young’s 

modulus and mineralization clearly suggest that the BN-reinforced polylactic acid scaffolds by 3D printing. Regarding 

these results BN-reinforced polylactic acid scaffolds are promising nontoxic, biocompatible materials for orthopaedic 

applications. Altogether, our data showed that BN nanosheets reinforced PLA scaffolds and these materials could 

be suitable for bone tissue engineering. 
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Introduction 

Bioprinting is a technology for constructing bioartificial tissue or organs of complex three-dimensional (3D) structure. 

Various techniques have been developed and utilized in an attempt to generate complex structures via biofabrication 

including inkjet printing, extrusion and syringe-dispensing, stereolithography, two photon polymerization and laser-

assisted cell printing. Extrusion-based bioprinting is a rapidly developing technique that has made substantial 

progress in the fabrication of hydrogel constructs over the past decade. With this technique, cell-laden hydrogels or 

bio-inks have been extruded layer-by-layer, to form 3D constructs with varying sizes, shapes, and resolutions. One 

special extrusion-based method is the syringe-dispensing technique, in which a mechanically soft and viscoelastic 

hydrogel with embedded cells. By applying air-pressure, the material is extruded through a fine nozzle and deposited 

as rods. 

The aim of this work was to investigate and compare the biofabrication process of alginate-based bioinks with 

fibroblast cells using three different bioprinting systems. 

  

Experimental Methods 

Due to its promising characteristics regarding printability, biocompatibility and cell-material interactions [1, 2], pure 

alginate and alginate dialdehyde crosslinked with gelatin (ADA-GEL) in the concentration of 4 and 2.5 wt./vol. was 

used in this printing approach, respectively. Three different bioprinter systems, BioX (Cellink, Sweden), BioScaffolder 

3.1 (GeSim, Germany) and BioBot (Advanced Solution, USA), were compared, which differ in the amount of printing 

heads, resolutions, temperature and software. For evaluation of the bioprinters, the same setup for all systems was 

used: nozzle diameter (200 µm), pressure (15-45 kPa), room temperature, geometry and amount of layers. By using 

a 0/90° lay-down-pattern, a 4-layer biofabricated construct was produced and subsequently printing quality and cell 

behaviour of NIH3T3 were analysed. 

  

Results and Discussion 

The applied biofabrication systems differ in their amount of pneumatic extruders, building volume, setting up and 

calibration time as well as printing resolution in XYZ axes. Additionally, different software systems (STL-files, G-code 

or company-specific scaffold generator) and data transfer controls result in various processing times. Printability 

studies were performed using alginate and ADA-GEL, showing a printing accuracy of 89-91 % and no occurrence of 

pore closure. Furthermore, with these bioinks a resolution of only 750 µm can be achieved, although the three 

machines can realise a resolution of up to 1-10 µm, depending on the system. Since cells are living materials, all 

fabrication processes were performed under sterile and biocompatible conditions. The analyses of bioprinting with 

NIH3T3 cells showed comparable results: high cell viability was achieved with both bioinks and with the use of the 

three different systems after 48 hours of incubation. 
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Conclusion 

This is the first study comparing and evaluating three different extrusion based bioprinter systems using a 

standardized method applying hydrogel-based bioinks and embedded fibroblast cells. Although the printers show 

differences in construction, instrumentation and software, the printability tests in this work show successful generation 

of simple bioconstructs with all three systems. However, larger differences are expected when printing more complex 

structures, like tissue analogues. As conclusion, the choice of the bioprinter has to be based on the complexity of the 

3D construct and the desired bioink system [3]. 
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Introduction 

The skin, the largest organ of the human body, contains multiple types of cells organized in layers with specific 

structures. The specific arrangement of these cells is important to perform the various functions of the skin, e.g. 

protection from mechanical forces or microorganisms and regulation of the body temperature. 

If a large area of the skin is wounded, e.g. after tumor excisions, the skin has to be artificially restored. Nowadays, 

autologous split-thickness skin grafts (ASSG) are still used as the gold standard for large wounds, although there are 

different disadvantages, especially the need of a secondary surgical site. The current tissue engineering technology 

is not able to produce a fully biofunctional skin substitute at reasonable cost. Skin bioprinting might be an interesting 

alternative to ASSG. This process includes collecting skin tissues from the patient, isolating and culturing its main 

cell types to obtain high enough numbers and mixing them with biomaterials. The customized skin is then fabricated 

by depositing the material using a computer-controlled bioprinter. 1 

  

Experimental Methods 

Here, we present a printing procedure, that offers the possibility to produce a 3D-printed customized skin, fulfilling 

the main aspects of natural human skin and not containing artificial scaffolds. It addresses as well the clinical needs, 

like low cost, good availability as well as uncomplicated applicability. We used primary human keratinocytes and 

fibroblasts. The bioink is based on collagen I. This hydrogel is well known to offer high cell supportive ability. However, 

is also known for drawbacks like low shape fidelity, low viscosity, and low mechanical integrity. 

We developed a technique to overcome the described drawbacks without mixing it with other polymers and therefore 

without introducing possible negative effects by those blends. We could show the wound healing capabilities of the 

bioprinted skin by in-vitro transplantation into a conventionally cultured skin-model. The conventional and printed 

models were both created by using cells from same patients. 

First, printed an agarose wall, that can be precisely adapted to the patient-specific shape onto a collagen-elastin-

matrix.. In order to produce the dermis, we then printed the primary fibroblasts with the collagen-bioink into the 

designed forms. Afterwards, we printed keratinocytes, dissolved in culture-medium, for the epidermis. For our 

experiments we printed cylinders of different sizes and could additionally show the fabrication of individual (patient-

specific) shapes (Figure 1a). 

  

Results and Discussion 

At several days after transplantation we collected tissue samples to validate the macroscopic and histological 

success of the transplantation. These analyses did show that the printed skin quickly adhered successfully to the 

conventional cultured model (Figure 1b-c) 
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Conclusion 

The current results suggest that we could use bioprinted skin substitutes in the future for patient specific transplants. 

Our ambition for future skin transplants, is to develop a fast, precise and easy to use fabrication method for practical 

clinical usage. 
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Bioprinted skin model 
Bioprinted individual shaped support structure 

made of agarose (A). HE-staining of bioprinted 

skin after 3 days of cultivation (B) and of 

transplant interface after 7 days of cultivation 

(C). 
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Fiber based structures for medical applications play an important role in the health sector. They have been used as 

suture and dressing materials since ancient times. As a result of fiber based structures being used in the 

intracorporeal area, e.g. as vessel, ligament and tendon implants or hernia meshes. The application of textiles in 

medicine has been steadily increasing since the 1950s. In addition, they are gaining importance in terms of scaffolds 

for tissue engineering. Fiber based structures are two- and three-dimensional structures with adjustable anisotropic 

stiffness and elasticity. Their surface, porosity and mechanical anisotropy can be modified by varying textile 

processes and fiber materials. Due to their unique structural and mechanical properties, the fiber based structure 

can mimic the anisotropic non-linear and time-dependent mechanical behavior of biological tissues. However, 

biomechanical aspects of existing textile implants have not yet been explored sufficiently. Therefore, present 

developments in fiber-based implants and scaffolds focus on customized products with structural biocompatibility. In 

this invited lecture, current research and development efforts for fiber based implants will be presented using the 

examples of stent graft, heart valve as well as ligament and tendon implants. 
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Introduction 

It is estimated that over 4,000,000 patients in the EU acquire a healthcare-associated infection every year, resulting 

in approximately 37,000 deaths annually and significant financial burden on the healthcare systems1. Due to their 

large surface area, hospital textiles can provide an ideal substrate for microorganisms to grow and act as vehicles 

for the transmission of pathogens2. In this study, selenium nanoparticles (SeNPs) were prepared as novel 

antibacterial agents on cationized cotton fabrics for the development of antibacterial healthcare textiles. 

  

Experimental Methods 

Cotton fabrics were treated with a cationization agent, 3-chloro-2-hydroxypropyl trimethyl ammonium chloride 

(CHPTAC), to graft quaternary groups onto the cotton surface. The cationic quaternary groups attracted the anionic 

selenite groups to the fibre surface, and subsequently the selenite ions were reduced into elemental selenium 

nanoparticles in situ by ascorbic acid. The grafting of cationic groups and the formation of SeNPs on cotton surfaces 

were confirmed by SEM and EDX. Additionally, the loading efficiency and the durability of the nanoparticle coating 

following washing were determined by MP-AES. 

The antibacterial activities of the SeNP-coated cationized cotton fabrics (Se-cotton) were evaluated using a method 

based on the Absorption Method of ISO 20743:2013. The fabrics were inoculated by pipetting 0.2 mL of bacterial 

suspension (1 – 3×105 CFU/mL) over the fabric surfaces, and the number of viable bacteria recovered from the 

samples at time 0 and after 24 h incubation was determined by colony counting to quantitatively analyse the 

antibacterial performance. 

The cytotoxicity of the Se-cotton towards human bronchial epithelial cells (16HBE14o-) was evaluated using an 

extraction method as described in ISO 10993-12:2012. Fabric samples were incubated in tissue culture media for 72 

h, and 16HBE14o- cells, seeded into 96-well plates, were exposed to the leachates for 24 h. A CellTiter-Glo® 

Luminescent Cell Viability Assay (Promega) and Pierce™ LDH Cytotoxicity Assay Kit were used to detect post-

exposure ATP levels and LDH release, respectively. 

  

Results and Discussion 

Selenium nanoparticles were successfully synthesised in situ on CHPTAC treated cotton surfaces. The loading 

efficiency of selenium was 99%, 75%, and 69.9% respectively when the precursor concentration was 0.2 mM, 0.5 

mM and 1 mM. 

Antibacterial assessments indicated that cationized cotton had moderate antibacterial activities. This is probably due 

to the electrostatic interaction between the cationic quaternary groups and bacterial cells. Se-cotton prepared with 

all 3 different precursor concentrations exhibited strong antibacterial activity towards both Staphylococcus aureus 

and Klebsiella pneumoniae (Figure 1). 
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Preliminary results from cytotoxicity tests (Figure 2) show that the cells exposed to the leachates from both the control 

cotton sample and the functionalised cotton samples were not as metabolically active as the cells exposed to the 

medium-only control. The reasons for this are not clear at present. However, the cationized cotton and Se-cotton (1 

mM) did not result in ATP levels which were significantly different from the control cotton. Moreover, no significant 

difference was found on the LDH release between the medium-only control and the cotton samples, indicating no 

toxic effects of the cotton samples towards the 16HBE14o- cells. 

  

Conclusion 

Selenium nanoparticles were successfully prepared in situ on the surface of cationized cotton textiles. The cationic 

Se-cotton demonstrated excellent antibacterial performance towards both S. aureus and K. pneumoniae and did not 

show cytotoxicity towards 16HBE14o- cells, indicating its potential to serve as an infection control material in hospital 

settings. 
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Figure 2 Cytotoxicity evaluation of Se-cotton: 

(A) ATP assay and (B) LDH assay. 

 

 

 

Figure 1 Antibacterial assessment of Se-cotton 

against (A) S. aureus and (B) K. pneumoniae.  
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Introduction 

Functionalization of implants with drug delivery systems that allow a spatio-temporal control of growth factor release 

is an approach towards in-situ tissue engineering. Such an approach seems to be particularly interesting for implants 

placed in regions where different tissues merge, for example bone-tendon-transitions. 

  

Experimental Methods 

Polycaprolacton (PCL) fiber mats were prepared by electrospinning. Chitosan (CS) was grafted with PCL; the 

graftpolymer CS-g-PCL was used to modify the PCL fiber mats via a simple dipping process. The attachment of the 

graftpolymer results from a surface induced crystallization of the PCL grafts on the fiber surfaces and results in the 

presence of chitosan at the surface.1 Nanoparticular hydrogels can be formed spontaneously by ionotropic gelatic 

upon mixing solutions of chitosan and tripolyphosphate or alginate and poly-L-lysine, respectively.2 Therapeutic 

proteins like BMP2 or TGF beta can be incorporated with very high efficiency into these nanoparticles. The 

dispersions of the loaded nanoparticles were used to functionalize the modified fiber mats by Layer-by-Layer 

deposition (LbL). 

  

Results and Discussion 

The fiber mats modified with CS-g-PCL showed improved cell adhesion in vitro and in vivo and have cationic charges, 

which can be used for functionalization with drug delivery systems.1 The nanoparticular release systems have been 

characterized thoroughly and their release profiles were studied in detail. The dispersions of the nanoparticular 

hydrogels were used to functionalize the modified fiber mats by a LbL-process. The LbL-process comes along with 

a substantial reorganization from nanoparticles into a continuous film.2 The functionalized fiber mats release the 

growth factors with controlled rates and the factors are still biologically active. The functionalization can be carried 

out in a way that different factors are installed in gradients on the fiber mats; thus having the BMP2-releasing 

hydrogels on the side directed towards the bone, while the TGF beta-releasing region is directed to the cartilage or 

tendon side. 

  

Conclusion 
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Modification and functionalization of PCL fiber mats can be carried out in an easy and scalable method using 

chitosan-g-PCL for surface modification and different nanoparticle suspensions for functionalization with drug 

delivery systems. In this way PCL fiber mats can be transferred into bioactive implants for in-situ tissue engineering 

applications. 
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Gradient dfferent fluorescence labels on a fiber 

mat 
CLSM images of a fiber which was coated with 

CS/TPP nanoparticles labelled with two 

fluorophors (FITC and Rhodamine). The coating of 

the modified fiber mats was performed layer-by 

layer using alginate as an interlayer, rotation 

of the substrate and adjustment of the dipping 

depth.  
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Preparation of graded implants  
Flow chart for the preparation of graded 

implants capable of spatio-temporally controlled 

release of growth factors 
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Introduction 

Electrospinning, an electrostatic fiber fabrication technique has evinced more interest in recent years due to its 

versatility and potential for applications in diverse fields especially in tissue engineering.1Polycaprolactone (PCL) 

polymer has been approved for biomedical application and offers excellent mechanical properties and slow 

biodegradation, making it an appropriate material for use as a scaffold for tissue engineering.2Previous studies 

carried out in our laboratory have shown that the covalent direct grafting (“Grafting From” method) of bioactive 

polymers bearing sulfonate groups such as poly(sodium styrene sulfonate) (polyNaSS)can favor cell adhesion and 

differentiation onto PCL surfaces.3-4In this context, electrospun PCL membranes with different microstructures were 

prepared by electrospinning. Then, the different scaffolds were functionalized by bioactive polymers bearing sulfonate 

groups. Finally, In vitro assay experiments were carried out to observe the L929 fibroblast cell behavior onto 

electrospun PCL membranes. 

  

Experimental Methods 

Electrospinning procedure: PCL was electrospun using a home-made electrospinning device. PCL was dissolved 

in a mixture of chloroform and dimethylformamide (90/10 vol/vol) to prepare a 13-15% wt/vol solution and stirred 

overnight before use. The polymer solution was then loaded into a 10 ml glass syringe fitted with a 20 G blunt-tipped 

needle. The solution was continuously ejected using a syringe pump at a rate of 2 ml h-1. The voltage used for 

electrospinning was 9 KV and the distance between the needle and the collector was 20 cm. The deposition time 

was 2 h for all experiments. 

Grafting from technique with activation: After ozonation, PCL scaffolds were placed directly into a mechanically 

stirred solution of the monomer (sodium styrene sulfonate, NaSS). After heating (70°C) or UV initiation of the radical 

polymerization, samples were rinsed thoroughly in distilled water and dried. 

Grafting from technique without activation: PCL scaffolds were placed directly into a mechanically stirred solution 

of the monomer (sodium styrene sulfonate, NaSS). After UV initiation of the radical polymerization, samples were 

rinsed thoroughly in distilled water and dried. 

  

Results and Discussion 

The grafting of bioactive polymers bearing sulfonate groups onto electrospun PCL membranes was carried out using 

two “grafting from” techniques; (i) the thermal grafting for 1 or 3 hours which requires a surface activation by ozonation 

and (ii) the UV grafting for 1 hour with or without surface activation.5Toluidine blue (TB) colorimetric method (Table 

1), Fourier-transform infrared spectra (ATR-FTIR), contact angle measurement (Table 1), scanning electron 

microscopy with Oxford energy dispersive spectroscopy (SEM-EDS) and x-ray photoelectron spectroscopy (XPS) 
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were applied to characterize the surfaces. The use of diverse grafting procedures show different degree of grafting 

onto electrospun PCL membranes (Table 1). Then, In vitro assay experiments were carried out to observe the L929 

fibroblast cell behavior on these functionalized PCL scaffolds. We observed fibroblasts cell response onto grafted 

and ungrafted PCL membranes by scanning electron microscopy with Oxford energy dispersive spectroscopy (SEM-

EDS) and by fluorescence (Fig 1). We showed thatfibroblasts cell response depends on electrospun PCL fibers 

microstructures (Fig 1) and the degree of grafting of bioactive polymers (Fig 1). 

  

Conclusion 

Different microstructures of PCL scaffolds were functionalized by bioactive polymers bearing sulfonate groups with 

different degree of grafting. The in vitro biological assays have shown that depending on the microstructure type of 

the scaffold and its surface functionalization by different degree of grafting of polymers and its surface hydrophilicity. 
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Fig. 1. SEM micrographs and fluorescent imaging 

at day 7 of fibroblast seeded 2 different 

scaffolds 

 

 

Table 1. Grafting rates and contact angles for 

ungrafted and various grafted PCL fiber 

scaffolds. 
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Introduction 

For fabrication of tissue engineering (TE) constructs, cells are generally seeded on biocompatible materials, so called 

scaffolds, to provide a three-dimensional (3D) growth environment. To further mimic the in vivo conditions, 

bioreactors can be used to provide physiological stimuli by, for example, application of mechanical strain. Substrate 

or scaffold stretching can be achieved by longitudinal, biaxial and circumferential stretching which further can be 

divided into out-of-plane or in-plane techniques for substrate distortion. The used stretching devices are usually 

based on the deformation of elastic polymeric membranes made of polydimethylsiloxane (PDMS) or silicone. Devices 

for the stretching of textile scaffolds in a bioreactor are not yet described which forms the basic motivation of this 

work. Textile scaffolds can be customized regarding fibre size, and orientation, pore size, porosity and pore 

interconnectivity as well as their 3D geometry and surface topography. This versatility renders them a promising 

technology in TE. 

Aim of this work was the development and characterization of a bioreactor for radial expansion of textile scaffolds 

usable in cell culture applications. The device can be applied to investigate mechanobiological mechanisms in stress 

related pathologies or to provide a dynamic environment for culturing contractile tissues. 

  

Experimental Methods 

A mechanical test device for radial, uniaxial stretching of textile scaffolds was developed applicable for a wide range 

of textile fabrics. Textile clamps had to be developed suitable to fasten the materials and provide enough holding 

force to enable a strain of 100 % without loosening the textile. To measure the necessary forces, biaxial tensile tests 

were performed with a variety of textile materials (e.g. TPU, PES, UC9080EMG and FM070B) and morphologies. 

Based on the measured forces, different clamp prototypes were designed and tested via uniaxial tensile tests to 

examine if the clamps were able to fixate textiles up to a defined maximal force (20 N). Furthermore, the device 

should be sterilisable and compact enough to be usable in a conventional CO2 incubator. The strain resolution and 

its frequency should be adjustable with a high strain resolution to control the strain applied to the textile as precisely 

as possible. Based on these requirements, a bioreactor system was developed, and a prototype was fabricated to 

validate the working principle of the stretching device.  This validation was performed by comparing the measured 

textile clamp displacements to theoretically computed values. The transfer of strain from the displaced clamps to 

textile fabrics was tested using different materials. 

  

Results and Discussion 

A bioreactor design for stretching of textile fabrics to induce mechanical stress to cultured cells had to be developed. 

The working principle of the bioreactor was based on the conversion of gear wheel rotations to linear displacements 
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of eight textile clamps in radial direction, resulting in an application of in-plane uniaxial strain to clamped circular 

textile fabrics. It was possible to uniformly displace eight textile clamps in radial directions using a stepping 

motor.  The mechanism which is responsible for achieving a certain clamp offset was further characterised by deriving 

equations based on the dimensions of the stretching device. These equations were successfully used for calculations 

of the clamp displacements depending on the rotation of the gear wheels and the drive shaft of the stepping motor. 

The results of the described experiments show the validity of the equations which are offering the basis for a 

controlled application of required strains to textile specimen. Finally, the functionality of the device was evaluated 

experimentally. Dense PES knits, meltblown membranes and warp-knitted TPU meshes were successfully tested. 

The results of the experiments indicate that it was possible to accurately displace the textile clamps. Strain from 10.4 

– 74.4 % could be induced with a precision of 3.8 % by rotating the gear wheel by 5 – 40°. The displacements of the 

clamps were further transferred to fixed textiles, resulting in uniform elongations of the fabrics. 

  

Conclusion 

Common stretching devices used in cell culture experiments are based on the elongation of polymeric substrates. 

Devices for strain application on textile structures used in cell culture applications are not yet described. The 

developed bioreactor can be used to investigate textile scaffolds regarding mechanical stress applications, providing 

more in-vivo like conditions to cultured cells and offering an interesting tool for further experiments regarding growth- 

and proliferation behaviour of cells. The device could further be used as a bioreactor for TE constructs which can be 

exposed to mechanical stress to induce force-dependent differentiation pathways. 
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Introduction 

Freeze Foaming of bioceramics has been shown to be a promising method for manufacturing customizable potential 

bone replacement material. By applying a novel hybrid shaping route, porous bone mimicking features were 

combined with complex-shaped 3d-printed denser shell structures to form a single composite component. 

Bioceramics such as hydroxyapatite (HAp), zirconia (ZrO2) and mixtures of thereof were processed, shaped and 

successfully evaluated in vitro with regard to FDA life staining of mouse fibroblasts and osteogenic differentiation on 

the detection of alkaline phosphatase and collagene-1 [1, 2]. Recent activities deal with the hybrid shaping of a rat’s 

near-net-shaped synthetic bone demonstrator currently being tested in a rat model. Furthermore, main research 

activities are dedicated to achieving a homogeneous and predictable pore morphology [3] and, to evaluating 

measures for enhancing the mechanical stability of said biocompatible foams by structural reinforcements. 

  

Experimental Methods 

Initial material for the various research activities is HAp (Co. Sigma-Aldrich, BET=70.01 m²/g, d50=2.64 μm). Relating 

to the hybrid shaping process, at first, complex shell structures were 3D-printed via ceramic (CerAM) VPP method 

(Vat Photo Polymerization/ i.e. Lithography-based Ceramic Manufacturing, LCM, CeraFab 7500, Co. Lithoz). On 

route to bone-mimicking scaffolds these shell structures act as artificial substantia corticalis (with regard to 

mechanical stability). After filling them with HAp suspension and subsequently foaming them (freeze dryer Lyo Alpha 

2–4, LSCplus, Co. Martin Christ GmbH) a porous Freeze Foam is being created, which resembles the artificial 

substantia spongiosa. 

In a similar approach, structural reinforcements (resembling bone’s trajectory-like load-bearing capacity) were 

manufactured by CerAM VPP technique and foam-filled/foamed-in via Freeze Foaming. The projected result, after a 

crucial co-sintering step, is a single shrinkage-adjusted structural composite (i.e. hybrid shaping). Shrinkage 

adjustment was achieved by carefully tuning solid and binder content of 3D-printable and foamable suspensions, 

analyzed by means of thermogravimetric measurements and dilatometry. 

With regard to achieving a predictable and homogeneous pore morphology, effects of HAp suspension and process 

parameter (e.g. temperature, air content, pressure reduction rate of the used freeze dryer) on resulting Freeze Foams 

were analyzed by in situ computed tomography and radiography (Phoenix v|tome|x L 450, Co. GE Sensing & 

Inspection Technologies). This combination of none-destructive radiographic technologies allows to derive principles 

of the very foaming process (pore/strut formation) and to evaluate structural characteristics of manufactured foams 

(porosity, pore/strut size distribution). 
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Results and Discussion 

In combining mentioned none-destructive testing methods, we succeeded in manufacturing first-time reproducible 

foam scaffolds, which additionally, become adjustable with regard to their porosity and pore size distribution by 

adjusting suspension and process parameters accordingly. 

Tuning the shrinkage of two structurally different sections (porous = Freeze Foam, dense = CerAM VPP) in a 

combined hybrid shaping process, furthermore, allowed to successfully achieve strength-enhanced porous 

composites and customized rat bone-mimicking bioceramic scaffolds (Fig. 1). 

  

Conclusion 

With this first success concerning reproducible and adjustable pore morphologies as well as the proof-of-principle 

regarding the shrinkage-adjusted hybrid shaping process a use of those technologies for achieving potential bone 

replacement material comes even closer. 
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Fig. 1: Freeze Foaming & hybrid shaping to bone 

mimicking bioceramic scaffolds 
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Introduction 

The ceramic joint has the clinical complications of prosthesis fragmentation and squeaking. The causes of 

postoperative complications are insufficient lubrication and thin lubrication layer of ceramic joint friction interface. 

Considering the mechanical properties of ceramic materials for artificial joint and the service environment of joints 

(albumin, globulin, etc. around the joints), improving lubricity and thickness of friction interface lubrication layer are 

proposed to reduce the complications of ceramic joint. 

  

Experimental Methods 

The purpose of this work is to fabricate Cu-doped TiN (TiCuN) ceramic film which has lubrication function in vivo. In 

this paper a ball (alumina, Φ=6mm) on disc (TiCuN, Φ=10×1.5mm) model was used to conduct the wear experiments 

in the bovine serum albumin (BSA) solution. The Raman spectroscopy, attenuated total reflection fourier transform 

infrared spectroscopy(ATR-FTIR) were applied to characterize the denaturation of BSA molecules on the surface of 

wear track and wear spot. The fluorescein isothiocyanate (FITC) was used to detect the adsorption of BSA molecules 

on the surface of TiCuN films. The electron energy loss spectrum (EELS) and time-of-flight secondary ion mass 

spectrometry(TOF-SIMS) were applied to confirm the presentation of carbonaceous film on the friction interface of 

alumina and copper in BSA solution. 

  

Results and Discussion 

The results show that, Cu ion released from the TiCuN films could promote the adsorption of protein and form 

carbonaceous films on the tribo-pairs surface. And the carbonaceous films could lubricate the tribo-pairs and repaire 

the TiCuN films. 

  

Conclusion 

When TiCuN wear in physiological environment, the Cu ions can release from the wear track and promote the protein 

to adsorpt on the wear track, to form the “protein film”. And then this “protein film” can transform into the carbonaceous 

film to lubricate and repair the wear track under the shear force of the tribo-pair and the catalysis of the Cu ions. 
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Fig.1 The Raman spectrum of friction interfaces 

for TiN-Al2O3 and TiCuN-Al2O3 
It shows that there are carbonaceous films on 

the TiCuN-Al2O3 tribo-pairs surface comparing 

with TiN-Al2O3. 

 

 

  

 

Fig2 The EELS of friction interfaces for TiN-

Al2O3 and TiCuN-Al2O3 
It shows that there are π electron energy peak 

for TiCuN-Al2O3 tribo-pairs surface, this means 

there are graphite-like carbon lubricating layer 

on TiCuN-Al2O3 friction interface. 
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Introduction 

Although doped bioceramics have been widely investigated for biomedical applications, the co-doped bioceramics 

remain mostly unexplored for bone regeneration applications. In particular, the impact of co-doping of Sr2+ and Fe3+ 

ions on the phase stability and cytocompatibility is not explored so far. In this perspective, the present study aims to 

quantitatively understand this aspect in case of Fe/Sr co-doped biphasic calcium phosphate (BCP). 

  

Experimental Methods 

Following sol−gel synthesis, co-doped BCP samples with different Sr/Fe dopant concentrations (2, 10, 20, 30, and 

40 mol %) together with doped BCPs with single dopant (Sr or Fe) with similar compositions were calcined at 800 °C 

in air. The dopant content dependent crystallographic properties and phase stability of HA and TCP are quantitatively 

assessed by means of XRD based Rietveld refinement. Ion dissolution behaviour of the co-doped BCPs was 

determined using ICPMS. In vitro cytocompatibility of co-doped samples has been assessed using mouse osteoblast 

cells. 

  

Results and Discussion 

A systematic change in phase composition and lattice parameters was observed in both the Sr/Fe single doped and 

co-doped BCPs. Apart from that, an important observation is that, while singular dopant of Sr/Fe at 20 mol % or 

higher amount reduces cell viability significantly, osteoblast viability is not compromised to any significant extent on 

Sr/Fe co-doped BCP, compared to undoped BCP. Our results indicate that one can tailor osteoblast functionality by 

controlling the co-dopant content. Cell morphological analysis supports extensive cell spreading on co-doped BCPs. 

An attempt has been made to correlate the variation in cellular response with HA/TCP ratio and ion dissolution 

behavior. 

  

Conclusion 

The competition among HA/TCP ratio and Fe3+ /Sr2+ /Ca2+ ion dissolution has significant influence on osteoblast cell 

functionality on codoped BCPs. Although codoped BCP with 5 mol % Sr and 5 mol % Fe-dopant exhibits highest cell 

viability, a decrease is recorded at 

higher codopant content, but not to any significant extent w.r.t. undoped BCP. In summary, the present work 

establishes unique advantage of Sr/Fe co-doping approach toward realizing their bone replacement application. 
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Effect of multiple ion doping on cell viability 
Two scenarios depicting the role of Sr/Fe single 

or codoping to BCP as far as osteoblast cell 

viability and proliferation are concerned. Co- 
doped samples favor osteoblast proliferation 

better than their single-doped counterparts 

because of the combinational effect of different 

ion release. 
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Introduction 

For a long time biomaterials for bone regeneration have aimed to support direct, intramembranous ossification e.g. 

by the incorporation of calcium phosphates (CaPs). Due to the limited success of such materials, bone formation via 

a cartilage phase, so-called endochondral ossification (EO), has lately been discussed as a promising alternative 

strategy to regenerate bone tissue. However, current approaches to induce EO include pre-differentiated progenitor 

cells, growth factors or combinations thereof and due to their complexity have not yet been translated to the clinics. 

A pure biomaterial approach to induce EO is lacking so far. We have recently shown how an unfavorable self-

patterning of collagen fibrils impedes the healing of critical-size bone defects and have used a specifically 

architectured biomaterial to modulate this patterning to revive development-like EO [1]. However, even though the 

high porosity and low mechanical stiffness of the biomaterial are ideal to induce EO, they increase the risk of an in 

vivo pore-collapse due to external mechanical loading conditions and internal cell contraction forces. We have thus 

refined the concept by implementing a 3D-printed biodegradable support structure to create a mechano-hybrid-

scaffold with optimized architecture and stiffness at the cell and the tissue level [2]. 

  

Experimental Methods 

Mechano-hybrid-scaffolds (MHS) were produced by combining the collagen-based guiding structure featuring highly 

aligned channel-like pores with a 3D printed support structure. Using computer aided design (CAD), the architecture 

of the support structure was optimized in an iterative process (experimental evaluation and re-design) to provide a 

stiffness resulting in low deformation in vivo (strain ε<3% in a 5mm osteotomy defect in rats) and to provide a high 

material porosity φ (φ>70%). For this, support structures were produced by laser-sintering of PCL powder (particle 

diameter 50-80µm) and characterized by mechanical compression testing. Sintering parameters were optimized to 

produce struts with small diameters (D≈500µm) at high mechanical stiffness and strength. Optimized support 

structures were immersed in collagen dispersion and highly aligned micro-pores (d≈100µm) were produced by 

directional solidification, freeze-drying and collagen crosslinking. Pure collagen scaffolds (without support structure) 

and MHSs (Figure 1a, top and bottom) were produced in the same freezing process. The printed support structure 

and the collagen pore architecture of both prototypes were characterized using scanning electron microscopy (SEM) 

(Figure 1a, middle). Continuous cyclic compression simulating in vivo loads using mechano-bioreactors [3] was used 

to study their long-term deformation behavior. Cell organization (fibroblasts and mesenchymal stromal cells) and 

extracellular matrix formation inside MHSs was visualized by immunohistology and MP/confocal microscopy. 

  

Results and Discussion 
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Compared to pure collagen scaffolds MHSs showed an increase in stiffness by three orders of magnitude (from kPa 

to MPa-range). The dimensions (3.8mm diameter and 5.2mm height) matched the size of the 5mm osteotomy defect 

in rats and resulted in a slight press-fit. Pore morphology (pore-alignment and pore diameter), representing the most 

relevant parameter to induce EO in vivo, was comparable between the pure collagen scaffold and MHS. Furthermore, 

material deformation under cyclic monoaxial compression was reversible (in vivo-like loading pattern). No difference 

in the initial interaction of cells with the collagen structure of the two materials was observed. However, as a 

consequence of increased intrinsic tension resulting from cell traction forces and tensioned ECM fibrils (fibronectin, 

collagen), contraction of collagen scaffolds was observed (Figure 1 b and c). Volume loss was further enhanced 

when cyclic compression was applied in mechano-bioreactors while MHSs maintained their outer dimensions. 

Shape-stability is regarded to be of high importance for the in vivo-performance of the biomaterial as our previous 

studies have shown that a good contact between the collagen scaffold pores and the bone cortices is essential for 

cell recruitment from the bone marrow cavity [1]. In vivo biocompatibility studies and evaluation of MHS performance 

for bone defect regeneration are currently under investigation. 

  

Conclusion 

The here-introduced mechano-hybrid-scaffold represents a purely material-based approach to support the healing 

of large bone defects. Material composition, architecture and mechanical deformations were chosen to guide 

endogenously recruited cells towards endochondral ossification. The in vivo-evaluation will reveal the potential of the 

mechano-hybrid-scaffold to induce endochondral bone healing. By concept, this biomaterial is available “off the shelf” 

and avoids high costs and regulatory limitations associated with cell- and growth factor-based approaches. 
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Comparative evaluation of collagen scaffold and 

mechano-hybrid-scaffold 
Photographs of collagen scaffold (top) and MHS 

(bottom) (A), SEM pictures of a sintered strut 

of the support structure (middle, left) and the 

collagen pore architecture (middle, right); 

Volume loss (B) and impairment of scaffold wall 

and extracellular matrix alignment (C) due to 

material deformation by cell forces (two weeks 

in vitro culture with human dermal fibroblasts, 

seeding density 7500cells/µl). 
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Introduction 

“New truths become evident when new tools become available” (R.S Yalow, Nobel Prize in Physiology and Medicine, 

1977). A deeper knowledge of the microstructure of materials allow not only to better understand their properties, but 

also to improve them and to establish the foundation for designing new functional materials. Recently, X-ray 

microscopy (XRM) has moved from synchrotron sources into labs, facilitating the accelerated and knowledge-based 

development of glasses and glass ceramics. In comparison with electron microscopy, XRM offers two important 

advantages: (1) it produces the non-destructive screening of the interior of relatively large objects (between a few 10 

and up to a few 100 µm edge lengths) at a spatial resolution of some tens of nanometers, and (2) favorable surface-

to-volumen ratio, allowing for studying one single sample at different stages of microstructure development. XRM, 

therefore, represents a complementary technique to electron microscopy. The novelty of this work lies in the use of 

three-dimensional imaging using XRM for the structural characterisation of bioactive glasses and glass-ceramics. 

  

Experimental Methods 

45S5-based glasses were obtained by melting and by sol-gel processes. Glass-ceramics were then produced upon 

heat treatment of the glasses at adequate temperatures and times.Transmission electron microscopy was performed. 

Images were recorded with an FEI Tecnai G2 F20 microscope and a FEI Titan 380–300 electron microscope. EDXS 

analysis was performed by means of a Super X-EDXS detector, that consists of four silicon drift detectors, thus 

offering a maximum collection angle of 0.9 sr. Elemental mappings were obtained, in order to gain information about 

the elemental distribution with high spatial resolution. 

Complementing the TEM characterization, a Carl Zeiss Xradia 810 Ultra XRM microscope, available at Fraunhofer 

IMWS in Halle since 2017, was employed. Imaging experiments were performed in absorption-contrast mode using 

a Chromium source (5.4 keV). Contrast is generated due to different X-ray absorption lengths of the different 

materials that compose the sample. This kind of contrast is suited for specimens containing materials of varying 

density. The specimen is rotated and several images are collected over a range of projection angles. The projections 

are then reconstructed into a 3D image using filtered back projection algorithm. The sample must present an 

appropriate thickness, which allows the X-ray radiation to be transmitted through the sample. The ideal thickness of 

the samples depends on the density of the material and its constituents and the ideal sample geometry is a conical-

shape sample to prevent problems in the reconstruction of the 3D image. Through the laser preparation tool 

microPREPTM, this kind of geometry can be obtained in glasses and glass-ceramics easily. MicroPREPTM is an 

ultrashort-pulsed laser micro-machining tool initially developed for the preparation of TEM samples. By mid-2017, a 
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dedicated XRM stage for the preparation of XRM samples is available. Superficial damage is restricted to within 2 

µm because of the picosecond nature of the laser pulses, which provoke minimal thermal load. 

  

Results and Discussion 

Starting with the well-known 45S5 glass composition, first results of 3D data acquired at bio-glasses and glass-

ceramics will be presented. Changes in the microstructure upon crystallisation can be observed. By measuring 

samples of different crystallization states, it is possible to follow the crystallisation process. The 3D porous structures 

are ideal for characterisation by XRM, due to the difference of X-ray absorption between material (glass, crystal) and 

air (pores). A good contrast of the XRM micrographs is achieved via different composition of the glass-ceramic 

constituents, i.e. crystalline and glassy parts. The 3D images obtained with XRM reveals the porosity, the crystalline 

volume fraction and crystals’ size distributions. By cutting the sample in different virtual angles of the 3D XRM images, 

it is possible to get deeper insights into the micro- and nanostructure and their evolution upon heat treatment that 

can be correlated to the (S)TEM results. EDXS enables the elemental analysis in certain positions of the material, so 

that the distribution of key elements (network modifiers) can be mapped. 

  

Conclusion 

Bio-glass-ceramics represent ideal materials to be studied by XRM, owing to the presence of different phases, that 

have high-contrast among each other: the glassy matrix, the pores (air-filled) and the crystalline precipitates. XRM 

provides volumetric images that enables the visualization of features in the range of tens of nm inside the sample 

without the need of physically cutting it in smaller sizes. The 3D XRM images are a powerful complement the 2D 

results obtained through other imaging techniques, like TEM, and contribute to reach a more complete visualization 

of the bulk microstructure of these materials and the crystallisation processes taking place. 
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3D XRM image of the 45S5 glass 
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Introduction 

Osteoporotic fractures are a major socioeconomic and clinical challenge as bone regeneration and osseointegration 

of implants are commonly impaired. With increasing age and comorbidities further affecting bone homeostasis, 

osteoporotic fractures are estimated to quadruple by 2050, highlighting the need for new, more biologically active 

biomaterials. 

  

Experimental Methods 

To this end, we investigated the functional role of glycosaminoglycans (GAGs), a key component of the bone 

extracellular matrix (ECM), for their osteogenic potential. Using native and synthetically derived GAGs (sGAGs) such 

as hyaluronan, chondroitin sulfate, and heparin (Hep) we evaluated how GAG sulfation affects the differentiation and 

activity of osteoblasts, osteoclasts and osteocytes and their capability to maintain hematopoietic stem and progenitor 

cells (HSPCs). 

  

Results and Discussion 

Our study revealed that GAG sulfation had profound effects on all stages of osteoclast and osteoblast differentiation. 

Whereas the viability of osteoclasts was increased, osteoclast numbers and the formation of the characteristic sealing 

zone structure were significantly decreased. This was accompanied by a loss of resorptive activity. On the other 

hand, the proliferation and metabolic activity of osteoblasts and osteocyte-like cells treated with equal concentrations 

of GAGs were decreased indicating a shift from the proliferative to matrix formation phase of osteogenic 

differentiation. Indeed, these cells showed altered matrix deposition and increased expression of genes associated 

with differentiation, such as the RANKL/OPG ratio, alkaline phosphatase, osteocalcin, and Runx2. Using surface 

plasmon resonance and molecular modeling we further demonstrated that sGAGs can directly bind to sclerostin, 

interfering with its bioactivity, resulting in increased Wnt-signaling in vitro. As the ECM of the bone marrow cavity also 

serves as a highly specialized microenvironment for HSPCs their response to sGAG was also evaluated. The 

application of sGAG to differentiating osteoblasts altered the composition of newly synthesized ECM: Whereas low 

or non-sulfated GAGs had no effect, high sulfated GAGs increased the calcium/phosphate ratio as well as the protein 

and GAG content of osteoblast derived matrices. When used as a substrate for HSPCs these altered ECM 

preparations showed an increased potential to maintain the stem cell character of CD34+cells. This effect may be 
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attributed to the higher sGAG content in these matrices, as sGAGs alone also ledt to significantly less differentiated 

colonies in a colony forming unit assay. 

  

Conclusion 

Here we demonstrated that GAG sulfation both directly and indirectly increases osteogenesis and reduces 

osteoclastogenesis thus, significantly altering the bone cell cross talk. This data suggests that finetuning GAG 

composition and linking GAG function to surfaces could represent a suitable tool to enhance local bone regeneration. 

Whether this translates into a favorable profile on bone remodeling at fracture sites requires rigoros in vivo 

assessment. 
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for Bioengineering of Catalonia, Barcelona, ES; 3Department of Engineering for Innovation, University of Salento, 
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Introduction 

In last decades great attention was given to realisation of successful substitutes for bone tissue injury characterised 

by the lack of bone mass, an inflammatory reaction and blood vessels necrosis [1]. The promising field of regenerative 

medicine is working to repair damaged bone structure and functions controlling immune response and promoting 

vascolarised tissue restoration in the site of implant. Here, we discuss how bioactive chitosan 3D-based scaffolds 

can play a pivotal role in the inflammation and angiogenesis related to osteogenesis processes by using invitro 

models aimed to mimic bone fracture microenviroment. 

  

Experimental Methods 

Chitosan scaffolds by using two different approaches based on inorganic (i.e. hydroxyapatite nanoparticles) and 

organic compounds (i.e. BMP-2 mimicking peptide), were bioactivated respectively [2]. In order to evaluate 

antinflammatory and angiogenic properties related to osteogenic potential of the scaffolds, the expression of 

inflammatory mediators and pro-angiogenic markers was estimated. In detail, the modulation of cytokines (TGF-β 

and IL-6) which play a crucial role in osteogenesis was measured on a co-culture model consisting of osteoblasts 

and macrophages stimulated by lipopolysaccharide (LPS) for better mimicking damaged bone. Moreover, oxidative 

stress metabolites, interleukins and COX-2 expression related to osteogenic markers production were analyzed in 

order to understand the correlation between bone focal inflammation and bone regeneration. Additionally, in order to 

investigate the effect of scaffold on angiogenesis, CD31 (specific marker of angiogenesis) expression, cell adhesion, 

growth, proliferation, migration and tube formation by using endothelial cells (HUVEC) were detected. In the end, 

morphological cell analysis by SEM and confocal microscopy to study cell-material interaction effect from a qualitative 

point of view was performed. 

  

Results and Discussion 

The results on antinflammatory potential suggest that chitosan-based scaffolds bioactivated by using inorganic 

signals (hydroxyapatite nanoparticles) inhibit pro-inflammatory mediators production (IL-1β and IL-6), induce 

antinflammatory cytokine generation (IL-10) and reduce nitric monoxide metabolites (nitrites) on co-cultures 

stimulated by LPS. Conversely, scaffold bioactivated by using organic signals (BMP-2 mimicking peptide) were able 

to decrease pro-inflammatory markers without any effect on antinflammatory cytokines levels and on nitrites. 

However, these scaffolds are able to maintain high levels of TGF-β that, combined with BMP-2, promotes 

osteogenesis. The results on angiogenic properties of scaffold demonstrated that neat and bioactivated scaffolds are 

able to promote angiogenesis by increasing endothelial cell proliferation, migration and tube formation. In detail, 

scaffolds decorated with BMP-mimicking peptide seem to show better values in terms of tube formation, even without 



ESB 2019 | Abstract Booklet 

Thursday, 12 September, 2019 
 

 

Page 618 of 1893 

matrigel component. These latter scaffold determined also higher proliferation values than those induced by CS 

biomineralised scaffolds. Finally, morphological investigations showed that all chitosan-based materials induced a 

good cell spreading. 

  

Conclusion 

Bioactive signals on the chitosan scaffolds surface allow a desirable effect on inflammation inhibition and angiogenic 

promotion. Indeed, the work encourages the research to use CS porous scaffolds as potential implant in the field of 

tissue engineering due to its good properties. Our results support the concept that CS biomaterials may be a source 

of substrates for developing multi-target devices able to regenerate damaged bone inflammation and stimulating 

neovascularisation of tissue-engineered constructs. 
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Introduction 

One of the most common hereditary craniofacial anomalies in humans are cleft lips, cleft alveolar bone with or without 

cleft palate. Clinically, the augmentation of the persisting alveolar bone defect, called alveolar cleft osteoplasty, is 

performed by using autologous bone grafts. The accompanying disadvantages are leading to an intensive search for 

alternatives [1]. Objective of the present study was the in vivo application of 3D printed and simultaneously tissue 

engineered bone grafts and their evaluation regarding the potential to promote osseous defect healing [2]. 

  

Experimental Methods 

Scaffolds were designed according to the particular defect geometry and produced by 3D printing of a calcium 

phosphate cement paste (Innotere Paste CPC, Innotere) under mild conditions. An open pore design could be 

achieved by 60° rotation of the strand orientation of consecutive layers during the printing process. Afterwards the 

pores were immediately infiltrated by a hydrogel (Tissuecol, Baxter) containing murine mesenchymal stromal cells. 

Artificial bone defects with a diameter of 3.3 mm were created surgically in the palate of 16 adult Lewis rats. Each 

defect was augmented with one bone graft. After 6 and 12 weeks, microCT and histology analysis to quantify the 

remaining defect width and bone formation were performed. 

  

Results and Discussion 

The clinical application of all bone grafts was easy and their fitting very good. 12 of 16 rats completed the study. 

Histology showed a homogenous and continuing bone formation occurring from the defect margins. After 6 weeks 

healing time new bone formation measured 82.426 µm2 ± 30.960 µm2 (mean ± SD) and after 12 weeks 251.639 µm2 

± 41.827 µm2. No complete osseous defect healing was observed and the remaining defect width was 2.998 µm 

±137 µm (mean ± SD) after 12 weeks. The cell-laden hydrogel was not detectable after 6 or 12 weeks anymore, 

whereas the cement part of the scaffolds showed no signs of resorption. 

  

Conclusion 

3D printing of calcium phosphate cement paste in combination with a MSC-laden hydrogel is suitable for building 

scaffolds, which fit exactly into an artificial alveolar defect. As a next step the simultaneous printing of both 

components as well as further modifications of the scaffold materials are planned. One option could be the application 
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of combinations of CPC and mesoporous bioactive glass composites to improve the in vivo resorbability of the 

scaffold [3]. 

The creation of a 3D printed and tissue engineered bone graft for alveolar cleft osteoplasty could preserve patients 

from donor site morbidity. 
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4:45 p.m. – 6:15 p.m. 

Hall 5 

IX-SY15 | 3D Structures in Tissue Engineering 

and Disease Modelling 

Ipsita Roy (London, UK) 

Aldo R. Boccaccini (Erlangen, DE) 

 

Tissue structure is inherently 3D in nature, hence 3D culture is the only method to truly 

mimic tissues and organs. This symposium will aim to highlight the intricacies of 3D 

scaffolds, including shape, microporosity, biomaterial and active factor distribution, 

required to model tissue, normal and diseased. A variety of biomaterials, both natural and 

synthetic will be discussed; cell types will include cell lines, primary cells and diseased 

cells; active factors will include growth factors, anti-inflammatory factors, microRNAs, 

antimicrobial factors. Processing technology such as electrospinning (melt and solution); 

3D printing including multimaterial printing; layer by layer technology will be discussed. 
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Introduction 

Polyhydroxyalkanoates (PHAs)  are a family of naturally occurring intracellular polymers synthesized by a variety of 

microorganisms1. These can be broadly classified into two types, short chain length PHAs (scl-PHAs), containing 3-

5 carbon atoms and medium chain length PHAs (mcl-PHAs) containing 6-14 carbon atoms within their monomer 

units. Their physical properties differ based on their type. Scl-PHAs are mostly brittle and stiff whereas mcl-PHAs are 

soft and elastomeric in nature. PHAs are highly biocompatible and resorbable polymers that degrade into non-toxic 

byproducts via surface erosion, thereby maintaining their bulk properties. They are currently being explored for 

several biomedical applications2.  In this study, two types of PHAs were produced, characterized and used for 3D 

cancer disease modelling. 

  

Experimental Methods 

Novel PHAs were produced via bacterial fermentation using Bacillus and Pseudomonas strains and 15L Applikon 

fermenters. They were extracted and purified using the soxhlet apparatus and characterized using Gas 

Chromatography-Mass Spectrometry (GC-MS) and Nuclear Magnetic Resonance (NMR).PHA based 3D scaffolds 

were developed using the particulate leaching method. These porous scaffolds were used to understand the cellular 

behavior and mechanisms of breast cancer using the Breast cancer cell lines MDA-MB 231and MCF7 . Cell viability 

and their morphology was assessed using Alamar blue assay, confocal microscopy and scanning electron 

microscopy. 

  

Results and Discussion 

Two types of PHAs, P(3HB), an scl-PHA and P(3HO-co-3HD), an mcl-PHA were produced using Bacillus subtilis 

OK2 and Pseudomonas mendocina CH50 respectively.The polymer structures were confirmed using GC-MS and 

NMR. A 50:50 blend of these PHAs were successfully used to produce 3D- porous scaffolds using the solvent casting- 

salt leaching method (Figure 1). The porous structures were evident from the SEM images. The breast cancer cell 

lines MDA MB 231 andMCF-7 were able to attach, grow, infiltrate and proliferate within the 3D structure resulting in 

3D cancer models. The MDA MB 231 cells demonstrated in vivo like clustered-rounded morphology when cultured 

on the 3D porous scaffolds, confirming the in vivo mimicking capacity of the disease model (Figure 2). 

  

Conclusion 

This study thus demonstrated the possible use of 3D PHA-based models as disease models, in this case, as breast 

cancer disease models. Such models can in future be used to test the efficacy of newly developed drugs and to 

understand the molecular mechanism of cancer and other diseases without the use of animal models, an excellent 

step forward. 
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Figure 2: SEM images of Breast Cancer Cells 

within the 3D scaffolds 
SEM images of MDA-MB-231 on (a) day 1 and (b) 

day 3; SEM images of MCF-7 cells at (c) day 1 

and (d) day 3 within the P(3HB):P(3HO-co-3HD) 

50:50 blend 3D scaffolds 
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Figure 1: Porosity of 3D scaffolds 
Porosity of the PHA-based 3D scaffolds used for 

3D disease modelling 
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Introduction 

The ocean is remarkably rich in marine species with a wide range of functional features, as demosponges sponges 

that are endowed by splendid skeletal structures of collagen and silica-based elements organized in hierarchical 

architectures. Additionally, these elements are attractive resources for being used on the fabrication of biomaterials 

as new templates for cell culture in tissue engineering approaches. 

  

Experimental Methods 

Five deep-sea sponge species, namely Geodia barretti, Geodia atlantica, Stelletta normani, Phakellia ventilabrum 

and Axinella infundibuliformis, were morphological characterized by Micro-CT. The retrieved hierarchical 

morphologies inspired the production of 3D structures formed by marine collagen-silica composites. Firstly, skins of 

Atlantic cod were used as raw-material for the collagen isolation, while diatomaceous earth (another marine source) 

and 45S5 bioglass® were chosen as silica-ceramic materials. Afterward, these materials were combined in three 

different formulations (COL, COL:BG and COL:D.E) and processed by freeze-drying process to produce tissue 

engineering scaffolds, further characterized regarding their morphological features, as well as mechanical and 

biological performance. 

  

Results and Discussion 

The combination of collagen and silica-based materials showed good properties for use as bone tissue template, 

with interconnected porosity being observed in the produced structures. In addition, in vitro biological assays were 

conducted, confirming the capacity of the developed scaffolds to support the adhesion and proliferation of L929 

fibroblast cells, used as a model for the appraisal of the cytocompatible nature of the developed biomaterials. 

  

Conclusion 



ESB 2019 | Abstract Booklet 

Thursday, 12 September, 2019 
 

 

Page 625 of 1893 

The composites were fabricated combining codfish skin marine collagen with silica-based materials, mimicking the 

skeleton organization of marine demosponges. The composites revealed good cytocompatibility properties, 

supporting cell adhesion, migration, and proliferation, setting the basis as scaffold for tissue engineering in the 

biomedical application context. 
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Marine scaffolds-based biomaterials 
Figure 1 – I) Microstructural structures of the 

marine sponges by Micro-CT analysis. II) 

Collagen acid extraction procedure. III) 

Morphological images of the three 3D developed 

composites namely COL, COL:BG and COL:D.E.. IV) 

Cytotoxicity of the 3D composites regarding the 

metabolic activity (%) of L929 cell line. 
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Introduction 

Scaffolds for human tissues regeneration are produced either by synthetic or natural derived polymers and processed 

by a variety of fabrication technologies to obtain 3D porous structures with desired morphological, physical, structural 

and biological properties. Alternatively, decellularized matrices have been proposed [1] but, to date, only mammalian 

matrices have been investigated as scaffolds, with very poor attention given to plants, which are naturally 

characterized by versatile structures that mimic those of different human tissues [2]. Thus, after an adequate 

decellularization process, the cell-free plant structure might be used as scaffold to promote human tissues 

regeneration. We selected three plant-derived structures and, after an adequate decellularization process, we tested 

their potential in terms of morphological, physical, mechanical and in vitro biological properties as scaffolds for the 

regeneration of human tissues. In particular, we selected apples, carrots and celery to target the regeneration of 

adipose, bone and connective tissues, respectively. 

  

Experimental Methods 

Apple (Malus domestica), carrot (Daucus carota) and celery (Apium graveolens) samples (Fig.1) were obtained from 

fresh fruits and vegetables by manual punching (diameter = 10 mm) them from cut slices (thickness = 2 mm). 

Samples were decellularized by an optimized protocol [3] by subsequent immersion in 0.1% w/v sodium dodecyl 

sulfate, sonicated and washed with distilled water. Samples immersed in distilled water (i.e., without SDS) were 

prepared as control. DNA quantification was performed by using a commercially available kit (Plant DNAzol®) to 

check the reduction of plant DNA after the decellularization process. Stability tests at 37 °C were performed and 

water uptake of anhydrous samples in physiological-like conditions was measured. Stereomicroscope and scanning 

electron microscope were used to investigate the morphology of decellularized samples. Mechanical tests were 

performed by Dynamic Mechanical Analyzer to test the compressive properties of apple and carrots samples, and 

the tensile properties of celery samples. In vitro biological tests were performed by using three different cell models 

selected on purpose to target the regeneration of different human tissues: 3T3-L1 pre-adipocytes for apple, MC3T3-

E1 for carrot and L929 cells for celery. In vitro indirect cytotoxicity tests (ISO 10993) were performed to investigate 

the absence of cytotoxic effects after the decellularization process. In vitro direct cytocompatibility tests were 

performed by seeding cells (2x105cells per sample) on poly-L-lysine coated samples, used to promote cells adhesion. 

Cells viability was checked by Alamar Blue assay at 1, 3, 7 and 14 days; viable cells distribution was investigated by 

LIVE/DEAD staining. 

  

Results and Discussion 

Effective decellularization of plant-derived 3D structures was qualitative proved by a loose of pigmentation (Fig.1) 

and quantitatively by an average decrease of 60% of plant DNA content after decellularization. SEM analyses showed 



ESB 2019 | Abstract Booklet 

Thursday, 12 September, 2019 
 

 

Page 627 of 1893 

the presence of pores for all the considered plant species, thus proving the possibility of using the structures as 

scaffolds for cells colonization, with different pore size and orientation depending on the considered plant. All samples 

were stable in PBS at 37 °C up to 7 weeks, showing different water uptake (i.e., celery > apple > carrot) depending 

on the porous structure. During the swelling, sample showed volume stability (i.e., volume variation < 5% vs. 

anhydrous state). The elastic modulus of apple samples was 4 kPa, suitable for soft tissues reconstruction; the elastic 

modulus of carrot samples was 40 kPa, suitable for unloaded bone regeneration; celery elastic modulus was 600 

kPa. All samples could bear deformation up to 20% without break. Indirect cytotoxicity revealed the absence of 

cytotoxic products (Fig.2a). Direct cytocompatibility tests proved the ability of the decellularized plant structures in 

sustaining cells adhesion and proliferation, as evidenced by an increase of metabolic activity in time. Viable cells 

adhered to the scaffold’s surfaces following the structure of the plants (e.g., aligned cells on celery in Fig.2b), thus 

proving the possibility of using the different decellularized plant structures as versatile potential scaffolds for human 

tissues regeneration. 

  

Conclusion 

Plant 3D structures with human tissues-mimicking architectures were successfully decellularized. The obtained 

structures showed versatile morphological and structural properties, suitable for the regeneration of different human 

tissues, including adipose tissue, bone tissue and connective tissue. In vitro tests showed the potential of the 

prepared scaffolds in supporting different mammalian cell populations growth, proving that decellularized structures 

derived from plant could be actually used as scaffolds for human tissues regeneration. 
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Figure 1 
Plant-derived decellularized scaffolds: 

procedure for scaffolds obtainment and 

decellularization. Representative 

stereomicroscopy images before (control) and 

after decellularization (scale bar 2 mm). 

Representative SEM micrographs of decellularized 

structures (scale bar 200 mm). 

 

 

Figure 2 
In vitro biological tests of decellularized 

plant scaffolds. (a) Normalized percentage cells 

viability of indirect cytotoxicity tests and (b) 

representative LIVE/DEAD staining image of cells 

cultured on decellularized celery samples. 
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4:45 p.m. – 6:15 p.m. 

Conference room 4+5 

IX-OS34 | Biophysical stimulation of cells 
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Introduction 

Biomaterials science and biomedical engineering have sustained as one among frontier and growing areas of 

research and innovation within the engineering science community in the world; considering the number of scientific 

discoveries and their societal impact. Against the backdrop of the ever-increasing unmet clinical needs, significant 

efforts have been invested to innovate new bioengineering approaches for clinical applications. While introducing the 

fundamental concepts, it will be emphasized that the phenomenological interaction of a biological cell with a synthetic 

material is influenced by several factors, e.g. elastic stiffness, surface topography and wettability. In this context, the 

results of a strikingly different approach, involving the intermittent delivery of electric stimulation to manipulate cell 

functionality on electroconductive biomaterials will be discussed. I will present both the experimental results and 

theoretical foundation of our ongoing research in this direction. 

  

Experimental Methods 

The experimental results will demonstrate the cell functionality changes for human mesenchymal stem cells (hMSCs), 

when they are grown on several biomaterial substrates, including hydroxyapatite based multifunctional bioceramics, 

electoactive polymers (doped polyaniline, PVDF-CNT composites), when cells experience external electric 

stimulation. In parallel, the results will be shown to validate similar concept for cells grown in PMMA microfluidic 

device with electrodes. The quantitative analysis of the cell morphological changes as well as gene upregulation will 

be particularly highlighted to illustrate the impact of electric stimulation towards osteogenesis/ neurogenesis/ 

cardiomyogenesis of hMSCs. 

While establishing theoretical foundation to rationalize our experimental results, I will present the results of the 

analytical solutions of the Laplace equation with appropriate boundary conditions for the biological cell system, as 

well as MD simulation (GROMACS package) based studies for protein adsorption on biomaterial substrate and 

protein-membrane receptor interactions, both under the influence of electric field. The model formulation allows one 

to determine spatial and dependence of bioelectric stresses in cellular microenvironment on a conducting and 

insulating substrate and around a cell with surface charge density. 

  

Results and Discussion 

While introducing the fundamental concepts, it will be emphasized that the phenomenological interaction of a 

biological cell with a synthetic material is influenced by several factors, e.g. elastic stiffness, surface topography and 

wettability. In this context, the results of a strikingly different approach, involving the intermittent delivery of electric 

or magnetic field stimulation to manipulate cell functionality on electroconductive or magnetoactive biomaterials will 

be discussed. 
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In an effort to rationalize the outcome of in vitro studies, the theoretical concept based on the analytical solution of 

the Poisson’s equations with appropriate boundary conditions will be described. The outcome of such in silico study 

will unravel the significance of substrate conductivity in synergy with electric field parameters towards modulation of 

bioelectric stress field, which has major ramification on cellular deformation and cell fate processes. In addition, the 

tangential component of the Maxwell stress tensor (shear stress), a measure of the stretching force on the membrane, 

has been used to obtain estimates of the critical electric field required for membrane rupture. Towards the end, the 

results of our recent molecular dynamics (MD) study to probe into the influence of electric field on protein adsorption 

(on bioceramic) and adsorbed protein-cell surface receptor interaction will be presented. 

  

Conclusion 

This presentation, encompassing experimental results and theoretical analysis, is expected to provide guidelines to 

develop next generation biomaterials and biomedical devices for regenerative medicine. 
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Introduction 

Bone is the second most transplanted tissue after blood and is in short supply causing surgeons to rely on non-viable 

allograft or synthetic graft. We have developed the Nanokick bioreactor generating controlled nanoscale vibrations 

(nanoscale stimulation, NS) that drive bone differentiation of mesenchymal stem cells (MSCs) (1, 2). The bioreactor 

is compatible with general laboratory and can potentially be upscaled for industry. Here, we are developing MSC-

seeded biphasic scaffolds comprising collagen hydrogels and freeze dried collagen sponges to allow long term 3D 

culture within the nanokick bioreactor. This approach will yield 3D, viable, bone graft that has good handleability. 

  

Experimental Methods 

Stro1-selected human MSCs were seeded in 1.8 mg/ml rat tail collagen type I hydrogels. 5% freeze dried collagen 

sponges were produced and integrated into MSC seeded hydrogels making gel-sponge composites. The effects of 

NS were tested on gel and gel-sponge composites respectively. Scaffold mechanical properties were tested by 

rheology, compression testing, SEM and nanodisplacement measurement under NS by interferometry. Biological 

responses including viability, qPCR, western blot, metabolomics, mitochondrial activity, protein arrays and protein 

inhibition tests were studied. 

  

Results and Discussion 

In the gel phase, the Nanokick bioreactor was programmed to generate reliable NS amplitudes of approximately 90 

nm at 1000 Hz (measured by interferometry). At day 9, significant osteogenic gene up-regulation (RUNX2, 

osteonectin, osterix, osteopontin, osteocalcin) was observed. Western blotting showed pRUNX2/totalRUNX2 up-

regulation. Protein arrays showed collagen and integrin up-regulation. Metabolomic analysis showed that the NS 

effect involved lipid metabolism. Using flow cytometry analysis, NS tended to increase mitochondrial activity (shown 

by JC1 and mitotracker staining), and produced controllable reactive oxygen species (ROS) by 2’, 7’-

dichlorodihydrofluorescein diacetate (DCF-DA). Pathway inhibition analysis and q-PCR showed that NS involved 

inflammatory cytokines production (IL-6, TNFα) and MAPK pathways (ERK1/2, JNK and p38). Corresponding to 

normal bone healing process, inflammation was itself suppressed at 2-3 weeks suggesting that the NS enhanced 

osteogenesis through natural bone healing pathways. 
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In the biphasic scaffold, the average elastic modulus of dry sponges were 137.3 MPa (SD=71.61) measured by 

compression test and SEM showed the average pore size was 227.74 mm (SD 72.93). Further, the gel-sponge 

composite transferred reliable NS amplitude. Scaffolds and NS in gel-sponge composite maintained cell viability as 

indicated by Alamar blue reduction. At day 9, microscopy showed MSCs migrating from the gel into the sponge. 

Temporal gene analysis (days 7-21) showed significant osteogenic gene upregulation (RUNX2, osterix, osteonectin 

and osteopontin). We then simulated how we might manufacture a clinical product. The cells-gels were NS stimulated 

for 14 days with the gels attached to the sides of the well plates. Gel contraction was then allowed and continuously 

cultured until day 21. Gel contraction onto the sponges was reproducible, allowed good MSC viability and increased 

MSC metabolic activity. Western blot at day 21 showed OPN upregulation confirming the osteogenic phenotype. 

  

Conclusion 

NS is safe for MSCs, induces physiological inflammation and ROS associated with promotion of 3D 

osteogenesis.  Biphasic collagen scaffolds allowed nanovibrational force transmission and improved composite 

handleability for potential clinical use. After stimulation for 14 days, phenotype was tested at day 21 showing the 

osteogenic phenotype. This indicated the persistent harnessing effect of nanovibration maintaining MSC phenotype. 
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Introduction 

Osteogenesis is regulated by physical stimulation such as magnetic field and electrical stimulation. Therefore, 

electrical stimulation might be effective in promoting osteo-differentiation to solve problem such as instability of 

implant because of looseing. Direct current stimulation on a conductive substrate with the BMP-2 was convalently 

immobilized on the polypyrrole/chitosan film enhanced osteoblast differentiation and maturation1. It is considered that 

current on the surface of substrate is effective to accelerate bone formation at interface between natural bone and 

implant. Alternating current (AC) electric field stimulation up-regulated the mRNA level of osteogenic transcription 

factor and promoted cell proliferation and differentiation in vitro2. Since AC can be induced by magnetic field at 

substrate surface, AC stimulation is suitable for stimulation at the interface for clinical application. It is necessary to 

optimize AC stimulation conditions on osteogenic differentiation. The purpose of this study was to quantitatively 

evaluate effects of sinusoidal AC (SAC) stimulation at substrate surface on differentiation of osteoblast-like cell. 

  

Experimental Methods 

The developed culture chambers consisted of three wells and a glass slide coated with ITO as shown in Fig. 1 (a). 

The wells had culture area of diameter of 15.5 mm. Fig. 1 (b) shows schematic drawing of the SAC stimulation 

system. Conductive copper tapes were fixed to both ends of the culture chambers by clip and fixture made of PC. 

The conductive copper tapes were connected to a function generator to apply SAC stimulation. MC3T3-E1 cells 

seeded on the culture chambers at a cell density 1.0×104 cells/cm2 were cultured for 12 hours, and then MC3T3-E1 

cells were cultured under SAC stimulation for 7 days. SAC stimulation was applied for 4 hours per day. Frequency 

of SAC was 1.0 kHz, and amplitudes of SAC were RMS 25, 50, 100 and 200 µA. Applied SAC was confirmed by an 

oscilloscope at the start of SAC stimulation. MC3T3-E1 cells cultured without SAC stimulation were prepared as 

control. mRNA expression of Runx2 and Osteocalcin (Ocn), which are major transcription factors of osteogenic 

differentiation, were measured by using quantitative real-time PCR after 7 days cultivation. The relative expression 

of Runx2 and Ocn were normalized to the reference gene, G3pdh. 

  

Results and Discussion 

Fig. 2 shows the relative expression of Runx2 and Ocn under each SAC amplitude. The expression of Runx2 under 

SAC amplitude of 100 and 200 µA were higher than that of control, but there were no significant differences. The 

expression of Ocn under SAC amplitude of 100 and 200 µA were higher than that of control,and Ocn was significantly 

upregulated by SAC stimulation of 200 μA compared to control. Therefore, it was considered that amplitude over 100 

µA of SAC stimulation were effective in bone differentiation at 1.0 kHz. Runx2 triggered the expression of matrix 

protein genes including Ocn, which serve as the marker of osteoblast differentiation3. These results showed that SAC 

stimulation of 200 µA at 1.0 kHz might promote osteoblast differentiation for early bone formation. 
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Conclusion 

It was suggested that SAC stimulation of 200 µA at substrate surface promoted osteoblast differentiation at 1.0 kHz 

using the developed SAC stimulation system. 
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Fig. 2 
mRNA expression levels of Runx2 and Ocn after 7 

days cultivation (mean ± S.D., *: P < 0.05, 

Dunnett’s test). 

 

 

  

 

Fig. 1 
(a) Developed culture chamber (Bar = 10 mm), (b) 

Shematic drawing of the SAC stimulation system. 
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Introduction 

The essential roles of the surface topographies of matrices and scaffolds have been highlighted to modulate 

adhesion, proliferation, and differentiation of stem cells. Indeed, stem cell differentiation can be altered by the sizes 

and shapes of surface topographical structures. Substrates containing the hierarchical structures of microscale and 

nanoscale patterns allow for more efficient spatial control of stem cell differentiation via the simultaneous modulation 

of the alignment of the cytoskeleton and intracellular focal adhesion protein assembly. In vivo, there are many tissues 

with hierarchical and anisotropical structures. For example, bone, and the dimension of it range from few nanometers 

to several hundred micrometers in diameter. This special structure allows for nutrient/waste exchange, and also 

support cell activities. 

However, there are few studies reporting spatial control of stem cell differentiation using patterned topographies with 

different spatial dimensions ranging from nanometers to micrometers because of difficulties in the fabrication of such 

multiscale, hierarchically patterned structures on a single substrate. To the best of our knowledge, this is the first 

time from the literature to prepare the triple-scale topography with different dimension and direction which could be 

better mimic the ECM of bone, and explore the effect of them on osteogenic differentiation of stem cells. 

  

Experimental Methods 

1. PDMS film preparation 

PDMS membranes were prepared as described previously. 

2. Preparation of wrinkled substrates 

For aligned topography substrates with a SiO2–like surface, the PDMS sample was placed in a stretching apparatus 

and stretched uniaxial to a certain degree. Stretched PDMS was oxidized in air plasma under stable pressure for 

different times. After oxidation, the strain was released and inducing the formation of aligned topography (wave-like 

structures) of different wavelength and amplitude depending on the plasma treatment time and the cross-

linker/elastomer ratio. 

3. Imprinting 

The nature of the sample preparation induces slight differences in chemical and mechanical properties due to the 

different oxidation times and elastomer/cross-linker ratio. To avoid these differences, imprints of the different 

topographies were made to ensure the same surface chemistry and mechanical properties. 

4. Osteogenic Differentiation of hBM-MSCs 

To investigate the osteogenic differentiation of hBM-MSCs on the different topography features, the cells were 

seeded on the samples at a cell density of 1*104cells/well. The cells were kept at 37 ℃/5% CO2 and 24 h later the 

medium was replaced by osteogenic differentiation medium for osteogenic differentiation. The culture medium was 

replaced every 3 days for the 21 days of the study. 
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Results and Discussion 

In our study, we could prepare not only single scale substrates (0.5μm, 3 μm and 25 μm), and double scale (0.5/3 

μm, 0.5/25 μm) combined with different angle (0°, 45°, and 90°), but also triple scale (0.5/3/25 μm) combined with 

different angle (0°, 45°, and 90°). 

From the adhesion results, substrates with different dimension and direction have a significant influence on the 

orientation and elongation of hBM-MSCs. For the double-scale substrates, cell orientation for substrate with parallel 

direction is better than perpendicular direction, and for triple-scale substrate, cell orientation for substrate with parallel 

direction is the best one among the three groups. 

For osteogenic differentiation, among the single-scale groups, ALP expression for hBM-MSCs seeded onto 3 μm is 

stronger than other two groups. For double-scale groups, it is interesting that perpendicular direction is better than 

parallel direction, same situation for 0.5 /3 μm or 0.5/25 μm groups. For triple-scale groups, 0.5μm perpendicular with 

3/25um have the strongest ALP expression than other two groups, and this one was the best for facilitating osteogenic 

differentiation among all the groups. 

  

Conclusion 

A. We have successfully prepared single, double and triple-scale wrinkle structure with different size (nano, micro 

and macro) and direction (parallel, perpendicular and 45°) by a robust and easy method. 

B. Hierarchical structure with different combination of size and angle have a significantly influence on cell orientation 

and cell area. 

C. Hierarchical structure have a dramatical influence on the osteogenic differentiation of hBM-MSCs. Among the 

groups, 500nm perpendicular with 3μm/25μm (parallel) was the best one for osteogenic differentiation of hBM-MSCs. 
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ALP staining after 14 days culture 
Differentiation of hBM-MSCs on the hierarchical 

structure substrates after 14 days in culture. 

 

 

  

 

AFM images of hierarchical structures 
0.5/3/25 μm substrate combined with different 

angle (parallel, perpendicular, and 45°) 
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Introduction 

Design, research and development of new and improved smart structures and systems is currently a hot topic in 

materials science and engineering. In the last decades nanotechnology development has provided innovative tools 

to produce new and improved biomaterials for several applications. Diseases like cancer are target research areas 

for new diagnostic and treatment options, not only to achieve a personalized approach, but also to decrease side 

effects. 

Electrospinning is a versatile and easy to scale-up strategy to produce membranes able to react to changes in the 

surrounding environment, which are translated into significant changes in their morphological and chemical 

properties. Combination of thermoresponsive polymers with magnetic nanoparticles (mNPs) originates dual-stimuli 

responsive systems, able to change their morphological and chemical properties in response to temperature and 

magnetic field. mNPs have been extensively investigated for biomedical applications including magnetic resonance 

image (MRI) contrast agents, and magnetic hyperthermia agents [1-4]. 

This work focuses in developing a dual-stimuli responsive device composed of MG with mNPs incorporated into 

polymeric fibers as a new cancer treatment option. Combination of chemotherapy and magnetic hyperthermia in a 

device produces a new highly efficient cancer treatment option for easy access tumors or post-operation treatments. 

  

Experimental Methods 

The experimental work to produce the dual-responsive device is divided in 3 parts: 1) production of thermoresponsive 

microgels; 2) production of colloidal fibers, and 3) production of magnetic fibers. 

mNPS were produced by chemical precipitation technique and further stabilized according to previously published 

work [1, 5]. Thermoresponsive microgels were produced using the surfactant-free emulsion polymerization technique, 

as previously reported [6]. Poly(N-isopropylacrylamide) (PNIPAAm) was used as a reference. mNPs were 

incorporated during microgels synthesis. 

Colloidal electrospinning was performed using a homemade electrospinning apparatus by replacing the polymeric 

solution by a colloidal solution of thermoresponsive microgels dispersed in an auxiliary polymer solution. 

Polyvinylpyrrolidone (PVP) and poly(ethylene oxide) (PEO) were used. The response surface methodology (RSM) 

statistical tool was used to optimize this task [7, 8]. 

Magnetic membranes were produced using cellulose acetate as a reference polymer and incorporating mNPs in the 

polymeric solution before electrospinning, or by adsorbing the mNPs at fiber surface after being electrospun [9]. 

  

Results and Discussion 

To produce these dual-stimuli responsive systems different architectures can be designed. This work focuses in two 

main architectures: thermoresponsive electrospun fibers with mNPs incorporated; or thermoresponsive microgels 

with mNPs confined in polymeric fibers through colloidal electrospinning. 
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Superparamagnetic iron oxide nanoparticles with an average diameter of 10 nm (Fig.1A) [1, 4, 5] were incorporated 

in PNIPAAm microgels (Fig.1B) using chitosan as a surfactant to produce dual-stimuli responsive microgel. Spherical 

and highly monodisperse microgels with diameters in the range of 200 to 500 nm were obtained (Fig.1C). The 

thermosensitivity of PNIPAAm microgels still persists in the hybrid microgels. The hybrid microgels were subjected 

to an alternating magnetic field demonstrating ability to generate clinically relevant heat (Fig.1D) [6]. 

PNIPAAm microgels were incorporated into PEO nanofibers through colloidal electrospinning with a “bead-on-a-

string” morphology. By performing a statistical analysis, the relationship of the processing variables over the fiber 

size was evaluated following the RSM, leading to composite fibers with an average diameter of 63 nm (Fig.2A) [7]. 

In the second case, UV-crosslinked composite PVP microfibers showed a Young Modulus of 22 MPa and the 

capability to swell about 30 times their weight in 1 h in aqueous medium (Fig.2B) [8]. These electrospun membranes 

composed of thermoresponsive microgels as active sites inside nano/microfibers are some of the prototypes to 

produce dual-stimuli responsive systems. 

Electrospun composite cellulose acetate/mNPs membranes were also produced by incorporating mNPs inside or at 

the fiber’ surface, demonstrating a reinforcement effect in the mechanical properties caused by mNPs. Moreover, 

these membranes produced significant heat under the application of an alternating magnetic field, thus being 

promising agents for magnetic hyperthermia (Fig.2C) [9]. 

  

Conclusion 

More interesting results are being achieved under the recently financed project DREaMM (Ref. PTDC/CTM-

REF/30623/2017) to engineer dual-stimuli responsive magnetic nanofibrous membranes as controlled drug release 

systems and magnetic hyperthermia agents for cancer treatment. 
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Figure 2 
A) SEM image of coloidal fibers of PNIPAAm 

microgels incorporated in a PEO matrix with an 

average fiber diameter of 63 nm; SEM image of 

PNIPAAm microgels incorporated in a PVP matrix; 

C) TEM and SEM image of mNPs incorporated in 

cellulose acetate fibers and the correspondent 

magnetic hyperthermia measurements. 

 

 

 

Figure 1 
A) TEM image of superparamagnetic iron oxide 

nanoparticles with an average diameter of 10 nm. 

B) SEM image of thermoresponsive PNIPAAm 

microgels; C) HRSEM image of dual-stimuli 

(temperature and magnetic field) responsive 

hybrid microgels; D) Thermoresponsive behaviour 

and magnetic characterization of hybrid 

microgels. 
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Introduction 

For neurological diseases such as glioblastoma multiforme or epilepsy, brain implants are promising tools for the 

direct drug application to overcome systemic toxicity. However, the possibility to surface-functionalize the scaffold 

material as well as the electrical conductivity are often important requirements for neural implants, offering the 

possibility of either a targeted or a triggered, on-demand drug delivery [1]. Respecting this, Graphene Oxide (GO), a 

derivate of Graphene (G) with a high surface area has gained attention, since it consists of a single atomic carbon 

layer, decorated with hydrophilic functional groups [3] that can interact with peptides and proteins via chemical or 

physical bonding [4], therefore making it easy to bio-functionalize. However, GO is an insulator so that in cases where 

the conductivity of the material is more important than the functionalization, the oxygen content of GO can be reduced 

by several techniques to produce the highly conductive material reduced GO (rGO) [5,6]. Therefore GO and rGO are 

two materials of interest for neuro implant development. 

Though, the surgery as well as the implant material can elicit a harmful tissue response causing an alteration of the 

neuro-chemical environment of the brain and therefore leading to the formation of a glial scar. Beside its adverse 

effects on neural circuits and plasticity, this scar tissue has influence on the efficacy of the implant, since it can reduce 

and alter the release of the drug from the implant as well as its conductivity. Thus, neural tissue reactions towards 

GO and rGO implant materials need to be investigated in suitable in vitro models [7,8]. 

Here we show the indirect response of different in vitro models towards highly porous tetrapodal rGO and GO 

networks [publication/manuscript in progress, Rasch et al.]. The anti-inflammatory and –fibrotic compound Curcumin 

was used in co-stimulation with the implant materials, in order to inhibit possible inflammation and glial scarring 

reaction towards the materials. 

  

Experimental Methods 

The macroscopic GO and rGO networks have been produced by wet chemical infiltration of highly porous (94% 

porosity) ceramic templates [9] with a GO dispersion. Afterwards, the template was removed by chemical etching in 

1 M HCl for 12 hours followed by washing in ethanol and critical point drying of the networks. For fabrication of rGO 

scaffolds, the GO networks were reduced in ascorbic acid prior to template removal. GO and rGO materials were 

then studied for their cytotoxicity (Cytotox Fluor and WST-1 assay) as well as inflammatory and glial scarring 

responses to different brain in vitro models in co-stimulation with curcumin. Therefore, human astrocytes or microglia 

(SVGA respective HMC3 cell lines) as well as murine acute brain slices were stimulated indirectly (materials were 
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placed in 0.4µm cell culture inserts) with the materials or material-eluate media, regarding ISO-10993-5. In respect 

of the acute and chronic reaction towards the implant, cells or brain slices were incubated for up to 6 days. Their 

material-specific reactions were studied on RNA or protein level. 

  

Results and Discussion 

Human astrocyte and microglia cell lines did not show any alterations in proliferation or cell death when incubated 

indirectly with GO and rGO materials for 24h. However, murine acute brain slices showed slightly elevated cytotoxicity 

after 6 days of indirect incubation with materials. Cytotoxic effects were less pronounced upon incubation with rGO 

in comparison to GO, and further alleviated by curcumin. Glial scarring associated markers such as glial fibrillary 

acidic protein (GFAP), tenascin, fibronectin, nestin or vimentin as well as inflammatory markers (e.g. interleukin-6) 

were induced in murine acute brain slices upon 6 days incubation with materials. Interestingly, these effects were 

clearly higher upon incubation with rGO than with GO, and could again be eased by curcumin co-stimulation. These 

results could be sustained by corresponding findings in human astrocyte and microglia cultures. 

  

Conclusion 

The results indicate that GO and rGO have a rather low impact on cytotoxicity or proliferation of human neural cell 

lines and murine acute brain slices, when cultivated indirectly with the materials for different time periods. However, 

reducing the oxygen amount of GO to obtain rGO seems to influence significantly the glial scarring and inflammatory 

responses in vitro, since the effects on cells and brain slices are more dominant after incubation with rGO. All 

investigated effects could be diminished by co-stimulation with curcumin, an anti-inflammatory and anti-fibrotic drug. 

Using these different in vitro models and by co-stimulating with curcumin we are currently trying to understand these 

effects more deeply and by this, hoping to improve the implant material design to reduce tissue reactions towards 

them. 
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Introduction 

Development of multifunctional materials is mandatory to challenge complex physiological processes like wound 

healing. Indeed, wound healing, especially in open wounds, can face infection or pathophysiological condition, like 

diabetes, that can impede the healing process. Collagen is the main component of the extracellular matrix comprising 

up to 30 % of human skin. Several studies have shown that collagen can induce wound healing by promoting the 

recolonization and the proliferation of epithelial cells with low antigenicity, and low inflammatory properties [1, 2]. 

However, tissue’s matrix metalloproteases (MMPs) and bacterial infection may result in the enhancement of the 

breakdown of collagen-based material [3, 4]. Tannic acid (TA) is a polyanionic polyphenol extracted from plants 

possessing antimicrobial, antioxidant and anti-inflammatory properties. It can form complexes with proteins through 

H-bonding that can drive the build-up process and further becoming a protective layer of the epithelial tissue [5, 6]. 

Though TA has shown ample popularity for material processing (crosslinking) and antimicrobial activity, its 

cytotoxicity towards eukaryotic cells should not be neglected [7]. 

Herein, we develop collagen/TA films using the layer-by-layer method (fig 1a) in order to support wound healing in 

harsh conditions. 

  

Experimental Methods 

Collagen/TA films were developed by dip assisted layer-by-layer assembly (fig 1a) at acidic pH. The buildup was 

followed by Quartz Crystal Microbalance with Dissipation (QCM-D). These films were further characterized by Atomic 

Force Microscopy (AFM), Scanning Electron Microscopy (FESEM), Fourier Transform Infrared Spectroscopy (ATR), 

Circular Dichroism (CD) Spectroscopy, and Isothermal Titration Calorimetry (ITC). Their biological characterization 

includes stability in physiological buffers at pH 7.4, antimicrobial activity against Staphylococcus Aureus and 

cytotoxicity towards various fibroblast cell lines. 

  

Results and Discussion 

Collagen/TA films have an exponential growth observed by QCM-D and a fibrillar topography observed by AFM (Fig 

1b). FTIR and CD experiments showed that collagen keeps its native structure. Such film, build in acidic pH, is stable 

up to 72 h in a buffer solution at pH 7.4 and releases TA in solution until 25 µg/mL in PBS. The films show release-

killing property towards Staphylococcus Aureus without cytotoxicity for potential host cell like fibroblasts. Noteworthy, 

different buffers were tested for the construction of the film. Buffer type has emerged as a pivotal parameter leading 

to dissimilar physico-chemical and biological properties. ITC measurements showed that it could be related to the 

modification of the interaction between collagen and tannic acid in different buffers. 

  

Conclusion 
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This work shows that the physico-chemical optimization of tannic acid based films is of paramount importance for 

future use of tannic acid in material production and their biomedical applications. 
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Figure 1: 
A) Schematic representation of Layer-by-Layer 

technique based on the alternated deposition of 

oppositely charged polyelectrolytes obtained by 

the dipping process [8] (B) shows the topography 

of Collagen/tannic acid film observed by Atomic 

Force Microscopy (AFM). 

 

  



ESB 2019 | Abstract Booklet 

Thursday, 12 September, 2019 
 

 

Page 647 of 1893 

IX-OS35-03 

Physical immobilization of particles inspired by pollination 

Lúcia F. Santos, Ana S. Silva, Clara R. Correia, João F. Mano 

University of Aveiro, Aveiro Institute of Materials, Aveiro, PT 

 
Introduction 

Transdermal drug delivery patches for cutaneous wounds treatment induce a faster healing of the wound by 

delivering therapeutic agents that are included over or inside the patch. Commercially available patches can carry 

limited amounts of drugs, which are already incorporated within the patch, not allowing for a personalized formulation. 

Thus, it is crucial the development of improved drug patches with higher therapeutic dose. The unique features 

exhibited by biological organisms in nature have been a source of inspiration for the development of high-

performance structures and biomaterials for the delivery of therapeutic agents.[1] Honey bees for instance, present a 

peculiar hairy structure that allows them to fix and carry millions of pollen particles. The pollen grains, which are of a 

similar diameter to the spacing between the hairs, are entrapped and temporarily retained, only being released on 

movement of the creature’s leg.[2] Replicating this natural structure using microfabrication could provide a substrate 

to be used in a wide variety of applications that require simple, non-permanent, high-content and purely physical 

immobilization of solid particulate objects. Drug delivery systems are one potential application of these biomimetic 

substrates. Inspired by this, we proposed the concept of a micropatterned surface featuring high aspect ratio elastic 

micropillars spaced to mimic the hairy surface of bees. We explored the applicability of such surface as patch, to be 

used in wound healing, able efficiently entrap high amounts of drug particles at the microscale and release them in 

a controlled and sustained manner. 

  

Experimental Methods 

The hypothesis was validated by investigating the ability of polydimethylsiloxane (PDMS) microfabricated patches to 

fix microparticles. The patches were fabricated by soft lithography [4] and characterized by SEM, fluorescent 

microscopy and tensile strength. The geometrical arrangement, spacing, height and flexibility of the fabricated 

micropillars, and the diameter of the microparticles, were investigated. 

Our biomimetic surfaces were explored for their ability to fix solid microparticles for drug-release applications, using 

tetracycline hydrochloride as a model antibiotic. The release profile and antimicrobial activity were herein determined 

using patches with both tetracycline powder and tetracycline alginate microparticles. 

  

Results and Discussion 

Inspired by the ability of the hairy structure of bees to entrap millions of pollen grains, we developed a flexible polymer 

substrate that replicated this extremely efficient system.[5] Higher entrapment capability was found through the match 

between particle size and pillar spacing, being consistent with the observations that the diameter of pollen grains is 

similar to the spacing between hairs on bees’ legs. Moreover, taller pillars (analogous to the high aspect ratio of the 

bees’ hairs) permitted immobilization of higher quantities of particles. These novel surfaces allowed fixation of more 

than 20 mg/cm2 of antibiotic and interestedly, this value is similar to the capture of pollen grains by bees – 27 mg. 

Moreover, such surfaces presented a dose significantly higher - about 5 times more - than currently available patches 

(5.1 mg/cm2) approved by FDA,[6] providing high drug concentration that could solve the current problems associated 
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with passive drug delivery patches. We also verified that both solid drug powder and hydrogel microparticles could 

be immobilized in the proposed substrates, indicating the great potential of these systems to be used as patches for 

drug delivery. 

  

Conclusion 

The results herein described suggest that the proposed textured surfaces could be further considered for the 

development of high-performance patches for clinical applications, through simple contact of the patch with the 

powdered product. We hypothesize that such devices could be easily explored to wide variety of applications that 

required large quantities of microparticles in biomedical and biotechnological fields. 
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Entrapment of microparticles within PDMS 

micropateterned patches  to drug delivery 

applications 
As proof-of-concepet, PCL microparticles were 

entrapped within PDMS micropatterning patches. 

(A–C) Entrapment effectiveness of microparticles 

with different diameters: 
40 μm (A), 80 μm (B), and 160 μm (C), entrapped 

within the patches with varying micropillar 

spacings (40, 80, and 160 μm) 

(D) In vitro cumulative release of tetracycline from the 
patches at pH 5.5 and pH 7.4 at 37 °C in PBS. 
(E) Antimicrobial activity of the different combinations: patches with  tetracycline-loaded alginate 

microparticles or bare tetracycline powder against two microorganisms-  gram-negative E. coli and gram-positive S. 

aureus. 

 

 

Schematic illustration of the proposed 

biomimetic micropatterned patch 
A) The bees’ body is covered with hairs. Pollen 

grains are caught between the bees’ hair, and 

their size is similar to the hair spacing. Image 

courtesy of Charles Krebs (photographer). 

(B) A bioinspired patch can be developed through the construction of a micropatterning structure with micropillars 

with controlled spacing (s) and height (h). 
(C) Capture of solid microparticles in a flexible substrate featuring well-organized micropillars by direct contact 

and pressure; we hypothesized that the entrapment effectiveness will depend on the relationship between the pillar 

spacing (s) and the size of the microparticles. 
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Introduction 

Hepatocellular carcinoma (HCC) is the sixth most prevalent cancer and the fourth leading cause of cancer death 

worldwide in 2018 [1]. Aberrant expression of key miRNAs in HCC significantly correlates with tumor metastasis and 

recurrence [2]. The level of miR-199a/b-3p, the third most abundant miRNA in human liver, is consistently decreased 

in HCC [3]. Moreover, it was proved to be a promising therapeutic target for HCC by regulating various cellular 

processes [3, 4]. By taking advantage of the slight difference of pH between normal tissues (~7.4) and extracellular 

environment of solid tumours (6.5-7.2) [5], here we designed a pH-responsive drug-delivery system to fulfill enhanced 

miRNA therapy in HCC. 

  

Experimental Methods 

We first synthesized a triblock copolymer of poly(ethylene glycol) (PEG) and admantyl modules bridged by a pH-

labile linkage (CDM). Polyethylenimine-crosslinked β-cyclodextrins (PC) was synthesized according to the reported 

methods [6]. The complex PEG-CDM-PC was self-assembled from polycations and admantyl modules. The 

investigation of pH-responsive ability was completed with RNA release assay and diameter analysis under acidic 

environment. The therapeutic effect was demonstrated by in vitro studies up to now. 

  

Results and Discussion 

The complex was characterized by TEM and 1H-NMR (Fig. 1b, c). PEG-CDM-PC condensed miR-199a/b-3p had an 

average size of ~150nm and a zeta potential of ~+18.9mV. The elevated release of RNA from system and decreasing 

diameters of particles in solution with pH 6.5 demonstrated excellent pH-responsive effect of PEG-CDM-PC (Fig. 1d, 

e). PEG-CDM-PC pretreated with acid solution showed an enhanced cellular uptake (Fig. 2a) and efficient delivery 

of miR-199a/b-3p in Huh-7 cells (Fig. 2b). The increased miR-199a/b-3p suppressed tumor cell proliferation (Fig. 2c) 

by inhibiting mTOR, Bcl-2 and PAK4/Raf/MEK/ERK pathway (Fig. 2d). We are looking forward to positive in vivo 

study results which could confirm the preferential accumulation in cancer site and anti-proliferation effect in bearing 

tumour. 

  

Conclusion 

Our designed pH-responsive, self-assembled PEG-CDM-PC/miR-199a/b-3p is a promising therapeutic agent in 

future adjuvant therapy for HCC treatment. 
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PEG-CDM-PC-mediated cellular uptake and transfection of miR-

199a/b-3p. 
 a) Distribution of fluorescence intensity of Huh-7 cells after 

4 h incubation with PBS, naked siRNA, PEG-CDM-PC/siRNA 

pretreated with pH 6.5 and 7.4, PEG-PC/siRNA and Lipo3000/siRNA. 

b) Dose-dependent cell viability after 72 h treatment with PEG-

CDM-PC/miR-199a/b-3p pretreated with pH 6.5/7.4 and PEG-CDM-

CD/NC. c) RT-PCR analysis of miR-199a/b-3p levels in Huh-7 

cells. miR-199a/b-3p expression is normalized against PBS 

treatment. d) Expression of Bcl-2 and PAK4/Raf/MEK/ERK pathway 

by Western Blotting treated with PBS, PEG-CDM-PC/miR-199a/b-3p 

(pH 6.5/7.4) and PEG-CDM-CD/NC in Huh-7 cells. CD = PEG-CDM-

PC/miR-199a/b-3p; non/mi = PEG-CD/miR-199a/b-3p; NC=negative 

control siRNA. 

 

 

Characterization of siRNA-encapsulated PEG-CDM-PC. 
a) Scheme illustration showing preparation of PEG-CDM-Ad, PC and 

PEG-CDM-PC. b) Transmission electron microscopic (TEM) images of 

PEG-CD-PC, scale bar = 100nm. c) 1H-NMR characterization of PEG-

CDM-PC and PEG-PC. The peak at δ 1.8-2.0 ppm characterizing CDM 

is highlighted in light green. d) Cumulative release of negative 

control RNA from the siRNA-encapsulated PEG-CDM-PC or PEG-PC in 

PBS with pH 6.5/7.4. e) The diameters of PEG-CDM-PC at various 

incubation times from 0-24 h. 
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Introduction 
Effective treatment for Glioblastoma is severely limited by rapid resistance to agent therapies and the presence of 

the blood-brain barrier (BBB) that prevents therapeutics from reaching the brain. These issues can be addressed by 

the application of nanoparticles (NPs) that are effectively targeted and subsequently engage in transcytosis across 

the BBB. 

In recent years, self-assembled biodegradable NPs from natural polymers, such as protein-based polymers, have 

attracted remarkable attention as potential drug delivery carriers. Zein, an alcohol-soluble protein, extracted from 

corn, has emerged as an ideal drug delivery system because of its intrinsic excellent biocompatible and 

biodegradable properties1. Compared with other proteins, zein has been extensively investigated for the 

encapsulation of bioactive compounds because of its unique capabilities, i.e., easy self-assembly into NPs, 

biocompatibility, and sustained drug release capability. 

The one-step coating method for polydopamine (PDA) based on the oxidative self-polymerization of dopamine 

monomer in a week alkaline condition (pH 8.0-8.5) has aroused great interest in surface modification of biomaterials. 

The PDA layer on the surface of drug carriers greatly improves their hydrophilicity, colloidal stability, and reactivity 

with nucleophilic compounds for further modification via Michael addition or Schiff base reactions2. 

Curcumin (CUR) is a polyphenol that is widely used in medicine for its pleiotropic anti-inflammatory, antimicrobial 

and anticancer activities3. Herein we report the design and synthesis of a dodecamer peptide (G23)-functionalized 

PDA- coated curcumin-loaded zein nanoparticle to traverse the blood-brain barrier (BBB) and deliver curcumin to 

glioblastoma cells. 

  

Experimental Methods 

The preparation of curcumin-loaded PDA-coated zein nanoparticles (Z-C-pDs) is based on a modified method of 

phase separation. Briefly, zein and curcumin (CUR) were dissolved in ethanol (80% v/v) at different weight ratios. 

Subsequently, 1ml of the solution was rapidly dispersed into 19 mL dopamine hydrochloride solution in Tris buffer 

(10mM, pH 8.5) for 12h at room temperature while stirring. The Z-C-pDs were collected by centrifugation and 

redispersed with deionized water. The same procedure was followed without adding curcumin to prepare ‘empty’ 

PDA-coated zein nanoparticles (Z-pDs). For the functionalization, Z-C-pDs were resuspended in Tris buffer (10mM, 

pH 7.4), which contained G23 peptide. After 2h stirring at room temperature, particles were collected by centrifugation 

and washed with deionized water. DLS was used to evaluate polydispersity and size. The morphology of the 

nanoparticles was demonstrated by AFM.  The cytotoxicity of the nanocomplexes was evaluated in human 

cerebrovascular endothelial (hCMEC/D3) cells and C6 glioma cells by fluorescence microscopy and MTT assays. 

  

Results and Discussion 

Z-C-pDs of 110 nm in size and with low polydispersity (PDI) were prepared at a zein and CUR weight ratio of 5:1. 

The NPs were spherical and showed a CUR loading efficacy of 8.1%. The surface charge was -37 mV, which 
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provided greater colloidal stability than the positively charged CUR-loaded zein nanoparticles (Z-Cs) without PDA 

coating. Confocal laser scanning microscopy (CLSM) studies showed that the Z-C-pDs could effectively transport 

encapsulated curcumin into C6 glioma cells. Moreover, in vitro viability studies demonstrated that Z-C-pDs induced 

concentration-dependent cytotoxicity in C6 glioma cells, which was more efficient than with free CUR. 

  

Conclusion 

Polydopamine-coated zein-curcumin nanoparticles are able to induce cytotoxicity in C6 glioma cells and seem 

promising for the treatment of glioblastoma. The effect of the functionalization of these nanoparticles with the G23 

peptide on their transport across the BBB needs to be determined, as well as its effect on cytotoxicity induction in C6 

glioma.   
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Cellular cytotoxicity 
Relative viability of C6 cells after incubation at different 

concentration of Z-pD, free Curcumin and Z-C-pD. The cell 

viability assessed by MTT assay after incubation for 24h. 

 

Cellular Uptake of Curcumin 
CLSM images of C6 Glioma cells after incubation with free 

Curcumin and Z-C-pD for 0.5h, 2h and 4h. Blue and green colors 

represent DAPI stained nuclear and curcumin fluorescence, 

respectively. The Scale bars represent 20 μm. 
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Introduction 

Polyesters have been widely used as absorbable biomaterials. More recently, photocrosslinkable polyesters have 

emerged as a platform for the manufacturing of entirely absorbable implantable devices, such as expandable 

intracoronary stents.1 Photocrosslinkable materials allow the production of devices using photoinduced 3D printing 

technologies. Photocrosslinking has been achieved through the incorporation of pendent vinylic groups in the polymer 

backbone. One of the polyester with such properties is the methacrylated poly(dodecanediol citrate)(mPDC) (Fig. 

1A), which undergoes photocrosslinking in the presence of a photoinitiator after irradiation with visible light. The 

potential biomedical application of mPDC may be greatly increased via the incorporation of drugs capable of 

improving its biocompatibility. One of the potential strategies for this propose is the incorporation of nitric oxide (NO) 

donors in the polymeric matrix.2 NO is an endogenous species responsible for endothelial regeneration, prevention 

of platelet adhesion and aggregation, among other physiological functions.3 Therefore, NO-releasing mPDC have 

the potential for production of absorbable blood-contacting medical devices. In this work, we developed a method for 

incorporating a NO donor into mPDC and demonstrate that this material is capable of releasing NO spontaneously 

after immersion in physiological medium. 

  

Experimental Methods 

The mPDC was synthesized via polycondensation of 1,12-dodecanediol and citric acid, followed by methacrylation.1 

The polymer was characterized with Gel Permeation Chromatography (GPC), NMR and FTIR. mPDC was mixed 

with a photoinitiator (Irgacure 819) and ethanol to make a photocurable resin. The resin was cured with a visible light 

LED in a nitrogen purged environment to make the crosslinked materials. The NO-releasing ability of the polymer 

was introduced through the incorporation of the NO donor S-nitroso-N-acetylpenicillamine (SNAP) (Fig. 1B). 

Scanning electron microscopy/Energy-dispersive X-ray spectroscopy (EDS) was used to confirm the incorporation 

of SNAP into the bulk of the polymer. The NO-release was measured by chemiluminescence using a Nitric Oxide 

Analyzer (NOA Sievers GE® model 280i) after the immersion of the polymer in PBS solution, pH 7.4 at 37°C, for 

crosslinked mPDC with different SNAP charges. The degradation of the crosslinked material was studied under 

accelerated condition, by measuring its mass loss in PBS solution at 60°C. 

  

Results and Discussion 

mPDC formation (Mw 1850 Da.) was characterized by NMR. FTIR spectroscopy confirmed the photocrosslinking of 

mPDC though the vanishing of the vinylic group at 1639 cm-1. The observed mass loss during accelerated 

degradation test showed that the polymers degrades at the rate of 0.15 wt% per day. SNAP incorporation into mPDC 

was confirmed through the observation of the characteristic peak of sulphur atoms in the EDS spectrum of 

mPDC/SNAP. 
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Real-time NO release measurements showed that, after immersion in PBS solution at 37°C, mPDC/SNAP releases 

NO at rates varying from 100 to 280 nmol g-1 min-1. Therefore, modulation of this rate by using different SNAP charges 

may allow for the inhibition of platelet adhesion, and thrombus formation. In addition, by changing the SNAP charge, 

different NO-release rates were obtained according to a linear dose-response (Fig. 2). 

  

Conclusion 

The mPDC/SNAP releases NO after immersion after aqueous medium. The rate of NO-release can be modulated 

by using different SNAP charges. These results indicate that mPDC/SNAP is a potential degradable polymeric 

material for local NO release from implantable medical devices. 
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NO release profiles of mPDC/SNAP 
Real time NO-release curves obtained from SNAP 

incorporated into mPDC at three different 

concentrations. Inset: Dose-response of NO 

release rate. 
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Structure of mPDC and SNAP NO-release reaction 
Fig. 1. (A) Structure of methacrylated 

poly(dodecanediol citrate). (B) NO-release 

reaction of S-nitroso-N-acetylpenicillamine 

(SNAP) incorporated into mPDC matrix. 
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8:30 a.m. – 9:15 a.m. 

Hall 3 + Hall 2 

PL4 | Plenary Lecture 4 
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PL4-01 

Saxon porcelain - domestic artwork, status symbol and biomaterial 

Julia Weber 

Director of the Porcelain Collection, Dresden State Art Collections, Dresden, DE 

 
The invention of the white porcelain in Saxony and the foundation of the first European porcelain manufactory in 

Meissen in 1710 meant a real triumph for Augustus the Strong, elector of Saxony and king of Poland. Envied by all 

other European princes, he now monopolized a highly valued and most fashionable material – and he made the most 

of it. Henceforth, the white gold played an outstanding role at the baroque Dresden court. Introducing a few of the 

exceptional highlights of the Dresden Porcelain Collection, the lecture will illustrate how cleverly both Augustus the 

Strong and Augustus III played this unique trump card in their own ways. It also touches the interesting properties 

and special qualities of porcelain as biomaterial. 

  

  

 

horseman monument for August III. 
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X-OS36-01 

Developing a Polymer Blend for Laser Sintered Oral Solid Dosage 

Forms 

Marina-Eirini Mitrousi, Christopher J. Tuck, Ruth D. Goodridge 

University of Nottingham, Department of Mechanical, Materials and Manufacturing Engineering, Centre for Additive 

Manufacturing, Nottingham, GB 

 
Introduction 

Additive Manufacturing (AM) of medication has come to the fore in recent years, specifically for its revolutionary uses 

in personalised medicine. The replacement of conventional drug manufacture and distribution could provide patients 

with customised drug dosages fabricated at the point of care to reduce cost and enhance therapy adherence. 1 Laser 

Sintering (LS) is a solvent-free AM technique with good potential for use in medical applications, which requires 

minimum post processing and it provides parts with high resolution. 2 Furthermore, LS is a powder-based technique 

that doesn’t require rigid support structures which makes it promising for the production of drug dosage forms with 

complex geometries and acceptable mechanical properties. 3 

However, there are still many limitations for the deployment of LS in this sector due to the narrow variety of applicable 

polymers, which results from the complex thermal processing conditions. 4 Since most materials do not make it 

through the development stages in LS, it is important to understand polymer properties and processing parameters, 

in order to enable design and development of oral solid dosage forms by LS. 

  

Experimental Methods 

Tablets are solid masses made of suitable blends or granules. The mixture contains polymer excipients such as 

diluents, binders, disintegrants, lubricants, and coating agents. This research attempted to qualify five pharmaceutical 

polymers for LS to manufacture tablets with various drug release profiles. Materials were in powder form and in 

different polymer grades: microcrystalline cellulose (MMC), polyethylene oxide (PEO), methacrylic acid ethyl acrylate, 

hydroxypropyl cellulose (HPC), and lactose. 

Prior to sintering, analytical techniques were used to determine the processing window of the materials, particle size 

and shape, and powder flow. Screening of the materials in terms of their thermal, physical and rheological 

characteristics revealed the level of suitability with LS that allowed the control and optimisation of the scanning 

strategy with potential production of robust parts. Processing trials were performed in the EOS Formiga P100 laser 

sintering system, where a range of different combinations of processing parameters were used (power, speed, 

distance, beam offset etc.) for each of the powders, in order to investigate their ability to be processed by laser 

sintering and the part properties that could be achieved. 

  

Results and Discussion 

For MCC, it was not possible to find a combination of processing conditions on the P100 laser sintering system that 

could successfully produce parts. The material melts at a high temperature and there was no evidence of any 

consolidation of the particles during processing. Using higher Energy Densities (ED) led to powder degradation and 

decomposition. PEO presented a sharp melting peak from the DSC results but the particle shape and size inhibited 

the binding of the particles together at low ED leading to poor layer formation. Using higher ED led to full consolidation 

of the particles but resulted in curling and part distortion. Methacrylic acid ethyl acrylate showed an excellent 
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combination of thermal, particle and flow properties which enabled processing. However, the material showed high 

flowability which caused shifting of the applied layers and loss of part accuracy. Spreading tests of HPC failed due 

to the poor flowability of the powder. Flow tests showed that the material is highly cohesive which prevented even 

distribution of powder. Therefore, consolidation did not occur. Lactose has a higher melting point than desired and is 

a cohesive powder which made sintering challenging but with potential for further work. 

  

Conclusion 

After examining the excipients individually, mixtures were created for various placebo tablet formulations. The 

combination of the material properties had a significant influence on the final properties of the blend that gave a good 

processing window. Based on the findings the authors are going to add various additives to enhance the absorption 

of the laser and the flowability of the powders for better processing. Future work will focus on the development of the 

scanning strategy and formulation composition to achieve reproducibility, and deliver a guideline on processing 

common polymer excipients on a laser sintering system for the fabrication of oral solid dosage forms. 
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Processing 3DMAP of PolyOx N80 
3D plot of Laser Sintering initial trials of 

PolyOxN80: double laser scan, varying hatching 

distance, laser speed, contour speed 
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Processing 3DMAP of PolyOx N80 
3D plot of Laser Sintering initial trials of 

PolyOxN80: single laser scan, varying laser 

power, laser speed, chamber temperature 
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X-OS36-02 

Laser assisted bioprinting in combination with Raman spectroscopy as 

a versatile tool for single cell isolation 

Nadine Nottrodt1, Richard Lensing2, Martin Wehner1, Arnold Gillner1,2 

1Fraunhofer Institute for Laser techonology, Biofabrication, Aachen, DE; 2RWTH Aachen, Chair for laser 

technology, Biofabrication, Aachen, DE 

 
Introduction 

Biologics are pharmaceutically relevant active substances like proteins, monoclonal antibodies or recombinant 

vaccines which provide less side effects in the patient. Those biologics are often produced within mammalian high-

producer cell lines. Today those cell lines are created in time- and cost intensive manual processes1. Here we present 

a new approach which combines Laser Assisted Bioprinting (LAB) – using Laser Induced Forward Transfer (LIFT) – 

with Raman spectroscopy for single cell identification, isolation and cultivation within an automated process chain. 

Within the current study we investigated the effect of mid-infrared laser irradiation on cell transfer, the transfer rate 

of single cells as well as the proliferation behavior after LIFT. 

  

Experimental Methods 

A fully automated machine combining LIFT using a mid-infrared (MIR) laser source and Raman-spectroscopy within 

a sterile climate chamber was setup. Genetically modified CHO IFN beta cells are diluted to a concentration of 2000 

cell/ml medium and coated with a gelatin hydrogel onto a glass transfer slide. 

A camera vision system identifies single cells. Those cells are analyzed by Raman-spectroscopy and transferred into 

microtiter plates for cultivation. Cells are expanded into larger cultivation vessels every 3-4 days. The cell survival 

was tested using a neutral red staining. The amount of produced IFN beta is tested by an ELISA against IFN beta. 

To validate the reliability of the LIFT process for single cell isolation, a comparative cell isolation is conducted with 

LIFT and FACS. 

  

Results and Discussion 

For the first time a MIR-laser source is used for LIFT. Using a wavelength around 3 µm allows for a metal-absorber 

free transfer process. Water in the hydrogel function as absorber in the process. The results of single cell transfer 

demonstrate that the MIR-laser source allows for a reliable single cell transfer. The penetration depth of 3 µm 

wavelength in water is around 800 nm2. Considering the fact that the hydrogel thickness is about 50 µm cells are 

influenced neither by irradiation nor by heat. More than 85% of transferred cells survive for more than 48h (Fig.1). 

We compared these results with earlier results from LIFT with Titanium absorber layer and UV Laser and found that 

cells proliferate for more than 21 days.  We could demonstrate that single cell isolation with LAB is at least as good 

as FACS. 

  

Conclusion 

In this study we demonstrate a new tool that allows for single cell identification and isolation within an automated 

process chain. This tool allows for the identification of high-producer cells used for biologics production on the one 

hand, but can also be used to select and combine different cell types or water based cell matrix components to build 

up organoid structures. 
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Cell proliferation after LAB  
CHO IFN beta cells stained with neutral red 

after 24h, 48h and 72h. More the 85% of cells 

survive for up to 168h. 
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X-OS36-03 

A novel weight-bearing antibiotic eluting temporary hip spacer 

manufactured by selective laser melting 
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Introduction 

Hip implant failure due to infection is a major problem with over 8000 UK patients receiving a revision due to microbial 

colonisation in 2017 [1]. The gold standard for revision of an infected prosthetic is a two stage procedure, including 

thorough debridement of the soft tissue and the use of a temporary spacer that elutes antibiotics [2]. These devices 

are often made of bone cement and are not fully load bearing leading to extensive periods of bed rest [2]. The focus 

of this work is to develop a novel hip spacer, to enable patients to load bear during this 6 – 8 week period. 

Conventional implant manufacturing techniques, such as casting, are unable to create the complex structures 

required to house an antibiotic eluting biomaterial. Selective laser melting (SLM) is a additive manufacturing 

technique that enhances design freedom through layer-by-layer manufacture. The novel porous lattice design 

explored is built from Ti-6Al-4V using SLM. 

In order to assess the feasibility of the design, four key research areas require exploration. The lattice (Fig. 1a), which 

provides the main mechanical support for the spacer as well as controlling drug release. The biomaterial embedded 

in the lattice that incorporates the antibiotic (Fig. 1b), in initial experiments this has taken the form of a brushite 

cement. The channels through which the antibiotic is released (Fig. 1c), these have been investigated in terms of 

filling the internal volume and release of the antibiotic. Finally the surface properties can be manipulated to minimise 

adhesion of both bone cells, as this is a temporary device that needs to be easily removed, and of bacteria to reduce 

the risk of additional infections (Fig. 1d). 

  

Experimental Methods 

In order to find the optimal lattice design, cylindrical lattices (12 mm diameter, 15 mm height) were generated in 

Element (nTopology, USA), and built on a Ren AM500M (Renishaw PLC, UK) from gas atomised Ti-6Al-4V powder 

using optimised in-house parameters, and compression tested in accordance with ISO 13314:2011 (Fig. 1a). 

The initial biomaterial investigated was dicalcium phosphate dihydrate known as brushite (Fig. 1b). β-tricalcium 

phosphate (β-TCP) and monocalcium phosphate monohydrate (MCPM) powders were mixed with deionised water 

in a powder-to-liquid ratios (PLR) of 2:1 for 30 s. 

To investigate the best strategy for placement of the channels, three model implants were designed (Fig. 1c) with a 

2 mm diameter hole in the top and four 1 mm diameter holes in either the sides horizontally, inclined at 45 degrees, 

or vertically at the bottom. These were filled using the brushite cements loaded into a 5 mL syringe attached to a 15G 

needle. Micro-CT was then used to visualise the cement inside the model. 

To investigate the elution characteristics of a gentamicin loaded brushite cement, the antibiotic was dissolved in 

deionised water at 100 mg/mL, and then mixed at a PLR of 2:1, resulting in a final concentration of 50 mg per 1 g of 
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cement. Cement cylinders and implant models containing cement were immersed in 10 mL of phosphate buffered 

saline incubated at 37°C. 10mL samples were withdrawn at intervals over 6 hours. These were tested for gentamicin 

using a CE 7500 UV–Vis spectrophotometer (Cecil Instruments, UK) and compared to cement without gentamicin. 

  

Results and Discussion 

The compression testing found that the BCCZ lattice at 60 % volume fraction had the highest compressive yield 

strength at 444.3±6.9 MPa, which is around double the strength of bone, while leaving 40 % of the volume for the 

biomaterial (Fig. 2a). 

Micro-CT visualisation of the cement filled model implants found all designs were filled both in the reservoir and 

channels. However, defects were seen in the cement of all designs, particularly for the vertical channel model (Fig. 

2b). The cumulative release of gentamicin from the cement after 6 hours was greatest from bare cement, with only 

28 % release from the vertical channels, 10 % from horizontal, and 5% from inclined, the quantity of defects may 

have had an influence on this (Fig. 2c). The minimum inhibitory concentration of gentamicin against S. epidermis and 

S. aureus was found to be 1 and 16 μg/mL. All the model implant designs were shown to elute sufficient 

concentrations of gentamicin to inhibit the growth of both S. epidermis and S. aureus. 

  

Conclusion 

This work has demonstrated the possibility to exploit additive manufacturing technologies to enhance the value of 

medical devices. More specifically, the design freedoms of this technique have been exploited to generate load 

bearing structures for use in two-stage revision of infected hip arthroplasty. 

Work on the mechanical and chemical interactions between the biomaterials and the lattice structure is on-going. 

Future work will look at whether the lattice structure can be used to tailor antibiotic release from the device in order 

to treat the infection quickly using a minimum quantity of the drug and without creating antibiotic resistance. 
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Figure 2. Results showing the optimal lattice 

design and channel orientation. 
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A) Graph of Compressive Yield Strength in MPa 

against Volume Fraction for the five different 

lattice designs. B) Micro-CT images of 

the gentamicin loaded cement within the model 

implants (scale bars: 2 mm). From top: coronal 

slice, axial slice, 3D render. C) Graph 

of Cumulative release of gentamicin over time 

from brushite cement cylinders and cement filled 

model implants. Result represented as 

mean ± standard deviation (n = 3). 

 

 

Figure 1. Cut away diagram of the novel spacer 

design showing research areas. 
A) Three examples of lattice samples for 

compression testing (BCCZ, Cubic, Diamond unit 

cells). B) Scanning Electron Microscope (SEM) 

image of brushite cement with gentamicin 

sulphate used in biomaterial, elution, and 

antibacterial efficacy work. C) Schematic of the 

three model implant designs to investigate 

channel placement strategy, horizontal, 45 

degrees, vertical. D) SEM images of Hot 

Isostatic Pressed and polished samples showing 

the surface. 

 

  



ESB 2019 | Abstract Booklet 

Friday, 13 September, 2019 

 

Page 669 of 1893 

X-OS36-04 

3D Printed Elastic Fibers with Optical, Microfluidic and Actuating 

Functionality 

Markos Athanasiadis, Anna Pak, Dzmitry Afanasenkau, Ivan R. Minev 

TU Dresden, BIOTEC, Dresden, DE 

 
Introduction 

Human-machine interfaces are technological instruments which establish a communication path between the 

biological tissue and a device. In order to achieve that, such devices (e.g. neural implants) must be in close proximity 

to the human body, often being implantable or wearable. Integration in the neural tissue of the host requires the use 

of mechanically adapted materials (e.g. silicones, hydrogels, and elastic optical conductors). To this end, direct ink 

writing (DIW), a fabrication technique which permits rapid prototyping with functional soft materials, can be employed. 

  

Experimental Methods 

During a typical DIW process, the extruded filaments possess a circular cross section. However, here we demonstrate 

that variations of the printing parameters such as nozzle speed and nozzle distance from the substrate (nozzle height) 

allow the fine-tuning of the cross section geometry. Harnessing ink deformation we demonstrate filaments with 

ellipsoid, ribbon, grooved, and micro-channel geometries, as a result of the printed ink being intentionally squeezed 

towards the surface of the substrate. 

  

Results and Discussion 

Exploiting the advantages of deformation DIW, we present a “phase diagram” describing the way printing parameters 

determine which of the cross-sectional geometries is produced, upon the printed filament. This method is 

consequently applied for the fabrication of multi-layered functional fibers (Figure 1). Specifically, we demonstrate that 

combination of ribbon and groove shaped filaments enables the fabrication of elastomer based optical waveguides. 

Our optical fibers with an average propagation attenuation of 0.72 ± 0.06 dBcm-1 for white light, are capable of 

surviving tensile strain of at least 30%. Specifically, a 10% decrease of the transmitted optical power at 30% longitual 

elongation is recorded (Figure 2).Furthermore, a similar approach is employed for the fabrication of microfluidic 

channels at a sub-millimetre resolution, which are capable of supporting laminar flow. 

  

Finally we present the ability to combine such functional printed filaments for the fabrication of systems with diverse 

modalities. Specifically, soft pneumatic steerable optical fibers are fabricated with a capacity for actuation over 

several millimetres. 

  

Conclusion 

In summary, we introduce a novel method for the fabrication of soft flexible functional fibers with the use of additive 

manufacturing. The foundations of this strategy lie on the ability to rationally harness the deformation of the respective 

inks. To that end, potential applications of such devices could be identified in the fields of sensors, optogenetics and 

drug delivery or soft robotics. 
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Figure 1: Elastomer based printed fibers, with 

optical and microfluidic functionality 

 

 

 

  

 

Figure 2: Optical power output under tensile 

strain 
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Implant Development 
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Introduction 

Advances in implant technologies and artificial organs are highly dependent on effective biomedical scaffolds which 

are essential for growth of healthy functioning tissues. One vital property of such scaffolds is their porosity which 

facilitates nutrient transport to the growing cells [1]. The microstructure of the scaffolds and the shape and size of 

their porosity have an important effect on cell growth and cell behaviour. The significance of porosity has attracted 

the interest of many researchers in terms of development of manufacturing methods that can control the level, size, 

and shape of porosity of scaffolds [2]. Additive Manufacturing is one of the newly developed methods with promising 

results in biomedical applications. Common approach is to manipulate the extrinsic porosity of a scaffold which can 

be controlled through the scaffold design. In this study, however, we explore a novel idea, that is, to control the 

intrinsic porosity of the filaments used in the production of 3D printed scaffolds. Our ultimate aim is to develop 

methods to tailor the microscale porosity and architecture of scaffoldsto influence cell response which could benefit 

engineering of complex tissues.The method leads to ultra-porous scaffolds with essential mechanical integrity.  

  

Experimental Methods 

In this research poly(lactide) (PLA), hydroxyapatite (HA) and sacrificial phases were blended using a Noztek filament 

extruder to produce composite filaments. A range of filaments were made by varying the loading of inorganic phase 

and the blend ratio of PLA to the sacrificial phase. Two types of sacrificial phase were considered, sodium chloride 

(NaCl) and poly(vinyl alcohol), which were removed from the scaffolds through water immersion. Particle size 

analysis was used to quantify size distributions of the salt and HA fillers. Porosimetry and SEM were used to 

characterise their microstructure. In addition, for processing, the filament thermal properties were analysed using 

differential scanning calorimetry and thermogravimetric analysis. Compression tests were performed on the porous 

filaments to assess their mechanical integrity. In the next phase of study, filaments were used to fabricate “wood-

pile” scaffolds using an Ultimaker2+ Extended 3D printer. The hierarchical porosity of these scaffolds and the effect 

of different printing parameters such as distance between filaments and filament diameters was investigated. Cell 

culture assays were performed on the fabricated woodpile scaffolds. Later on, different cell behaviour such as cell 

viability, elongation, growth, and proliferation as well as the effect of pore size and shape are evaluated on the 

manufactured samples using microscopy and other different techniques. 

  

Results and Discussion 

The characterisations clearly demonstrate that for samples with salt as the sacrificial phase, scaffold porosity highly 

depends on the particle size distribution and the ratio of the soluble filler to matrix. Similarly, with PVA, the porosity 

of the filaments depended upon the blend with PLA. A transition from surface porosity to an open porous structure 

throughout the filaments was observed with increased loading of the sacrificial phases which impacted significantly 

on the mechanical strength of the composite scaffolds. Using the properties of the manufactured filaments, a design 
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map for optimum material combinations was developed. Results clearly show that in all combinations with same 

porosity level, those that include both fillers (PVA and NaCl) result in an improved mechanical integrity compared to 

the ones with one filler phase. Our cell culture results confirm that the effect of porosity size on cells highly depends 

on cell size [3]. Porosity interconnectivity also plays an important role in cell viability and growth.  

  

Conclusion 

We have demonstrated an effective method to 3D print scaffolds with controlled random porosity from PLA filaments 

prepared using both polymer and inorganic sacrificial phases. Porous structures with 80% porosity level (intrinsic 

porosity plus woodpile structure extrinsic porosity) and acceptable mechanical integrity were successfully 

manufactured. The improved cell behaviour on ultra-porous scaffolds compared to control sample of PLA printed 

woodpile structure, confirms the effectiveness of the proposed method. 
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Introduction 

Multichannel 3D plotting offers a huge potential for the fabrication of volumetric structures of a defined shape and 

architecture. Complex tissue models, like substitutes for an osteochondral defect, require a combination of materials 

of different properties. Based on clinical imaging data, such as computed tomography (CT) or magnetic resonance 

imaging (MRI), construction of 3D structures mimicking the external geometry of native anatomy is possible. The use 

of compatible hydrogels even enables the fabrication of cell-laden, biofunctional 3D structures (bioprinting). Different 

materials and cell types can be processed with a spatially defined distribution by sequential strand deposition in a 

layer-by-layer fashion building up volumetric tissue substitutes. The strand diameter, the orientation and fusion of 

strands of identical and different materials, while essential open-porous structure of those scaffolds is maintained, 

can be used to tune mechanical properties to resist compressive or shear forces. Since most native tissue types 

show a rather heterogeneous, anisotropic structure, we use a varying strand pattern defined by modified plotting 

paths, to trigger mechanical properties of the (bio-)plotted structures. 

  

Experimental Methods 

3D Plotting was performed using a BioScaffolder 3.1 (GeSiM mbH, Radeberg, Germany, Fig.1A). Two different types 

of material were processed: an alginate-methyl cellulose (Alg/MC) hydrogel blend[1] which is suitable for application 

as a bioink, and a pasty calcium phosphate cement (CPC, INNOTERE GmbH, Radebeul, Germany) mimicking the 

hydroxyapatite structure of native bone matrix[2] . The materials can independently be used to fabricate structures 

with an individualized design in volumetric dimensions, and can further be applied in a combined design to fabricate 

osteochondral tissue models with a spatially defined definition of bioink and CPC[3] (Fig.1B). For bioprinting, human 

chondrocytes were isolated, expanded and embedded into the Alg/MC hydrogel prior to fabrication of multiphasic 

constructs. Viability and cell behaviour was assessed. Therefore, cell fate in response to chondrogenic differentiation 

conditions was evaluated on gene expression and protein level, as well as via the production of ECM molecules. 

To study the effect of different plotting patterns and modified internal architecture, cell-free monophasic scaffolds 

with a strand and pore structure based on sine waves of varying amplitude and frequency were produced and 

evaluated regarding their mechanical properties and porosity. 

  

Results and Discussion 

For chondrocytes laden in mono- and multiphasic constructs, the recovery of their chondrogenic phenotype was 

proven: The majority of cells survived the fabrication process, and remained located inside the hydrogel matrix with 

a homogeneous distribution when supplied with chondrogenic factors (TGF-β3) (Fig.1C,D). Cells presented the 

expression of respective marker genes (COL2, ACN), and were able to produce characteristic ECM 

components. Multiphasic volumetric constructs from two different materials were successfully processed, and phases 
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were able to fuse by an optimized combination of the respective setting and ionic crosslinking process. A concept for 

the fabrication of an artificial osteochondral tissue interface was developed. 

The fabrication of structures in clinically relevant dimensions was realized presenting different anatomical geometries 

based on CT data extraction, such as a human scaphoid bone based on CPC, or an Alg/MC-based model of a human 

lateral meniscus. For this meniscus model, geometry were was identified in CT data (Fig.1F), transferred to a virtual 

environment (Fig.1E, Dornheim Segmenter Analyzer® 2016, Geomagic Studio® 2016) and plotted with high shape 

fidelity using CPC as support material (Fig.1G). 

A concept for a density gradient was established via anisotropic strand patterns with varying frequency, amplitude 

and angle, exemplarily illustrated in Fig.1H. For respective scaffolds, the triggering of mechanical properties via 

modified sine wave pattern with specific frequency and amplitude, distance between adjacent strands, and angle 

switch between single layers, was characterized. 

  

Conclusion 

The project proves the promising potential of a combination of an alginate-based bioink and CPC for 3D plotting of 

biofunctional osteochondral tissue models. Towards fabrication of multicellular, multiphasic tissue substitutes, further 

investigation is required developing and optimizing co-culture models of cells that can be triggered for differentiation 

in both chondrogenic and osteogenic lineage with a spatially defined distribution inside one scaffold. Furthermore, 

this study provides a novel concept of alternative plotting paths resulting in an anisotropic internal architecture of 

volumetric constructs with a defined external shape based on DICOM data. Those findings can be easily translated 

to various tissue types, diverse materials and other fabrication methods. 
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3D plotting of multiphasic cell-laden and anatomically shaped 

constructs 
GeSiM BioScaffolder 3.1 (A). Multiphasic constructs based on 

Alg/MC bioink and CPC (B). human chondrocytes embedded in 

hydrogel phase of multi-material scaffolds after cytoskeletal 

fluorescence staining (C) at the CPC-hydrogel interface 

(brightfield image, D). Construction (E) of anatomical geometry 

and support structure based on CT data (F), fabrication of the 

meniscus model (G). Representation of alternative plotting paths 

based on sine waves (H). 
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Introduction 

The phenotypic control of corneal keratocytes is crucial for the success of both stromal inlays and regenerative 

constructs. In fact, there have been FDA warnings for some corneal inlays due to corneal haze and fibrosis. Designing 

a material that does not activate keratocytes would be worthwhile for future inlay products. In addition, stromal 

regenerative constructs, as an alternative to donor tissue, require ECM production in the same highly ordered 

structure of the cornea; any disruption in the cornea’s tissue can cause a decrease in transparency. In order to 

maintain corneal keratocyte phenotype, we are developing supramolecular polymers for these two applications. 

Supramolecular chemistry relies on non-covalent interactions that are biomimetic and dynamic. We propose a 

poly(zwitterionic-co-UPy) polymer for use in corneal tissue products such as presbyopic inlays and other 

supramolecular polymers for use as stromal constructs in order to achieve an optimal keratocyte. 

  

Experimental Methods 

Iso-UPy, courtesy of SupraPolix (Eindhoven,NL) was coupled to hydroxyethyl methacrylate (HEMA) via a urethane 

linkage to create UPy-methacrylate (UPyMA). 1H NMR was performed on monomer and polymer species to confirm 

products. We prepared a controlled radical polymerization, by reversible addition-fragmentation chain transfer 

(RAFT), to prepare different molecular weights of MPC-UPyMAx. For the copolymerization of UPyMA and MPC, 0, 

1.25, 2.5, 5 mol% UPy monomer concentrations were sampled at different times to determine molecular weight and 

conversion %. FTIR was also performed to show the addition of UPy functionalization of copolymers. Finally, anti-

fouling and cell viability were assessed. 

  

Results and Discussion 

We have confirmed that RAFT via UPyMA and MPC monomers is achievable. The polymerization was monitored at 

different times to assess reaction kinetics. Monomer conversion was analyzed by the disappearance of vinyl protons 

in 1H NMR and compared to backbone protons for kinetic measurements. By plotting the logarithm of Mn/Mo 

(instantaneous monomer concentration to initial monomer concentration), we can compare the linearity of the data 

to pseudo-first-order kinetics which is associated with RAFT polymerizations. Because RAFT offers good control over 

molecular weight, we chose eight hours as the termination point and calculate the molecular weight Mn by end-group 

analysis on H1 NMR. Calculated Mn's and associated UPy content (mol%) were tabulated. The antifouling character 

was confirmed. 

  

Conclusion 

These preliminary results show that we are able to synthesize copolymers of UPyMA and MPC using RAFT 

polymerization. Polymerizations can be controlled by Mn and UPy content (mol%). We have fabricated the polymers 

into thin films and coatings, which can be applied to corneal inlays. We also show proof of concept work for new 

supramolecular polymers based on host-guest complexation. 
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Reaction Mechanism 
RAFT polymerization of MPC co UPyMA 
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Introduction 

Over the past years, natural hydrogels have been employed in regenerative medicine, as they can promote efficient 

biomolecular interactions with cells. However, their viscoelastic properties are the main issue limiting their 

applicability, especially with respect to regeneration of load bearing tissue. For this reason, the use of hydrogels has 

been limited to specific fields of interest, such as drug delivery and water absorption, where their mechanical 

properties are not required. Blending two polymers has been a common approach to develop a new class of 

biomaterials showing combinations of properties not achievable by using individual polymers. In particular, blends of 

synthetic and natural polymers allow to obtain materials that merge a wide range of physico-chemical properties of 

synthetic polymers as well as the biocompatibility, the safety and side effects avoidance of natural ones [1]. “Double 

network” (DN) hydrogels, developed for the first time by Gong et al., represent a specific class of IPNs as they 

combine a polyelectrolyte as first network and a neutral polymer as second one [2][3]. In this study an innovative 

hydrogel, based on DN approach, has been developed by integrating a poly(ethylene glycol) diacrylate (PEGDA) 

second network into a chemically modified hyaluronic acid sodium salt (HAs) first network. 

  

Experimental Methods 

Photoactive polymerizable motifs as maleate (Ma) and methacrylated (Me) groups were grafted onto a HAs 

(Mw=≈340kDa) in order to obtain photocrosslinkable hyaluronic acid (MaHA – MeHA respectively) to prepare the first 

single network (SN). Ma/HAs and Me/HAs molar ratios were varied in order to obtain hydrogel with different degree 

of substitution (DS). DN hydrogels were synthesized by two-step reaction procedure as depicted in Figure 1. First 

step: to obtain HAs crosslinked first network a 0.1% (w/v) Irgacure 2959 solution (Sigma) was prepared. MaHA 

or MeHA were added to the initiator solution with a concentration of 30 mg/ml and 20 mg/ml, respectively. Cylindrical 

samples were produced by exposing the photocrosslinkable hydrogels to UV light (OmniCure S1500 (USA), λ= 365 

nm,∼16 mW/cm2) for 60 s. The samples were stored at 4°C in distilled water (dH2O) for 24h. Second step: the HAs 

disc-shaped hydrogels (1st network) were dipped in the PEGDA (2nd network) solution until reaching equilibrium for 

4 days. The extracted discs were exposed to UV light for 300 s, washed in dH2O and stored at 4 °C. The mechanical 

properties of DN hydrogels were compared with those of MaHA and MeHA SN hydrogels. The effect of the second 

network and the concentration of each component on the physico-chemical and morphological properties of the DN 

hydrogels were also studied. Lastly, the viability, proliferation of human Mesenchymal Stem cells (hMSC) on DN 

specimens were investigated. 

  

Results and Discussion 

Physico-chemical characterization by 1H NMR confirms the success of substitution showing the characteristic peak 

of maleate and methacrylate group at 6.1-6.7 and 5.6-6.0 respectively. Dinamical mechanical analysis (DMA) was 
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employed to compare mechanical properties of both DN and SN hydrogels as a function of material composition. DN 

hydrogels exhibited excellent overall mechanical properties. A 10-time increase of the storage modulus, if compared 

to neat MeHA, can be observed for the DN hydrogels. Incorporation of PEGDA in MaHA 1st network not only 

increased the density of polymer chains, but also increased the friction between chains, thus leading to higher storage 

moduli of DN hydrogels than SN ones. The morphology of dried hydrogels were evaluated by SEM. DN hydrogel 

showed a more compact 3D structure, if compared to SN morphology, with thick pore walls and an average pore size 

ranging from 30 to 40 μm due to the presence of the second PEGDA network, which increased the relative 

crosslinking density of the structure. The cell viability expressed in terms of percentage of cells on material surface 

than control (tissue culture plates), after 24 h of culture time, was analyzed. The results demonstrated a good cell 

viability and proliferation in the first 24 h of culture for all materials. 

  

Conclusion 

In this study DN blends were suitably prepared by integrating a PEGDA into HAs hydrogel matrix. The developed 

hydrogels are characterized by enhanced mechanical behaviour if compared to SN. The collective mechanical and 

biological performance profile of the MaHA/PEGDA and MeHA/PEGDA DN hydrogels strongly suggests that this 

class of material has great potential as load-bearing materials for biomedical applications. 
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Figure 1 
Two-step method to prepare photocrosslinked DN 

hydrogels. 
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Introduction 

Collagen membranes are widely used as a biomaterial, as it has excellent biocompatibility, resorbability, and low 

immunogenicity1. We have developed a platform technology based on electrophoretic deposition that allows that 

fabrication of free-standing collagen membranes in a range of complex shapes and large sizes that can’t be produced 

from decellurised animal tissue. Complex shapes including tubes can be manufactured, as well as macro and micro-

texturing, alignment of fibres in successive layers, command-set layers, and incorporation of live cells. 

Electrophoretic deposition is a widely used technique in industry for forming coatings and structures with reproducible 

properties and of arbitrary shape and size2. It works by applying an electric field to a solid suspension of charged 

particles, causing the particles to move towards one of the electrodes, and leading to deposition of a film. We show 

how, by altering the properties of the field, suspension, and electrode a wide range of collagen based membranes 

can be produced rapidly and repeatably. 

  

Experimental Methods 

Insoluble collagen I was rehydrated using 0.05M acetic acid and ethanol was added to 50 vol% before 

homogenisation until a smooth consistency was achieved. 

Hyaluronic acid was prepared by dissolving sodium hyaluronate in DI water under homogenisation on ice. Ethanol 

was then added to 70 vol% and homogenised until a smooth consistency was achieved. 

Deposition was performed using custom deposition apparatus consisting of two 316L steel plates separated by 

adjustable silicone spacers. The electric field consisted of a series of pulses or as a continuous voltage produced 

with an arbitrary waveform generator. 

Dry SEM were sputter coated with gold and scanned at 15kV accelerating voltage in SEI mode. Hydrated SEM 

samples were soaked in DI water before being frozen in slushy nitrogen and shattered under vacuum, before being 

coated in platinum in situ and imaged at 8kV with a Zeiss EVO HD15 SEM in SEI mode. 

Cell deposition was performed with HT1080 cells. Cells were deposited before being permeabilised with Triton-X and 

stained with EthD-1 and calcein AM. Imaging was performed with a fluorescent microscope. 

  

Results and Discussion 

Table 1 shows a range of different ways in which the technology can be used to produce membranes with specific 

properties such as fibre alignment, complex shapes, or micro-texturing. Further, these properties can be combined 

in a single membrane, allowing the design of membranes tailored towards specific clinical needs. 

Figure 1 shows a subset of the collagen and glycosaminoglycan membranes that we have formed using EPD, some 

of which are shown schematically in Table 1. Figure 1a shows that micro and macroscopic texturing on the electrode 

is faithfully recreated on the structure of collagen membranes formed. 1b shows that large membranes can be formed. 

1c demonstrates that distinct multi-layers of dissimilar biomaterials can be produced with EPD, even when 

rehydrated. 1d shows that deposition of live cells by EPD is possible, live cells appear green and are deposited 
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evenly across the membrane where exposed to the electric field, and are not present on the shielded areas of the 

membrane. 

  

Conclusion 

We have shown that electrophoretic deposition can be used as a technique to reliably produce free standing films of 

proteins and glycosaminoglycans rapidly and without macroscopic defects. These films can be produced in a range 

of sizes and thicknesses, and can have a large number of desirable properties imparted to them during fabrication 

including live cell incorporation, aligned fibres, and command-set properties. 
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Selection of possible membrane features 
Figure 1. Illustrations showing the variety of different 

collagen structures than can be formed (a) Electrode used for 

deposition and corresponding micro-textured collagen membranes, 

(b) Large 10cm*10cm collagen membrane formed by EPD, (c) cryoSEM 

showing clearly defined layers of hydrated collagen/hyaluronic 

acid multilayers, (d) Flourescence image showing spatial control 

of live cell deposition by EPD. Cells can be seen deposited only 

on the right hand side, makred by D, and not on the area of the 

membrane marked by ND. Live/dead staining shows living cells in 

green and dead cells in red, and the dashed line indicates the 

approximate edge of the applied field. 

 

 

Table of possible fabrication modalities 
Table 1. Schematics showing how varying the electrodes or 

deposition parameters during fabrication can lead to formation 

of membranes with specific desirable properties 
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Introduction 
Biomaterials play a central role in modern regenerative medicine and tissue engineering strategies as tuneable 

biophysical and biochemical environments that direct cellular behaviour and function. However, one of the biggest 

obstacles in translating advances in biomaterials research to clinical applications is lack of sufficient vascular tissue 

regeneration upon biomaterial implantation.  We develop 3D porous, silk fibroin biomaterials for cardiovascular 

regeneration, including vascular grafts and cardiac patches, with a particular emphasis on enhancing vascular 

ingrowth and integration with the host tissue. Silk biomaterials with tuneable physical properties serve as a platform 

to develop biomaterial vascularisation strategies, including biofabricated vascular-like microchannels and 

biofunctionalisation with vascular niche molecules, including perlecan. Perlecan, a key basement membrane 

proteoglycan, supports angiogenesis via endothelial cell interactions and binding and signalling key vascular growth 

factors. 

  

Experimental Methods 

3D porous silk fibroin scaffolds were fabricated via a freeze drying process. Microchannels were introduced by 

templating silk scaffolds around an array of wires or around a 3D printed sacrificial polymer template. C-terminal 

domain V of human perlecan (Leu3626 - Ser4391) was expressed as a proteoglycan in HEK293 cells. Silk scaffolds 

were functionalised with perlecan via passive adsorption.  The effect of biomaterial design features on tissue 

integration and vascularisation was investigated by implanting acellular silk scaffolds on chicken chorioallantoic 

membranes or subcutaneously in mice. 

  

Results and Discussion 

Microchannels played an essential role in enhancing cell infiltration and delivering oxygen and nutrients to cells 

throughout 3D silk scaffolds. Human endothelial cells seeded on silk scaffolds in the presence of microchannels 

showed increased expression of angiogenic growth factors and cytokines relative to cells seeded on scaffolds with 

no channels. Microchannels promoted enhanced integration of silk scaffolds with the host tissue and improved 

vascularisation in vivo.  

Recombinant C-terminal domain of perlecan promoted angiogenesis via its glycosaminoglycan chains and FGF2 

signalling in vitro and in vivo. Silk biomaterials functionalised with perlecan supported a significant increase in blood 

vessel ingrowth, with a particular increase in the number of small (<20µm) and large (>80 µm) blood vessels. The 

vessels were stable and functional as demonstrated by smooth muscle actin expression and perfusion with contrast 

agents in live animals.  
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Conclusion 

This work demonstrates the key role biomaterials play in promoting vascular ingrowth and integration of 

bioengineered tissues and the potential of silk biomaterials in cardiovascular device development.  
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Introduction 

Over the last two decades, the protein fibroin from the silkworm has been used to produce a variety of materials with 

a wide range of advanced applications. Due to the unique combination of properties such as mechanical strength 

and toughness, biocompatibility, biodegradability, thermal stability, and easy processability1,2, regenerated silk fibroin 

has been used as a functional biomaterial, adopted when a positive interaction with living tissue is required. Solid-

fibroin is a bulk non-porous material that is usually prepared starting from a fibroin solution and passing through a 

liquid-gel-solid transition. While a plethora of micro and nanoscale architectures of silk fibroin have been explored in 

literature - films, fibers, microparticles, and gels, building larger, macroscale objects of fibroin has been challenging. 

Only recently, a method to produce bulk-fibroin monoliths based on solvent evaporation of fibroin solution (solid-

fibroin by casting) was proposed.3 In this work we propose a low temperature sintering procedure based on a thermal-

reflow to produce in fast fashion monoliths of solid-fibroin starting from lyophilized fibroin. Thermal-reflow is a well-

known mechanism that takes place when the glass transition temperature of the material is lower than the 

temperature used to process it. We were able for the first time to conduct a thermal reflow on lyophilized silk fibroin 

at 40 °C, associating to the water addition trough moisture absorption to a high-pressure compression. 

  

Experimental Methods 

To optimize the amount of material undergone to the solid transition a full factorial design of experiment was used. 

We studied the material in the crucial phases of the optimized procedure, by DSC, FTIR and SEM, proving both that 

the thermal-reflow occurs even a low temperature if driven by a high-pressure process and the fact that an effective 

compaction can be performed only on a low crystallinity fibroin. Finally, a mechanical characterization, and a 

preliminary in vitro test were conducted: human adipose-derived mesenchymal stem cells were cultured on both LTS 

fibroin samples and PCL samples (control system), to evaluate cell adhesion capability. After each time point, cell 

adhesion, morphology and distribution were analyzed by confocal microscopy. 

  

Results and Discussion 

The process was optimized using a design of experiment method to obtain a full transition from lyophilized silk fibroin 

to its solid form: the best result was obtained minimizing the area underlining the VIS spectrum (increasing the 

transparency) and maximizing the compression young modulus (evidenced in the figure). The analysis conducted 

with FTIR on the main stages of the process revealed that an excessive transition to β–parallel structure, due to a 

prolongated water treatment, doesn’t allow the transition to the solid state; the transition occurs if the secondary 

structures are not enough stable to be able to re-organize themselves in more stable phases during the compression 

phase. The glass transition temperature was detected by DSC. Interestingly, the rapid addition of water in the material 

through moisture absorption didn’t change the Tg respect the lyophilized silk fibroin. Instead a decrease of almost 

120 °C in the Tg has been individuated after the compression. The SEM analysis during different time points in the 

compression proved the presence of a viscous flow. So, we could deduce a decrease in the Tg under the process 
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temperature (40 °C) when the high pressure is applied to the moisturized lyophilized silk fibroin. The preliminary 

biological results, showed by confocal imaging, indicate a promising role of LTS fibroin samples in biomedical 

applications for promoting cell adhesion and proliferation. 

  

Conclusion 

In this work we reported a method to obtain a compact material from dry fibroin in a single compression mold step at 

low temperature. We were able to optimize a fast, low temperature method to obtain large monoliths of solid – fibroin, 

reporting, for the first time a thermal – reflow at 40 °C for lyophilized fibroin. Large objects can be produced in few 

minutes with a high reproducibility. The mild forming conditions allow the possibility to incorporate temperature 

degradable bioactive additives. 
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Optimization of the solid transition 
Solid-solid transition of lyophilized silk 

fibroin (top) and optimization of the 

transparency and compressive modulus parameters 

(bottom). 
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Introduction 

The development of biomimetic structure able to induce an endogenous regeneration of damaged organs and tissues 

is a challenging goal of last frontiers of tissue engineering. The repairing of an injured tissue is frequently difficult for 

the formation of a scar that limits the adhesion, as well as the migration and proliferation of elettroactive cells. In 

these cases, a differentiation of the resident and/or transplanted cells has to be induced, within a biomimetic matrix; 

electrical stimulation can be employed for this purpose. Carbon based biomaterial represents a promising class of 

composites, that can be used for electroactive tissues, such as heart, muscle, nerves, and even skin. [1,2] 

In this work, a novel three-dimensional electrical responsive chitosan-graphite scaffold was fabricated, using 

pyrolised cork (PC) as source of graphite and as conductive phase. The electrical conductivity and the cytotoxicity of 

chitosan scaffolds with different percentage of pyrolysed cork powders were studied. 

  

Experimental Methods 

The cork powder, supplied by Amorim Cork Composite (Mozelos, PT), was pyrolysed at 900 oC using a Thermal 

Technology 1000-3650-FP20 Vacuum Furnace; an oxygen-free nitrogen gas flow was flushed inside the furnace 

during the whole process. A cycle with a slow heating ramp was employed, to preserve the characteristic honeycomb 

shape of the cork [3]. 

Chitosan and Chitosan/pyrolised cork (Ch/PC) scaffolds were made by freeze-drying technique. 2% (w/v) chitosan 

(low Molecular Weight, Sigma Aldrich) solution was prepared in 1%(v/v) acetic acid and stirred for 12 hours at room 

temperature, froze at -80°C (freezing rate of 1°C/min) then lyophilized for 19 hours at 0°C under vacuum. For Ch/PC 

scaffolds, six percentage of PC (0,01-0,1-0,25-0,5-0,75-1 % (w/v)) were used for the chitosan solution. The obtained 

scaffolds with uniform size (5 cm in diameter, 10 mm in thickness) were ionically crosslinked by immersing them in a 

mixing of 1M NaOH and of 0.5M Na2SO4, in a ratio of 1:4 respectively, for 1h. Cross-linked scaffold were then double-

washed in order to remove the reagents excess and freeze-dryed again. 

The scaffolds morphology was analysed by Scanning Electron Microscopy (SEM). A FTIR analysis was also 

performed to evaluate the interaction between functional groups of Chitosan and Graphite. 

The electrical properties of dry and wet scaffolds were investigated at room temperature. The volume conductivity 

was evaluated from the I-V samples characteristics measured by using a Yokogawa 7651 programmable DC source, 

a SR570 low noise current preamplifier and a HP34410 digital multimeter. 

Cellular studies were conducted with MCF-7 cell lines. The cell viability was examined by 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT) assay after incubating cells with Ch/PC scaffolds at different time intervals. 

  

Results and Discussion 

SEM analyses showed that both Ch and Ch/PC scaffold exhibit comparable pores morphology and size.  The 

scaffolds pores size is in the range of 150-200 μm (fig1b). The powders are organized in clusters inside the scaffold, 

even if the powder (fig1a) maintained the original honey structure with a pores size of 20 μm. 
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The electrical measurements performed on both dry and hydrated scaffolds showed that the bulk conductivity of 

chitosan scaffolds strongly increases by adding a 1% of PC in the chitosan matrix. Specifically, the conductivity goes 

from 0.3 μS/m for pure chitosan to 5.5 mS/m for 1% Ch/PC in the dry state. For the hydrated state, on the other hand, 

the conductivity changes from 680 μS/m to 2.2 mS/m respectively for Ch and Ch/PC (1%) scaffolds. It can be seen 

the conductivity of hydrated chitosan scaffolds is of about 3 order of magnitude higher than the chitosan in the dry 

state, since the bulk conductivity is largely due to the liquid medium. 

However, a significant increase due to the PC powder can be observed also for the scaffolds in the hydrated state. 

The conductivity values recorded for the investigated composite material make Ch/PC a promising support for the 

endogenous regeneration of severely damaged human tissues. 

  

Conclusion 

A novel electrical responsive porous scaffold for endogenous tissue regeneration was successfully developed. 

Chitosan was used as natural polymeric matrix and graphite obtained from the pyrolysis of natural cork, as conductive 

phase. 

The Ch/PC composite scaffolds showed a high and homogenous porosity whereas the graphite phase improved the 

electrical conductivity. The proposed composite scaffolds showed a good biocompatibility making them potential 

electroactive scaffold for endogenous tissues regeneration. 
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Figure 1. 
SEM images of (a) PC powder and (b) Chitosan/PC 

scaffolds with 1%wt/vol of PC 
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Introduction 

In bone tissue engineering, biomimetic scaffolds comprising calcium phosphate bioceramics, e.g. β‐tricalcium 

phosphate (β-TCP), are aimed to serve as an artificial temporary extracellular matrix (ECM) in order to support cell 

adhesion and guide new bone tissue formation. The combination of bioceramics with organic materials, such as 

hydrogels containing hyaluronic acid (HA), naturally occurring polysaccharide that serves as a major component of 

extracellular matrix in mammalian connective tissues, is highly advantageous to overcome the brittleness of their 

intrinsic nature. Among the different types of hydrogels, thermosensitive hydrogels based on amphiphilic copolymers, 

such as Pluronics (polyethylene oxide-polypropylene oxide copolymers, PPO-PEO-PPO), thanks to their ability to 

undergo thermal gelation as well as low cytotoxicity, have attracted significant attention in biomedical applications 

and pharmaceutical industries [1,2]. 

However, infections during or post scaffold transplantation are still challenging which reduce the efficacy of bone 

healing. After the transplantation, infections may also be distributed to the scaffold from other sources of inflammation 

through bloodstream. Silver nanoparticles have shown a strong capability to inhibit or decline infections and have 

been also utilized for bone regeneration applications. Among different methods, biosynthesis of silver NPs, by 

using  plant extracts, has received considerable attention due to the growing need to develop environmentally and 

non-toxic technologies [3]. 

On considering the properties of β-TCP, HA, Pluronic, and Ag NPs, our work was aimed to fabricate thermosensitive 

hydrogel biocomposites for bone tissue repair, which can be injected easily and possess antimicrobial properties to 

prevent infection. 

  

Experimental Methods 

Ag NPs were synthesized within corn silk extract (CSE) by microwave assisted method. The hydrogels were prepared 

by dissolving different amounts of HA, β-TCP, Pluronics F127 and F68 in CSE with and without AgNPs. The 

hydrogels composition was optimised by rheological analysis.  

  

Results and Discussion 

Fig. 1A shows the schematic illustration for synthesis and stabilization of Ag NPs by CSE.  Fig. 1B shows the results 

of DLS analysis of silver NPs and it can be seen that the prepared NPs have a narrow size distribution with a mean 

diameter of 49±2 nm. TEM image (Fig. 1C) shows well-dispersed silver nanoparticles which are spherical in shape 

with an average size of 13±1 nm.  

Rheological experiments demonstrated that the thermosensitive hydrogels have good mechanical properties with 

gelification temperature (Tgel) close to body temperature (Fig. 2A). The systems showed antibacterial activity toward 

gram-positive (Bacillus Subtilis, Staphylococcus Aureus)and gram-negative (Pseudomonas Aeruginosa, Escherichia 
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Coli) bacteria (Fig. 2B).  L929 cells exhibited a noncytotoxic and typical mouse fibroblast-like cellular morphology 

after 24 h of the incubation with the samples (Fig. 2C and D). Schematic representation of injection of the 

thermosensitive nanocomposite are presentedn in Fig. 2E. 

Thermosensitive hydrogels, which possess good retention at the application site, have appealed a great deal in 

biomedical and clinical fields. At room temperatures, the systems are liquid and could be injectable whereas, at the 

body temperature, they became a gel. This fast sol-to-gel phase transition behavior is beneficial for cell entrapment 

to give a uniform distribution of cells within the gelled matrix. HA offers many advantages as a tissue scaffold which 

including biodegradability, biocompatibility, and bioresorbability which have been shown in many studies. Hyaluronic 

acid could activate cell surface receptors, influencing intracellular signaling cascades for cell growth, migration, 

proliferation, and differentiation [4].  

One of the main reasons of scaffold failures is due to the implant-associated bacterial infections. Hence, using 

antibacterial scaffolds helps more success for bone tissue formation which are of clinical importance. In this study, 

we used spherical particles of Ag to impart antibacterial activity to the thermosensitive hydrogels to avoid bacterial 

contamination [5]. 

  

Conclusion 

In conclusion, silver NPs were biosynthesized in an aqueous medium of corn silk extract without using toxic chemical 

reagents. The new thermosensitive HA-based nanocomposite hydrogels demonstrated good mechanical properties 

with Tgel close to the body temperature. The system revealed desired antibacterial activity against several gram-

positive and gram-negative bacterial strains which can prevents bacterial infection. In addition, from the biological 

point of view, the nanocomposites revealed appropriate biocompatibility in comparison with the control samples.In 

addition, from the biological point of view, the nanocomposites revealed appropriate biocompatibility in comparison 

with the control samples. 
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The sol–gel phase transition by rheological 

experiments. Elastic and viscous moduli as a 

function of the temperature at a frequency value 

of 0.01 Hz. (B) Antibacterial activity of 

different concentration of Ag NPs against Gram-

positive (B. subtilis and S. aureus) and Gram-

negative (P. aeruginosa and E. coli) bacteria 

after 24 h. Cell morphology (C) and cyrotoxicity 

(D) of samples after 24 h. (E) Schematic 

representation of injection of the 

thermosensitive nanocomposite containing β-

tricalcium phosphate for bone tissue 

regeneration. 

 

 

Fig. 1 
(A) Illustration for the synthesis of silver 

nanoparticle in corn silk extract via microwave-

assisted green approach. The darker color shows 

the Ag ions were converted to Ag NPs which 

stabilized by flavonoid compounds of corn 

silk.  Size distribution measurements by DLS (B) 

and TEM image (C) of Ag NPs in corn silk extract 

solution. The bar for TEM image represents 20 

nm. 
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Introduction 

The modulation of signaling molecules transport within cell instructive-hydrogel materials is critically important to 

regulate the fate of embedded cells as well as the responses of host tissues surrounding the scaffold [1]. Particularly, 

the incorporation of glycosaminoglycans (GAGs) into such cell-instructive materials has been successfully applied to 

control the mobility and activity of many soluble signaling molecules in various applications [2-4]. In this study, we 

investigated the effect of tailoring the heparin content within hydrogels formed from heparin and 4-arm poly(ethylene 

glycol)-(starPEG) peptide conjugates in order to control gradient formation and the release of SDF1α and VEGF165 

within/out of the matrices. As proof of concept, the formation of local tubular structures and chemotaxis of human 

umbilical vein endothelial cells (HUVECs) within the hydrogels in response to the established VEGF gradient was 

studied. 

  

Experimental Methods 

Hydrogels with varying heparin content were prepared adapting protocols as described in detail elsewhere [2, 5]. The 

mechanical properties of the hydrogels were characterized using rotational rheometry, and the release of SDF1α and 

VEGF165 from the hydrogels for a period of two weeks was analyzed using an enzyme-linked immunosorbent assay. 

Furthermore, the spatial profile of fluorescently-labeled SDF-1α and VEGF165 within the hydrogels was evaluated 

using confocal scanning microscopy for a time period of 48 h. For cellular studies, HUVECs were cultured in 

cytocompatible matrix metalloproteases (MMP)-cleavable hydrogels as previously described [6]. Before the gelation 

process, the mixture of cell and hydrogel precursors was injected into microfluidic devices containing three parallel 

channels: one gel channel and two medium channels, and upon the polymerization, the VEGF were applied in one 

of the media channels to initiate the gradient formation across the hydrogel. The live cell migration and the extent of 

the tubular structure were evaluated using spinning disk confocal microscopy. 

  

Results and Discussion 

Hydrogels with tunable heparin content and mechanical properties were applied to control cell-instructive signal 

molecule gradients utilizing a microfluidic cell culture platform. The mechanical properties of the hydrogels can be 

adjusted independently from the heparin concentration allowing the formation of hydrogels with a stiffness as low as 

0.2 kPa to as high as 4 kPa with a heparin content varying from 1.5 to 1500 µM. The variation of the heparin content 

was shown to modulate the release of SDF1α and VEGF165 out of the matrices. Besides, the hydrogel with a heparin 

concentration of 150 µM or higher could stably maintain a gradient of SDF1α and VEGF165 for at least 48 h without 

a continuous supply of the proteins. Finally, we demonstrate that presenting a gradient of VEGF within the hydrogel 

could locally modulate the formation of HUVECs vascular structure and induce the directed cell migration toward the 

source of the growth factor. 
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Conclusion 

Hydrogels tunable in GAG-content and mechanical properties provide powerful options to control cell fate decisions. 

The introduced methodology allows for the precise tuning of morphogen patterns in in vitro models as demonstrated 

here for the directed formation of HUVEC vascular structures. With respect to the central role of GAGs in extracellular 

matrices, tailored GAG hydrogels provide a rational base to gain new insights into developmental processes, 

homeostasis, pathogenesis, and regeneration from in vitro models. 
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Introduction 

Laminin immobilization into diverse biological and synthetic matrices has been explored to replicate the 

microenvironment of stem cell niches and gain insight into the role of extracellular matrix on stem cell behaviour. 

However, the site-specific immobilization of this heterotrimeric glycoprotein and, consequently, control over its 

orientation and bioactivity has been a challenge that has limited many of the explored strategies to date. In this work, 

we established an affinity-based approach that takes advantage of the native high affinity interaction between laminin 

and the human N-terminal agrin (hNtA) domain. This interaction is expected to promote the site-selective 

immobilization of laminin to a specific substrate, while preserving the exposure of its key bioactive epitopes. 

  

Experimental Methods 

A recombinant rhNtA fragment was produced on E. coli BL21(DE3) strain and purified by affinity chromatography1. 

To assess the bioactivity of the produced rhNtA fragment to Ln, both solid-binding assay and surface plasmon 

resonance (SPR) experiments were conducted. A thiol-PEG–succinimidyl glutaramide spacer (Mw 3500 Da) was 

added to the N-terminal amine of rhNtA. The PEGylated rhNtA was purified by cation-exchange chromatography and 

further characterized by SDS-PAGE and mass spectrometry. To assess the ability of this affinity-based approach to 

immobilize laminin with retention of bioactivity, rhNtA domain was conjugated at its N-terminus, with a thiol-terminated 

poly (ethylene glycol) (PEG) to enable the preparation of self-assembled monolayers (SAMs) of rhNtA on gold. 

Additionally, hydrogels were prepared based on 4-arm PEG-maleimide macromers (Mw 40000 Da), functionalized 

with the monoPEGylated- rhNtA-Ln conjugate and then cross-linked into a hydrogel by addition of a cysteine-flanked 

MMP-sensitive peptide, in the absence or presence of human neural stem cells (hNSCs). The H9-derived NSC cell 

line was here explored to test the bioactivity of both substrates. 

  

Results and Discussion 

The recombinant hNtA domain was produced with high purity (>90%) and successfully conjugated at its N-terminal 

with a thiol-terminated PEG without affecting its affinity to laminin. SAMs of mono-PEGylated rhNtA on gold (mPEG 

rhNtA-SAMs) were then prepared to evaluate the effectiveness of this strategy. The site-specific immobilization of 

laminin onto mPEG rhNtA-SAMs was shown to better preserve protein bioactivity in comparison to laminin 

immobilized on SAMs of thiol-PEG-succinimidyl glutaramide, used for the non-selective covalent immobilization of 

laminin, as evidenced by its enhanced ability to efficiently self-polymerize and mediate cell adhesion and spreading 

of hNSCs. The tethering of mono-PEGylated-rhNtA-Ln conjugate to 4-arm PEG maleimide did not compromise 
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hydrogel formation, either in the absence or presence of cells. Furthermore, the Ln-functionalized hydrogel was able 

to support hNSC viability and neurite outgrowth. 

  

Conclusion 

The present work demonstrates the potential of mono-PEGylated rhNtA as an effective natural affinity binding ligand 

for site-selective immobilization of laminin, allowing the preservation of laminin ability to self-polymerize and mediate 

cell adhesion and spreading. This affinity binding strategy overcomes several drawbacks associated with the 

currently available strategies for laminin immobilization. Moreover, this approach is highly versatile, as result of the 

ability of NtA to bind the different laminin isoforms that comprise the γ1 chain, which represent more than 50% of the 

isoforms identified to date, with variations in affinity imposed by α and β chains. Therefore, this strategy enables the 

immobilization of different laminin isoforms, which can be of interest for particular cell types and for application in 

specific disease contexts. Overall, the proposed strategy is highly attractive for a broad range of applications, 

including 2D coatings for cell culture, functionalization of 3D matrices for cell and/or drug delivery, engineered 

coatings for neuroelectrodes, among others. 
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Introduction 

Silk fibroin (SF) has been extensively studied as a biomaterial due to its high biocompatibility, mechanical strength, 

and controlled proteolytic biodegradability1. SF is composed of random coil and β-sheet structures, where the latter 

is reported to be responsible for the stability of the protein. Majority of silk constructs are fabricated by facilitating this 

random coil to β-sheet transformation, which uses harsh conditions like methanol treatment or lyophilisation, and 

thus is unsuitable for cell-encapsulation procedures1. In order to not be dependent on the protein conformation 

transition, other methods such as enzymatic crosslinking uses a combination of horseradish peroxidase (HRP) and 

hydrogen peroxide (H2O2), to target the native tyrosine groups in SF, converting them into covalent di-tyrosine bonds 

to crosslink SF2. Although successful, using this method for cell encapsulation often require long crosslinking time 

(10 – 30 mins), and the presence of H2O2 can further exert oxidative damage to the cells. Recently, a novel visible 

light photo-crosslinking system consists of a combination of Ruthenium (Ru) complex and Sodium Persulfate (SPS), 

has been shown to also facilitate the similar di-tyrosine crosslinking but at a higher reaction rate and efficiency3. 

Therefore, the aim of this study is to examine the feasibility of using this novel visible light photo-initiating system to 

encapsulate cells within silk hydrogels, and further evaluate the potential of this system for cartilage tissue 

engineering. 

  

Experimental Methods 

Bombyx Mori degummed silk fibers (5, 10 and 30 minutes degumming) were firstly dissolved in lithium bromide 

(9.3M) solution, then purified using dialysis (10kDa MWCO). The shorter degumming time corresponds to a higher 

silk molecular weight. Prior to use, all solutions were diluted to 2% (wt/vol) in deionized water. Optimization of the 

visible light photo-crosslinking system was conducted by varying the photo-irradiation (OmniCure S1500) conditions: 

Ru/SPS concentrations of 0.2/2-2/20 (mM/mM), light intensity of 3 – 50 mW/cm2 (400-450nm), and irradiation time of 

1 – 10 minutes, where mass loss and swelling studies were used to evaluate the physico-chemical properties of the 

resultant SF hydrogels. For cell encapsulation studies, primary human articular chondrocytes (HAC) were 

encapsulated at a density of 15x106 cells/ml and cultured for up to 5 weeks in chondrogenic differentiation media to 

assess cell viability, glycosaminoglycan (GAG) deposition, DNA, and matrix deposition (Saf-O,Coll I/II) using 

Live/Dead, dimethylmethylene blue (DMMB), CyQUANT and immuno-histo or -fluoro staining assays respectively. 

  

Results and Discussion 

We systematically optimised the photoinitiator concentrations, light intensity and irradiation time required to crosslink 

SF hydrogels. At an initial condition set to 3 minutes of 30mW/cm2 of visible light, we observed that although 0.2/2 

(mM/mM) of Ru/SPS was sufficient to crosslink SF, the resultant hydrogel has poor structural integrity and significant 

loss of shape (high sol fraction and swelling ratio) after 1day of swelling. Instead, increasing the Ru/SPS 

concentration to 0.5/5 (mM/mM) and subsequent higher concentrations (1/10 and 2/20 mM/mM of Ru/SPS) 

successfully resulted in SF hydrogels of good mechanical and structural stability (sol fraction <20%), confirming that 
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a minimal concentration of 0.5/5 (mM/mM) of Ru/SPS was required to ensure good crosslinking of the SF hydrogels. 

Furthermore, we observed that just 3 minutes of irradiation time was sufficient to crosslink SF hydrogel, regardless 

of the intensity used (30, 50 or 100mW/cm2). We also did not observe any significant differences between SF of 

various molecular weights. Thus, we evaluated that the optimal irradiation condition to fabricate SF gels is 0.5/5 

(mM/mM) of Ru/SPS combined with 3 minutes of 30 mW/cm2 light intensity. HAC were encapsulated into the SF 

hydrogels at the optimised photo-crosslinking condition and showed good viability and metabolic activity over the 5 

weeks culture period (Figure 1A-C). The SF gels were also able to support chondrogenic differentiation of the 

encapsulated HACs, where all samples exhibited high GAG/DNA values, as well as matrix production. Interestingly, 

we observed that SF of higher molecular weight (5 minutes degumming) supported significantly better tissue 

formation of the encapsulated HACs compared to SF of 10 and 30 minutes degumming time (Figure 1D-F). 

  

Conclusion 

This work demonstrates that the visible light photo-crosslinking system is able to facilitate rapid, efficient and cell 

friendly di-tyrosine crosslinking of SF hydrogel. We believe that by using light-based stimulus, we now have an added 

spatio-temporal benefit that can potentially be used to not only control the silk construct architecture, but also cellular 

organization using other cutting-edge fabrication technologies like 3D printing. 
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HAC encapsulation in SF hydrogels 
Figure 1: Encapsulation of human articular 

chondrocytes in silk fibroin hydrogels of 

various degumming time crosslinked using visible 

light photo-initiating system. Live/dead images 

after 1 day (A-C) and Saf-O staining after 5 

weeks (D-F) of cell-laden SF constructs. Scale 

bar = 100µm 
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Introduction 

The extracellular matrix (ECM) as a multi-component network is synthesized and assembled by the resident cells. A 

general functionality of the ECM is to provide structural stability to a tissue. In addition, the ECM has been increasingly 

shown to exert an intense impact on cell behavior and function via physical and chemical properties like stiffness, 

porosity, the composition of proteins, proteoglycans and growth factors [2]. Therefore, ECM represents an interesting 

biomaterial for surface coatings, as scaffolding material for tissue engineering or as bioinks [3]. There are two ways 

to achieve tissue-specific ECM. First, decellularization of native tissues and organs and second, in vitro cell-derived 

ECM (cdECM) production using the relevant cells. In this study the composition and structural characteristics of 

native adipose-derived ECM and in vitro generated adipose ECM were characterized and compared (Fig. 1). 

  

Experimental Methods 

We obtained human skin biopsies and used them for either the decellularization or the isolation of adipose derived 

stem cells (ASCs). The native adipose tissue was decellularized by enzymatic digestion according to the protocol 

established by Flynn et al. [1]. For the generation of an in vitro cdECM, ASCs were isolated and differentiated into 

the adipogenic lineage. Cells were lysed after 7 and 14 days and devitalized ECM was isolated. Beside the 

comparison of native and cdECM, we moreover compared the cdECM gained from stem cells and from the 

differentiated ASCs. The comparison of the composition of ECM samples were performed by histological stainings 

like hematoxylin & eosin, alcian blue PAS, MOVAT and picrosirius red. ECM proteins like fibronectin, laminin and 

collagen I, IV were stained immunohistochemically and structural characteristics like the pore size were determined 

based on these pictures using the image processing program ImageJ. Protein and glycosaminoglycan content of the 

ECM samples were determined by colorimetric assays. The topography, stiffness and elasticity of the adipose ECM 

were analyzed by AFM and rheological measurements. 

  

Results and Discussion 

Hematoxylin & eosin staining proved the successful decellularization of native tissue samples and in vitro generated 

ECM. Further staining revealed comparable protein and proteoglycan composition of native and cdECM. Elastic 

fibers are characteristic for mature tissue and were only found in native ECM samples. The pore size in cdECM 

gained by differentiated ASCs was significantly higher compared to cdECM gained by stem cells, which may be due 

to the more rounded shape of adipogenic differentiated ASCs. The rheological measurements revealed differences 

between the decellularized ECM and the cdECM from stem cells or differentiated ASCs. In next steps, we will focus 

on other tissues to compare the properties and composition of decellularized ECM and cdECM. 

  

Conclusion 

Both, native decellularized ECM and cdECM are very promising biomaterials for tissue engineering. However, there 

is a lack of the direct comparison of these two ways to gain the ECM. Our results for the comparison of adipose ECM 
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showed numerous similar results e.g. for the matrix components, but also some differences have been detected. 

With this data, we hope to provide more insight into characteristcs of native decellularized ECM and cdECM to 

strengthen the attempt to use ECM as a biomaterial. 
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Figure 1:  
Schematic overview of the workflow of the study 
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Introduction 

Poly-L-lactide (PLLA) is a bioresorbable polymer with many properties that make it appealing as a biomedical implant 

material, however for certain load-bearing applications such as cardiac stents it suffers several limitations. Among 

these are its slow degradation time, poor stiffness and strength (requiring PLLA stents to have thicker struts than 

conventional metallic stents), and tendency for embrittlement during degradation1. Here we demonstrate how 

polyethylene glycol functionalised poly-lactide-co-caprolactone (PLCL-PEG) can be blended with PLLA, in order to 

control both the degradation timescale, and the structural and mechanical changes undergone during degradation. 

We also investigate how the mechanical properties of these polymers can be improved by incorporating phosphate 

glass into a fully bioresorbable composite. 

  

Experimental Methods 

Polymer blends and polymer-glass composites were made using solvent casting and injection moulding, with 

mechanical testing carried out immersed in deionised water at 37°C. Degradation behaviour was measured in 

phosphate-buffered saline at 37°C by pH monitoring. Polymer blends were characterised before and after 

degradation by Differential Scanning Calorimetry (DSC), X-ray Diffraction (XRD), and Gel Permeation 

Chromatography (GPC). 

  

Results and Discussion 

Long-term degradation tests (Fig. 1) show strong dependence of degradation time on blend composition, 

demonstrating the ability to controllably accelerate PLLA degradation via blending. The two blend components (PLLA 

and PLCL-PEG) do not simply degrade independently of each other, but rather the degradation products released 

by the fast degrading polymer (PLCL-PEG) catalyse and accelerate the degradation of the slower degrading PLLA 

component. This is shown by the molecular weight distributions measured by GPC (Fig. 1), where the measured 

blend degradation is greater than would be expected for independently degrading components. 

Important changes in the mechanical properties during degradation are also observed (Fig. 2). The large initial 

ductility is lost after 30 days degradation for most blend compositions. For blends with low PLCL-PEG content this 

occurs due to aging (shown by increased Tg and larger associated endothermic peak in DSC) as the relatively 

homogeneous composition provides little barrier to rearrangement. For high PLCL-PEG content, molecular weight 

degradation has shortened chain length sufficiently to allow significant rearrangement i.e. crystallisation (shown by 

XRD), also resulting in embrittlement. These two effects result in a “sweet spot” of moderate PLCL-PEG content that 

is high enough to prevent aging, but not so high as to cause degradation-induced crystallisation, leading to delayed 

structural relaxation and embrittlement for these compositions (20-30% PLCL-PEG). 
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Initial results for polymer-glass composites (Fig. 2) show that glass addition significantly improves stiffness, while 

retaining some ductility - a promising result for load-bearing applications where high stiffness is desirable but brittle 

failure can be catastrophic. 

  

Conclusion 

Blending PLCL-PEG with PLLA controllably accelerates hydrolytic degradation. In large amounts this leads to 

crystallisation and embrittlement, however in smaller amounts PLCL-PEG balances faster degradation and 

resistance to the structural relaxations (aging, crystallisation) that cause embrittlement. Early work on polymer-glass 

composites indicates that phosphate glass addition can successfully increase stiffness without causing brittle failure, 

paving the way towards a combined blending-composite strategy to achieve bioresorbable materials that have (and 

retain) favourable mechanical properties along a suitable degradation timescale. 
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Fig. 2 Mechanical properties of polymer blends 

and composites 
Figure 2: Elongation at break (in 37°C water) 

for PLLA:PLCL-PEG blends before and after 30 

days degradation, with DSC and XRD plots inset 

(left); mechanical properties of PLLA-phosphate 

glass composite (right). 

 

 

Fig 1. pH and molecular weight distribution 

after degradation 
Figure 1: pH measurement during degradation of 

PLLA:PLCL-PEG blends (left); molecular weight 

distributions for PLLA:PLCL-PEG blends before 

and after 30 days degradation (middle and 

right). Calculated curves are based on a linear 

combination of the individual blend components 

(red = PLCL-PEG, green = PLLA) before and after 

degradation. 
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Introduction 

Bioadhesive hydrogels have been used as wound closures, hemostatic agents, tissue sealants and other medical 

applications. While various types of bioadhesives have been developed, it is still challenging to overcome some 

limitations, such as poor adhesion strength and bioactivities. Recently, many researchers have been reported 

mussel-inspired adhesives as they have shown strong tissue adhesiveness even in wet conditions. Molecular oxygen 

(O2) is an essential signaling molecule in the wound healing and tissue regeneration. In particular, it is demonstrated 

that hyperbaric oxygen promotes the wound healing process through accurately increasing intracellular reactive 

oxygen and nitrogen species (RONS). Herein, we represent a new type of O2-generating bioadhesive formed via 

calcium peroxide (CaO2)-mediated crosslinking and in situ polymerization of dopamine. 

  

Experimental Methods 

The thiolated gelatin (GtnSH) was synthesized by conjugating Traut’s reagent to the gelatin backbone as previously 

reported.1 We fabricated O2-generating bioadhesive hydrogels by simply mixing GtnSH and dopamine hydrochloride 

(DH) in the presence of CaO2. The phase transition time was determined by the vial tilting method. The elastic 

modulus (G’) was characterized by using a rheometric fluid spectrometer (HR-1, TA instruments). The remained DH 

within the hydrogel matrices was measured by BCA assay. We monitored dissolved O2 (DO) levels using a 

commercially available O2 sensor (Microx-4, Presens). Tissue adhesive strength was investigated using a universal 

testing machine (Instron 5966). For in vitro cytocompatibility test, human dermal fibroblasts (HDFs) were cultured 

with hydrogel droplets and cell viability was analyzed by WST-1 and live/dead assay. We performed subcutaneous 

implantation and wound closing test to investigate the effect of O2 release on neovascularization and wound healing. 

  

Results and Discussion 

The GtnSH-polydopamine (PD) hydrogels were formed via CaO2-mediated crosslinking reaction. In this reaction, the 

polymer networks were crosslinked through disulfide bonds, and Michael type addition between the GtnSH and 

polydopamine. Additionally, DH reacts with functional groups (e.g., -NH2, -SH) of tissue surfaces resulting in diverse 

interfacial bindings (Fig. 1a). To evaluate the hydrogel formation and phase transition, we performed phase-transition 

test depending on CaO2 (0.25 – 0.75 wt%) and DH concentrations (0 – 1 mg/mL), demonstrating higher levels of 

CaO2 induced faster hydrogel formation (43 sec – 3 min) without compromising DH concentrations. We assessed 

the elastic modulus of the hydrogels depending on CaO2 and DH concentrations, resulting in tunable mechanical 

properties (40 – 830 Pa). We next investigated the DH-releasing behaviors from the hydrogel matrices. As increasing 

CaO2 contents, more DH molecules were remained within the hydrogel matrices since CaO2 facilitated dopamine 

oxidation and in situ polymerization. Also, the hydrogels showed controllable tissue adhesive strength in wet 

conditions (15 − 38 kPa) (Fig. 1b). We monitored O2-releasing kinetics depending on CaO2 concentrations. The 

hydrogels (G5D0.5C0.75) rapidly generated O2 up to 70% pO2 and released O2 for seven days in vitro (Fig. 1c). We 
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evaluated the cytotoxicity of the hydrogels using HDFs, confirming the excellent cell viability (> 85% compared to the 

control). Furthermore, we implanted the hyperoxic gels (HG, G5D0.5C0.75) and normoxic gels (NG, G5D0.5C0.75) 

in the subcutaneous pocket of mice to analyze in vivo effects of the hydrogels on neovascularization, and also 

performed wound closing test. Interestingly, we found that the HG group facilitated wound closing and healing with 

enhanced neovascularization compared to the NG (Fig. 1d). 

  

Conclusion 

We developed a new type of O2-generating bioadhesive hydrogel via CaO2-mediated crosslinking and in situ 

polymerization of dopamine. The GtnSH-PD hydrogel has controllable physicochemical properties and facilitates 

neovascularization and wound healing. These results suggest that our advanced adhesive hydrogel is a very 

promising biomaterial as tissue adhesives for wound management as well as tissue regenerative materials. 
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Characteristics and wound healing effect of the 

GtnSH-PD hydrogels 
(a) The design strategy for O2-generating 

bioadhesives via CaO2-mediated crosslinking 

reaction and digital images of sol-gel 

transition. (b) The tissue adhesive strength of 

the hydrogels depending on DH concentrations. 

(c) The O2-releasing kinetics of the hydrogels. 

(d) Histological sections of wounds stained with 

H&E and Masson’s trichrome. The results are 

shown as the average values ± s.d. (n=3~6, **P < 

0.01) 
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Introduction 

There is a need to treat artherosclerotic vascular disease of small-diameter blood vessels with the use of artificial 

grafts. Grafts made of Dacron or ePTFE work well in large-diameter blood vessel application. Unfortunately, grafts 

suitable for small size vessels (>6 mm inner diameter) have not been developed so far. Thus we focus on poly(diol 

citrate)s (PDCs), based on citric acid and 1,8-octanediol as potential substrate for small blood vessel tissue 

engineering. PDCs produced with a 1:1 molar ratio of citric acid to 1,8-octanediol were found biodegradable and 

cytocompatible [1]. Their key advantage is that PDCs polymerization takes place at relatively low temperature and 

such polymers can be easily modified to gain new distinct properties, including fluorescent, antimicrobial, adhesive 

or anti-oxidant [2]. In this study we wanted to examine if chemical structure of PDCs can be adjusted by different 

concentration of the precursors, and if this would influence physical integrity, surface properties and biological 

performance of obtained polymers. To this end structural and physicochemical properties of thee PDCs with different 

molar ratio of citric acid to 1,8-octanediol were evaluated and their potential in vitro cytotoxicity was assessed. 

  

Experimental Methods 

Citric acid and 1,8-octanediol at molar ratio 1:1, 2:3 and 1:2 were melted at 140oC for 40 min under stirring to 

synthesize prepolymers. The latter were dissolved in ethanol, precipitated in water, lyophilized, dissolved in ethanol 

again and post-polymerized for 4, 6, 8, 10 days at 70oC in a vacuum oven. PDCs surface roughness (Hommer-

Werker profilometer) and the water contact angle (DSA10, Kruss) were measured. FTIR-ATR (Tensor 27, Bruker) 

was used to determine surface chemical composition and NMR spectra (Brucker Avance III HD 400 MHz) were 

registered. Acid value were measured by dissolving 150 mg of the sample in 96% ethanol, and then titrating with 

0.05M KOH with phenolphthalein as an indicator. Molecular weight was assessed by gel permeation chromatography 

using Shimadzu GPC system. Cytocompatibility with L929 fibroblasts was assessed on 10% extracts from PDCs in 

DMEM: undiluted (1:1) and diluted by a factor of 1:2, 1:4, 1:8 and 1:16. In brief the cells were cultured in 96-well 

plates in DMEM supplemented with 5% FBS, amino acids, and antibiotics for 24 h and then cell culture medium was 

replaced with the extracts. Cell viability was measured using Alamar Blue and CCK-8 tests. Cells after live-dead 

staining were observed under fluorescence microscopy (Axiovert, Zeiss). 

  

Results and Discussion 

GPC results showed that molecular weight of PDCs depended on molar ratio of the copolymers. FTIR-ATR results 

showed that PDCs with all studied molar ratios had similar bands at the same wavenumbers and were differing only 

in band intensity depending on composition. Acid values showed that PDC_1:2 had the lowest acidity (150.8 ± 1.9 

mg KOH/g), while PDC_1:1 had the highest acidity (204 ± 3.8 mg KOH/g). Acid value for PDC_2:3 was 160.9 ± 6.5 

mg KOH/g. PDC_1:1 and PDC_2:3 were hydrophilic (water contact angle 65o – 85o) and smooth (Ra 0.10 – 0.40 µm). 

The water contact angle decreased with the post-polymerization time from 4 to 10 days. PDC_1:2 was not 



ESB 2019 | Abstract Booklet 

Friday, 13 September, 2019 

 

Page 705 of 1893 

dimensionally stable irrespectively of the post-polymerization time. Cells cultured in the extracts from PDC_2:3 

exhibited the highest viability as shown by Alamar Blue and CCK-8 tests, than those cells cultured in PDC_1:1 and 

PDC_1:2 extracts. Microscopic observations after live-dead staining showed that cells cultured in the extracts from 

PDC_2:3 (undiluted and diluted by all factors) were stained green, i.e. alive (Fig. 1, panel B). Cells cultured in the 

extracts from PDC_1:1 (Fig 1, panel A) showed some degree of toxicity, while for higher dilutions, i.e. 1:2, 1:4 and 

1:8 no impact on cell viability was observed. Cells cultured in undiluted extracts from PDC_1:2 (Fig 1, panel C) 

showed only dead cells (stained red). Some of the cells cultured in the extracts from PDC_1:2 diluted by a factor of 

1:2 were alive, but majority of them were dead. For extract dilution of 1:4 number of live cells was increasing, but still 

red stained cells were observed. For 1:8 dilution cell morphology and number was the same as in control. 

  

Conclusion 

We found that PDC_2:3 had the lowest acidity and exhibited the best dimensional stability, physicochemical 

properties and cytocompatibility with L929 cells. PDC_1:1, i.e. the reference material reported in literature, had higher 

acidity and provoked slight cytotoxicity. PDC_1:2 was the least dimensionally stable, had the lowest acidity and was 

cytotoxic. Thus we developed a new material PDC_2:3 with better performance by adapting molar ratio of co-

monomers: citric acid and 1,8-octanediol. Further studies will focus on preparation of tubular scaffolds from PDC_2:3 

for small size blood vessels tissue engineering and their evaluation in contact with endothelial and smooth muscle 

cells. 
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Fig. 1.  
Morphology of L929 cells cultured for 24 h in 

the extracts from poly(diol citrate)s with molar 

ratio of citric acid and 1,8-octanediol of 1:1 

(PDC_1:1) (A), 2:3 (PDC_2:3) (B) and 1:2 

(PDC_1:2) (C) after live-dead staining. 
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Introduction 

Improvements on clinical performance of biomaterials for implantation are constantly seeked to guarantee the post-

surgical recovery.  This need drives for the development of bioactive dental biomaterials capable of inducing bone 

growth1. Upon implantion of a biomaterial in a living host, cell responses are mainly regulated by the initial protein 

attachment occurring at the moment of implantation. Biocompatibility problems might arise from distinct complement 

pathways activation that, unleashing a foreign body response2. Hence, conditioning protein attachment by introducing 

surface modifications can minimize these biocompatibility-associated problems, improving positively the implant in 

vivo successfulness. 

Highly regarded as a precursor in the synthesis of various types of sol-gel materials, 3-glycidoxypropyl)-

trimethoxysilane (GPTMS), an organically modified alkoxysilane, can be employed as implant coatings to improve 

bone formation on titanium dental implants3. Associated with biocompatibility problems in past studies4, this 

compound can ultimately impair osseointegration. Thus, the higher adsorption of complement-related proteins and 

consequent immune cell behaviour can define the implant successful outcome. 

  

Experimental Methods 

Osteoblastic MC3T3-E1 and macrophage RAW 264.7 cell lines were employed. These were seeded on coated 

titanium discs at a concentration of 1 × 104 cells well, on 24-well culture plates. qRT-PCR was used to measure gene 

expression of osteogenic markers ALP, IL-6, COL I and TGF-β. ELISA was employed to measure protein liberation 

of the pro-inflammatory markers TNF-α and IL1β and the anti-inflammatory markers IL-10 and TGF-β by RAW 264.7. 

Immunostaining was carried out using IL7-R (M1 marker) and CD206 (M2 marker) for mouse macrophages. Protein 

layer obtention was made by incubating the coated discs with human serum plasma for 3 hours followed by elution 

of the surface-adsorbed proteins. Mass spectrometry analysis (LC-MS/MS) was done to characterize the eluted 

proteins using Progenesis software. 

In vivo experimentation was performed using New Zealand rabbits (Oryctolagus cuniculus) as a experimental model. 

The animals were sacrificed after two weeks and histological analysis was made. 

  

Results and Discussion 

An upregulation of TGF-β on MC3T3-E1 osteoblastic cells was observed on the materials with GPTMS. This 

upregulation was dose-dependent, showing a probable osteogenic induction by this type of materials. In parallel, 

increased release of TNF-α and IL-10 by RAW 264.7 macrophages and higher IL7-R fluorescence confirms pro-
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inflammatory properties of the GPTMS-doped materials. Higher attachment of complement activators FCN2 and 

CRP, were found on a dose dependent manner, followed by a consequent higher attachment of complement proteins, 

such as C3 and C5. These data suggest a possible correlation between macrophage differentiation onto M1 

phenotype and higher complement protein adsorption onto the coatings applied. 

The worst osseointegration in vivo of the GPTMS-doped materials corroborates this data, exhibiting higher density 

of multinucleated giant cells surrounding the coating. 

  

Conclusion 

A correlation between the adsorption of complement-related proteins and the presence of M1 pro-inflammatory 

macrophage phenotype was observed. The increased adsorption of this type of proteins and greater presence of this 

phenotype onto the implant surroundings can ultimately impair an implant osseointegration. Our results highlight the 

incrasingly higher importance of adopting alternative in vitro approaches, such as proteomic analysis in relation with 

macrophage polarization patterns, to assess in vivo outcomes of bone biomaterials. 
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GPTMS-dose dependent macrophage differentiation 

onto M1 phenotype 
Immunostaining of different types of macrophages 

cultured onto the 70M30T, 35M35G30T and 100G 

sol-gel hybrid formulations after 72h. IL7-R 

(a’-c’) was used as a pro-inflammatory M1 

marker, while CD206 (a’’-c’’) was used an anti-

inflammatory M2 marker 
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Introduction 

Selective laser melting (SLM) is a promising additive manufacturing technology for the production of tailored medical 

implants. The technique allows the manufacturing of parts with complex geometries and the realization of a high 

grade of function integration while offering economized material utilization. 

Concerning the use of biodegradable alloys for the SLM technology, Fe-based alloys are promising candidates due 

to their good processibility. Furthermore, FeMn-based systems show a high potential for vascular implant applications 

owing to their excellent mechanical properties, high mechanical integrity during degradation and corrosive 

degradation without hydrogen evolution in physiological environment. 

In this work, a novel biodegradable Fe-30Mn-1C-0.02S alloy is presented which shows a higher yield and ultimate 

tensile strength compared to Fe-30Mn and AISI 316L in combination with a good ductility already in the as-cast state. 

This originates, among other effects, from a pronounced twinning-induced plasticity (TWIP) effect. Furthermore, in 

potentiodynamic polarisation tests in simulated body fluid (SBF), a higher corrosion rate compared to biodegradable 

Fe-30Mn could be detected for FeMnCS [1]. 

Therefore, the influence of the SLM process on the microstructure of the Fe-30Mn-1C-0.02S alloy and the resulting 

mechanical and corrosion properties in pseudo-physiological solutions were investigated and compared with an AISI 

316L reference steel. The results of these investigations are presented in this work as well as the fabrication of stent 

prototypes out of the novel biodegradable with regard to future medical application. 

  

Experimental Methods 

Spherical powder were produced by electrode-induction melting gas atomization (EIGA) of cast rods (TLS, Germany, 

gas: Argon) and afterwards sieved to realize a nominal particle size of 15 µm to 45 µm. The manufacturing of the 

samples out of FeMnCS powder was carried out with a SLM device (SLM 250 HL, SLM Solutions) which is equipped 

with a 400 W Yb:YAG laser (spot size 80 µm). The processing chamber of the SLM device was thereby flooded with 

argon gas (purity 99.999 %) and the layer thickness was set to 30 µm to obtain high geometrical resolution in building 

direction. 

The Archimedes method (YDK 01 (0D), Sartorius, Germany) was applied to measure the density of the specimens. 

For the processed alloy, samples with a relative density of 99.6 % can be obtained. 

The microstructure was studied by applying scanning electron microscopy (SEM; Leo 1530 Gemini, Zeiss) in 

combination with electron backscatter diffraction (EBSD; Nordlys F, Oxford Instruments) and energy dispersive X-

ray spectroscopy (EDX; Xflash4010, Bruker) as well as X-ray diffraction (XRD; Stadi P, STOE, Mo Kα1 radiation). 

The appropriate mechanical properties were investigated by tensile and compression tests (Instron 8562). For 

studying the corrosion behaviour of the FeMnCS alloy, potentiodynamic polarization measurements in SBF at 37 °C 

were performed. 
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Results and Discussion 

This study shows that by processing the developed Fe-30Mn-1C-0.02S alloy by SLM, it is possible to further enhance 

the yield and ultimate strength of the alloy under tensile and compressive load in comparison to the Cu mold cast 

state [1] and to simultaneously achieve a good ductility. This effect can be mainly traced back to the microstructure 

refinement caused by rapid solidification occurring in the SLM process, which was proven by EBSD analyses. 

Furthermore, the achievable yield and ultimate strength are significantly higher than the values for an AISI 316L 

reference material. 

Besides the mechanical properties, the corrosion behaviour of the alloy is influenced by the particular microstructure 

of the SLM samples. The potentiodynamic polarization measurements indicated a lower corrosion rate of the SLM 

samples compared to their as-cast counterparts. Furthermore, SEM studies of SLM samples immersed statically in 

SBF show a more uniform corrosion, which is desired for implant applications. These effects can be discussed based 

on the microstructural differences of the processed samples. In the as-cast state, the alloy shows a fine austenitic 

microstructure with manganese sulphide precipitates, homogenously distributed in the matrix, as well as a significant 

enrichment of Mn and depletion of Fe along the grain boundaries [1]. Contrarily, in the SLM samples, besides the 

significantly finer grain size, only austenite could be detected and the distribution of the elements in the microstructure 

appear much more homogenous. 

With regard to the potential area of application, stent prototypes were successfully built out of the developed FeMnCS 

alloy by SLM. 

  

Conclusion 

Concluding, the novel biodegradable FeMnCS alloy can be successfully processed by SLM and shows a high 

potential for future application as implant material. 
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Introduction 

Collagen I is a key structural component of the extracellular matrix, providing resilience to tissues and adhesive motifs 

to cells. Its inherent biocompatibility makes collagen an attractive precursor molecule for the fabrication of a wide 

variety of biomaterials. Chemical crosslinking, using EDC, is frequently required to improve the stability and physical 

properties of these materials. Although considered biocompatible, recent evidence has shown that chemical 

crosslinking can derivatise crucial amino acid side chains. For example, modification of the glutamic acid (E) in the 

consensus GxOGER cell-binding motif of collagen can disrupt integrin-mediated cell adhesion and subsequent 

cellular processes. In this study the EDC and NHS crosslinking parameters were systematically evaluated, identifying 

potential side reactions and highlighting conditions that can protect the bioactivity of collagen. 

  

Experimental Methods 

Collagen film preparation: 0.5 wt% insoluble bovine type I dermal collagen was hydrated in 0.05M acetic acid then 

homogenising for 2x2 minutes in a bench top blender. This slurry was dried onto 48-well plates then chemically 

crosslinked in 75% ethanol containing 1-ethyl-3-(3-dimenthylaminopropyl-carbodiimide hydrochloride) (EDC) and N-

hydroxy-succinimide (NHS). The molar ratios are expressed as a ratio against the COOH groups on collagen. After 

crosslinking the samples were washed extensively with water. 

Collagen peptide preparation: Triple helical peptides containing the high affinity GFOGER cell binding motif were 

prepared as in [1]. These were NHS/EDC crosslinked in solution, dialysed against water and subjected to MALDI 

ToF mass spectroscopy. 

Cell attachment: 5x104 of HT1080 cells, resuspended in serum-free DMEM containing either 5mM MgCl2 or 5mM 

EDTA were added to the collagen films. After incubation at 37°C for 45 minutes the loosely bound cells were removed 

and the bound cells quantified using a lactate dehydrogenase detection substrate. 

Cell proliferation: 1x104 of HT1080 cells in 10% fetal bovine serum containing DMEM were added to collagen films. 

After 3 days in culture the cells were fixed with 5% glutaraldehyde, permeabilised with 0.5% Triton X-100 and stained 

with 3.5 μM DAPI. The number of cells per field of view was counted by fluorescence microscopy using a 10X 

objective lens. 

  

Results and Discussion 

Native-like cell adhesion in the presence of Mg2+, non-native cell adhesion that persists in the presence of EDTA, 

cell proliferation and the presence of covalent crosslinks were all highly dependent upon the NHS:EDC ratio that was 

used to crosslink the collagen films. Each measurement possessed a differing relationship to the NHS:EDC ratio 

used. When combined (Figure 1) this showed clear trends. Low concentrations of EDC could retain a native-like cell 

response, but did not possess covalent crosslinks, and so are ranked low (blue) in the heat map. Conversely high 

EDC ratios, when combined with low NHS ratios, resulted in extensive crosslinking; however cell adhesion was non-
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native with a poor cell-proliferative response. Instead, optimal ratios of NHS:EDC (denoted by the green line) induced 

high degrees of crosslinking and simultaneously supported native-like cell adhesion and proliferation. Interestingly, 

this relationship differs from the conventional 5EDC:2NHS ratio (shown by a black line) except at 1EDC:0.5NHS, a 

crosslinker concentration that has been shown previously to retain the bioactivity of collagen [2] 

The mass spectroscopy profile of intact insoluble collagen is non-homogeneous and complex. Therefore, a synthetic 

triple helical peptide containing the high-affinity cell binding site GFOGER was used to determine the chemical 

modifications that occur during NHS/EDC crosslinking (Figure 2). This analysis identified three separate peaks that 

could be ascribed to derivatisation of the peptide. Each possessed a differing relationship to the NHS:EDC ratio used 

and can be attributed to three separate side-reactions during NHS/EDC crosslinking.   

  

Conclusion 

Crosslinking insoluble type I collagen with EDC in the presence of NHS has a major impact on covalent crosslinking 

and bioactivity. Three different derivatives of GxOGER cell binding motifs in collagen can be identified. These side 

chain reactions can be minimised by using specific ratios of NHS to EDC, thereby retaining the bioactivity of collagen-

based materials. Therefore, the crosslinking reactions need to be carefully considered when using EDC to alter the 

physical properties of collagen-based biomaterials.   
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Figure 2: MALDI ToF analysis of GFOGER peptide crosslinked with 

varying NHS:EDC ratios. 
Compilation of MALDI ToF analysis of triple helical GFOGER 

peptides crosslinked with varying EDC:NHS ratios. The relative 

proportion of each derivatised peptide peak is graded from 

highest in red to lowest in green. 

 

 

Figure 1: Cell-biological properties of collagen films 

crosslinked with varying EDC:NHS ratios. 
Heat map of collagen-based material properties against the NHS 

and EDC crosslinking molar ratio (expressed against COOH groups 

on collagen). Red shows optimal, and blue poor attributes. 

Materials were ranked by combining measurements of native-like 

versus non-native cell adhesion, cell proliferation and 

formation of covalent crosslinks. The optimal NHS and EDC 

relationship is shown by a green line and the conventional 

5EDC:2NHS ratio with a black line. 
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Introduction 

Research in orthopaedics is now moving away from permanent metallic implants and looking towards the use of 

bioresorbable polymers (e.g. PLA, PGA and related co-polymers) that, when implanted into the injured site, bioresorb 

as the tissue heals. However, reports of a delayed inflammatory response occurring in the late stages of polymer 

degradation has limited the wide scale use of these polymers1,2. Only a few studies assess the long-term 

biocompatibility of these polymers and, with an increasing market for bioresorbable materials, it is anticipated that 

this will be a future issue. This work aims to develop an experimental methodology that can be used to assess the 

delayed inflammatory response of poly(D,L-lactide-co-glycolide) (PDLLGA)  and poly(L-lactide-co-glycolide) 

(PLLGA)  using in vitro tests. This utilised an elevated temperature accelerated degradation test with the objective of 

determining the optimum temperature to achieve simulation of in vivo degradation behaviour. Degradation 

temperatures of 47oC, 57oC and 70oC were studied and compared to physiological temperature (37oC). This 

methodology was used to induce predetermined levels of degradation in PDLLGA and PLLGA, in order to mimic a 

range of clinically relevant in vivo implantation times of up to 6 months. This work can be applied to the optimisation 

of polymer degradation profiles to minimise late-stage inflammatory response and identification of potentially 

beneficial additives in this regard.  

  

Experimental Methods 

PDLLGA 85:15 (PURASORB PDLG 8531, Corbion, Gorinchem) and PLLGA 85:15 (PURASORB PLG 8531, Corbion, 

Gorinchem) samples were processed by compression moulding into 1mm thick sheets, followed by annealing (only 

for PLLGA) for 4h at 100oC, laser cut into 8mm diameter disc-shaped samples and electron beam sterilised (Steris, 

Westport, Ireland). Samples were degraded in PBS buffer, under sterile conditions, at 37oC, 47oC, 57oC and 70oC, 

with solution pH being monitored regularly. On retrieval, at predetermined time intervals, analysis included change 

in mass, molecular weight (gel-permeation chromatography, Agilent Technologies), thermal properties (differential 

scanning calorimetry) and molecular structure (nuclear magnetic resonance spectroscopy). Indicators of late stage 

inflammation will be assessed using an MTT cytotoxicity assay and multiple ELISA analysis for inflammatory factors, 

with mouse L929 fibroblasts and RAW264.7 macrophages. 

  

Results and Discussion 

The degradation of PDLLGA at 37oC, 47oC, 57oC and 70oC was modelled using the Arrhenius equation; the changes 

in molecular weight were used to calculate the hydrolysis rate at each temperature and then compared to 

physiological temperature. When samples were degraded at 47oC, 57oC and 70oC the degradation rate was 

increased by x3, x8 and x30 respectively. The results suggest that the degradation mechanism of PDLLGA at 

increased temperatures is similar to that of physiological temperature and can therefore be used as a method to 
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accelerate its degradation.  The degradation of PLLGA will also be modelled using a similar approach. Fig. 1 shows 

the changes in appearance of PDLLGA and PLLGA during degradation at 47oC. PDLLGA underwent significant 

changes to its appearance throughout degradation; after 12 days the samples had a soft, paste-like appearance. In 

contrast, PLLGA samples appeared volumetrically unchanged, however after 57days at 47oC the samples were 

fragile and disintegrated on handling. Fig. 2 compares the swelling ratio and mass loss of PDLLGA and PLLGA. 

Swelling in PDLLGA occurred immediately upon immersion in PBS buffer and increased rapidly throughout 

degradation. In comparison, swelling in PLLGA did not occur immediately; after 57days at 47oC polymer swelling 

was 16% and increased gradually to 49% after 78days. Unlike PDLLGA where swelling occurred without significant 

mass loss, mass loss in PLLGA almost replicated the amount of polymer swelling. It is expected that these polymers 

will cause different responses in vitro. The next stage of this study is to evaluate and compare the in vitro inflammatory 

response of both polymers at different stages of degradation. An MTT cytotoxicity has been used as an initial 

evaluation in the cellular response of the two polymers. 

  

Conclusion 

It is paramount that long-term performance of new bioresorbable devices can be demonstrated via internationally 

standardised methods. An accelerated degradation methodology has been validated in this study as a highly effective 

tool for pre-degrading PDLLGA and PLLGA bioresorbable polymers prior to evaluation of their long-term in vitro 

inflammatory response. It is proposed that 47oC is adopted by the research community when assessing the long-

term response of these polymers. Further work will include an in vitro evaluation of PDLLGA and PLLGA with 

fibroblast and macrophage cell lines. 
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Fig. 2  
Swelling ratio and mass loss in PDLLGA and PLLGA 

at 47oC 

 

 

Fig. 1  
 PDLLGA and PLLGA sample appearance after 

degradation at 47oC and drying 
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Introduction 

Biomaterial-associated multinucleated giant cells (BMGCs) have been found within the implantation beds of many 

different biomaterials (Fig. 1). However, their exact differentiation and their involvement in the inflammatory and 

healing events of the foreign body response still remain mostly unclear. Various findings suggest that these cells 

belong to the cell line of the foreign body giant cells (FBGCs), which are of “inflammatory origin”, and they may 

provide a phenotypic heterogeneity equivalent to that of macrophages, whose pro-inflammatory activation profile has 

been proposed to promote the process of biomaterial-mediated tissue regeneration [1]. Further knowledge is 

essential to evaluate the role of BMGCs in the regeneration processes, especially on the basis of different biomaterial 

characteristics, as this is required to ensure their successful clinical application. To substantiate our hypothesis of 

the differentiation and of the phenotypic and functional relationship between macrophages and BMGCs, antibodies 

for the detection of giant cell-specific antibodies as well as for detection of different pro- and anti-inflammatory 

macrophage subpopulations were applied to investigate the heterogeneity of BMGCs. 

  

Experimental Methods 

Two different studies were conducted to analyze both the differentiation of the BMGCs and their heterogeneity. In a 

first study tissue samples from a clinical study were used to analyze the origin of BMGCs in the implant beds of a 

synthetic and a xenogeneic bone substitute by the application of immunohistochemical methods. Two antibodies 

against integrin molecules specific for osteoclasts (β-3 integrin) or FBGCs (β-2 integrin) were used to distinguish both 

giant cell types. In a second study an established subcutaneous implantation model in 24 female 6-8 weeks old 

Wistar rats to implant silk fibroin (SF) was used. Specialized (immuno-) histochemical staining methods and 

histomorphometrical techniques, were applied to analyze the heterogeneity of BMGCs [2]. 

  

Results and Discussion 

The results of the first study indicate that the BMGCs induced by both kinds of bone substitutes are FBGCs, as they 

express only β-2 integrin in contrast to the osteoclasts outside of the immediate implantation areas, which only 

demonstrate β-3 integrin expression (Fig. 1).  In the implantation study both pro- and anti-inflammatory molecules 

can be demonstrated in the FBGCs infiltrating the microfibres of the SF scaffold (Fig. 2). The present data show that 

the BMGCs induced by both kinds of bone substitutes are FBGCs, as they express only β-2 integrin in contrast to 

the osteoclasts outside of the immediate implantation areas, which only demonstrate β-3 integrin expression. 

Furthermore, these cells express both pro- and anti-inflammatory molecules to the same extent within the 

implantation beds of silk fibroin scaffolds 15 days after implantation, which substantiates the heterogeneity of FBGCs 

comparable to that of macrophages, whose M2-phenotype appears to be related to a successful tissue remodeling 

outcome [1]. 
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Conclusion 

These data give new insight into the tissue reaction to biomaterials. Based on this new knowledge further research 

concerning the proteomic profile of the FBGCs especially with respect to the different physicochemical properties of 

biomaterials is necessary. 
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Figure 2 
Figure 2 shows the immunohistochemical detection 

of pro-inflammatory (A, B and C) and anti-

inflammatory (D and E) molecules within the 

tissue ingrowth into the subcutaneously 

implanted silk fibroin (SF) scaffolds (A: COX-2-

staining, B: CCR7-staining, C: NF-κB-staining, 

D: HO-1-staining, E: CD206-staining, F: TRAP-

staining, 600x magnifications, scale bars = 10 

µm). 

 

 

Figure 1 
Figure 1 shows exemplary photomicrographs of the 

immune-histochemical detection of two adhesion 

molecules. Multinucleated giant cells (MNGCs) 

within the implantation areas of both the (A) 

xenogeneic (XBS) and (B) the synthetic bone 

substitute (SBS) express the β-2 integrin (red 

arrowheads) distinctive of foreign body giant 

cells (FBGCs), while they did not express the β-

3 integrin characteristic of osteoclasts (BT = 

bone tissue) (400x magnifications, scale bars = 

50 µm).1. 
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Introduction 

Zinc (Zn) and its alloys have drawn attention as potential materials for orthopedic or craniomaxillofacial implants. 

Nonetheless, Zn and its alloys exhibit relatively slow degradation rates within bone environments compared to the 

degradation requirements for clinical application 1,2. Previous studies proposed that the degradation rates of Zn-

based materials can be accelerated via alloying 3, metal matrix composite 2, micro-arc oxidation coating 4 or a 

sacrificial Mg-rich anode 5. Moreover, sandblasting treatment has been demonstrated as a feasible approach to 

improve the degradation rate of metals, such as Mg-Ca alloy 6 and pure Fe 7. This study aimed to investigate the 

effect of different sandblasting treatments on in vitro degradation behavior and cytotoxicity of Zn and its alloys. 

  

Experimental Methods 

A Zn-4Ag and a Zn-2Ag-1.8Au-0.2V (wt.%) alloy (denoted as Zn-Ag-Au-V) were fabricated and compared to pure 

Zn. All samples were ground up to P4000 SiC paper. The surfaces of Zn and the Zn alloys were sandblasted by two 

Al2O3 particle sizes,125 µm and 250 µm, as described in a previous study 8. The microstructure was characterized 

by stylus profilometry, SEM-EDX and XRD. 

The in vitro degradation behavior was evaluated with a semi-static immersion test for 14 days. Samples were 

immersed in DMEM/F-12 under cell culture conditions. The ratio of surface area to extraction volume was set to 1 

cm2/mL. Released metallic ions were detected by ICP-OES, and pH value changes were measured. Corrosion 

products were analyzed by SEM-EDX. Corrosion rates were calculated by weight loss. 

Cytotoxicity was evaluated by an extract test according to ISO 10993-5/-12. Sample extracts were prepared using 

cell culture medium without FBS at an extraction ratio of 1.25 cm2/mL for 24 h. Human primary osteosarcoma cells 

(Saos-2) were used to evaluate the inhibition of relative metabolic activity (CCK-8 assay). Also, metallic ion 

concentrations and pH value of the extracts were determined. 

  

Results and Discussion 

After the sandblasting treatments, average roughness (Ra) and mean roughness depth (Rz) of samples were 

increased, and both values significantly rose when the size of sandblasting Al2O3 changed from 125 µm to 250 µm. 

Additionally, Al2O3 sandblasting particles were embedded into the substrate of Zn and Zn alloys observed by SEM-

EDX and XRD analysis. 

As shown in Fig. 1a, SEM characterization revealed loose degradation layers covering the whole surfaces, and 

degradation particles distributed on all surfaces. EDX analysis showed that these corrosion products were mainly 

composed of Zn, P, O, C and Cl. After removing the degradation products, sandblasted samples presented irregular 

and rough surface structures consisting of a couple of corrosion pits and localized corrosion attack. Fig. 1b shows 
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that no obvious differences in cumulative Zn2+ release for Zn alloys were detected between sandblasting and control 

groups. Mean pH values of all samples showed no apparent increase and all were below pH 8.4. Fig. 1c shows that 

the degradation rates of sandblasted samples were significantly higher than the counterparts of P4000 polished 

samples (p < 0.05). 

Fig. 2a shows that cytotoxicity of Zn and its alloys was influenced by the sandblasting treatment with 250 µm Al2O3. 

As shown in Fig. 2b, the Zn ion concentration in the extracts of most sandblasted samples was significantly higher 

than the counterparts of P4000 samples (p < 0.05), but all Zn concentrations were below 25 µM. Also, all pH values 

were below 8.5. 

  

Conclusion 

Degradation rates of Zn and its alloys are significantly increased by sandblasting treatments. Also, degradation 

behavior and cytotoxicity are related to the sandblasting particle size. This study demonstrates the promising potential 

of sandblasting treatments for adjusting the degradation behavior of Zn-based alloys. Nevertheless, further 

investigations are required. 
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Figure 2: Cytotoxicity of samples: 
(a) CCK-8 results (b) Analysis of extracts, * 

represent p < 0.05 when compared with P4000 

sampes. 
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Figure 1: In vitro degradation behavior of 

samples: 
(a) SEM-EDX analysis (The scale bar in the 

insets image is 10 µm), and the EDX result 

(inset red line) shows the elemental composition 

of degradation products pointed with the related 

yellow arrow, (b) Cumulative Zn ion release and 

pH value changes, (c) Degradation rate of 

samples, * represent p < 0.05 when compared with 

P4000 samples. 
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Introduction 

Biopolymers such as hyaluronan (HA) present advantageous starting points for developing novel materials for 

medicine. Since natural HA is highly soluble, chemical modification is required to produce solid forms suitable for 

implants. We prepared insoluble free-standing films from hyaluronan by introducing hydrophobic side groups that 

formed non-covalent crosslinks. The films were homogeneous and sufficiently strong yet flexible even when wet. We 

evaluated safety and biodegradability of the films both in-vitro and in-vivo in mice. 

  

Experimental Methods 

Free-standing films from lauroyl HA [1] were prepared by solution casting from diluted water-alcohol solution in a 

custom-built drying cell at 50 °C. Film thickness, dry mass, content of residual organic solvent, mechanical properties, 

swelling and enzymatic degradation were measured. We further compared material properties before and after 

sterilisation with ethylenoxide. In-vitro cytotoxicity was examined on 3T3 cells. Film samples (15 × 15 mm) were then 

implanted into abdominal cavity of C57Bl/6J mice to evaluate their safety and biodegradability (five animals per 

group). 

  

Results and Discussion 

The prepared lauroyl HA films (Fig. 1) were non-porous, with thickness deviations lower than 20 % (for a 16 µm thick 

film). Flexibility of the film enabled easy manipulation and repeated folding without cracking. Film swelling ratio in 

phosphate buffer and enzymatic degradation rate could be tuned by the degree of lauroyl substitution (DS) in a wide 

range (Fig. 2). Extracts of the films were not cytotoxic for 3TC cells. None of the mice showed signs of complications 

caused by material implantation and macroscopic evaluation of the peritoneum did not reveal any organ changes or 

other adverse effects. After 10 days, the films with lowest tested DS (11.8 %) were completely degraded in-vivo. After 

the longest implantation time of 28 days, the films with DS ≤ 31.7 % were completely degraded, while for DS = 39.3 

%, gel-like film residua were still present in all 5 animals. 

  

Conclusion 

We prepared free-standing films from lauroyl derivatives of hyaluronan by a simple one-step solution casting method, 

without using any crosslinking agents, activators, plasticizers or toxic solvents. The films are homogeneous, 

mechanically strong and flexible. Their properties, such as swelling and degradation rate, can be tailored by the 

degree of hyaluronan substitution. Importantly, the film properties do not change dramatically upon sterilization by 

ethylenoxide. The safety and biodegradability of the films were verified in-vitro and in-vivo on mice, with good 

agreement of the in-vitro and in-vivo data. These results suggest that the lauroyl HA films are suitable for applications 

in medicine, e.g., as resorbable implants. 

  



ESB 2019 | Abstract Booklet 

Friday, 13 September, 2019 

 

Page 721 of 1893 

References 

[1] D. Šmejkalová, M. Hermannová, R. Šuláková, A. Průšová, J. Kučerík, V. Velebný, Carbohyd. Polym.2012, 87, 

1460. 

  

 

Fig. 2. Film swelling and degradation. 
Film swelling in phosphate buffer and film 

degradation rate (in-vitro enzymatic assay) as 

functions of lauroyl degree of substitution 

(DS). 

 

 

Fig. 1. Lauroyl-hyaluronan film. 
Free-standing lauroyl-HA film (11x16 cm, 

thickness 16 µm) with the chemical formula of 

the material seen through the film. Inset: 

Scanning electron microscope image of film 

cross-section. 
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Introduction 

Undesired host tissue-material interactions like an adverse foreign body response, acute inflammation and fibrotic 

encapsulation often result after implantation of biomaterials. For clinical applications, biomaterials have to be highly 

biocompatible. Thus, attenuation of the above-mentioned obstacles and desired functionality of biomaterials 

regarding drug release or management of cell performance can be ensured. 

 

Objectives 

Focus of the study is on the relation between structural features of injectable starPEG-based hydrogels and evoked 

biological effects. In particular, inflammatory and angiogenic processes in material-surrounding tissue were objects 

of examination. 

  

Experimental Methods 

Four different physical hydrogels were examined regarding their degradation profiles and cellular responses at host 

tissue-material interface. Lead structure concept is based upon an repetitive lysin-alanine ((KA)5) peptide sequence, 

starPEG and the oligosaccharide dextran sulfate ((KA)5-DS). Further, modified hydrogels containing either an 

additional matrix metalloproteinase (MMP) cleavage site ((KA)5-MMPiw-DS) or other variations in the peptide 

sequence and oligosaccharide like a D‐amino acid motif ((ka)5-DS) and sulfated hyaluronic acid ((KA)5‐sHA) were 

examined. Hydrogels were subcutaneously injected (50 µl) in immunocompetent nude SKH1-Elite mice. Magnetic 

resonance imaging (MRI) was used to analyze hydrogel degradation and inguinal lymph node size, indicating 

inflammatory reactions. In vivo activation of MMPs around injected hydrogels was followed by a specific fluorescence 

probe (MMPSense 645) and optical imaging during initial investigation period. Additionally, immunohistochemical 

stainings of typical angiogenesis (VEGF, CD31) and inflammation (COX-2, CD68) markers on cryosectioned tissue 

preparations were used to determine biocompatibility of analyzed hydrogels. Quantification of immunohistochemistry 

was performed with Fiji ImageJ software utilizing the color threshold plugin. 

  

Results and Discussion 

Comparing all four investigated starPEG-based hydrogels, (KA)5-sHA hydrogel displayed fastest degradation in vivo. 

(KA)5‐DS and (KA)5‐MMPiw-DS hydrogels were gradually slower degraded during study period of 85 days. In 

contrast, volume of (ka)5-DS hydrogel remained unchanged (Fig. 1). Further, inguinal lymph node sizes of all animals, 

independently of injected hydrogel composition, were comparable to the untreated control group suggesting a 

suitable biocompatibility. (KA)5-sHA hydrogel induced significantly raised MMP activation during investigation period 

(Fig. 2). In addition, immunohistochemistry displayed raised VEGF expression around (KA)5-sHA hydrogel as well 
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as macrophage invasion into all hydrogels. Surrounding tissues displayed also basal expression of inflammation and 

angiogenesis markers, like COX-2 or CD31. 

  

Conclusion 

Definite degradation profiles depending on structural composition of the investigated injectable starPEG-based 

hydrogels were demonstrated. According to lymph node measurements and immunohistochemical stainings, a 

normal biological, but not an adverse inflammatory response to these non-covalent hydrogels occurred in surrounding 

tissues. Particularly, one derivative, the (KA)5‐sHA hydrogel, displayed pro-angiogenic effects. This offers potential 

applications, e.g. in the field of tissue regeneration. 
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Fig. 1: Representative axial MRI images. 
Subcutaneous injected hydrogels show clear 

structure-dependent degradation profiles over 

time. 

 

Fig. 2: MMP activity in material surroundings. 
Determination of MMP activity around injected 

hydrogels by optical imaging (n = 5-8; Mean ± 

SEM; * | ° p < 0.05, two-way ANOVA, Bonferroni 

post hoc test). 
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X-SY17 | Tackling brain diseases: biomaterials-

based approaches to understand and bypass 

biological barriers 

Clara Mattu (Turin, IT) 

Andrei Mikheev (Houston, US) 

 

The brain is protected by the blood-brain barrier (BBB), a tight semi-permeable membrane 

that isolates the brain parenchyma from the blood circulation. Bypassing the BBB is a key 

challenge to efficiently deliver drugs or other molecules to treat brain diseases. This 

symposium will discuss the new biomaterials-based approaches for in vitro modelling of 

the brain micro-environment, their potential application in drug screening, and how the 

propertied of biomaterials can be leveraged to increase our understanding and improve 

treatment of brain diseases. 
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Introduction 

Neurodegenerative disorders are characterized by a progressive neuronal impairment that starts in specific brain 

regions suggesting the presence of a selective vulnerability of certain cell populations. However, the exact 

neuropathological mechanisms are still partially elusive and lead to disabling neurological and psychiatric conditions. 

The blood–brain barrier (BBB) is a major obstacle to the therapeutic delivery, in particular of peptides and proteins, 

to the brain. In addition to the design of small molecules, strategies bypassing the BBB have been developed 

including invasive methods, such as local delivery implants or injections, but also noninvasive approaches as 

intranasal delivery and ocular applications. The efficacy of these strategies in models of neurodegeneration will be 

discussed. A particular focus will be dedicated to Alzheimer’s disease (AD) and glaucoma, two distinct multifactorial 

diseases that are thought to share common features such as the accumulation/aggregation of the β-amyloid protein 

and the increased phosphorylation of stress-related mitogen-activated protein kinases (MAPK). 

  

Experimental Methods 

Electrophysiology and behavioural assessment were performed in : i) AD mouse model carrying human mutation of 

amyloid precursor protein (APP swe/Ind /J20) expressing human Aβ (Mucke et al; 2000) ; ii) an established 

experimental model, the DBA/2J mouse, which develops chronic intraocular pressure elevation that mimics primary 

open-angle glaucoma (Anderson et al., 2002).  

  

Results and Discussion 

Using an in vivo AD model we have demonstrated that either small compounds targeting the MAPK or intranasal 

delivery of neurotrophic factors are capable of preventing neurodegeneration in vulnerable brain areas. Moreover, 

topical eye application of neurotrophic factors prevents retinal ganglion cell death and optic nerve atrophy in a model 

of glaucoma. 

  

Conclusion 

These studies highlight the importance of improving drugs penetrability in order to obtain promising, safe and feasible 

strategy to preserve neuronal function 
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Introduction 

Ischemic stroke occurs due to the reduced perfusion to a brain region, resulting in death or permanent neurological 

deficits. Unfortunately, to date, no effective treatment has been found to prevent damage to the ischemic brain after 

stroke. In view of this, we hypothesized that the targeted delivery of antioxidant (CeO2) nanoparticles (NPs) and iNOS 

inhibitors (i.e. L-NIL) will reduce the overproduced ROS and RNS in the ischemic area, resulting to the amelioration 

of the neurological deficits caused by oxidative stress. 

  

Experimental Methods 

The biomimetic nanoscavengers (BIONICS) were composed of porcine-extracted brain lipids and their fabrication 

was achieved using a hot-emulsion sovent-exchange method. Their colloidal stability was studied in various 

biologically-relevant media, while their antioxidant ability was studied various antioxidant assay kits. The ability of the 

nanoscavengers to cross the blood-brain barrier and be internalized by neurons was tested using an in vitro cell 

culture model consisting of human astrocytes, endothelial cells, and neurons, while their ability to inhibit oxidative 

stress in vitro was evaluated under hypoxic and normoxic conditions. 

  

Results and Discussion 

BIONICS (~150 nm) presented excellent colloidal stability in water and biologically-relevant media, as well as 

excellent antioxidant capacity, similar to the one of the plain CeO2 NPs. Flow cytometry results demonstrated a time-

dependent internalization of BIONICS as well as a neuroprotective and pro-neurogenic effect towards differentiated 

neuronal cells. 

  

Conclusion 

BIONICS demonstrated excellent colloidal stability and antioxidant capacity, resulting in the inhibition of ROS and 

RNS mediated oxidative stress, and in subsequent neuroprotection of astrocytes, endothelial and neuronal cells 

under conditions mimicking the post-ischemic stroke environment. 
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Introduction 

Use of animal models in neurodegenerative disease research raises several questions concerning relevance to 

human illnesses, poor predictivity and ethical issues [1]. In this respect, the lack of animal modelsable to fully 

reproduce the disease is an important obstacle also to research progress on Amyotrophic Lateral Sclerosis (ALS), a 

progressive and degenerative disease that affect nervous system causing the loss of motor neurons and leading 

within 2–5 years after clinical onset. Thus new experimental tools to study ALS are urgently needed. The emerging 

technology of organ-on-chip could represent an interesting option and 2D organ-on-chip models of the central 

nervous system start to be available [2]. However, to reproduce faithfullyin vitrothe cell-cell interactions occurringin 

vivo,3D models able to mimic tissue microstructure are mandatory. Injectable hydrogel, based on naturally derived 

polymers, are promising biomaterials for modeling the extracellular matrix (ECM) within 3D organ-on-chip platforms. 

This study focuses on the development of thermo-responsive injectable chitosan-based hydrogels for modeling the 

nervous system ECM and delivering cells and biological cues inside 3D organ-on-chips, useful for understanding the 

pathogenetic mechanisms involved in ALS and moving a step forward to patient-specific diagnostic tools. Chitosan 

(CH) hydrogels were prepared by using three different gelling agents (GAs), i.e. bGlycerophosphate (BGP), Sodium 

Hydrogen Carbonate (SHC), and L-Arginine (ARG) [3]. The influence of GAs on hydrogel gelation kinetic, swelling 

and stability properties was studied. Mechanical properties were analyzed by a rotational rheometer and compression 

tests. Indirect cytotoxicity tests were performed in vitroby using a human neuroblastoma cell line 

  

Experimental Methods 

CH powder (3.33% w/v) was dissolved in hydrochloric acid (0.1M HCl) with magnetic stirrer for 24h at RT. Three 

different GAs were used: BGP, SHC and ARG. While BGP and SHC have already been employed as GAs for 

CH, ARG is firstly introduced here into the system and its influence on hydrogel properties investigated. BGP and 

SHC were dissolved in Milli-Q water while ARG in 0.1M HCl. The initial amount of GAs was opportunely calculated 

in order to reach the desired final concentration of each GA. Hydrogels were prepared by mixing the CH solution with 

GA solutions in a 3:2 ratio by two syringes joined by a Luer Lock connector. Samples were then incubated in an oven 

at 37°C in order to promote sol-gel transition. Sol-gel transition was qualitatively evaluated by the tube inversion test 

and quantitatively by a rheology test. Hydrogel injectabilitywas investigated through a 23G syringe needle. The 

swelling degree (SD) of hydrogels was determined by the following:SD=[(Ww−Wd)/Wd]×100, where Wdand Wware 

sample dry and hydrated weights, respectively. In vitrohydrogel stability was examined by measuring the weight 

change after different time intervals of immersion in PBS. Rheological tests allowed the evaluation of storage (G′) 

and loss (G″) moduli in the linear viscoelastic range both at 22°C and 37°C.The Young's modulus (E) of hydrogels 

was evaluated in wet conditions at RT (10N load cell, crosshead speed 2 mm/min up to 60% strain) and was 
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calculated as the slope of the initial linear portion of the stress-strain curve. An indirect cytotoxity test was performed 

by incubating DMEM with hydrogels for different time intervals and using the conditioned DMEM to evaluate cell 

vitality in neuroblastoma cell model (SH-SY5Y) 

  

Results and Discussion 

Several combinations of GA solutions in different concentrations have been used to prepare chitosan-based 

hydrogels. The tube inversion test allowed to select the GA blends and concentrations able to confer thermo-sensitive 

sol-gel transitions to the chitosan solution, which are: BGP0.2M, BGP0.2M+SHC0.05M, 

BGP0.2M+SHC0.05M+ARG0.01M (in the following referred as CH_BGP, CH_SHC, CH_ARG). The hydrogels were 

injectable through a 23G needle at RT and thermo-responsive at 37°C. Swelling tests carried out to check the 

maximum water intake of the freeze-dried hydrogel samples showed that all samples reached the maximum SD after 

10 min in PBS and remained almost constant for up to 60 min (CH_BGP ~300%, CH_SHC and CH_ARG ~600%). 

Stability tests revealed a weight decrease after 24h in PBS of 9.8±0.6% for CH_SHC and 13.3±4.2% for CH_ARG, 

while CH_BGP samples were almost completely degraded; although the CH_ARG average weight loss was slightly 

higher than with CH_SHC, differences were not significant. G’ and E significantly improved by adding SHC and ARG. 

In particular, hydrogels with ARG had the highest E (BGP 10.8±4.5, SHC 47.2±6.3, ARG 62.2±1.2 kPa). Cell culture 

tests showed that none of the samples had any significant cytotoxic effect 

  

Conclusion 

Overall a hydrogel including ARG presented the best properties and therefore may be considered as a potential 

candidate for providing an ECM-like microenvironment for cell-cell interaction in organ-on-chip platforms 
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Introduction 

The blood-brain barrier (BBB) imposes a challenge to the delivery of therapeutics to the brain. However, its integrity 

is essential to prevent the transport of harmful or unwanted substances to the brain. Nanocarriers are a promising 

tool to enhance drug delivery across the BBB. Nanomaterials’ physicochemical properties, such as size, charge and 

surface modifications, are known to modulate uptake and transport at the BBB.(Georgieva et al., 2011) The influence 

of nanomaterial stiffness on the interaction between the nanomaterial and the BBB is largely unexplored.(Guo et 

al.,2018 and Anselmo et al., 2015) 

Here, we propose to study the effect of poly(N-isopropylmethacrylamide) microgels’ size and stiffness on uptake and 

transcytosis in brain endothelial cell monolayers. Moreover,the microgels show a thermoresponsive shift between a 

swollen and collapsed state, being swollen at 37˚C, i.e., at physiological body temperature, and collapsed at 

temperatures > 44˚C. 

  

Experimental Methods 

Microgels are synthesized by precipitation polymerization including a fluorescent dye with a polymerizable group. 

Briefly, an aqueous solution of NIPMAM, N,N’- methylenebisacrylamide (BIS), sodium dodecyl sulfate (SDS) and nile 

blue acrylamide is heated to 70 ˚C under stirring and a blanket of N2. After temperature stabilization, the reaction is 

initiated with ammonium persulfate (APS). The molar ratio of BIS, concentration of SDS and polymerization time 

were set to obtain microgels with different stiffnesses and sizes. Purification was performed by extensive dialysis. 

BIS is a cross-linking agent and its concentration in the reaction affects network flexibility. Therefore, microgel 

stiffness correlates with BIS concentration and is evaluated according to its Young’s modulus determined by atomic 

force microscopy. 

To quantify the uptake and transcytosis of the microgels in brain endothelial cell monolayers, we used our recently 

developed filter-free BBB model (De Jong et al., 2018) in which microgel-associated fluorescence can be measured 

in the apical, cellular, and basolateral compartments. The fluorescence in the basolateral compartment reflects the 

amount of microgels that has crossed the BBB. 

  

Results and Discussion 

We were able to make microgels with different sizes, stiffnesses, and swelling ratio (Figure 1). 

Preliminary results indicate that smaller microgels show higher uptake by brain endothelial cells than bigger 

microgels. Uptake is both concentration- and time-dependent (not shown). Transcytosis across the BBB seems 

similar for the three different microgels, with a value that lies between 11.0-12.2% (Figure 2). 
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Conclusion 

The extent of microgel transcytosis across the BBB warrants further investigation of this nanocarrier platform for drug 

delivery to the brain. 
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Figure 2. 
Transcytosis of p(NIPMAM) microgels 

fluorescently-labelled with nile blue. 50 µg of 

microgel was added per well (duplicates) and 

incubated for 4 hours. The percentage is 

relative to the total fluorescence of the three 

collected compartments (apical, cells, 

basolateral). Each value represents the mean±SD 

between duplicates (n=1). 

 

 

 

Figure 1. 
Thermoresponsive curves of p(NIPMAM) 

microgels  with different sizes and stiffnesses. 
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Introduction 

The frequency of peri-implant disease is raising concomitant with accelerating numbers of dental implant insertions 

for functional and aesthetic restoration. Hence, there is an emerging demand to uncover the pathophysiology of peri-

implant infection. The major factors that influence the progress of peri-implant infection are the bacterial biofilm 

composition, the host tissue, and the inserted implant material. Clinical studies are the optimal approach to explore 

host-microbe-implant interactions. However, they are accompanied by strict regulations and ethical considerations. 

Animal studies provide the possibility to investigate extensively the peri-implant disease initiation and progression as 

well as the properties of new implant materials. Main issues regarding animal studies are the lack of human 

microbiota as well as the disease conditions and inflammatory responses that differ from human pathophysiology. In 

vitro studies using human-specific microbes and human tissue cells are used to gain detailed knowledge of molecular 

interactions. Most in vitro studies focus only on two of the three interacting factors in a 2D setting. In 2D models, 

tissue architecture, intercellular interactions, and implant geometry are absent. We established 2D and 3D in vitro 

peri-implant models including all main factors and compared their response to the initial colonizer Streptococcus 

oralis. 

  

Experimental Methods 

For the 2D models, titanium disks colonized by human gingival epithelial cells or fibroblasts were co-cultured with the 

S. oralis biofilm. Moreover, we developed a novel 3D peri-implant model consisting of an organotypic oral mucosa 

with inserted titanium and co-cultured this model with the S. oralis biofilm. First effects were determined by fluorescent 

microscopy and histology. Subsequently, global gene expression analysis was performed and secretion of cytokines 

was determined. 

  

Results and Discussion 

We observed that human gingival fibroblasts grown in monolayers were more susceptible than the epithelial cells. A 

reduced vitality and broader transcriptional response of fibroblasts were detected. This discrepancy disappeared 

when fibroblasts were grown together with epithelial cells in the 3D oral mucosa model leading to a longer co-culture 

period. Additionally, the 3D peri-implant mucosa model allowed the microscopic detection of topographic effects like 

altered tissue structure restricted to the peri-implant area. These results underline the importance of the cell type 

selection and their geometric conformation for in vitro peri-implant infection studies. Transcriptional changes in the 

2D models revealed an inflammatory gene expression to the commensal S. oralis biofilm, whereas the opposite was 

detected in the 3D peri-implant mucosa. The protective response of the 3D model is in line with the observation that 

commensal bacteria do not cause inflammation in the oral cavity. Effects on protein levels of inflammatory cytokines 
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were similar in both models after S oralis biofilm challenge. However, transcriptional and morphological responses 

revealed that the physiological peri-implant tissue reaction was more closely resembled by the 3D model. 

  

Conclusion 

Our novel complex 3D peri-implant infection model is suitable to study all main interactions during peri-implant 

inflammation with more clinical relevant observations. Future studies including improved implant materials and 

different biofilm compositions will provide new insights into the pathophysiology of peri-implant disease and will 

support the development of innovative implant materials. 
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Introduction 

The trajectories of ageing are believed to be determined by both genetic compositions and environmental stresses, 

with the former dominating the process and the latter driving the cellular adaptation in the process of ageing. For this 

very reason, ageing of the skin is an essential field of ageing research and tissue engineering applications. Previous 

investigations have indicated that ageing influences dermal fibroblasts in many aspects. Mechanically, younger 

fibroblasts exhibit more plastic behaviours while a rise in stiffness has been reported for the aged ones[1]. However, 

little is known about how the ageing influences on the contractility of dermal fibroblasts, which are abundant in the 

dermal constituent and critical to skin function. Hence this study can facilitate a better understanding of the ageing 

process of the skin. 

In this study, a novel technique was developed for quantifying cellular contraction force of normal human dermal 

fibroblasts (NHDFs) in vitro. The technique utilises the depth sensing nano-indentation of cell-embedded collagen 

hydrogel together with the theoretical analysis based on the mechanics of biomaterials[2]. 

  

Experimental Methods 

Cryopreserved NHDFs (Caltag Medsystems, UK) harvested from female donors with respective age of 26, 30, 62 

and 75 y/o were used in this study. Cells were cultured to confluency at the condition of 37 °C, 5% CO2 and RH 95% 

in Dulbecco’s Modified Eagles Medium (DMEM) supplemented with 10% Foetal Bovine Serum (FBS), 2mM L-

glutamine and antibiotics. To create the cell-embedded collagen hydrogel, 1.5ml of type I collagen solution (0.15% 

w/v) containing necessary supplements was polymerised in 35mm non-coated Petri-dishes, following the seeding of 

NHDFs (passage number 3-5)  at a density of 7.5×105 cells/gel. 2ml of culture medium was added to each dish upon 

polymerisation and gel disks were subsequently dislodged to allow free contraction. Mechanical tests were conducted 

48h post cell seeding. 

A tailored nano-mechanical indentation tester allows the measurement of the force-displacement (F-D) of the 

hydrogels up to the resolutions of 10nN and 10nm for force and displacement respectively (Fig. 1A). The Young’s 

moduli of the gels were determined based on the F-D curves fitted with Hertz contact theory (Fig. 1B).  The geometric 

parameters such as the radius and height of the gel disks were measured by a CCD camera and the tester before 

and after the gel shrinkage. The overall cell contraction force can be determined based on the measured mechanical 

and geometric parameters in combination with a mathematical model based on the mechanics of materials[2].  Single 

cell contraction force was calculated as the total force divided by the number of the embedded cells in the gel. 

  

Results and Discussion 

Shown in figure 2, forces exerted on the collagen matrix by spontaneous contractions of NHDFs are higher on the 

samples with cells from the younger donors in comparison to the aged ones. Also, contraction forces decrease with 

a higher passage number associated with the cells, which is in line with previous reports on the decrease of 
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contractility with increased passage numbers. The values of the force measured in our study agree with previously 

reported observations[3]. Previous works also suggested a difference in contraction force between fibroblasts sourced 

from young and aged individuals[4]. As for the difference in NHDFs contractility between young and aged individuals, 

it is very difficult to form comparisons with our results measured in a 3D matrix, as the techniques adopted in those 

studies were mostly for cells on a 2D surface, thus less closely mimic physiological conditions. We will also present 

confocal microscope images of NHDF actin filament alignment after gel contraction. 

  

Conclusion 

The study was successfully conducted with a novel technique using cell-embedded collagen hydrogel assay, allowing 

NHDFs sourced from young and aged donors to contract in a biomimetic 3D matrix. Decreased contraction forces 

were observed in NHDFs from aged donors and in agreement with observations previously reported. Compared with 

methods previously developed to measure cell contraction force, we achieved measurement of contraction force in 

populations of NHDF in a 3D matrix at a physiological environment. 
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Figure 1 
A, The schematic setup of nano-mechanical 

indentation tester. B, Typical loading F-D curve 

showing fitting of the Hertz contact theory to 

determine Young’s moduli of the gel. 

 

 

  

 

Figure 2 
Comparison of Single NHDF contraction force 

between young and aged donors. 
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Introduction 

Neuro implants offer the possibility to target brain diseases directly, either by physical stimulation (e.g. 

microelectrodes) or, in perspective, by drugs loaded to suitable reservoir implants releasing them directly to the brain. 

However, the implantation of neuro implants into the brain causes acute and chronic foreign body responses by the 

surrounding brain parenchyma represented e.g. by neuronal loss, neuroinflammation and glial scarring in vivo [1]. 

During neuro inflammation, microglial cells release pro-inflammatory cytokines such as IL6 or TNFα that, among 

others, activate surrounding glial cells. In response a glial scar is formed (with concomitant elevation of glial scarring 

markers such as glial fibrillary acidic protein, fibronectin or tenascin), which influences the release kinetics of a drug 

from the implant as wells as its physical properties (e.g. conductivity) [2]. 

Thus, to broaden the applicability of brain implants, the adverse reactions towards implantation and implant material 

need to be diminished. One option is the application of the anti-inflammative and –fibrotic compound like curcumin, 

which was quite promising in reducing glial scar formation in spinal cord [3,4] and brain injury [5]. However, curcumin 

is a chemical and metabolic instable drug [6], limiting its applicability. To solve this problem, we chose to encapsulate 

curcumin into liposomes that are the most studied carriers for drug delivery and are already approved by the FDA for 

various applications [7]. They have the unique ability to encapsulate and thereby protect hydrophilic as well as 

hydrophobic drugs, facilitating or increasing cell permeability and therefore efficacy. 

In this study we want to investigate if liposome carrying-curcumin can alleviate the experimental inflammatory and 

glial scarring reactions in murine acute brain slices and human neural/glial cell lines in vitro, in comparison to free 

curcumin. 

  

Experimental Methods 

Empty liposomes and curcumin encapsulated in liposomes were prepared by the hydration of lipid film method [8]. 

Liposomes were analyzed for their size, polydispersity index and zeta potential by dynamic light scattering and laser 

doppler microelectrophoresis. The curcumin encapsulation efficiency as well as drug loading were determined by 

HPLC. Liposomes containing trehalose have been freeze-dried for long-term storage. 

Experimental neuroinflammation and glial scarring were induced by stimulation with either lipopolysaccharide (LPS) 

or pro-inflammatory cytokine combinations in human glial cell lines or murine brain acute slices. Murine acute brain 

slices of the cortex were obtained from 13 weeks old female mice and liposomes formulations or free curcumin were 

added to the culture medium from day 0 onwards in co-stimulation with LPS or cytokines over 8 days in vitro. Human 

astrocytes (SVGA) and microglia (HMC3) were co-stimulated for 24 hours in vitro. Rescuing effects of liposomal 
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curcumin in comparison to free curcumin were studied morphologically and on RNA and protein levels. The 

concentration-dependent effects of liposomal curcumin on proliferation or cell death were determined by WST-1 

assay in comparison to free curcumin and empty liposomes after 3 days (in respect of ISO-10993-5). 

  

Results and Discussion 

Empty and curcumin loaded liposomes showed sizes, PDI and zeta potential of around 160nm - 170nm, 0.120 - 

0.250 and -18mV - -30mV, respectively. Formulations were produced with a drug loading around 20µg curcumin per 

mg liposomes upon freeze drying. When human microglial and astrocyte cell lines were stimulated in concentrations 

of 0.001 to 20µM with liposomes and free curcumin, free curcumin reduced proliferation at higher concentrations 

(IC50 12 – 20 µM depending on cell line), while corresponding effects where observed at lower concentrations for 

curcumin liposomes (IC50 2-6 µM). However, when using appropriate concentrations of curcumin to reduce 

neuroinflammation and glial scarring in cultured cells, liposomal curcumin was more effective even with 100 fold 

lower concentrations than free curcumin. Effects for free and liposomal curcumin were more pronounced in astrocytes 

than in microglial cells. In addition, liposomal curcumin reduced the cytotoxic effects of LPS stimulation in murine 

acute brain slices after 2 and 8 days (acute and chronic response) in vitro, and was again more effective in alleviating 

inflammatory and glial scarring reactions than free curcumin. 

  

Conclusion 

Our results indicate that liposomes might be a useful tool to increase the stability and efficacy of curcumin in different 

inflammation/glial scarring models in vitro. Thus, liposomal encapsulation of curcumin might solve the limitations of 

its applicability in local mid to long-term administration. In perspective, deposition of liposomal curcumin in neuro 

implant coatings such as hydrogels will be performed to overcome acute and chronic inflammative and glial scarring 

reactions towards neuro implant materials. 

  

References 

[1] Marin C, Fernandez E. ; Biocompatibility of intracortical microelectrodes: current status and future prospects. 

Front Neuroeng. 2010 May 28;3:8. 

[2] Prodanov, D.; Delbeke, J. Mechanical and Biological Interactions of Implants with the Brain and Their Impact on 

Implant Design. Frontiers in Neuroscience. 2016;10 

[3]Yuan J, Zou M, Xiang X, Zhu H, Chu W, Liu W, Chen F, Lin J.; Curcumin improves neural function after spinal 

cord injury by the joint inhibition of the intracellular and extracellular components of glial scar. J Surg Res. 2015 May 

1; 195(1):235-45. 

[4] Ruzicka J, Urdzikova LM, Kloudova A, Amin AG, Vallova J, Kubinova S, Schmidt MH, Jhanwar-Uniyal M, 

Jendelova P.; Anti-inflammatory compound curcumin and mesenchymal stem cells in the treatment of spinal cord 

injury in rats.; Acta Neurobiol Exp (Wars). 2018;78(4):358-374. 

[5] Yuan J, Liu W, Zhu H, Chen Y, Zhang X, Li L, Chu W, Wen Z, Feng H, Lin J.; Curcumin inhibits glial scar formation 

by suppressing astrocyte-induced inflammation and fibrosis in vitro and in vivo; Brain Res. 2017 Jan 15;1655:90-103 

[6] Griesser M, Pistis V, Suzuki T, Tejera N, Pratt DA, Schneider C. Autoxidative and cyclooxygenase-2 catalyzed 

transformation of the dietary chemopreventive agent curcumin. J. Biol. Chem. 2011;286:1114–24. 

 [7] Bulbake, U.; Doppalapudi, S.; Kommineni, N.; Khan, W. Liposomal Formulations in Clinical Use: An Updated 

Review. MDPI Pharmaceutics, 2017 

[8] Lechanteur, A.; Furst, T.; Evrard, B.; Delvenne, P.; Hubert, P.; Piel, G. Development of anti-E6 pegylated 

lipoplexes for mucosal application in the context of cervical preneoplastic lesions. Int J Pharm. 2015 Apr 10; 483(1-

2):268-77. 

  



ESB 2019 | Abstract Booklet 

Friday, 13 September, 2019 

 

Page 738 of 1893 

XI-OS39-04 

Establishing an in vitro system to screen for human infertility by using 
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Introduction 

The cross-talk between the human embryo and endometrial tissue of the female uterus is crucial for the embryo 

implantation and a successful pregnancy. Many couples cannot become pregnant naturally and therefore use 

assisted reproductive technologies (ART) provided by reproductive clinics1. Hereby, oocytes and sperm are fertilized 

outside the female body by in vitro fertilization (IVF). An ART cycle starts with stimulation of the ovaries to obtain 

oocytes, followed by embryo culture and transfer of the embryo into the uterus. An ART cycle ends successfully with 

pregnancy, or can lead to a new ART cycle if a woman has not become pregnant. Approximately 1.6 million 

ART  treatment cycles are performed worldwide each year. In Germany, 100,844 cycles are performed in 2016. After 

an ART cycle, however, the number of women who have a baby is only between 27% to 32.3%, which leads to 

physiological and emotional stress for the affected couples2. In 2/3 of the cases, a lack of implantation is due to 

suboptimal embryos, in 1/3 of the cases the endometrial receptivity is critically disturbed. Therefore, new diagnostic 

tools need to be developed to clarify the reasons for infertility. 

  

This work deals with the development of an in vitro cell culture model in which the patient-specific endometrial cells 

are brought into contact with a standardized spheroid to determine the endometrial receptive status. In particular, the 

adhesion of the spheroid to the endometrial cells will be investigated. It can also be tested whether special substances 

such as chorionic gonadotropin or estrogens favor the adhesion of the spheroid, to provide clinically relevant patient-

specific recommendations to increase receptivity. A stable and easy reproducibility of the assay was investigated in 

order to facilitate translation as a diagnostic agent into clinical routine. 

  

Experimental Methods 

Trophoblast cell lines AC-1M88 and ACH3P were incubated in shaker cultures with and without growth factors and 

carrier matrices (collagen and matrigel), to generate a spheroid which is able to migrate into the primary endometrial 

cell system in vitro. The phenotype and the morphology was characterized by immunofluorescence before and after 

culture. The combination of the different matrices in combination with the different media was screened with 

cytotoxicity assays for necrosis and apoptosis. The proliferation of the cell lines was determined by fluorescence 

microscopy and automated software-based cell counting. Migration was determined by Boyden-chamber assay. 

Proliferation and Migration was compared to an endometrial epithelial cell line (Ishikawa), to simulate the growth 

factor influence on epithelial cells. 

  

To minimize donor variance between human endometrial samples, all donors were synchronized with human 

progesterone in vivo before the tissue samples were collected. Cells were enzymatically digested and characterized 
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by flow cytometry and fluorescence microscopy with the markers for stromal cells of the International Society for 

Stem Cell Therapy. The stroma and epithelial fraction of the endometrium were characterized by 

immunofluorescence microscopy for vimentin (+ stroma, - epithelium) and pan-cytokeratin (- stroma, + epithelium). 

  

Finally, the cultures were confronted with the spheroids and putative adhesion-promoting cytokines are introduced 

into the medium to test individually for human receptivity. The data of the assay were compared with the real human 

in vivo pregnancy rates to verify the reliability of the assay. 

  

Results and Discussion 

Figure 1A depicts the proliferation rates of the trophoblast cell lines AC-1M88 and ACH3P compared to the ones of 

epithelial cell line Ishikawa. By EGF supplementation the proliferation rate of AC-1M88 and ACH3P decreases 

significantly, whereas the proliferation rate of Ishikawa cells remains unchanged. EGF supplementation significantly 

reduced the proliferation rate of both trophoblast cell lines, but did not affect the proliferation rate of Ishikawa cell line. 

Figure 1B shows the migration results of the Boyden-chamber assay with AC-1M88 and ACH3P compared to 

Ishikawa. It should be noted that a decrease in cells per cm² represents a high migration rate, as cells that remained 

in the chamber were counted (Figure 1B). Migration of the AC-1M88 trophoblast cell line is significantly reduced by 

EGF supplementation compared to Ishikawa cells. Since AC-1M88 proliferate significantly slower than epithelial cell 

line due to EGF supplementation but migrate significantly faster than epithelial cells, AC-1M88 were used for further 

confrontation studies. AC-1M88 are transfected with a desmokollin GFP labeled construct, to distinguish between 

endometrial tissue and the spheroid 

  

Conclusion 

The medium composition for the generation of the spheroid could be optimized in such a way that a slightly 

proliferating but migratory spheroid could be constructed. Endometrial stromal cells retain their stromal character 

after isolation. First confrontation studies are promising. 
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Proliferation (A) and Migration (B) of Trophoblast Cell Linies  

and Epithelial Cell Line. 

AC-1M88, ACH3P and Ishikawa cells were seeded in a density of 100000 cells/cm² and the medium was supplemented with 

or without EGF. To determine proliferation, cells were counted (A). To determine migration, remaining cells on the 

membrane which did not migrate through the membrane pores were counted (B). Both attempts are an endpoint assay and 

were counted automatically by a Fiji macro. 
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Introduction 

The Tissue Engineering (TE) field intends to create functional tissues and organs in vitro to meet the tremendous 

need of living transplants or in vivo tests. In TE, mimicking cell environment including both homotypic and heterotypic 

cell-cell interactions is essential to assure that cell functions are fully restored enabling a proper regeneration of the 

tissue. The conventional TE strategies, that either focus on the injection of isolated cell suspension or on the use of 

biodegradable scaffolds to support tissue formation, often deprive cells from their endogenous extracellular matrix 

(ECM), which may dampen cell differentiation (1). 

The cell sheet (CS) engineering has arose as reliable alternative to such conventional and limiting strategies, 

maximizing the residence time of transplanted cells with intact ECM (2,3). Nevertheless, due to the complexity of 

organs and tissues, the fabrication of in vivo-like 3D constructs using CS technology may be a challenge. The creation 

of the natural stratification of the 3D tissue may be hampered by the difficulty in stablishing cell-cell interactions 

between the two different cell phenotypes, and by the difficulty to spatially control the positioning of target cells(4). 

In the light of such events, magnetic-force based tissue engineering (Mag-TE) has been proposed to obtain CS based 

on the use of magnetic forces pushing forward the use of CS technology for the production of complex 3D tissues. 

In fact, Mag-TE has been implied in the production of complex tissues that are not easily achieved by conventional 

cell culture or co-culture methods such as 2D and 3D cell layers, tubular structures and 3D ordered assemblies 

consisting of several cell types. 

In an attempt to developed ordered and stratified 3D connected tissues, we herein propose the developing of 

differently shaped and robust magnetic membranes with improved mechanical properties based only on the type of 

magnet and substrate applied that could be used in a wide range of TE applications. 

  

Experimental Methods 

Rhodamine B-labeled supermagnetic iron oxide nanoparticles (10 nm) (MNPs) were synthetized by the co-

precipitation method and then, characterized by FTIR and TEM. Firstly, the developed nanoparticles were incubated 

with human adipose derived stem cells (hASCs) and mouse osteoblastic cells (MC3T3-E1) for viability assessment 

studies. After confirming their successful mitochondrial activity, magnetic-responsive cells were used to create 

different shapes of magnetic cell tissue. The robustness of such cell-dense tissue was validated through the presence 

of a collagen enriched matrix (Masson’s trichrome) and the determination of the tensile strength. As a proof-of-

concept, to demonstrate the ability of this technology in creating heterotypic 3D cell connected tissue, adipose derived 

stem cells (hASCs), previously labeled with magnetic iron oxide nanoparticles (MNPs), were seeded on top of the 

magnetically labeled MC3T3-E1 CS enabling tissue stratification. The developed cell sheets were cultured over 21 

days in culture medium with or without osteogenic growth factors and differentiation studies were performed to 

evaluate the osteogenic potential effect of MC3T3 over hASCs. 

  

 



ESB 2019 | Abstract Booklet 

Friday, 13 September, 2019 

 

Page 741 of 1893 

Results and Discussion 

Results demonstrated that cell-dense tissues with improved robustness were obtained with Young’s modulus values 

similar to those find in soft tissues. Moreover, versatile 3D tissues were obtained through a very simple methodology 

based only on the type of magnet and substrate applied. CS integrity and cell-cell homotypic and heterotypic 

interactions were assessed through vinculin staining and collagen detection. Also, the stratification of the developed 

cell sheets was visualized with fluorescence microscopy. The increase in ALP activity, matrix mineralization and 

calcium, and osteopontin detection even in basal medium support the hypothesis  interaction between the two cell 

phenotypes, where the osteogenic differentiation of the hASCs was induced by the MC3T3. 

  

Conclusion 

Magnetic-forced based TE was used to demonstrate the ability of this technology in creating heterotypic 3D cell 

connected tissue with improved mechanical properties. Such technology allowed the development of a stratified and 

cell-dense like tissue with versatile shape and osteogenic differentiating capabilities. 

The results herein obtained are expected to open new insights for the fabrication and repositioning of complex and 

higher ordered 3D connected tissue that better resembles the native in vivo environment. 
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Versatile magnetic cell sheet 
(A) 3D magnetic sheet fabricated with different 

shapes. (B) Mechanical performance of the 

developed cell sheet – Young’s modulus, Ultimate 

Tensile Strength and Maximum Extension. 

 

Osteogenic differentiation of the heterotypic 

cell sheets 
(A) Mineralization of the developed 3D 

heterotypic cell sheets cultured for 21 days in 

basal and osteogenic media: cell nucleus - DAPI 

(blue) and hydroxyapatite - Osteoimage (green). 

SEM micrographs displaying calcium deposits are 

depicted in the right panel. (B) 

Immunofluorescence of MC3T3 (green), hASCs 

(purple) and osteopontin (red) in 3D heterotypic 

cell sheets cultured for 21 days in basal and 

osteogenic media. SEM micrographs of the 

developed cell sheets are represented in the 

right panel demonstrating cell sheet integrity. 
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Introduction 

Tumor microenvironments play critical roles in cancer progression and resistance against anticancer drugs through 

various physicochemical and biological parameters.1 Recently, various bioinspired biomaterials have developed as 

engineered tumor models that recapitulate the multiple cues in the native tumor microenvironments. Among these, 

polymeric hydrogels are implicated as promising materials to create artificial tumor microenvironment due to their 

controllable physicochemical properties and similarity to the native tumor microenvironment.2 Herein, we present an 

interpenetrating polymer network (IPN) hydrogel composed of thiolated gelatin and tyramine-conjugated poly 

(ethylene glycol), which can serve as an engineered 3D tumor microenvironment to explore the drug resistance of 

lung carcinoma against to the commercially available anti-cancer drugs. 

  

Experimental Methods 

We synthesized thiolated gelatin (GtnSH) by conjugating Traut’s reagent (TR) into primary amine of gelatin backbone. 

Tyramine-conjugated poly (ethylene glycol) (PEG-TA2) was synthesized by conjugating tyramine (TA) into amine-

reactive PEG-(p-nitrophenyl chloroformate)2(PEG-PNC2). We fabricated IPN hydrogels by simply mixing polymer, 

horseradish peroxidase (HRP), and H2O2 solutions.3 The phase transition time of IPN hydrogels was examined by 

the vial tilting method. Elastic modulus (G’) of hydrogels were measured with or without cancer cells using the 

rheometric fluid spectrometer (HR-1, TA instruments). To ensure the resistance of hydrogels against proteolytic 

enzymes, in vitro proteolytic degradation of the hydrogels was investigated by the gravimetrical method using 

collagenase type II. For 3D cell culture, the polymer solutions were mixed with human lung carcinoma cells (e.g., 

HCC827 and HCC827GR) to prepare a cell suspension, and the HRP and H2O2 were added to the cell suspension. 

Then, the mixture was placed into a cylindrical mold and allowed to form the IPN hydrogels. For drug resistance test 

in the 3D microenvironment, human lung carcinoma cells within the hydrogels were exposed to a single treatment of 

anticancer drug gefitinib, PHA665752, or combination treatment of both gefitinib and PHA665752 for 72h and the 

cell viability was evaluated using CellTiter-Glo® luminescent cell viability assay. 

  

Results and Discussion 

The IPN hydrogels were formed via HRP-mediated oxidative crosslinking reaction of thiolated gelatin (GtnSH) and 

tyramine-conjugated poly (ethylene glycol) (PEG-TA2) with controllable phase transition time (30 − 300 s) by varying 

the feed concentrations of PEG-TA2, GtnSH, and HRP (Fig. 1a). We found that the hydrogels showed tunable 

mechanical properties (200 − 3200 Pa) in the results of time-course G’ of hydrogels depending on H2O2 contents. 

These results suggest that the mechanical property of hydrogels could be controlled without changing the chemical 

composition of the hydrogel backbone (Fig. 1b). In the proteolytic degradation test, the IPN hydrogels maintained 

~25 % of their weight after 30 days under collagenase, while the hydrogel composed of only gelatin was fully 

decomposed within five days (Fig. 1c). This result demonstrated that our hydrogels could maintain their structural 
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stability against proteolytic degradation during the long-term culture of cancer cells or tumor tissues. We created 

engineered cancer models by encapsulating human lung carcinoma cells into hydrogels that have similar stiffness 

with native lung tissue (<400 Pa)4. Utilizing this model, we investigated the drug response of the cancer cells against 

the single treatment of gefitinib and PHA665752 or dual therapy of two drugs in the 3D microenvironment (Fig. 1d), 

showing the synergistic growth inhibition of HCC827GRs (gefitinib-resistant lung carcinoma) with combined treatment 

of gefitinib and PHA665752. 

  

Conclusion 

We developed an engineered 3D lung cancer microenvironment using a new type of IPN hydrogels with independent 

control of mechanical properties without changing the polymer composition. The hydrogels could provide the 

cytocompatible and long-term stable microenvironment for cells to create the engineered tumor constructs. 

Leveraging this 3D cancer microenvironment, we investigated the drug response of cancer cells against the 

commercially available anti-cancer drugs. We suggest that our IPN hydrogel holds great potential as a platform to 

study basic cancer biology and screening of therapeutic agents for better clinical outcomes. 
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IPN hydrogels as long-term stable engineered 3D 

tumor microenvironments. 
(a) Schematic representation of IPN hydrogel 

formation via HRP-mediated dual cross-linking 

reaction. (b) The effect of H2O2 or cell 

encapsulation on the elastic modulus of 

hydrogels. (c) The effect of polymer composition 

on hydrogel weight. (d) Drug resistance test of 

lung carcinoma cells against the gefitinib 

alone, PHA665752 alone, or a combination of two 

drugs in the 3D tumor microenvironments. Data 

are shown as the average ± s.d. (n=3 – 8). 
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recombinamers 

Sergio Acosta1, Zhou Ye2, Matilde Alonso1, Conrado Aparicio2, José Carlos Rodríguez-Cabello1 

1Bioforge lab, CIBER-BBN, University of Valladolid, Valladolid, ES; 2MDRCBB, Minneapolis, US 

 
Introduction 

Antimicrobial peptides (AMPs) are cationic peptides with broad-spectrum antimicrobial activities and 

immunomodulatory properties1, which represent one of the most promising alternative for the increasingly common 

drug-resistant infections2. In this study, anti-bacterial nanovehicles based on AMPs and Elastin-like block co-

Recombinamers (ELbcRs) have been developed based on a modular design. Two AMPs (GL13K3 and 10181) were 

cloned on the hydrophilic corona of diblock ELbcR (SI) that self-assemble into monodisperse micelles. We aim to 

develop recombinant nanocarriers for AMP that enhance their antimicrobial properties increasing the local 

concentration and improving the delivery. 

  

Experimental Methods 

All the chimeric biopolymers (AMP-ELbcRs) were designed and constructed by recombinant DNA technology, 

produced by Escherichia coli fermentation and purified by ITC4. Circular dichroism, DLS and TEM were carried out 

to characterize the nanostructuration of the chimeric biopolymers. MICs and Killing Assays against Gram negative 

P. aeruginosa PAO1, E. coli (25922) and Gram positive S. aureus (25923), S. epidermidis (12228, 35984) and S. 

gordonii DL-1 were performed to evaluate the antimicrobial profile of the new biopolymers. 

  

Results and Discussion 

TEM, DLS and CD studies revealed that the AMP-ELbcRs self-assembled into nanofibers (Fig. 1 A, B) or spherical 

nanoparticles (Fig. 1 C, D). Depending on the incubation conditions, self-assembly was triggered by the AMP or by 

the ELbcR. Antibacterial assays suggested that the nanostructuration of the chimeric ELRs could be crucial to 

promote the antimicrobial activity. At physiological temperature, the AMP-ELbcR self-assembled into a micellar 

conformation, exposing the antimicrobial domains on the corona surface, thus enhancing their antimicrobial potential. 

  

Conclusion 

We developed an innovative and scalable method for the bioproduction of antimicrobial nanostructures. The 

combination of the smart behaviour of ELbcRs and the AMPs provide a promising nanocarrier for AMP delivery to 

treat resistant infections and a platform to study the molecular mechanism that control the bactericidal properties of 

the AMP combined with biopolymers. 
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Nanostructures formed by the chimeric ELbcRs 
Nanostructures formed by the chimeric ELbcRs at 

4 ºC and 37 ºC. 

Scale bar = 50 nm. 
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Introduction 

In recent years, the development and application of biomaterials has grown rapidly in the field of medical engineering, 

tissue engineering, and regenerative medicine[1]. In a natural tissue, the ECM resembles the three-dimensional 

microenvironment of the cells. It is composed of a highly complex mixture of biomolecules such as fibrillar proteins, 

proteoglycans, glycosaminoglycans, and signaling molecules[2-5]. It is essential for cellular processes like cell 

adhesion and migration, biomechanical stimuli, or the transduction of signals [5]. Biomaterials in general attempt to 

mimic these multifactorial aspects of ECM function; however synthetic materials and single ECM components fail to 

achieve the molecular complexity and organization of the ECM in vivo[1]. Therefore, the use of complex cell-derived 

ECMs in hybrid materials or biomaterials gained attention since they are a promising attempt to preserve, at least to 

a large extent, the complexity of native tissue matrices[1-3]. Biomaterials with the ability to guide cell function are a 

topic of high interest in biomaterial development. However, these biological matrices still lack specific addressable 

functional groups, which are often required for their use as a biomaterial. 

  

Experimental Methods 

To overcome this limitation we incorporated azide groups as specific chemical handles into cellular glycoconjugates 

of fibroblast ECM by Metabolic Glyco Engineering (MGE). Therefore, we supplemented cell culture media of in vitro 

cultured primary human fibroblasts with the synthetic monosaccharide Ac4GalNAz (1,3,4,6-tetra-O-acetyl-N-

azidoacetylgalactosamine). During seven days of cell culture, cells take up these sugar molecules and convert them 

during the course of their natural metabolism into building blocks, which are incorporated not only into intra- but also 

into extracellular glycoconjugates. Azides are chemical groups which are basically absent in nature and are therefore 

able to undergo biorthogonal click reactions, namely the Huisgen 1,3-dipolar cycloaddition. To obtain a decellularized 

cell-derived ECM we removed the cells through an osmotic lysis process and purified it through several washing 

steps. 

As novel biomaterial, the azide-modified decellularized ECM should display a similar biomolecule composition as 

well as similar biological function as the natural dermis. Therefore, we performed several histological and 

immunohistological staining techniques to study matrix characteristics like biomolecule composition and microscopic 

structures of the ECM. Furthermore, we analyzed the cellular response to the developed material to evaluate the 

bioactivity and checked for chemical accessibility as well as reactivity of the azides with several alkyne-modified 

molecules. 
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Results and Discussion 

We found that the azide-functional ECM featured a complex biological composition and typical biomolecules, which 

can be found in the human dermis, were also present in the azide-functional ECM. Furthermore, we could observe 

an increased cell adhesion rate when the material was covalently bond to an alkyne-functional surface compared to 

the untreated one. This experiment also demonstrated that the incorporated azide groups are chemically accessible. 

  

Conclusion 

We could demonstrate that MGE is a useful tool to incorporate azide groups into the glycan structures of cell-derived 

ECM. Furthermore, it could be shown that conjugation of these incorporated azide handles with alkyne-functional 

molecules can be used to extend the naturally given bioactive functions of the ECM on a modular basis to generate 

e. g. not only covalent tissue-specific surface coatings but also novel hybrid materials. 
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glycoconjugates by Metabolic Glyco Engineering 
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decellularization (lysis of the cells) and 

purification and can then be used as a 

biomaterial which can e. g. be covalently linked 

to alkyne-functional materials or other alkyne-

functionalized molecules through a biorthogonal 

click reaction. 
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Introduction 

Glycosaminoglycans (GAG) are an important component of the living tissue extracellular matrix (ECM) and play a 

key role in the binding, presentation and delivery of soluble signaling molecules (1). GAG-based hydrogels were 

shown to be highly effective to direct cell fate decisions by creating defined microenvironments via electrostatic 

conjugation of important signaling molecules (2). Previously developed biohybrid hydrogels based on maleimide 

functionalized heparin with variable sulfation patterns and thiol-terminated star-shaped poly(ethylene glycol) 

(starPEG) crosslinked through Michael-type addition reaction provides a set of well-defined highly anionic charged 

polymeric matrices (3). Precise definition of the charge related parameters of the GAG-based matrices could be 

utilized to describe the interplay of electrostatics and steric constraints that govern the interaction of signaling 

molecules with the hydrogels. 

  

Experimental Methods 

The charge characterization and distribution within the swollen hydrogels could be described by two parameters: 

(P1) the integral space charge density (the number of ionizable sulfate groups per hydrogel volume in [mmol/ml]) and 

(P2) the charge density on the GAG component (the number of sulfate moieties per GAG repeating unit divided by 

the molecular weight of the repeating unit [mol2/g]). To independently control those parameters within the hydrogels, 

the previously established starPEG-heparin hydrogel system was extended to combine thiol terminated starPEG, 

heparin or selectively desulfated derivatives thereof and maleimide-terminated starPEG units in different ratios to 

allow for a fare-going variation of the heparin sulfation pattern or the heparin content within the hydrogel material. 

Accordingly, hydrogels with various P1 and P2 parameters were incubated with a mixture of different cytokines 

differing in their physicochemical properties. The amounts of the proteins in the supernatant after gel exposure was 

determined by multiplex methods and compared to the protein amounts in control experiments without hydrogels to 

determine the percentage of the protein sequestered by the hydrogels. 

  

Results and Discussion 

The studied cytokines were subcategorized into (A) strongly basic proteins of an IEP ≥9, (B) acidic proteins containing 

a positively charged heparin binding (IEP 4,8), (C) weakly charged proteins of an IEP range 5.9 to 7.6 and (D) acidic 

proteins of IEP <5.5. Our binding experiments revealed that the binding of strongly basic proteins (group A) or strongly 

acidic proteins (group D) to the GAG-containing hydrogels was quantitatively controlled by the integral space charge 

density of the gels (P1), while the binding of acidic proteins with a positively charged binding domain (group B) is 

determined by both the integral space charge density of the gels (P1) and the local charge density on the GAG unit 

(P2). The binding of weakly charged or neutral proteins (group C) instead is controlled by the local charge density on 

the GAG unit (P2) or non-electrostatic interactions. 

  

 



ESB 2019 | Abstract Booklet 

Friday, 13 September, 2019 

 

Page 751 of 1893 

Conclusion 

In sum, the modular platform of GAG-based biohybrid hydrogels could be parameterized into an integral volume 

charge density (P1) and a local glycosaminoglycan sulfation pattern (P2) that determine the binding of signaling 

proteins in dependence of their intrinsic charge characteristics. This approach can enable the tailored design of 

hydrogel systems with precise cytokine sequestration and help to decipher the binding principles of signaling proteins 

to the ECM in living tissues. 
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Introduction 

Corneal endothelial damage and diseases are two of the major contributors to blindness or severe visual impairment 

worldwide [1]. The corneal endothelium is the innermost cell layer of the cornea and consists of a monolayer of 

hexagonal cells that maintain the stroma in a state of relative dehydration through a “pump-and-leak” mechanism. A 

critical loss of cells due to damage, disease or aging leads to corneal edema which in turn results in opacification of 

the cornea [2]. Currently, the only treatment consists of a (partial) corneal transplantation from healthy cadaveric 

donor tissue. Unfortunately,  only 1 donor is available for every 70 cases [3]. To tackle this donor shortage, the 

present work focusses on the development of transparent (>90 %), thin (≤5 µm), multilayered sheets constituting a 

poly(D,L-lactide) (PDLLA) layer for structural rigidity and a crosslinkable gelatin-based hydrogel as an extracellular 

matrix (ECM) mimic. These sheets provide a supporting function for corneal endothelial cells to enable subsequent 

ocular implantation thereby restoring the damaged endothelium and patient’s vision. 

  

Experimental Methods 

Multi-layered sheets (ø = 12mm) were developed through successive spincoating steps. A sacrificial gelatin layer 

(H2O, 10 w/v%) was spincoated on a glass plate followed by a PDLLA (Corbion, PURASORB PDL20) layer for 

structural integrity (THF, 4 w/w%). Next, a layer of one of the crosslinkable gelatin derivatives, gelatin-methacrylamide 

(Gel-MA), gelatin-methacrylamide amino-ethylmethacrylate (Gel-MA-AEMA) [4] and gelatin-norbornene (Gel-NB) [5], 

is  spincoated (H2O, 10 w/v%) as final layer, after applying an argon plasma treatment (0.8mbar, 30s) to the PDLLA. 

Finally, crosslinkable gelatin was crosslinked using UV-A (6 mW/cm2, 30 min) irradiation. Isolation of the sheets 

occurred by immersing in warm water (40°C), thereby dissolving the sacrificial gelatin layer. The sheets were 

characterized for their transparency (UV-VIS/NIR, 390-700 nm), thickness (white light interferometry) and glucose 

permeability (side-by side diffusion setup, glucose assay kit) as well as for their surface composition (XRD) and 

compatibility with corneal endothelial cells using both primary and B4G12 cells. 

  

Results and Discussion 

Multi-layered sheets were successfully produced. The sheet thicknesses ranged between 0.8 and 1.5 µm which is 

thinner than the natural Descemet’s membrane (i.e. 10-20 µm). All produced sheets showed a transparency of over 

>95 % in dry state and > 98 % in the wet state throughout the visual spectrum with no significant differences observed 

between the applied gelatin derivatives. The sheets were sufficiently permeable (>2.36*10-3 cm/s) towards glucose, 

both in the presence and absence of the gelatin-derived coating. Upon seeding of the sheets with B4G12 cells and 

primary corneal endothelial cells, the cells developed their characteristic hexagonal shape. Immunocytochemical 

staining confirmed the presence of Na+/K+ ATPase pumps and tight junctions (ZO-1), indicating good cellular 

proliferation. 
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Conclusion 

Transparent (>90%), thin (<10 µm), multi-layered sheets were successfully produced. These sheets were sufficiently 

permeable for glucose. Additionally, the sheets were able to support the proliferation of B4G12 and primary corneal 

endothelial cells. The produced sheets are thus promising candidates to function as tissue engineered alternatives 

for donor corneas. 
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Immunocytochemistry of primary corneal 

endothelial cells. 
Primary corneal endothelial cells were stained 

for Na+/K+ pumps, the Na+/K+ pumps are stained 

red, the nucleus is stained blue, green 

indicates the presence of vimentin, pictures 

were taken after 8 days in culture. 
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Introduction 

Collagen is one of the most widely used and important biomaterials, showing excellent biocompatibility, resorbability, 

and low immunogenicity. Natural collagen contains crosslinks that are removed during processing, reducing the 

strength and significantly increasing the degradation rate1. Currently, crosslinking collagen often uses toxic chemicals 

and must be performed outside of the clinic, stiffening and fixing the shape and limiting the ability of clinicians to 

conform the material to wound sites. By adding a photoinitiator that can be activated in a clinical setting greater 

adherence to wound topology can be achieved. 

Recently, riboflavin has been investigated for use as a crosslinking photoinitiator that can be performed in clinic, 

using blue light sources often found in medical or dental practices2. Riboflavin is a well characterised B vitamin that 

is well tolerated by the body, and is active as a photoinitiator in low concentrations. In this study, we examine the 

effectiveness of riboflavin crosslinking on collagen membranes and explore the differences in cell response between 

collagen crosslinked with riboflavin and membranes crosslinked with the widely used carbodiimide crosslinking agent 

NHS/EDC. 

  

Experimental Methods 

Insoluble collagen I was rehydrated by soaking in 0.05M acetic acid at 4°C before homogenisation. Collagen films 

were produced by solvent casting or air drying of 0.25% suspensions. Riboflavin solutions for crosslinking were 

prepared by dissolving 0.01% (w/v) riboflavin and 0.1M triethanolamine in DI water. Membranes were soaked for 2 

minutes before being exposed to a dental curing light held 1cm away for 300s. 

100% NHS/EDC crosslinking solutions were prepared by dissolving NHS and EDC in 95% ethanol, where 100% 

refers to a ratio of 5:2:1 EDC:NHS:COOH groups in collagen. Samples were soaked for 2 hours before washing three 

times with DI water. 

Tensile testing of collagen membranes was carried out at a rate of 2mm/min and was performed in a wet chamber 

with 37°C water flowing throughout. Samples were hydrated for 3 minutes before testing. 

Cell proliferation and adhesion tests were carried out using human dermal fibroblast (HDF) cells, and a HT1080 cells. 

Tests were performed on riboflavin crosslinked films, NHS/EDC crosslinked films, non-crosslinked films, and tissue 

culture plastic. Adhesion tests were performed in the presence of Mg2+ and in the presence of EDTA. The proliferation 

study was performed with time points at days 1,2 4, and 7. Cells were fixed with 5% glutaraldehyde before being 

DAPI stained and counted using CellProfiler. 

  

Results and Discussion 

Figure 1 shows the ultimate tensile strength achieved of wet collagen films at 37ᵒC, showing that crosslinking with 

riboflavin is able to achieve a comparable increase in UTS compared to non-crosslinked collagen as 100% NHS/EDC 

crosslinking. 

Figure 2 shows the effect of different crosslinking methods on cell attachment and proliferation. Figure 2a shows that 

riboflavin crosslinking reduced the integrin mediated attachment of HT1080 cells, who undergo only have α2β1 
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integrin receptors, but did not affect the attachment of HDF cells compared with attachment on non-crosslinked 

collagen. NHS/EDC based crosslinking however reduced the attachment of both HDF cells and HT1080 cells, and 

showed an increase in non-integrin mediated HDF cell attachment. Figure 2b shows HDF cell proliferation on 

crosslinked collagen films, showing that after day 4 proliferation is similar on all surfaces, but that after 7 days HDF 

cells have been lost from the NHS/EDC crosslinked collagen membrane compared to non-crosslinked collagen and 

riboflavin crosslinked collagen films. 

  

Conclusion 

We have shown that command-set crosslinking of collagen can be achieved using riboflavin and blue light equipment. 

Collagen films crosslinked with riboflavin show a lower degree of non-native cell interactions than films crosslinked 

with NHS/EDC, while maintaining the improvements to UTS. HDF cell proliferation on riboflavin crosslinked films was 

shown to be similar to proliferation on non-crosslinked films, but showed high levels of cell detachment after 7 days 

on NHS/EDC crosslinked films. 
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Cell behaviour on collagen films 
Figure 2. (a) LDH activity of human dermal 

fibroblast and HT1080 cells placed on collagen 

films crosslinked with riboflavin, NHS/EDC, or 

non-crosslinked, with a tissue culture plastic 

control, (b) Human dermal fibroblast cell counts 

against day for cells placed on crosslinked 

collagen membranes. 
 

Tensile testing of crosslinked collagen 
Figure 1. Ultimate tensile strength (UTS) of 

collagen membranes crosslinked with riboflavin 

and NHS/EDC compared to non-crosslinked 

collagen. 
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Introduction 

Anterior cruciate ligament (ACL) injuries cause immediate disability to the knee, demanding long recovery periods, 

and accounting for high re-lapse rates and chronic injury, ultimately generating an estimated annual burden of $625 

million in the US alone [1]. 

Autografting is currently the gold standard treatment for tendon repair; nevertheless, donor-site morbidity and 

inadequate mechanical properties impair complete tissue restoration. Braided/woven/knitted scaffolds have been 

used to reproduce the high mechanical strength and topographical cues of the native tendon, however their low 

porosity impairs cell penetration and tissue integration. Alternatively, porous 3D sponges allow nutrient transport and 

cell penetration, nevertheless these structures fall well short of the mechanical properties required [2]. Alternatively, 

aligned core-shell constructs, which decouple the mechanical and cell-interactive functions, offer superior mechanical 

performance whilst maintaining beneficial cell interactions. However, designs to date are impaired by unsuitable low 

porosity in either the core or the shell, and by a lack of relevant biochemical cues [3]. 

The aim of this study is to develop a novel highly porous core-shell construct which favours cell infiltration and 

differentiation while providing enough mechanical strength to stabilize injury site during the healing process. This 

concept was achieved by combining an inner porous collagen-based core with a porous outer shell of electrospun 

poly(caprolactone) (PCL) fibres. PCL is a synthetic polymer that is elastic, biocompatible, and has proven history in 

biomedical applications [4]; while collagen type I is a natural polymer abundant in tendon’s extracellular matrix and 

the major component responsible for its fibrous structure [2]. In the proposed core-shell design, both elements 

incorporate anisotropic micro-structures that are crucial in driving the uniaxial alignment of cells infiltrating the 

scaffold, and in reproducing the highly aligned structure of the tendon. 

  

Experimental Methods 

The core-shell is fabricated in two steps: i) production of an aligned collagen core through directional freeze-drying 

and ii) fabrication of highly-aligned PCL micro-fibres through electrospinning. Briefly, the collagen cores were 

obtained by casting a collagen slurry (0.5% w/v; CollagenSolutions) into poly(tetrafluoroethylene) moulds for 

anisotropic pore distribution, and steel moulds for isotropic pores. The aligned fibre meshes were fabricated in a PCL 

solution in chloroform (25% w/v; Sigma-Aldrich). Scaffold characterization was performed through SEM and tensile 

tests (Zwick Roelle) (n = 3). Human mesenchymal stem cells (hMSCs) maintained in tenogenic differentiation media 

were used to assess cellular viability and metabolic activity (n = 3) [3]. 

  

Results and Discussion 

Electrospinning conditions were optimized to generate micro-fibres (9µm ± 1) and high anisotropy after deposition 

(0.38; anisotropy score: 0 to 1) (Fig. 1A and B). An elastic modulus of 59.5 MPa (± 1.25) was achieved with a single 
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layer of the optimized fibre mesh, which is close to the mechanical values registered for healthy human ACL tissue 

(65-110 MPa) [5]. The fabricated collagen cores showed an anisotropic conformation, compared to the isotropic 

control (Fig. 1C). Assembly of the fibrous shell with the collagen core resulted in a construct with highly longitudinally-

aligned pores (Fig. 1C). 

hMSCs were seeded onto isotropic and anisotropic core scaffolds in vitro. Confocal microscopy 7 days after seeding 

demonstrated that the anisotropic scaffolds lead to higher cell penetration (1566 vs 1077 µm) and higher trend in 

cellular alignment (0,065 vs 0,057; anisotropy score: 0 to 1) when compared with isotropic controls (Fig. 2A). 

Additionally, metabolic activity was higher in the anisotropic cores (Fig. 2B), suggesting enhanced cellular activity.  

  

Conclusion 

Current core-shell constructs for tendon repair lack the necessary balance of cell permeability and mechanical 

properties. In response to this, we report the successful creation of a porous core-shell construct for ACL repair, with 

a biocompatible collagen core which is reinforced by a mechanically stronger PCL fibre shell. The highly permeable 

and aligned architecture of the core favours cell infiltration, while the porous shell provides enough mechanical 

support to favour the healing process. 

The ease of PCL fibre fabrication and the compatibility of the collagen scaffolds with several biomolecules [6], 

provides several opportunities to tune mechanical properties and biochemical cue incorporation. We are currently 

exploring welding procedures to enhance fibre mesh’s mechanical strength and the addition of specific biomolecules 

known to enhance the differentiation of hMSCs into the tenogenic lineage. 
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Fig. 1 - Fabrication and characterization of 

Core-Shell Composites.  
A) Assessment of the fibre alignment as a 

function of collection speed (ImageJ/FibrilTool; 

Boudaoud, A., et al., Nat. Prot., 2014). B) 

Detail SEM images of the optimized PCL fibre 

layer collected on a rotating aluminium cilinder 

for 60 minutes at 1000 rotations per minute. C) 

Pore architecture in isotropic (top) and 

anisotropic (bottom) collagen-based cores. D) 

SEM images of the joined core-shell scaffold: 

transversal cut (top) and longitudinal cut 

(bottom). 

 

 

Fig. 2 - Assessment of the impact of internal 

the architecture on cellular phenotype.  
A) Determination of hMSC cell alignment (left) 

and infiltration (right) at day 7 after seeding 

on isotropic and anisotropic core scaffolds. B) 

Metabolic viability of hMSC at day 1 and 3 after 

seeding (Alamar Blue; Invitrogen) on isotropic 

and anisotropic collagen-based core scaffolds. 
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Introduction 

Advanced bio-analytical platforms rely on materials with tailored structural parameters.(1-4) For instance, matrix 

materials decide the performance of laser desorption/ionization mass spectrometry (LDI MS). Plasmonic materials 

(e.g. noble metals) have unique surface resonance under laser irradiation in diverse light science and analytical 

applications.(5-8) Particularly, core-shell noble metal hybrids(9-12) have high yield of hot carriers and surface 

roughness in the nanoscale. And nanoshell structure is desirable with noble metal layer in the nanoparticle form on 

the surface of core particle.(9, 13, 14) Notably, core particles are critical for properties and applications of core-shell 

structures, while most current results are based on isotropic core particles. Therefore, using Janus core particles to 

construct core-shell materials can provide better opportunities for LDI MS and introduce newer types of plasmonic 

hybrids. 

Detection of metabolites can be very challenging in real-case bio-mixture, due to the low abundance of analytes, high 

sample complexity, and difficulty in molecular identification. Accordingly, recognition and enrichment of metabolites 

by materials are essential in the sample treatment process.(12, 15, 16) And further coupling materials with analytical 

platforms for identification purpose (e.g. MS) offer an ideal solution to address the above issues. 

  

Experimental Methods 

Janus carbon-PMO particles were obtained by dealing RF-PMO nanoparticle with carbonization as the method 

reported.(17) Janus@Ag core-shell particles were synthesized through the silver mirror reaction. The silver 

nanoshells (Janus@Ag) were modified with aptamers based on the post-grafting method.(12, 18) 

For LDI MS detection of metabolites, standard small molecules (glucose, tryptophan, arginine, methionine and 

phenylalanine) were dissolved in deionized water by step-wise dilutions with the concentration ranging from 100 ng 

μL−1 to 1 ng μL−1. In the enrichment of kanamycin and melamine from standard solution, we modified Janus@Ag 

nanoshells with aptamers. 

  

Results and Discussion 

We used Janus particles (periodic mesoporous organosilica (PMO) in conjunction with carbon spheres) as core 

materials and loaded silver nanoparticles as nanoshells. Janus core particles enhanced the LDI MS detection of both 

hyhrophobic and hydrophilic molecules due to anisotropic properties. Moreover, plasmonic nanoshells enabled direct 

metabolites detection with silver adduction in bio-mixtures, due to the selective LDI process. We also demonstrated 

the tunable surface chemistry of Janus hybrids for enrichment and identification of metabolites at low concentrations 

(4 pM). Our work contributed to the development of tools for metabolic analysis and design of materials for bio-

analytical platforms. 

  

 

 

 



ESB 2019 | Abstract Booklet 

Friday, 13 September, 2019 

 

Page 761 of 1893 

Conclusion 

In summary, we developed a series of Janus hybrid materials for 1) analysis of both hydrophobic and hydrophilic 

small metabolites; 2) metabolic analysis in complex bio-mixtures; and 3) selective enrichment and detection of target 

molecules. 

Specifically, for analysis of small metabolites, the synthesized Janus carbon-PMO particles with amphiphilic 

structures displayed the superior LDI performance for both hydrophobic and hydrophilic metabolites detection, 

compared to bulk carbon and PMO particles. For metabolic analysis in complex bio-mixtures, we constructed 

Janus@Ag hybrids for detection of bio-samples (e.g. CSF and serum) and observed signals of typical metabolites, 

without any sample treatment procedures. For selective enrichment and detection, we modified aptamers on the 

surface of Janus@Ag as a material platform for selective analysis of kanamycin and melamine, with enhanced 

detection limits (~pM) over present literatures. 

We anticipated two major research lines along this work, including new bio-nano-interface construction and novel 

bio-analytical application. Our work contributes to the design of materials for high-performance metabolic analysis 

and clinical diagnostic tools. 
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Schematic illustration of Janus hybrids for LDI 

MS detection of small metabolites. 
For analysis of small metabolites, the 

synthesized Janus carbon-PMO particles with 

amphiphilic structures displayed the superior 

LDI performance for both hydrophobic and 

hydrophilic metabolites detection, compared to 

bulk carbon and PMO particles. For metabolic 

analysis in complex bio-mixtures, we constructed 

Janus@Ag hybrids for detection of bio-samples 

(e.g. CSF and serum) and observed signals of 

typical metabolites, without any sample 

treatment procedures. For selective enrichment 

and detection, we modified aptamers on the 

surface of Janus@Ag as a material platform for 

selective analysis of kanamycin and melamine, 

with enhanced detection limits (~pM) over 

present literatures. 

 

Aptamer-Janus@Ag for selective enrichment and 

detection. 
Mass spectra of kanamycin using Janus@Ag as the 

matrix at (a) 40 mM, (b) 4 mM, (c) 400 nM and 

(d) 40 nM and using aptamer-Janus@Ag-3 for 

enrichment and LDI-MS detection at (e) 40 mM, 

(f) 4 mM, (g) 400 nM, (h) 40 nM, (i) 4 nM, (j) 

400 pM, (k) 40 pM and (l) 4 pM   
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Introduction 

The last two decades saw a steep increase in the volume of scientific publications in the fields of biomaterials and 

tissue engineering. In particular, many novel experimental scaffolds, which are manufactured to support cell 

attachment and subsequent tissue development have been created and tested. However, the vast majority of these 

did not progress beyond initial scaffold design and testing, with the generated data remaining available mostly in the 

form of scientific papers (ie:text). Project DEBBIE aims to create an open-access database of experimental 

biomaterials by curating data from published articles of scaffolds and implants. A major challenge, in the absence of 

a taxonomy, is capturing the complexity contained in each unique manufactured scaffold or implant, which includes 

multiple features such as materials, structures, coating and manufacture methods (Mitragotri et al, 2009). Thus, and 

as part of the effort to automate the information extraction process, the aim of this study was to design a curation 

pipeline made of filtration, identification and extraction of scaffolds' names and their associated data. To achieve this, 

we created two assets: a gold standard (GS) biomaterials literature collection and a biomaterials ontology. Here, we 

present the creation and validation of these assets, as well as an overview of the pipeline. 

  

  

Experimental Methods 

All components in the pipeline were created and validated using open-source resources. Briefly, a gold standard 

literature collection (GS) was created using a combination of manual abstracts harvesting from PubMed and an 

automated ranking tool. To ensure the GS is sufficiently broad, hLDA modelling (python hlda package, 

https://pypi.org/project/hlda/) was used to identify the main topics, which are currently being validated by scientists 

in the field. Thereafter, the R package tidy text (https://cran.r-project.org/web/packages/tidytext/index.html) was used 

to analyse the text and extract terms by frequency (tf) and significance (tf-idf), to be incorporated into the ontology. 

For the ontology (Figure 1), Protege ontology editor (Musen 2015) was used to organise terms. 

  

Results and Discussion 

The curation pipeline presented in Figure 2 is currently being tested using PubMed abstracts. The two main assets 

of the pipeline are the GS set and the ontology. In the analysis of the GS, 26 sub-topics were identified, and at least 

10 different tissues, with bone and cartilage particularly dominant. Topics were generally a mix of words from material 

and structure classes and the target tissue, and thus ‘bone’ as a term repeated in 3 different topics). Evaluation by 

domain experts (31 experts from 8 countries so far) revealed a few missing keywords in the topics, but these were 

actually present in the GS itself. The ontology currently contains over 150 classes, properties and individuals and is 

undergoing expansion and testing. A particular effort is being made to associate as many features and properties to 

scaffolds, rather than rely on material as the main class, and the integration of existing semantic types. 
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Conclusion 

A pipeline was created to facilitate data mining in the biomaterials domain. Unlike a previous ontology of bone and 

cartilage tissue engineering terms (BCTEO, Viti et al 2014), we chose to focus on curating complex manufactured 

objects, with features such as structure and manufacture technique, and use automated classification and text mining 

tools rather than human experts to identify the most common terms and terms of importance, using experts only to 

validate the topic coverage. The hope is that the gold standard set and the biomaterials ontology will enable a more 

broad extraction of biomaterials-related information from the literature. 
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Figure 1 
The main classes and properties in the ontology 

 

Figure 2 
The pipeline currently tested for generating the 

annotated set 
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Introduction 

Endogenous electric field (bioelectric field) is an electrical potential difference resulting from charge flow (current) in 

the body at all levels (i.e., cell, tissue, and organ), which is found to be essential in a variety of important biological 

process, such as healing and development 1.Recent studies showed that manipulation of intrinsic bioelectric fields 

can cause disease or be used as therapeutics 2-4. Among the wide range of bioelectric fields, steady, long-lasting 

direct current (≈ 100 μA/cm2), also known as current of injury, generates a voltage gradient (≈ 10-100 mV/mm) 

between intact section and injured site that has regenerative effect and can change cell faith and responses.  

  

Experimental Methods 

We treated different cell types with low voltage electrical stimulation, within an invitro system, and induced different 

responses, such as differentiation, alignment, viability and proliferation (Figure 1). 

  

Results and Discussion 

These results suggest thatelectrical stimulation (ES), as a drug-free, cell-free approach, could be an attractive 

alternative for biochemical remedies and cell therapy approaches for tissue regeneration and wound healing. 

However, ES has not been widely accepted as a clinical treatment and it is only used as an adjunctive therapy. This 

is due to the lack of consistency in major outcomes, absence of coherency in defining ES protocols, and unmatchable 

results in vitro and in vivo. Moreover, there is inadequate understanding of the dominant mechanism of ES and 

leading parameters triggering the molecular cascades and generate the main changes in cellular level. 

  

Conclusion 

Here, I will discuss: 1) the current state-of-the-art on ES in vitro and in vivo and the common hypothesis on molecular 

mechanisms involved; 2) the confusions associated with protocols in vitro and in vivo and the incapability of the 

current devices to address remaining challenges; 3) the approaches intended to develop credible vitro models to 

provide a standard methodology for exploring ES to induce regeneration responses in tissues such as bone and 

nerves; 4) the future perspective including the incorporation of modern biomaterials (e.g., conductive nanomaterials, 

and polymers) and electronics. 
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Figure 1. Electrical Stimulation of the Cells In 

Vitro. 
Cells in culture- non-stimulated (Top) and 

electrically stimulated (Bottom). ES induces A) 

osteogenic differentiation in MSCs, B) alignment 

of the MSCs, C) viability of cardiomyocyte, live 

(green)/dead (red), and D) tube structure 

formation in HUVEC cells (in vitro 

angiogenesis).  
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Introduction 

Biophotonics has been providing effective tools in many applications, including phototherapy and molecular imaging. 

In this field, photoacoustic imaging (PAI) is a poor invasive modality, that exploits non-ionizing radiation for real-time 

imaging with high spatial resolution and penetration depth. Notably, great effort has been spent towards the design 

of cost-effective, biocompatible and multifunctional PA probes, to carry out both diagnosis and therapy [1]. To this 

purpose, nature can provide valuable inspiration as well as raw and safe materials [2]. Among those, 

melanins, ubiquitous biological hydrophobic pigments, hold great promise for the generation of nanoprobes for 

Photoacoustic Imaging (PAI) and Phototermal Therapy (PTT), since they combine safety with marked antioxidant 

features,as well as a broad band of absorption in the visible and NIR regions [2]. Melanins are usually produced 

through oxidative polymerization of melanogenic precursors, such as 5,6-dihydroxyindole-2-carboxylic acid (DHICA) 

[2, 3]. However, melanins’ huge potential is still unexplored due to the difficulty to achieve both poor aggregation in 

physiologic environment and high PA contrast. In this study, this issue was addressed through the design of PA 

melanin-based hybrid nanoprobes. Notably, nanostructured SiO2was employed as templating agent for melanin 

formation from its molecular precursors, thus tuning its supramolecular structure. Furthermore, metal chelating and 

reducing properties of melanins towards transition metal ions, were exploited to reduce Ag to size controlled Ag 

nanoclusters. This synthesis strategy was successfully implemented with different melanogenic precursors: DHICA 

and even bio-available cost effective moieties such as caffeic (CA) and gallic (GA) acid.  

Obtained nanostructures were compared in terms of physical-chemical features, PA response as well as biological 

properties.  

Overall, this study lies the basis to engineer bioavailable pigments as bioinspired, soft, and biocompatible 

multifunctional nanomaterials for multimodal imaging in cancer diagnosis and therapy. 

  

Experimental Methods 

Hybrid melanin-silver-SiO2nanoparticleswere obtained following an in situsol-gel route [5-6]. Briefly,a hybrid 

precursor wassynthesized coupling amino groups of APTS molecules with carboxyl (–COOH) groups of the 

melanogenic precursor (DHICA, GA, CA), through EDC/NHS chemistry. Then, after addition of a further amount of 

melanogenic precursor, synthesis of hybrid nanoparticles was carried out through modified Stöber method [2]. During 

the synthesis, an appropriate amount of AgNO3solution in ethanol was added to reacting mixture to keep melanogenic 

precursor: Ag+ ratio=10:1 mol:mol. After 18h, hybrid particles were recovered by centrifugation and repeatedly 

washed. Bare Melanin-SiO2 nanoparticles were obtained following a similar procedure , but without adding AgNO3. 

Obtained nanoparticles (NPs) will be named in the following as DHICA_SiO2_Ag-NPs and CA_ SiO2_Ag-NPs 

GA_SiO2_Ag-NPs. 
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Results and Discussion 

TEM images of obtained nanoparticles (Figure 1) showed pseudo-sphericalmorphologies, about 50 nm in average 

diameter. Furthermore, while DHICA_SiO2_Ag-NPs and CA_ SiO2_Ag-NPs revealed hybrid structures with intimate 

mixing of both organic and inorganic phase, GA_SiO2_Ag-NPs (Fig. 1c) showed more complex architecture revealing 

small Ag dots spread on their surface. EPR spectra of hybrid nanoparticles show an intense peak at a gvalue of 

2.0035 ± 0.0003, consistent with the presence of carbon-centered radicals typical of melanin oligomers, proving their 

presence within nanostructures [3]. However, different signal amplitude (ΔB) were appreciated in the spectra, 

indicating a change in the distance between the radical centers within the nanostructures, thus suggesting employed 

melanogenic precursors, featured different supramolecular organization of the melanin component. Figure 2 reports 

the PA multispectral responses of DHICA_SiO2_Ag, GA_SiO2_Ag and CA_ SiO2_Ag-NPs, revealing an impressive 

difference in signal intensity between silver containing and silver free nanoparticles. Therefore, the presence of silver 

in the nanoparticles, boosts PA Signal in all nanostructures, which also showed stable photoacoustic behavior even 

under long irradiation. However,the highest PA response was performed by DHICA_SiO2_Ag nanoparticles, which 

displayed the most intense PA signal even in a concentration range of 1-6 μg/ml of melanin, the lowest among 

investigated samples and far below that usually explored with melanin and metal PA probes. Finally, obtained 

nanoplatforms proved high stability towards aggregation and high biocompatibility as well as easy cells 

internalization. 

  

Conclusion 

This study unveils the efficacy of templated synthesis approach in turning natural moieties into optically active 

nanoprobes with high PA response, thus establishing a new paradigm for the design of high performance eco-

sustainable and bioavailable nanoprobes for theranostics. 
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TEM Images 
Fig. 1 TEM images of DHICA_SiO2_Ag-NPs (a), 

GA_SiO2_Ag-NPs (b), CA_SiO2_Ag-NPs (c) 

 

PA 
Fig. 2 - PA multispectral response. 
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Introduction 

The restoration of the eardrum (myringoplasty) requires several features on the nanoscale, which are decisive for an 

optimal performance in an infectious and chronically inflamed microenvironment (e.g. due to otitis media chronica). 

To date, myringoplasty is usually performed with autologous material, like temporalis fascia, cartilage or 

perichondrium. Apart from individual variation in structure, autologous materials exhibit unknown mechanical 

properties during surgery, leading to an unpredictable reconstruction outcome (Zahnert, et al. 2000). Hence, a 

compromise between optimal sound transfer through the middle ear and stability mostly needs to be found by the 

surgeon. 

With known material properties and defined fabrication procedures, it will be easier to choose an optimal implant for 

each patient (Mota, et al. 2015). Thus, synthetic scaffolds are in focus to overcome the disadvantages of the 

autologous tissues. This work will investigate biomimetic eardrum replacements with finite element method (FEM) 

simulation of the vibration behavior of synthetic membranes. 

  

Experimental Methods 

For the comparison and validation of the fabricated polyethylene oxide terephthalate/polybutylene terephthalate 

synthetic membranes/scaffolds to native human eardrums, experimental measurements and FEM simulations were 

performed. The samples were clamped and radial pre stressed in a test rig and acoustic sound pressure of about 90 

dB SPL was applied with a multi sinusoidal signal in the range of 100 Hz to 5 kHz. The vibration behavior was 

measured with laser-Doppler vibrometry. Quasi-static pressure in a physiological expected range was applied to 

determine the stiffness of the scaffolds. At once, the displacement was acquired by laser triangulation. 

To validate the FEM model with measured results, harmonic analysis of circular orthotropic membranes in 

comparison to the measured scaffolds was performed in an FEM simulation software (Ansys, ANSYS, Inc., PA). The 

scaffold properties were varied in thickness and orthotropic behavior in the range close to the measured samples to 

investigate changes in vibration behavior. For achieving a mechanical behavior close to the native eardrum, a 

validated model would allow the testing of design changes without the need of fabrication. Like in the test rig, the 

scaffolds were stimulated with a combination of quasi-static and dynamic pressure loads. Likewise, varying radial 

force was applied on the edge of the scaffolds to investigate the influence of clamping. 

  

Results and Discussion 

The measurement and simulation results were compared to eardrum data from literature and experiments. 

The stiffness of the scaffolds was higher than for the normal eardrum. In contrast to cartilage, they showed the same 

non-linear stiffness behavior as the eardrum. The higher the initial clamping force, the more the first resonance 

frequency, as a characteristic phenomenon, was shifted to a higher frequency range. At once, the magnitude was 
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lowered for both, the simulated and the measured specimen. An increase of the quasi-static pressure also leads to 

a decrease of the scaffold magnitude and lowering of the first resonance frequency for the measured specimen. For 

the provided scaffolds, the simulation verified the influence of the scaffold thickness in terms of decreasing magnitude 

with increasing thickness. 

  

Conclusion 

It is possible to compare the measured and the simulated scaffolds. For a stable and functional eardrum replacement 

further research is needed. In addition, future developments will focus on the implementation of nanoparticles and 

nanofibrils to add immunomodulatory and anti-inflammatory properties and in-vitro tests to address ototoxicity and 

cell growth. The aim is to create a multifunctional scaffold, being able to improve the take rate and restoration of 

hearing. 
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Introduction 

The rapid development of medical and biological sensors leads to numerous new applications in the field of point-of-

care, lab-on-chip, organ-on-chip, environmental as well as wellness sensors. Thin and mechanically flexible substrate 

materials, like polymer foils or paper, offer an attractive combination of low cost and the ability of a smart integration 

in human relevant surroundings. Conventional microelectronic fabrication technologies, such as photolithography, 

have limitations in terms of sensor design flexibility and costs for producing smaller, customized sensor lots. In this 

context, digital and additive direct printing processes, like inkjet printing, are evaluated and developed in recent years. 

Such printing methods can be scaled to roll-to-roll (R2R) processes for a potential mass production of sensors. Up 

to now, the main problem for the direct printing of such sensors is the poor thermal stability of the low-cost polymer 

or paper foil substrates, which demands printable materials for sintering at low temperatures (e.g. < 200 °C). 

Fraunhofer IKTS has developed tailor-made functional nanoinks for the inkjet printing of metallic electrodes and 

sensory active layers on such thermal sensitive substrates [1]. Especially the gold and platinum inks are attractive to 

realize printed biomedical sensors, since they proved to be compatible with living cell cultures. 

  

Experimental Methods 

Silver, gold and platinum nanoparticles are derived from wet chemical precipitation process and transferred to 

material ink formulations (20 to 30 wt.-% solid content). By controlling the particle stabilization, certain restrictive 

parameters like sedimentation stability and ink viscosity were adjusted for inkjet print compatibility. The inks were 

characterized for particle size distribution, sedimentation stability, viscosity, surface tension and solid content. Inkjet 

printing tests were performed with and Dimatix DMP material printer (10 pL drop size) on PET and paper foil 

substrates. The printed films were dried at 80 °C and systematically sintered at 150 °C and 200 °C by varying the 

holding time in a box furnace. Alternatively to such a conventional slow box or continuous annealing furnace sintering 

an innovative line laser sintering tool (HPDL) was evaluated. The electrical film resistance was measured and the 

film microstructure characterized by SEM analysis of film cross sections. 

  

Results and Discussion 

Fig.1 shows the range of metal nanoparticles synthesized. The prepared nanoinks show a good sedimentation 

stability and a nice inkjet printing compatibility. The resulting electrical resistance of the printed and sintered films is 

excellent for the developed silver ink (2-times Ag-bulk, 8 µOhmcm) and good for gold ink (6-times Au-bulk, 33 

µOhmcm) and platinum ink (11-times Pt-bulk, 390 µOhmcm). The film thickness is in the range of 1 µm and the 

prepared films possess a nice bendability of the printed structures (Fig.2). Alternatively to conventional box furnace 

sintering, the fast HPDL laser process is a powerful method to enable the sintering of printed films within milliseconds 

at a high processing speed, which is highly attractive for later application in R2R sensor production processes. In a 

comparison between box furnace and HPDL sintering treatment, the resulting film microstructure and the film 

electronic conductivity will be presented and discussed. Several examples of possible sensor application of the 
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developed material inks for printed temperature and pH sensors, micro hotplates for electrochemical sensors or 

precious metal electrodes for a subsequent biochemical sensor functionalization (gold and platinum) will be 

presented. 

  

Conclusion 

Fraunhofer IKTS developed functional nanoinks for the inkjet printing of metallic electrodes on thermal sensitive 

substrates like polymer or even paper foils. Especially the gold and platinum inks are highly attractive for biomedical 

sensors, where printed electrodes can be realized. Based on this electrodes different sensor types like temperature, 

pH, humidity and electrochemical sensor can be realized. 
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Fig.1 
Nanoparticle inks for printing sensor elements. 

 

 

  

 

Fig.2 
Printed temperature sensor on PET polymer foil. 



ESB 2019 | Abstract Booklet 

Friday, 13 September, 2019 

 

Page 773 of 1893 

XI-OS41-RF07 

Measuring bacterial adhesion forces on implant materials 

Katharina Doll, Andreas Winkel, Meike Stiesch 

Hanover Medical School, Department of Prosthetic Dentistry and Biomedical Materials Science, Hanover, DE 

 
Introduction 

Despite their frequent use in modern medicine and continuous biomaterial improvements, implants still suffer from 

high rates of implant-associated infections. These are caused by bacterial biofilms, which firmly adhere to implant 

surfaces and embed themselves into a matrix of extracellular polymeric substances. Biofilms are inherently resistant 

to the hosts immune defense and common antibiotic therapy, making the treatment of implant-associated infections 

difficult. Therefore, new implant materials aim at preventing biofilm formation. A common approach focusses on 

surfaces, which aim at inhibiting stable bacterial attachment. The premise for the development of antiadhesive 

materials is a reliable measurement of bacterial adhesion forces to implant materials. 

  

Experimental Methods 

For this purpose, we used an atomic force microscope connected to a pressure control system mounted on an inverse 

microscope. The setup employs a hollow cantilever with a circular opening at the end, which enables the reversible 

immobilization of bacterial cells for spectroscopy by applying negative pressure (Figure 1). Thus, it circumvents 

difficult chemically-based cell fixation to cantilevers, which may impact bacterial surfaces, and allows measurement 

of more individual cells at higher throughput. 

  

Results and Discussion 

Measuring oral bacterial on common implant materials exhibits several obstacles for force spectroscopy. As implants 

are made from solid, nontransparent materials like titanium, a direct inverse targeting is impossible. Various surface 

topographies and morphologies used to create antiadhesive surfaces may interfere with cantilever approach and 

cause uncontrolled reflection of the irradiating laser beam. Additionally, most oral bacterial species are facultative or 

obligate anaerobes, which accounts for specific conditions during spectroscopy measurement. All aforementioned 

requirements were taken into account to design an appropriate experimental protocol for single bacterial force 

spectroscopy on implant materials. The setup was equipped with a glass ring that contains a cavity for at-grade 

insertion of the respective implant material. Bacterial cells could be targeted by inverse microscopy on the glass 

surface, grabbed, and transferred to the nontransparent material for force spectroscopy. To overcome artefacts by 

surface topography or morphology, the setpoint force was adjusted and a downstream quality control was 

implemented. To cope with oxygen sensitive bacteria, an alternative buffer solution was employed. 

  

Conclusion 

We were able to develop a new protocol to reliably measure single bacterial adhesion forces of various oral species 

at higher throughput on any solid implant material. 
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Figure 1. Principle of single bacterial force 

spectroscopy. 
An atomic force microscope connected to a 

pressure control system was used. Adherent 

bacteria are targeted with a hollow cantilever 

(left), negative pressure is applied and the 

cantilever is withdrawn (middle) until the 

bacterial cell is detached (right). 
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Introduction 

Biopolymer-based hydrogels are one of the most promising class of biomaterials for tissue engineering applications. 

Indeed, compared with synthetic alternatives, biopolymers offer a more suitable interaction with host tissues in terms 

of degradation rates as well as cytocompatibility. However, their mechanical features are often weaker than those of 

synthetic hydrogels and still far from the standards required in clinics. This drawback becomes a major issue in 

cartilage regeneration, since the load-bearing property of such a tissue is its unique trait[1]. 

The development of composite hydrogels, based on biopolymers and reinforced with inorganic components, 

represents an intriguing route to enhance hydrogels’ mechanical features, while preserving the peculiarities of 

biopolymer-based materials[2]. In this work, several inorganic fillers were combined with a gellan gum-based 

hydrogel, evaluating their impact on compression modulus cell adhesion rate. 

  

Experimental Methods 

Gellan gum (GG) was dissolved in water with Manuka Honey (MH) in 1:1 ratio, as previously reported[3]. Then, an 

inorganic filler among bentonite, diatomaceous earth, mesoporous silica and halloysite nanotubes was added to the 

mixture, which was poured into molds and crosslinked with Mg2+ ions. Finally, freeze-dried samples (Fig.1) underwent 

physico-chemical, mechanical and biological evaluations. Human Bone Marrow Mesenchymal Stem cells (hBMSCs) 

were seeded on the hydrogels’ top surfaces to study their metabolic activity and ability to colonize even the deepest 

zones of the hydrogels. 

  

Results and Discussion 

The prepared hydrogels were deeply studied by X-ray Photoelectron Spectroscopy (XPS). Moreover, 

thermogravimetric analyses were carried out to gain insights into the thermal behavior of the composite hydrogels, 

reinforced with inorganic fillers. As far as mechanical characterization is concerned, the hydrogels were compressed 

until break and the resulting Young’s moduli(E) were calculated. The addition of inorganic fillers resulted in a dramatic 

enhancement of Young’s modulus, which exceeded 100kPa for all the composite hydrogels. Silica-enriched 

hydrogels especially improved the modulus of the bare hydrogel more than 45%. These findings were in accordance 

with XPS data, suggesting that the presence of inorganic fillers supports cations’ mobility, resulting in enhanced 

energy dissipation under compression. 

Interestingly, when subjected to freeze-drying, the hydrogels developed a noteworthy internal micro-porosity, variable 

depending on the filler, suitable for colonization and cell migration. Therefore, hBMSCs were seeded on the 

hydrogels’ top surfaces to study their ability to proliferate and migrate to the deepest bottom areas of these pore 
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networks. A remarkable metabolic activity of hBMSCs, cultured up to 10 days on the hydrogels, was detected. In 

addition, fluorescence microscopy, combined with an optimized cryosectioning protocol, revealed that hBMSCs were 

more prone to adhere on silica-filled hydrogels, and colonize the scaffold more deeply. Finally, co-culture of hBMSCs 

in presence of S.aureus or S.epidermidis was performed, showing that the composite hydrogels embedding 

mesoporous silica, diatomaceous earth or halloysite nanotubes protected hBMSCs viability from staphylococci 

infection. 

  

Conclusion 

The presence of inorganic fillers, especially mesoporous silica, allowed gellan-based hydrogels to achieve improved 

mechanical and biological performances. Hence, starting from these intriguing outcomes, further experiments are 

being performed. Indeed, hBMSCs differentiation on the hydrogels is ongoing, together with the evaluation of 

changes in mechanical features, induced by chondrogenesis. Furthermore, the most promising hydrogels will be 

implanted in wild type mice, to study their in vivo compatibility. The developed hydrogels display the potential to 

become useful tools for cartilage tissue engineering. 
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Figure 1 
Macroscopic appearance of freeze-dried hydrogels 

without inorganic fillers (a), embedding 

halloysite nanotubes (b), mesoporous silica (c), 

diatomaceous earth (d) and sodium bentonite (e). 

Scale bar:20mm 
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11:30 a.m. – 1:00 p.m. 

Hall 5 

XI-SY18 | Biobased Polymers and their use in 

Wound Healing Applications 

Ipsita Roy (London, GB) 

Serena Danti (Pisa, IT) 

 

Biobased polymers are a sustainable source of polymers which need to replace 

petrochemical-based polymers. This symposium will focus on the application of biobased 

polymers for wound healing, exploiting their high biocompatibility, processability and 

antimicrobial activity. Novel studies on wound healing will be presented including biobased 

polymers such as chitosan, alginate, collagen, Polyhydroxyalkanoates, γ-Polyglutamic 

acid. In addition, active factors such as antibacterial properties, growth factors, paracrine 

factors, cellular therapy including stem cells will be included. Finally, and not the least 

various processing techniques such as electrospinning (melt and solution), gyrospinning 

and 3D printing will be discussed. 
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XI-SY18-KL01 

Development of biomaterials to stimulate wound healing and tissue 

regeneration in skin, cornea and the pelvic floor. 

Sheila MacNeil1, Anthony J. Bullock1, Serkan Dikici1, Naside Mangir1, Joanna Shepherd2, Mohammed 

Yar3 

1University of Sheffield, Kroto Research Institute, Sheffield, GB; 2University of Sheffied, Clifford Dental School, 

Sheffield, GB; 3COMSATS University, Lahore, PK 

 
Introduction 

Ideal biomaterials initiate or stimulate tissue repair and ideally tissue regeneration without inducing inflammation, 

scarring or fibrosis. Our group has developed materials to stimulate angiogenesis and wound healing in chronic skin 

wounds, to promote tissue regeneration from small explants of corneal tissues in the eye and to provide mechanical 

support to the organs of the pelvic floor while seeking to avoid excessive fibrosis. 

AIM: The aim of this presentation is to share some of the advances we have made in working across this broad 

canvas and to flag up where much more work is needed. 

  

Experimental Methods 

Firstly with respect to the mechanical properties of materials the first place to start-is with a good understanding of 

the clinical requirements of the material to be developed. We have favoured working with electrospun synthetic 

polymers which can be tailored to breakdown rapidly- within 2 months when used on the eye-or to last for more than 

a year when used as a support in the pelvic floor. Electrospun polymers have many advantages in terms of 

controllability of architecture and rate of breakdown. Thus we have worked with electrospun 50:50 PLGA to produce 

a simple micro fibrous membrane which supports the attachment and growth of cultured corneal epithelial cells and 

the outgrowth of cells from limbal tissue explants and which can be tailored to breakdown without affecting 

surrounding tissues leaving the cultured cells in place on the cornea.  The same material can also be produced to 

contain 3-D features within it to mimic the limbal stem cell niches of the eye.  Staying with the mechanical properties 

of the biomaterials these can also be electrospun into trilayers to mimic the architecture of the natural abdominal 

fascia-achieving mechanical properties like the viscoelastic properties of this natural material. 

  

Results and Discussion 

To influence wound healing and tissue integration we have developed electrospun fibres to release proangiogenic 

factors such as oestradiol and a small deoxyribose (2-deoxy-D-ribose (2dDR))which are both strongly pro-angiogenic 

and to release Ibuprofen to calm down wound bed inflammation. Such materials are being developed as topical 

dressings to for example stimulate wound healing in diabetic ulcers (where successful acceleration of wound healing 

has been demonstrated in a diabetic rat model) and to improve tissue integration when materials are used as load-

bearing supports for stress urinary incontinence and pelvic organ prolapse. 

Finally recognising that skin wounds which failed to heal often present with poorly vascularised beds, infection and 

unresolved inflammation we are pleased to be part of the European consortium MOZART which is developing wound 

dressings based around the concept of using nanoparticles to deliver agents to reduce intrinsic infection in the wound 

bed, stimulate angiogenesis and reduce inflammation all embedded within a polyurethane hydrogel dressing. As part 

of this consortium we have developed a novel technique for measuring the impact of bacterial infection on the pH of 
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a wound bed using 3-D tissue engineered skin and demonstrated that bacteria do in fact influence the pH of skin but 

do so by markedly changing pH in discrete small areas rather than influencing the overall skin pH. 

  

Conclusion 

We conclude that synthetic polymers provide an excellent resource to develop into biomaterials covering a range of 

mechanical properties with degradation rates that can be tuned to be rapid or very long-lasting. Progress has been 

made in identifying clinically acceptable small molecules which can drive angiogenesis and can be added to these 

materials to be released slowly or rapidly as required. Nanoparticles can be designed to deliver antimicrobials to act 

on their own or in combination with other materials for the treatment of infection in wounds. We have developed a 

method for measuring skin pH that shows for the 1st time the range of pH changes that can be produced by bacterial 

infection of skin. 

A major challenges which remains is how to introduce implants into the body such that they integrate well and provide 

mechanical support as required but do not induce fibrosis. 
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XI-SY18-KL02 

Carbohydrate biopolymers as antimicrobials and wound healing 

accelerators 

Ylenia Zambito1, Anna Maria Piras1, Chiara Migone1, Angela Fabiano1, Francesca Felice2, Rossella Di 

Stefano2 

1University of Pisa, Department of Pharmacy, Pisa, IT; 2University of Pisa, Department of Surgery, Medical, 

Molecular, and Critical Area Pathology, Pisa, IT 

 
Chronic, non-healing wounds can be debilitating and painful for the affected individuals, increasing risk for various 

morbidities and mortality and place a massive financial burden on healthcare systems. Issues surrounding wound 

healing have generated deep scientific interest as well as booming financial markets invested in novel wound 

therapies. Despite several approaches have been evaluated for the therapy of chronic lesions, their treatment is still 

a challenge. The use of innovative materials for the treatment of chronic skin lesions and damaged tissues has 

recently gained a growing interest. Chronic lower extremity ulcers are by definition non-healing wounds with different 

origins, such as ischemia, diabetes, vasculitis or venous insufficiency. Critical limb ischemia is a chronic peripheral 

arterial disease, characterized by the presence of pain at rest and/or trophic lesions, such as ulcers and gangrene. 

The incidence of critical limb ischemia has progressively increased and currently constitutes one of the major features 

of generalized arterial atherosclerotic disease, considering that every year more than one million people suffer a 

lower limb amputation. 

The importance of this phenomenon is therefore extremely significant for both the number of patients involved and 

for the time and resources required for their treatment. Therefore, adequate treatments are needed to increase the 

overall patient quality of life. 

Recently, numerous studies demonstrated the function of chitosan as a wound healing accelerator (1, 2). Chitosan 

and its derivatives could accelerate wound healing by enhancing the functions of inflammatory cells, such as 

fibroblasts, polymorphonuclear leukocytes and macrophages. The wound healing effects of chitosan could be 

affected by its physico-chemical characteristics, such as molecular weight (MW), deacetylation degree and 

derivatization. Recently our group has demonstrated that high-MW quaternary ammonium–chitosan conjugates 

bearing thiol groups on their chains are more effective in promoting cell activity and accelerating wound healing than 

the non-thiolated conjugates and the parent non-derivatized Ch (3). 

Since it is known that chemokines can lead to the development of a wide range of inflammatory diseases including 

chronic wounds, many researchers have centered on the strategy of removing chemokines from chronic wounds. 

Indeed, during the wound healing process, chemokines are released by tissue-specific cells and resident immune 

cells at the site of injury to establish a chemoattractant gradient that promotes the invasion of blood-derived immune 

cells, which are essential for the initial inflammatory phase of acute wound healing (4). In chronic wounds, the healing 

process is often deadlocked in an unrestrained inflammatory response. Under this condition, the uncontrolled 

activation of polymorphonuclear neutrophils and inflammatory monocytes/macrophages lead to a destruction of the 

wound tissue and drives the abundant production of inflammatory mediators including chemokines. The persistent 

chemoattractant gradients promote further invasion of these immune cells into the wound tissue, thus perpetuating 

a vicious circle of chronic inflammation (4). One important feature of chemokines is their ability to bind to extracellular 

matrix glycosaminoglycans (GAGs), such as heparan sulfate or heparin (5), a process that is mediated by 

electrostatic interactions of positively charged amino acid residues of the chemokines and negatively charged sulfate 
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groups of the GAGs. Furthermore, GAGs protect chemokines against proteolytic inactivation, mediate chemokine 

oligomerization for receptor activation, and accumulate chemokines near the cell surface. Therefore, GAG-based 

engineered materials may allow for modulating chemokine concentrations within tissues to therapeutically attenuate 

inflammation in chronic wounds (6). 

Our group is now collecting data on the ability of different GAGs in combination with different chitosan derivatives to 

act as antimicrobials and wound healing accelerators. Such data will be presented in order to hypothesize a structure-

activity relationship. 
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XI-SY18-03 

In Vivo Comparison of 3 Dermal Scaffolds using the Porcine Animal 

Model of Acute Wound Healing 

Stuart J. Brown1, Vaibhav Sharma1, Elena Garcia-Gareta1, Lilian Hook2 

1Restoration of Appearance and Function Trust, Rickmansworth, GB; 2Smart Matrix Limited, London, GB 

 
Introduction 

Successful cutaneous wound healing requires orderly progress through haemostasis, inflammation, deposition and 

remodelling processes1. Over evolutionary timescales, the rapidity and vigour of cutaneous wound healing was 

critical for survival. Our innate healing processes prioritise sterilisation and barrier reaquisition over aesthetic and 

functional outcome. Our modern healthcare knowledge and technology gives us an opportunity to shift our innate 

wound healing processes towards better outcomes without risking overall health. 

Wound contraction, where myofibroblasts within the wound bed align and generate compressive stress, aids wound 

closure by limiting the area required to heal and re-establish barrier. However, excessive contraction is associated 

with poor outcomes such as scarring, and the formation of contractures which can limit function after the healing 

process is finished2. Surgeons reduce contraction risk by shaping surgical interventions to minimise tensile forces 

across the wound, and through the use of skin grafts, which reduce the area and depth requiring a healing response. 

Grafting success rate is dependent on rapid re-vascularisation, which limits possible graft thickness, and grafts 

generally suffer from limited donor site availability, and can often result in poor aesthetic outcome. 

Dermal replacement scaffolds are bioactive tissue equivalents upon which normal wound healing processes can 

proceed3. They are designed to work with; and complement; the capabilities of skin grafts, but still suffer from the 

disadvantages outlined above. In this study, the functional and aesthetic outcomes of treatment with the collagen-

based scaffolds MatriDerm® and Integra®, and the fibrin-based SmartMatrix® scaffold were studied in the porcine 

model of cutaneous wound healing. SmartMatrix® was assessed without an accompanying skin graft, particularly in 

terms of the impact on re-epithelialisation and contraction without a graft. 

  

Experimental Methods 

Animal study 

Large White / Landrace crossbreed pigs each received 6x4cm diameter full thickness wounds. Wound peripheries 

were tattooed to track the healing process, with an unwounded shoulder tattoo used to track overall growth. 0.2mm 

split-thickness skin grafts (STSG) were created from the paravertebral muscles' epidermis. Each group was 

represented by 6 treated wounds (Smart Matrix®: 8) randomised over the group of pigs. Integra® (2 step protocol) 

and MatriDerm® were used with a split thickness skin graft (STSG) as is their standard practise whereas Smart 

Matrix® was not. 

Area and superficial blood flow 

Changes in wound area tattoo size over the study period were measured by Eykona 3D camera, and superficial 

perfusion was assessed by moorFLPI laser doppler.  

Biopsies and histology 

Biopsies were taken from each wound at day 4, 10, 20, 30, 120 and 192 days after wounding and processed for 

histological analysis. Sections for each treatment and timepoint were stained with H&E, or immunofluorescently 
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labelled with Col3 (vascularisation, structural protein), Elastin (structural protein) or Smooth muscle Actin (fibroblast 

differentiation) reactive primary antibodies, or immunohistochemically for CD31 (vascular) reactive antibody. 

  

Results and Discussion 

Overall, dynamic changes were seen in the first 30 days after wounding, then treated groups and controls were very 

similar. Untreated wounds contracted the most during this period, and Smart Matrix® treated wounds the least, 

despite their lack of a graft, and this was statistically significant. Superficial perfusion was highest in untreated 

wounds but reduced rapidly. Smart Matrix® had the next highest superficial perfusion, but delayed to 20-30 days 

post wounding. 

Each dermal replacement scaffold had a distinctive profile in vivo, exhibiting different degradation rates, levels of cell 

infiltration, and associated cell behaviour within or adjacent to the biomaterial. Integra® scaffold, for instance, was 

visualised up to the end of the study (192 days), whereas MatriDerm® and Smart Matrix® were resorbed by day 10 

and 20 respectively. 

STSG control and MatriDerm® groups showed partial graft take, whereas Integra®, with its delayed graft protocol, 

showed the greatest success. Re-epithelialisation of all grafted and ungrafted wounds was complete by day 30. 

Histological analysis showed abundant CD31+ blood vessels regenerating in all groups (fewest in STSG treated 

group), dermal reformation between days 30 and 120, and sustained alpha smooth muscle expression throughout 

the early time period with subtle differences between treatment groups. 

  

Conclusion 

This study documents differences between commonly used dermal scaffolds and a novel fibrin-based dermal scaffold 

in the porcine animal model over early time periods, which are likely to show clinically significant differences in human 

wound healing outcomes. 
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XI-SY18-04 

Bioengineered, xenogen-free 3D human skin equivalents (HSE) as 

wound infection models 
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Introduction 

Soft tissue- and skin-related infections are great challenges in public health. Novel and alternative strategies to 

combat wounds colonized with resistant bacteria are urgently needed. Furthermore, many of the commercially 

available and clinically applied antimicrobial dressings are showing not the results as guaranteed. Shortening the 

time from lab developments to promising clinical applications and to bioevaluate already CE-marked products more 

reliable and reproducible without abusing unnecessarily test animals bioengineered, xenogen-free 3D human skin 

equivalents (HSE) as wound infection models are highly demanded. 

  

Experimental Methods 

Dermal and epidermal compartments were established by embedding human primary fibroblasts (NHDF) in 

recombinant human collagen type I (rhColl-I) hydrogels and then seeding human primary keratinocytes (NHEK) on 

it to generate the epidermis. The cultural conditions were optimized to obtain closely mimicking in vivo skin. Therefore, 

the biomechanical properties of different NHDF/rhColl-I combinations and clinical human dermis samples were tested 

and compared applying nanoindentation (Piuma, Optics11). Skin wound models with defined wound depths were 

created with a novel developed programmable punch device and colonized with relevant skin infectious bacteria e.g. 

S. aureus at wound site, to generate an in vitro skin infection model. The novel 100% xenogen-free human skin, 

wound and colonized wound models were fully characterized by histopathological methods, confocal microscopy, 

TEM analysis and nanoindentation. The infection model was validated by applying different antimicrobial wound 

dressings, testing cyto- and immunocompatibility and antimicrobial properties. 

  

Results and Discussion 

Different combinations of cell numbers (NHDF) and rhColl-I compositions led to dermis constructs with different 

biomechanical properties significantly influencing fibroblasts' metabolic activity and gene expression. "Instable" 

dermis constructs inhibited the cultivation and development of regular NHEK layers and prevent the formation of 

characteristic multilayered epidermal structures. With specific combinations, uniform distribution and filopodia like 

morphology of NHDFs stable 3D HSEs could be achieved. Morphology studies and uniform distribution of fibroblasts 

at different planes inside the dermal compartment were analysed by confocal imaging. Immunohistology and TEM 

were used to visualize the correct establishment of basement membranes (laminin 5 expression) and dermal-

epidermal junctions. Proliferating NHEKs showed keratin 14 and keratin 10 in the corresponding layers. The 

establishment of standardized wounds and infected wound models is necessary for the reliable and reproducible 

analysis of antimicrobial wound dressings, their validation and comparison with each other. Figure 1 is representing 

a microscopic analysis of the HSE wound model after 24 h of incubation with Staph. aureus showing bacteria 

establishing colonies of different sizes within the dermis at wound site dissolving the matrix and surrounding layers 
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of keratinocytes. Four different clinically applied silver-containing wound dressings were used to investigate 

differences in cytocompatibility and antimicrobial efficacy. The comparison of the evaluation results between common 

standardized cell culture and microbio tests with the 3D HSE wound infection model revealed significant differences 

regarding cytotoxic concentrations of the active component, here Ag+ ions, and the antimicrobial activity against 

susceptible described bacteria under more realistic conditions. 

  

Conclusion 

With our bioengineered, 100% xenogen-free 3D human skin equivalent it was possible to bioevaluate clinically 

applied silver-containing wound dressings and to demonstrate the significant differences of the materials' 

cytocompatibility and antibacterial properties in a more realistic biological microenvironment. This model as many 

other 3D tissue equivalents seems promising for its application in diverse areas of biomaterials research, including 

cytocompatibility evaluation, drug testing, wound healing and skin infection. 
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Enhancing the corrosion resistance and biological response of 3D-

printed Ti-Nb-Zr-Sn alloy scaffold surface immobilized with type I 

collagen 
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Introduction 

Surface characterizations of metallic implants play importamt role in their biomedical applications.  In this study, a 

unique surface modification process was used to enhance the corrosion resistance and biological response of 3D-

printed titanium (Ti) alloy scaffold in bone implant applications. 

  

Experimental Methods 

The surface modification process, combining alkaline treatment and natural cross-linker, procyanidin, was used to 

produce submicron-porous topography and immobilize type I collagen on the surface of 3D-printed low elastic 

modulus Ti alloy (Ti-24Nb-4Zr-8Sn, designated Ti2448) scaffold with interconnected porosity. The electron beam 

melting technique was used as 3D-printing process. 

  

Results and Discussion 

Scanning electron microscopy and transmission electron microscopy analysis results showed a unique hybrid layer, 

including a submicron-porous outer sublayer and a dense inner sublayer, was created on the interconnected porous 

Ti2448 alloy scaffold surface. X-ray photoelectron spectroscopy, Fourier transform infrared spectroscopy and Sirius 

red staining analysis results confirmed that the type I collagen was successfully immobilized on the interconnected 

porousTi2448 scaffold surface. The dense inner oxide layer provided Ti2448 alloy scaffold with improved corrosion 

resistance, in terms of corrosion rate and anodic current density, in simulated body fluid. The Ti2448 alloy scaffolds, 

with and without surface treatments, were potentially non-cytotoxic according to ISO10993-5 specifications; 

particularly, the type I collagen-immobilized Ti2448 alloy scaffold via procyanidin cross-linking showed well cell 

adhesion and osteogenic differentiation of primary human bone marrow mesenchymal stem cells. As compared with 

the untreated scaffold surfaces, better focal adhesion complex formation, vinculin, and cytoskeleton arrangement 

were observed on the type I collagen-immobilized surface; the integrin/focal adhesion kinase (FAK)/phosphoinositide 

3-kinase (PI3K)/mitogen-activated protein kinase (MAPK) pathway was also activated to promote cell differentiation 

and mineralization. 

  

Conclusion 

The proposed unique surface modification concurrently improves the corrosion resistance and cell response of the 

3D-printed interconnected porous Ti2448 alloy scaffold without causing cytotoxicity and shows great potential for 

biomedical bone implant applications. 
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Plasmonic silver nanoshells for drug and metabolite detection 

Lin Huang, Kun Qian 

Shanghai Jiao Tong University, School of Biomedical Engineering, Shanghai, CN 

Introduction 

Metabolic detection has a key role for disease diagnosis and therapeutic evaluation in clinics[1-3]. Mass spectrometry 

(MS) enjoys unique advantages of high accuracy, sensitivity, resolution, and throughput in metabolomic research. 

However, the efficacy of MS is hindered by rigorous sample enrichment or purification, due to the high sample 

complexity and low molecular abundance in biological samples[4-6]. 

Conjugated with MS, nanomaterials have been reported by research groups globally as Surface Enhanced Laser 

Desorption/Ionization (SELDI) MS to avoid the tedious sample pre-treatment[7-12]. Notably, the LDI performance of 

nanomaterials is challenging for sweet-spot and strong background below m/z 500[13-18]. Plasmonic particles 

provide  surface plasmon resonance and hot carriers under laser irradiation ideal for MS use, but have not been 

developed so far. 

  

Experimental Methods 

We have developed series of plasmonic nanomaterials for direct metabolic profiling of biofluids for different clinical 

purpose, including silver nanoshells, gold nanoparticles and noble metal-semiconductor hybrids, etc.. Here, we 

developed a platform based on designer plasmonic silver nanoshells for direct detection of small metabolites. We 

synthesized a series of noble metal core-shell particles with tunable nanoshell structures through multi-cycled silver 

mirror reactions on the surface of SiO2 nanoparticles. The optimized plasmonic silver nanoshells as new matrices 

allowed fast, multiplex, sensitive, and selective LDI MS detection of small metabolites in 0.5 μL of bio-fluids without 

enrichment or purification. Coupling with isotopic quantification of selected metabolites, we demonstrated the use of 

these silver nanoshells is highly accurate compared to biochemical methods.  

  

Results and Discussion 

We for the first time achieved the multifunction clinical purpose based on the unique plasmonic nanoshells towards 

disease diagnosis, bacteria detection and therapeutic evaluation in clinics. For disease detection, we identified 21 

patients with postoperative brain infection through glucose quantitation and daily monitoring by cerebrospinal fluid 

(CSF) analysis. Notably, compared to the biochemical method based quantification, the sample volume was reduced 

from 200 to 0.5 μL and the experiment time was reduced from hours to several minutes by the LDI MS[19-21]. The 

isotopic quantification afforded the average recovery of ~131% with coefficient of variation (CV) within 6%, which 

was comparable to the biochemical method that afforded the average recovery of ~107% with CV within 14%. For 

bacteria detection, the optimized nanoshells enable direct LDI MS based metabolic analysis of bacteria (≈10 µL−1), 

in complex biofluids. The serum infection process (0–10 h) is monitored by statistics toward clinical classification. 

Bacteria metabolism is studied with metabolic biomarkers (e.g., malate and lysine) identified during inhibition, 

showing cell membrane destruction and dysfunctional protein synthesis mechanisms. For therapeutic evaluation, we 

monitored the concentration changes of mannitol in serum and CSF, and demonstrated distribution of mannitol in blood and 

CSF systems during therapeutic treatment of three patients with cerebral edema. Notably, the blood and brain/CSF systems 

are divided by the blood–brain/CSF-barriers, which has been validated easily by our method. Our work sheds light on the 

design of materials for high-performance metabolic analysis and precision diagnostics in real cases. 
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Conclusion 

In summary, we introduced silver nanoshells as matrices for direct LDI MS detection of small metabolites in bio-

fluids, and further developed a platform technology for metabolic analysis-based disease detection and therapeutic 

evaluation. We synthesized series of silver nanoshells with controlled structures by multi-cycled silver mirror reactions 

and selected the designer silver nanoshells with optimized analytical performance. We revealed the mechanism for 

efficient LDI process associated with structural parameters of materials, and demonstrated the application in complex 

bio-fluids in real cases. Furthermore, coupling with isotopic quantification of selected metabolites (e.g., glucose and 

mannitol), we not only identified patients with postoperative brain infection by CSF analysis, but also monitored the 

drug concentrations in both CSF and serum to investigate the blood–brain/CSF-barriers and for pharmacokinetics 

study. Our work contributes to the design of materials for high-performance metabolic analysis towards precision 

medicine and initiates the development of diverse advanced diagnostic tools involving various metabolic biomarkers. 
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Introduction 

Titanium (Ti) and its alloys have been popularly used for hard tissue reconstruction. However, there are still 

challenges to reduce Young’s modulus of metallic biomaterials in order to suppress osteoporosis caused by stress 

shielding. Ti-Zr alloys are expected to show lower Young’s modulus than pure Ti. Drawback of metallic biomaterials 

is that their bone-bonding ability is quite low. Therefore, several kinds of surface modification including apatite 

coating, NaOH treatment, anodic oxidation and so on have been proposed [1]. In the present study, NaOH treatment 

was attempted for Ti-Zr alloys with various compositions and bone-bonding ability was assessed in vitro by apatite 

formation in simulated body fluid (SBF). 

  

Experimental Methods 

Ti-xZr alloys (x=0 to 100 at mol%) were treated with 5M-NaOH solutions at 60°C for 24 h and washed with ultrapure 

water. They were then soaked in SBF at pH 7.40 for various periods. Surface structural changes were characterized 

by scanning electron microscope attached with energy-dispersive X-ray microanalysis (EDX), thin-film X-ray 

diffraction, electrochemical polarizaion. 

  

Results and Discussion 

Figure 1 shows TF-XRD patterns of Ti-Zr alloys treated with 5M-NaOH after soaking in SBF for 7 d. Diffraction peaks 

of the low-crystalline apatite were detected for the alloys with Zr content of 50 mol% or less, but not higher Zr content. 

Figure 2 shows adsorption of Ca and P onto the treated metals after soaking in SBF for 7 d. Ca adsorption was 

significantly suppressed for the alloys with high Zr content. Corrosion current showed tendency to decrease with 

increase in Zr content, meaning that surface reaction by NaOH treatment is suppressed. 

The present results show that apatite-forming ability of Ti-Zr alloys is decreased with increase in Zr content. It is 

known that the apatite formation on NaOH-treated Ti progresses via Ca adsorption and subsequent P adsorption [2]. 

Also, Tsutsumi et al. documented that zirconium phosphate is favorably formed on pure Zr metal in Hanks’ solution 

[3]. Suppression of Ca adsorption would lead to low apatite-forming ability. On the other hand, Young’s modulus of 

Ti-Zr alloys is reported to become minimum at Ti-60Zr [4]. Therefore, development of surface treatment able to 

improve the apatite formation on the alloys with high Zr content is needed in future. 

  

Conclusion 

Ti-Zr alloys with low Zr content formed the apatite in SBF when they were treated with NaOH solution. The present 

results provide fundamental information on design of metallic biomaterials with bone-bonding ability and low Young’s 

modulus. 
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Fig. 2  
Adsorption of Ca and P onto the treated metals 

after soaking in SBF for 7 d. 

 

 

Fig. 1  
TF-XRD patterns of Ti-Zr alloys treated with 5M-

NaOH after soaking in SBF for 7 d. 
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Introduction 

Our previous studies have demonstrated that octacalcium phosphate (OCP) promotes osteoblastic cells 

differentiation and facilitates bone regeneration in vitro and in vivo1, 2). Also, it has been indicated that OCP and 

collagen composite (OCP/Col) increases the bone regeneration ability in comparison with OCP alone3). Some animal 

studies and clinical studies of OCP/Col have been reported and OCP/Col has been recognized as a good bone 

substitute material4, 5). In this study, we investigated the progress of a patient who received dental implant treatment 

including bone augmentation using OCP/Col with sinus floor elevation surgery as a clinical trial. 

  

Experimental Methods 

OCP was prepared according to a method of synthesis by mixing calcium and phosphate solution. Particle size of 

OCP was 300 – 500 mm in diameter. OCP/Col was prepared from pepsin-digested atelocollagen isolated from the 

porcine dermis and OCP. OCP/Col was molded in the shape of a disc, 9 mm diameter, and 1.5 mm thick. The current 

study was a part of the ‘Prospective, Multi-center, Single-arm Study of OCP/Col for Guided Bone Regeneration’ 

clinical trial, which were registeredwith the Medical Information Network in Japan (JPRN-UMIN000018192). The 

protocol of the clinical trial was approved by the Institutional Review Board of the Pharmaceuticals and Medical 

Devices Agency in Japan. A 20 years old man came our hospital for dental implant treatment at the first premolar 

region of left maxilla. As bone augmentation was required for dental implant placement, sinus floor elevation was 

performed using OCP/Col at the same time as dental implant placement. Micromobility of dental implant body was 

measured immediately after dental implant placement and at 6 months after placement by the Osstell system (ISQ 

value). CT examination was performed before operation, at 3, and 6 months after surgery. After that, a final prosthesis 

was placed and clinical progress was observed. 

  

Results and Discussion 

By CT examination, the vertical length from alveolar crest to sinus floor was 5 mm before operation, however, after 

sinus floor elevation using OCP/Col and dental implant placement, the length became 10 mm at 3, and 6 months 

after operation. The hard tissue augmented by OCP/Col around the dental implant body was stable and the 

radiopacity became as same as around host bone. CT value was 361 HU at 6 months and this value was almost 

same with cancellous bone. The ISQ value was 45 at the dental implant placement, and after 6 months, the value 

increased 77. After final prosthesis setting, occlusion was reconstructed. There was no infection or other abnormal 

reactions through the examination.In this study, OCP/Col was applied as a bone substitute material in dental implant 

surgery as a clinical trial. Although bone augmentation by OCP/Col was performed simultaneously with dental implant 

placement, the bone formation was confirmed without any abnormal events. It has been suggested that OCP/Col has 

affinity with a titanium dental implant surface. The prosthesis was set and the occlusion was reconstructed successfully. 
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Conclusion 

This study suggested that OCP/Col could be a candidate as a new bone substitute material for dental implant 

treatment. 
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Introduction 

Structurally variable scaffold structures have been designed so as to not only better mimic native tissue, but also to 

provide cell sieving capabilities1. The partitioning of specific cell types in certain regions of a scaffold template, thus 

mimicking the cell distribution in the native tissue is hypothesized to optimise the repair and regeneration process. 

In order to predict cell-sieving capabilities, it is essential to have a detailed understanding of the scaffold pore 

structure. Micro-CT is a non-destructive method able to image fine scale internal structure and as such is an obvious 

characterisation choice for complex three-dimensional structures. A wide variety of analyses are achievable from the 

data, and it can provide a key predictive tool for the accessibility of pore structures by specific cells, but careful 

consideration is needed for successful analysis and results may be heavily influenced by a number of key 

experimental parameters. 

This work considers micro-CT as a tool for this characterization and discusses the influence of a key scan parameter, 

pixel size on the analyses. Whilst tissue engineered scaffolds in situ are hydrated, traditional characterisation is 

carried out in the dry state. A preliminary consideration of the influence of measurements in a hydrated state through 

the use of phosphotungstic acid contrast agent is also considered. 

  

Experimental Methods 

Structurally variable lyophilised collagen scaffolds were produced as described elsewhere1. Samples were 

extensively analysed using a Skyscan 1272 Micro-CT (Bruker, Belgium). 5 mm diameter samples were punched and 

scanned initially with a pixel size of 1.5 mm (no camera binning applied) and operating voltage of 25 kV. Scanning 

was also repeated with 2* and 4* camera binning applied (3 mm and 6 mm pixel size respectively) in order to 

investigate the influence of pixel size on porosity analysis. 

Soft tissues are routinely scanned in their hydrated state using phosphotungstic acid as a contrast agent2 and we 

have applied a similar protocol  for the hydrated scanning of collagen scaffolds. Whole scaffolds were submerged in 

an aqueous 0.3 wt% solution of phosphotungstic acid and degassed in order to ensure full penetration of the stain. 

After soaking for 48 hours, samples were thoroughly washed with deionized water with a final degassing step prior 

to scanning. 8mm diameter samples were scanned hydrated in 2ml Eppendorf tubes  with a pixel size of 3 mm, 0.25 

mm Al filter, 60 kV operating voltage and frame averaging of 3. 

Resulting projections were reconstructed using NRecon (Bruker, Belgium), and systematic volumes of interest (VOIs) 

selected in top and bottom sections of the scaffold. A three dimensional analysis was carried out in CTAn (Bruker, 

Belgium) after thresholding and despeckling. Volumes of interests were modified to allow penetration only from the 

top x-y plane and an interconnectivity analysis carried out using the ROI shrink wrap feature with increasing voxel 

size. Using the same shrink-wrap process a percolation analysis was also carried out. Volume rendered models were 

created in CTVox. 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 799 of 1893 

Results and Discussion 

Whilst individual sections and 3D volume rendered representations scanned at the 3 pixel sizes appeared 

comparable, a quantitative analysis showed that with a decrease in pixel size from 6 to 1.5 mm, mean pore size 

decreased from approximately 130 mm to around 85 mm. Calculations of interconnectivity demonstrated decreased 

accessibility with increased scan pixel size, with the influence on percolation analysis being less straightforward. 

Whilst percolation theory applied well in the low resolution scans, at smaller pixel size the relationship appeared non-

linear. It is hypothesized that perhaps the increased features resolved in higher resolution scans resulted in a 

structure more complex than can be described by current percolation theory.  Further mathematical modelling and 

analysis could give insight into these effects. 

Preliminary scanning of hydrated scaffold with phosphotungstic acid contrast agent showed significant promise 

(Figure 2). Whilst gross scaffold structure was broadly unaffected, significant strut thickening was observed with 

some consequential decrease in percentage porosity and interconnectivity. 

  

Conclusion 

Whilst micro-CT is a valuable analysis tool for complex scaffolds, scan pixel size should be taken into account with 

any comparative analysis. The application of phosphotungstic acid as a contrast agent appears an exciting 

development for imaging hydrated collagen scaffolds and thus getting a better impression of the environment 

experienced by cells in vivo. 
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Figure 2: Micro-CT in hydrated state 
Figure 2: Hydrated scanning with phosphotungstic acid 

contrast agent. Clear contrast was achieved as observed in 

the 3 orthogonal sections (Dataviewer, Bruker, Belgium) (a) 

and 3D volume rendered models (CTVOX) (b) and (c). Porosity 

characterisation was compared between the dry and hydrated 

state at the same scan pixel size with significant 

variation observed in strut thickness and percentage 

porosity. Significance values are: ***p<0.0001, ** p<0.001, 

* p<0.05. A far less open and interconnected structure was 

reported with hydrated analysis (e) and (f). 

 

Figure 1: Pixel size influence 
Figure 1: Influence of scan pixel size on quality of data 

and quantitative porosity analysis.  Images a, b, and c 

show 3D volume rendered images (generated in CTVOX) from 

data collected at 1.5, 3 and 6 um pixel size. Graphs d,e 

and f demonstrate influence of scan pixel size on pore 

size, percent porosity and strut thickness. Significance 

values are: ***p<0.0001, ** p<0.001, * p<0.05 
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Introduction 

Titanium is widely used in orthopedic implants for its excellent resistance to corrosion and its 

biocompatibility.1Nevertheless and despite the prevention rules, 1,5% of implanted prostheses are still subject to 

bacterial infections. That’s the reason why chemical modification of titanium surfaces to confer desirable functional 

properties is required. Bioactive polymers bearing sulfonate groups such as poly(sodium styrene sulfonate) 

(polyNaSS) have good antibacterial properties and can improve osseointegration.2-7In this context, we have 

developpedthree different techniques of polyNaSS covalent grafting onto titanium (Ti) surfaces (Fig.1) and study the 

influence of their architecture on biological response.2-7Two of them are “grafting from” techniques requiring an 

activation step either by thermal or UV irradiation.2-5The third method is a “grafting to” technique involving an 

anchorage molecule onto which polyNaSS synthesized by reversible addition−fragmentation chain transfer (RAFT) 

polymerizationis clicked.6The advantage of the “grafting to” technique when compared to the “grafting from” technique 

is the ability to control the architecture and length of the grafted polymers on the Ti surface and their influence on the 

biological responses.6,7This study compares the effect of three different grafting processes on the in vitrobiological 

responses of bacteria and osteoblasts. 

  

Experimental Methods 

Grafting from technique:After cleaning, Ti samples were oxidized in a solution containing the same volume of pure 

H2SO4and H2O2(30%). After oxidation, samples were rinsed thoroughly in distilled water and then placed directly into 

a mechanically stirred solution of the monomers. After heating (70°C) or UV initiation of the radical polymerization, 

samples were rinsed thoroughly in distilled water and dried. Grafting to technique:1. Polymers synthesis:Polymers 

were synthetized by RAFT polymerization with three different sizes (5, 10, 35 kDa), 2.Grafting procedure:After 

cleaning, Ti samples were oxidized and were immersed in an anchor solution. Finally, polymers were clicked on the 

anchor and Ti samples were rinsed thoroughly in distilled water and dried. 

  

Results and Discussion 

With the grafting from technique, Ionic groups (sulfonate) were covalently attached to the titanium surfaces by radical 

polymerization of sodium styrene sulfonate (NaSS) initiated by radicals issued from titanium peroxide. Immersion of 

titanium samples in a mixture of pure sulphuric acid and hydrogen peroxide produces on its surface titanium 

hydroxide and titanium peroxide. The decomposition of titanium peroxide in radicals was been produced by heating 

or UV irradiations. The “grafting to” procedure was realized in three steps i) Polymers synthesis, ii) coupling with an 

anchor (dopamine) and iii) adhesion on titanium surface. The RAFT polymerization is used in the first step to 

synthetize bioactive polymers with a well-defined architecture (5, 10 and 35 kDa). Then, the following step uses a 

thiol-ene reaction to link the polymers with the anchor. The last step is the adhesion of the dopamine on titanium 

surfaces. For each techniques, amounts of grafted polymers were measured by colorimetric method. Other 

techniques were used to check the presence of the bioactive polymers at the surface of titanium samples: XPS 
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analysis, IR-ATR, Contact angle analysis. The different grafting were evaluated in vitroto study the differenciation 

with Saos-2 cells. The proliferation assay demonstrated that the grafted Ti promoted cell differentiation specifically 

mineralization. In parallel, antibacterial studies have been conducted with S. aureus bacteria and have shown that 

we have an influence of the polymer size on the S. aureusinhibition.   

  

Conclusion 

We have described different approaches to graft bioactive polymers with a determined molecular weight onto titanium 

surfaces. Overall outcomes of this investigation confirmed the significance of the sulfonate functional groups on the 

biological responses, regardless of the grafting method.6,7In addition, results showed that the architecture and 

distribution of grafted polyNaSS on Ti surfaces alter the intensity of the bacteria response mediated by fibronectin. 

  

References 

1. Klabunde Windler M., Titanium in medicine. Berlin: Springer, 2001, 703-746. 

2. Migonney V. et al., Patent WO/2007/141460, 2006. 

3. Falentin-Daudré C., Migonney V., Chouirfa H., Baumann JS., Patent WO/2017/025519, 2016. 

4. Chouirfa C., Migonney V., Falentin-Daudré C.*,RCS Advances, 2016, 6, 13766-13771. 

5. Chouirfa H., Evans D.M., Castner D.G.C., Bean P., Mercier D., Galtayries A., Falentin-Daudré C., Migonney 

V.,Biointerphases, 2017,12, 02C418. 

6. Chouirfa H., Evans D.M., Bean P., Saleh-Mghir A., Cremieux A.-C., Castner D.G.C., Falentin-Daudré C., 

Migonney V.,ACS Applied Materials & Interfaces, 2017, DOI: 10.1021/acsami.7b14283. 

7. Chouirfa H., Bouloussa H., Migonney V., Falentin-Daudré C.,Acta Biomater, 2019, 83, 37. 

  

Acknowledgement 

The authors would like to thank the University of Paris 13 for providing financial support to this project. 

  

 

Figure 1: Different techniques to graft 

bioactive polymer onto titanium surfaces 
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Introduction 

The commercial shape memory alloy Ti-Ni is widely used as biomedical application recently, for instance, 

intravascular stents, orthodontic wires and catheters.  Nevertheless, the toxicity of Ni resulting a damage against 

human body, e.g. metallic allergy, becomes an intrinsic problem in clinical research.  Au-based shape memory alloys 

have a large potential to apply in biomedical devices since they exhibit good biocompatibility and excellent X-ray 

radiography [1].  Our research group has been developing AuCuAl shape memory alloys with good mechanical 

properties.  It was found that, in case of AuCuAl polycrystalline materials, the mechanical properties and phase 

transformation depend on the chemical composition.  In addition, the ductility greatly decreases when the martensitic 

transformation temperature is below the room temperature [2].  Nowadays, the demand of micro-biomedical devices 

with micrometer-order dimension is increasing.  Such micro devices are so small that their material properties can 

be considered as similar to single crystal.  Therefore, the mechanical properties of AuCuAl single crystal micro 

materials are necessary to be clarified.  Then, the aim of this study is to clarify the mechanical properties of AuCuAl 

in micro-scale.  An AuCuAl single crystal micropillar was fabricated by focused ion beam (FIB).  The shape memory 

and superelastic behavior are discussed. 

  

Experimental Methods 

50Au-28Cu-22Al (mol%) alloy ingot was fabricated by arc melting under the argon atmosphere.  The ingot was 

homogenized at 873K for 21.6ks and solution-treated at 773K for 3.6ks followed by water quenching.  Phase 

constituent and martensitic transformation temperatures were characterized by θ-2θ X-ray diffraction measurement 

and differential scanning calorimetry (DSC), respectively.  A micropillar specimen with the size of 20×20×40µm was 

fabricated using focused ion beam after the identification of crystallographic orientation by electron backscattered 

diffraction.  Mechanical property at various temperatures (298K-373K) was evaluated by a micro compression test 

machine.  The details of the micro compression test machine are described [3].  After the compression test, the 

specimen was observed by scanning electron microscope (SEM). 

  

Results and Discussion 

Figure 1 shows the stress-strain curve obtained by the compression test at room temperature (RT).  Perfect 

superelastic shape recovery in addition to more than 5% compressive deformation was obtained in the single crystal 

with a compression direction close to <001>, while the polycrystal specimen exhibited imperfect superelasticity with 

2%.  Figure 2 shows SEM images of before and after compression at RT.  After unloading the specimen was heated 

and the shape recovery was observed. At the temperatures of RT to 333K, superelasticity was observed.  The plastic 

deformation occurred at 343 K or higher temperature.  Based on the mechanical tests, the stress inducing martensitic 

transformation depended on a temperature and it can be explained by a Clausius-Clapeyron type equation.  The 
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slope between stress induced martensitic transformation and test temperature evaluated was 1.05 MPa/K.  This 

result is in good agreement with the calculated value using the lattice deformation strain and transformation enthalpy. 

  

Conclusion 

1. The perfect superelastic shape recovery in addition to more than 6% compressive deformation was obtained in 

the single crystal with a compression direction close to <001> 

2. The stress for inducing martensitic transformation of the AuCuAl single crystals obeyed the Clausius-Clapeyron-

type equation. 
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Figure 1  Stress-strain curve by micro 

compression test at RT. 

 

 

Figure 2  SEM images of AuCuAl micropillar: (a) 

before and (b) after compression at RT. 
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Introduction 

Magnetic nanoparticles have been studied in the field of biomedicine for use in magnetic separation, as contrast 

medium for magnetic resonance imaging, as carriers for drug delivery and as thermal seeds for magnetic 

hyperthermia. For those diagnostic and therapeutic methods, magnetite has been mainly studied because of its 

magnetic properties and biocompatibility. Iron nitride, especially Fe16N2, is known to have excellent magnetic 

properties with high saturation magnetization (Ms) and coercive force. Therefore, it has been studied as a candidate 

material for memory devices and rare-earth-free permanent magnets, and more recently, synthesis methods of 

nanoparticles have been established. Since its reported Ms of 162-240 emu/g is much higher than that of magnetite, 

67-92 emu/g, it might be useful in diagnostics and therapeutics mentioned above. Therefore, in this study, as the first 

step to reveal its biocompatibility, cytotoxicity of iron nitride nanoparticles against rat fibroblasts (Rat-1 cells) was 

evaluated and compared with that of magnetite nanoparticles, which have been already in use as biomaterials. 

  

Experimental Methods 

Magnetite nanoparticles a few dozen nanometers in size were synthesized by following the previous studies1. Iron 

nitride nanoparticles were obtained by reducing and nitriding them under H2 and NH3 gas flow. Those magnetite and 

iron nitride nanoparticles were autoclaved (AC; 121 oC, 20 mins) and dried at 60 oC for 12 hrs. 1.6x104 cells/well Rat-

1 cells were seeded in 24-well plates and incubated in Dulbecco’s modified eagle’s medium (DMEM) for 24 hrs. The 

medium were replaced with DMEM containing the AC nanoparticles at concentrations of 10, 50, and 100 µg/mL, and 

with normal DMEM as control. To evaluate the cytotoxicity, MTT assay and Trypan blue exclusion test (TB test) were 

done after incubation of 1 and 3 days. The crystal phases and magnetic properties of the nanoparticles before and 

after AC were investigated using an X-ray diffractometer and a vibrating sample magnetometer. 

  

Results and Discussion 

Iron nitride nanoparticles consisted of only Fe16N2 were obtained, and the sample showed Ms of 166 emu/g. After 

AC, magnetite partially precipitated and Ms decreased to 145 emu/g, which was still much higher than that of 

magnetite nanoparticles synthesized (88 emu/g). Figure 1 shows cell viability determined by MTT assay after 1 and 

3 days. After 1 day, cell viability decreased as the concentration of the nanoparticles increased. Both magnetite 

nanoparticles and iron nitride nanoparticles at the highest concentration showed significant differences in the cell 

viability compared to the control. However, after 3 days, there were no significant differences in the cell viability. The 

cell mortality determined by TB test showed the similar tendency. It is suggested that these nanoparticles were not 

cytotoxic and did not cause critical decrease in cell proliferation though they caused cell death at the high 

concentrations. Moreover, both after 1 and 3 days, there were no significant differences between magnetite 

nanoparticles and iron nitride nanoparticles at the same concentrations. It is suggested that there is no difference in 

cytotoxicity against Rat-1 cells between magnetite nanoparticles and iron nitride nanoparticles at concentration of 

100 µg/mL or lower. 
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Conclusion 

After AC, though magnetite partially precipitated, iron nitride remained as the main phase and showed high Ms of 145 

emu/g. In MTT assay and TB test, no differences were observed in cytotoxicity against Rat-1 cells between magnetite 

nanoparticles and iron nitride nanoparticles. It is suggested that iron nitride nanoparticles might be useful as 

biomaterials with excellent magnetic properties. 
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Fig. 1 
Cell viability determined by MTT assay after 1 

and 3 days. 
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Introduction 

In the recent years, the advantages of using polycaprolactone (PCL) in the field of tissue engineering have been 

rediscovered mainly for its slow degradation and the absence of inflammatory response during this process when 

compared to poly(lactic acid) and poly(glycolic acid).1,4 Based on the good results of poly(sodium styrene sulfonate) 

(pNaSS) grafted poly(ethylene terephthalate) for anterior cruciate ligament prosthesis, the functionalization of PCL 

surfaces was investigated with the aim of combining the strong improvement of the in vitro and in vivo biological 

responses provided by the sulfonate groups with the controlled biodegradation of the support polymer.2 

To enhance pNaSS grafting on PCL, Mohr’s salt or ammonium iron(II) sulfate ((NH4)2Fe(SO4)2·6H2O can be used as 

a catalyst.1 Iron(II) in the form of Mohr’s salt, plays a role in peroxide decomposition through redox reaction of 

Fe2+/peroxide and indirectly generates free radicals on an activated polymer, a key step of grafting from the process.3 

However, the effects of Mohr’s salt reactions and byproducts on cell response and surface characterization need 

further studies. 

  

Experimental Methods 

Sodium 4-styrenesulfonate grafting on PCL was performed according to the process developed Migonney et al. The 

surfaces were activated by ozonation prior to NaSS polymerization. Mohr’s salt (concentration range from 0.025 % 

to 0.25 % w/v) was dissolved in degassed aqueous NaSS solution. Activated were soaked on this solution and kept 

at 45 °C for 1 h. Grafted and non-grafted PCL surfaces were characterized by infrared spectroscopy (FTIR), scanning 

electron microscopy (SEM-EDX) and atomic force microscopy (AFM). A survival rate of primary sheep ACL 

fibroblasts over grafted PCL films was analyzed.  

  

Results and Discussion 

The presence of Mohr’s salt highly improved the efficiency of pNaSS grafting, reaching 75 µmol/g against 10 µmol/g 

without a catalyst. The sulfur signal was identified by FTIR and EDX. The roughness of PCL surface was significantly 

changed after grafting. Surfaces grafted with 0.025 % w/v of Mohr’s salt presented greater cell viability, however, for 

high concentrations byproducts (for example Fe3+) harmed primary sheep ACL fibroblast. In addition, the redox 

reaction of iron(II) causes degradation of the PCL surfaces.   

  

Conclusion 

Mohr’s salt enhanced significantly pNaSS grafting rate and ensures cell viability over pNaSS grafted PCL surfaces. 

Nevertheless, for values higher than 0.025 % w/v the Mohr’s salt reaction damages the polymer and releases 

byproducts leading to decrease of cell survival rate.  
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SEM images of pNaSS grafted polycaprolactone 

film surface 
(a) Grafted PCL film without Mohr's salt (b) 

grafted PCL film with 0.025 % w/v Mohr's salt 

(c) grafted PCL film with 0.25 % w/v Mohr's 

salt  

 

 

Survival rate of primary sheep ACL fibroblasts 

on grafted PCL films 
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Turbulent Flow Feature Characteristics through Multi Vessel Model 

with 50% Stenotic Lesion 

Hoseong Ji1, Byubghui Kim2 

1Pusan National University, MEMS Technology Centre, Busan, KR; 2Pusan National University, Aerospace 

Engineering, Busan, KR 

Introduction 

Because of modern dietary life, cardiovascular disorder including stenotic lesion on coronary artery rapidly increase 

in Western countries and Developing countries. According to the WHO statistics, circulatory disorders including 

ischemic heart disease and stroke are the most important cause of sudden death. From this sense, the 

hemorheologic and hemodynamic characteristics of human blood passing through circulation networks have recently 

been receiving great attention in various interdisciprinaly research fields. 

From the clinical point of view, detailed flow feature through multi-vessel stenotic lesion placed on coronary artery 

may provide a great interesting to the internal clinician related with interventional procedure. 

We would like to provide the detailed 3-deimensional flow structures on simplified multi-vessel model based on 

angiogram through Commercial CFD Analysis 

  

Experimental Methods 

To investigate the detailed flow structure on simplified multi-vessel model based on angiogram from University 

Hospital, commercial CFD analysis (CFD-ACE R18) was employed in this study. Sinusoidal pulsatile flow condition 

was employed as the inlet condition of the flow media. 

The angiogram employed in this study was simplified and smoothed for CFD analysis. 

By using simplified multi-vessel model based on clinical angiogram, geometrical model was constructed and grid was 

generated. 

  

Results and Discussion 

Figure 1 shows the grid generation on simplified multi-vessel model. 

The mesh was combined with structured and unstructured grid. 

The detailed turbulent flow fields can be provided as Figure 2. 

From Fig. 2, vortex spread feature through multi vessel stenotic model can be investigated. 

  

Conclusion 

CFD analysis was carried out with respect to the Reynolds Number variances. 

As shown Fig 2, complicated vortex structure related with stenosis growth can be investigated. 

To provide the responsibility experimental methods employed PIV experiments will be also carried out near future at 

same model and same flow condition. 
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Figure 2 Turbulent Flow Fields through Multi 

Vessel Model 
 Turbulent Flow Fields through Multi Vessel 

Model with 50% Sinusoidal Stenotic Lesions 

 

 

  

 

Figure 1. Grid Generation on multi-vessel model 
Grid Generation on multi-vessel model with 

1,240,000 Nodes and 3,170,000 Elements 
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Introduction 

Dental implants with antibacterial activity are desired to be developed to reduce a risk of peri-implantitis. When 

titanium (Ti) is soaked in sodium hydroxide (NaOH) solution and heated, sodium titanate (Na2Ti9O19) and titanium 

oxide (TiO2) are formed on its surface and thus surface-modified Ti bonds to living bone (it shows bioactivity). Many 

attempts have been conducted to dope antimicrobial metals on bioactive Ti by soaking in antimicrobial metal-

containing solution in prior to the heat treatment. On the other hand, some antimicrobial metal can induce visible 

light-induced photocatalytic activity on TiO2. If such antimicrobial metal is successfully doped on the surface-modified 

Ti, we can expect the antibacterial activity by antimicrobial metal itself as well as by visible light-induced photocatalytic 

activity of metal-doped TiO2. Therefore, dental implants with metal-doped TiO2 surface layer can reduce the risk of 

peri-implantitis by irradiation of visible light such as teeth whitening LED. In this study, Ti samples doped with copper 

(Cu) or silver (Ag) was prepared, and their apatite-forming ability in simulated body fluid (SBF), metal-releasing 

behavior, antibacterial activity against Escherichia coli (E. coli) in dark place or under visible light irradiation, and 

generation of reactive oxygen species (ROS) from samples under visible light irradiation were investigated. 

  

Experimental Methods 

Commercially pure titanium plate was soaked in 5M-NaOH solution at 60ºC for 24 h and then soaked in 1mM-

Cu(NO3)2 or AgNO3 solution at 80ºC for 48 h. Thus treated titanium plate was heated at 600ºC for 1 h. Samples were 

soaked in SBF at 36.5ºC for 7 days. Surface structure of samples before and after soaking in SBF was investigated 

by scanning electron microscope (SEM), thin-film X-ray diffractometer (TF-XRD) and X-ray photoelectron 

spectrometer (XPS). Antibacterial test of samples against E. coli under visible light was conducted according to JIS 

R 1752:2013. Generation of radicals from samples irradiated with visible light was measured by electron spin 

resonance (ESR) and hydrogen peroxide (H2O2) colorimetric determination using xylenol orange was conducted. 

  

Results and Discussion 

Figure 1 shows SEM photographs of samples before and after soaking in SBF. Network structure of anatase and 

rutile-type TiO2 containing small amounts of Cu (5.45 atom%) or Ag (2.32 atom%) was formed on Cu- or Ag-doped 

samples and small silver particles (indicated by white arrows in Fig. 1) were formed on Ag-doped sample. Both 

samples formed apatite in SBF for 7 days, suggesting that they have a potential to bond to living bone in vivo, but 

the apatite-forming ability of Ag-doped sample was better than that of Cu-doped sample. According to TF-XRD and 

XPS measurements, doped silver took a form of Ag and Ag2O, and copper took a form of Cu and CuO. 

Figure 2 shows visible bacteria count of E. coli on samples with or without irradiation of visible light. Proliferation of 

E. coli was remarkably inhibited on samples with the irradiation of visible light. According to ESR measurement, 

hydroxyl radicals (·OH) were detected for samples irradiated with visible light, and some radicals containing carbon 

were further detected for Cu-doped samples although the generation mechanism is not clear. Generation of H2O2 
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was also confirmed for both samples under visible light irradiation, but there was no significant difference in the 

amount of generated H2O2 between Cu-doped sample and Ag-doped sample. These results indicate that Cu-doped 

and Ag-doped titanium can show antibacterial activity not only by antimicrobial metals but also by visible light-induced 

photocatalytic activity of Cu- or Ag-doped TiO2 when they are irradiated by visible light. Further, the generation of 

carbon-containing radicals might be responsible for the antibacterial activity of Cu-doped titanium under irradiation 

of visible light. 

  

Conclusion 

We prepared Cu- or Ag-doped titanium by chemical and thermal treatments. Thus Cu- or Ag-doped titanium showed 

apatite-forming ability in SBF, suggesting that they can bond to living bone. Both Cu-doped titanium and Ag-doped 

titanium showed excellent antibacterial activity under visible light irradiation. Such surface-modified titanium can 

provide novel dental implants with visible light-induced antibacterial activity as well as bone-bonding ability. 
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Antibacterial activity of samples 
Figure 2 Visible bacteria count of E. coli on 

samples with or without irradiation of visible 

light. 

 

Apatite-forming abiity of samples in SBF 
Figure 1 SEM photographs of samples before and 

after soaking in SBF. 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 812 of 1893 

PS1-01-12 

Novel Titanate Conversion of DC Magnetron Sputtered Titanium Thin 

Film Coatings For Biomedical Applications 
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Introduction 

The current process for improving implant surfaces to be bioactive, therefore, providing a more natural fixation, is 

reliant on high temperature (>1500 K[1]) plasma spraying of hydroxyapatite (HA). However, these surfaces have been 

shown to spall due to their brittle nature, high internal stresses and weak mechanical adhesion[2, 3]. Bioactive titanate 

surfaces have been developed as an alternative since the mid-1990s by Kokubo et al.[4], however, their applicability 

are limited to titanium (Ti) and its alloys only via chemical conversion routes. A novel method was proposed in this 

study for generating nanoporous titanate surfaces on alternative biomedical materials through conversion of DC 

magnetron sputtered Ti thin coatings. 

  

Experimental Methods 

Stainless steel disks of 10 mm diameter (316L; >99.9% purity; Smiths Metals Ltd., Nottingham) were polished using 

SiC paper sequentially from P240 to P4000 grit, followed by colloidal silica polishing (0.06 μm particles size) on MD-

Chem polishing pads. Polished fused silica glass discs were used for cross-sectional SEM analysis. The disks were 

cleaned and sonicated for 10 min in acetone, followed by IMS, before being loaded into a TEER UDP-650 magnetron 

sputtering rig. The disks were then sputtered with titanium (Ti) from a Ti target (Miba Coatings; >99.5% purity; 175 x 

380 mm), using a 2.38 Wcm-2 target power density; a substrate bias from zero to -100 V and temperatures of up to 

150 oC, were also used to increase coating density. The samples have been labelled according to the following 

convention: target current (A)/negative substrate bias (V)/applied substrate temperature (oC), e.g. 5A/100V/150oC for 

5 A target current, -100 V bias, 150 oC applied temperature. A graphical representation of the preparation process is 

displayed in Figure 1. 

The produced coatings were then treated in NaOH (5 M; 60 oC; 24 h) to assess the conversion of the films into 

sodium titanate structures, and how the sputtering parameters and, therefore, crystal orientation, structure factor and 

density affect this conversion (Figure 1). Material characterisation included SEM (15 kV, 10 mm WD; JEOL 7100F 

FEG-SEM) to obtain topographical alteration, with EDX (15 kV, >250,000 counts; JEOL 7100F FEG-SEM), XPS (VG 

ESCALab Mark II X-ray photoelectron spectrometer), and Raman (HORIBA Jobin Yvon LabRAM HR spectrometer) 

to assess elemental and molecular properties. XRD (Cu Kα, λ = 1.5406 Å, 40 kV, 35 mA; range = 20-60o 2θ; step 

size = 0.015o; 1.2o glancing angle; dwell time = 16 s) and texture coefficient calculations using the Harris equation[5] 

were used to understand the crystallographic nature and orientation of the coatings produced. 

  

Results and Discussion 

SEM micrographs (Figure 2A) demonstrated the production of 3.89 ± 0.04, 3.90 ± 0.03 and 3.71 ± 0.04 μm Ti coatings 

for the 5A/0V, 5A/100V, and 5A/100V/150oC samples, respectively. Through application of a substrate bias (100 V), 

and bias in conjunction with substrate heating (100 V/150 oC), the density of the films increased (as attributed through 

the reduction in coating thickness and surface voids). Furthermore, as characterised through texture coefficient 

calculation (Figure 2C) of the XRD data (Figure 2B) using the Harris equation (Figure 2C Insert), the films shifted 
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from columnar (preferred orientation in the Ti HCP (002) plane (PDF 00-044-1294); Texture coefficient (Tc(002) = 3.33) 

in the unbiased sample, to more equiaxed (Tc(002) = 1.98; for pure equiaxed, Tc = 1) in the 5A/100V/150oC sample, 

as determined via XRD (Figure 2B). Upon subsequent titanate conversion, the sodium titanate layers for the samples 

produced at 5A/0V, 5A/100V, and 5A/100V/150oC were 1.12 ± 0.04, 1.20 ± 0.02, and 1.20 ± 0.03 μm in thickness, 

respectively. 

Despite the proposed hypothesis that increased porosity would allow better penetration of NaOH and, therefore, 

increase conversion through reaction between NaOH and the passivated TiO2 layer, this was not observed in the 

samples tested. Titanate conversion and Na inclusion were both assessed using EDX (Figure 2A Insert), XPS and 

Raman (both not shown), showing incorporation of 7.6 ± 0.1, 8.9 ± 0.1, and 11.5 ± 1.8 at.% of Na in the 5A/0V, 

5A/100V, and 5A/100V/150oC samples, respectively. Raman spectroscopy in conjunction with XPS confirmed bonds 

associated with titanate structures, demonstrating the ability to convert magnetron sputtered Ti into titanate. 

  

Conclusion 

Overall, the data presented demonstrates the successful conversion of DC magnetron sputtered Ti coatings into 

titanate structures, with increased Na inclusion for the unbiased (7.6 at.%), biased (8.9 at.%), and biased/heater runs 

(11.5 at.%), respectively. The hypothesis that increased penetration in the more porous unbiased film was not 

evidenced, however, clear structural differences in the film produced have an effect on Na inclusion and titanate 

morphology of the conversion layer. 
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Figure 1. Graphical abstract of titanate 

conversion methodology. 
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Figure 1. Graphical representation of titanate 

conversion of ca. 4 μm DC magnetron sputtered Ti 

coatings. 

 

 

Figure 2. A) SEM and Na EDX (Insert) results. B) 

XRD spectra. C) Texture coefficient data. 
Figure 2. A) SEM micrographs and Na EDX 

inclusion (Insert) in the titanate converted 

samples. B) XRD spectra of pre-

converted samples. C) Texture coefficient 

calculations using the Harris equation (Insert) 

to assess preferred orientation of pre-converted 

samples. 
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Introduction 

Various tribosystems can be found in scenarios related to the human body (see Fig. 1). On the one hand, there are 

tribosystems consisting of biological counterfaces such as the tongue-palate tribopair [1], articular joints, or the eyelid 

sliding against the cornea, and on the other hand, there a medically engineered products which come into contact 

with biological tissues such as implants or catheters. 

Knowing about the tribological behavior of such systems can be beneficial for questions like: 

• How to correlate tribological data and sensory perception of food, cosmetics, etc. 

• How to characterize the effects of pharmaceutical products such as eye drops, artificial synovial fluid, etc., on 

the frictional behavior at biological counterfaces 

• How to improve medical devices and implants in terms of product optimization and safety [2] 

  

Experimental Methods 

The real-world tribosystems often show a complex structure but can be abstracted and simplified for testing at model 

scale. The tests can be carried out with real biological tissues, articular cartilage for instance, or with synthetic 

substitutes such as artificial skin, Polydimethylsiloxane (PDMS), as well as with medically engineered materials. Most 

biotribological scenarios are characterized by low speeds and relatively low contact pressures. 

  

Results and Discussion 

The authors here present a methodology for model system testing at low loads and low speeds to approach the 

above mentioned questions. Results from tribological measurements are presented in the form of extended Stribeck 

curves [1] and breakaway torque measurements. 

  

Conclusion 

The contribution also covers how to choose between biological and artificial specimen and how to fix them in the 

Tribometer with special adapters. 
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The human body from a tribological point of view 
Fig.1 Tribology can be a key to understand 

sensory perception (e.g. food and cosmetics) but 

also to optimize medical products (ophthalmic 

and orthopedic applications, catheters). 
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Introduction 

The inhibition of the initial bacterial implant colonization by supportive antimicrobial agents such as silver (Ag) is a 

strategy to reduce implant-related infections. A rapid and time-limited oxidative Ag ion (Ag+) release can be achieved 

by Ag nanoparticles (AgNP) due to their high specific surface area. A further promising approach to enhance Ag+ 

release based on the sacrificial anode principle is the combination of Ag with an electrochemically more noble metal, 

such as platinum (Pt). Generally, the sacrificial anode effect occurs when two electrochemically different metals exist 

in an electrolytic environment – the less noble metal protects the more noble one by corroding. Previously we 

demonstrated the efficiency of a sacrificial anode system composed of thin metal films dotted with Ag [1]. 

Here, we compare the potency of a physical mixture of AgNP and PtNP to pure AgNP by analysis of NP dissolution, 

antimicrobial activity towards Staphylococcus aureus(S. aureus) and Escherichia coli(E. coli) and the biological 

effects on human mesenchymal stem cells (hMSC). 

  

Experimental Methods 

Poly(N-vinylpyrrolidone)-coated spherical AgNP and PtNP (diameter 5-10 nm) were synthesized by reducing AgNO3 

and H2PtCl6 with NaBH4 or citrate/tannin. NP were characterized using atomic absorption spectroscopy, differential 

centrifugal sedimentation and transmission electron microscopy in combination with energy-dispersive X-ray 

spectroscopy. 

The antimicrobial activity of the NP was analyzed using standard microdilution techniques by determination of the 

minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC). The viability of hMSC 

exposed to NP was accessed by calcein-AM staining and real-time cell tracking (CytoSmart, Lonza). Osteogenic 

differentiation of hMSC was analyzed using Alizarin Red staining and the AttoPhos assay. Dissolution experiments, 

spectrophotometry and electrochemistry were used to analyze the Ag+ release. 

  

Results and Discussion 

A physical mixture of 50 wt% AgNP and 50 wt% PtNP showed significantly enhanced antimicrobial effects against 

S. aureus and E. coli (Figure 1A) as well as enhanced toxicity towards hMSC compared to pure AgNP at same total 

Ag concentration. The toxic effects of the physical mixture occurred within minutes of incubation and were therefore 

substantially faster than for pure AgNP. Since pure PtNP induced no toxic effects at the used concentrations, an 

electrochemically induced enhancement of Ag+ release from AgNP in the presence of PtNP was assumed and 

confirmed by dissolution experiments, spectrophotometry and cyclic voltammetry. Significantly, for the first time to 

our knowledge we additionally identified an osteo-promotive effect of pure PtNP on hMSC. As was confirmed by 

Alizarin Red staining and the AttoPhos assay, osteogenic differentiation of hMSC was significantly enhanced in the 

presence of PtNP (Figure 1B, 1C). 
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Conclusion 

In conclusion, these findings might be useful for the development of multifunctional biomaterial coatings using AgNP 

and PtNP. On the one hand, the sacrificial anode effect of PtNP on AgNP results in a time-limited Ag+ burst, providing 

a sufficient antimicrobial activity at low total silver amount. On the other hand, the remaining Pt after Ag dissolution 

exhibits osteo-promotive activity. Thereby, such coatings would have the advantages of antimicrobial activity 

concomitantly with a supporting effect on bone regeneration. 

  

References 

[1] M. Köller et al., Mater. Sci. Eng. C Mater. Biol. Appl. 74 (2017) 536–541. 

  

Acknowledgement 

We thank the Deutsche Forschungsgemeinschaft (DFG) for supporting this work (SE 2449/2-1, EP 22/44-1, HE 

7192/2-1). 

  

 

Biological effects of AgNP and PtNP on bacteria 

and hMSC 

 

 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 819 of 1893 

PS1-01-15 

Systemic toxicity evaluation after subcutaneous implantation of 

titanium with TiN layer. 
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Introduction 

Biocompatibility assessment of advanced implants like heart assist devices requires a multi-stage biocompatibility 

analysis to confirm the safety of use. A novel rotary ventricular assist device (VAD) ReligaHeart® ROT (RH ROT) 

was developed [1]. Construction of implantable blood pump is a huge challenge in the aspect of long-term contact 

with blood. Modification of the well-known glow discharge assisted nitriding process called active screen plasma 

nitriding has been used for enhancing the properties of RH ROT blood pump parts, made of Ti6Al7Nb alloy, through 

production of TiN+Ti2N+αTi(N) diffusive surface layers [2]. The biocompatibility assessment was performed in terms 

of systemic toxicity, as a part of complete biocompatibility evaluation.  

  

Experimental Methods 

The systemic toxicity was evaluated according to PN EN ISO 10993-11 as limit test. In the assessment a higher dose 

was admitted to the animals than the dose the patient would be exposed in case of  heart support with RH ROT. 

Ti6Al7Nb with TiN layer was prepared in a representative process for RH ROT device and ETO sterilized. The study 

was conducted with the utilization of 48 New Zealand White rabbits.  Animals were divided in study and control group. 

Iimplantation was carried out under infusion anaesthesia. In the study group four samples were implanted 

subcutaneously on the back of animals. In control group two skin incisions were mad on the back. The observation 

was conducted depending of the group for 4 (n=6), 12 (n=8), and 26 weeks (n=10). Animal’s body weight was 

controlled every 4 weeks. Before the implantation and then after the experiment before euthanasia the 

haematological, biochemical and coagulation blood parameters were assessed. After euthanasia a macroscopic 

evaluation of the implantation area and internal organs was performed. Histopathological assessment of tissues and 

internal organs was done. 

  

Results and Discussion 

During the observation no clinical sings of abnormalities in animal’s behaviour were found. The body weight increase 

was for all tested groups similar. Blood analysis did not reveal any systemic pathology. There were no inflammation 

(C-reactive protein negative, no leucocytosis) or organ necrosis. Animal’s organs were characterized by proper 

function and endurance - stable levels of total protein, creatinine, urea, total bilirubin were observed. Large 

fluctuations were observed in the enzyme activity. In the case of alanine aminotransferase (ALT) and gamma-

glutamyltranspeptidase (GGT), the mean results significantly exceeded the reference range, however, the values 

remained stable before implantation and before euthanasia. Blood count parameters were in reference range, so no 

impact on bone marrow was found. Coagulation parameters were also stable. Macroscopic evaluation of internal 
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organs did not show any irregularities. Histopathological analysis showed isolated cases of not too serve 

inflammatory reaction in the implantation area, mostly in  4 weeks of observation. 

  

Conclusion 

TiN+Ti2N+αTi(N) produced in active screen plasma nitriding process on the titanium alloy Ti6Al7Nb surface reveals 

no systemic toxicity in the long-term period of 26 weeks. 
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Introduction 

Antibacterial material to prevent from bacterial infection has been attracting much attention in medical field. Recently, 

we have reported that raw silk fabric treated with calcium chloride (CaCl2) solution (R-Ca) showed excellent 

antibacterial activity against Escherichia coli (E.coli) [1] while it did not induce strong cytotoxicity against rat 

fibroblasts under the indirect condition [2]. Thus, R-Ca is expected to be useful as an antibacterial fabrics with 

biocompatibility for medical use. According to the dissolution test, R-Ca released 3.6 μmol of calcium into 30 mL of 

the Tris-HCl buffer solution [1], suggesting that the antibacterial activity of R-Ca was able to be caused by the release 

of calcium which was introduced to R-Ca by CaCl2 treatment. However, its antibacterial mechanism is not completely 

clear because the effect of calcium on bacteria has not been reported. Therefore, in this study, we attempted to 

investigate the mechanism of R-Ca’s antibacterial activity through revealing the effect of calcium on E. coli 

qualitatively as well as quantitatively. 

  

Experimental Methods 

Calcium was added to bacterial medium by dissolving a given amount of CaCl2 as follows. At first, nutrient broth (NB) 

medium was prepared by mixing beef extract 3 g, peptone 5 g, and distilled water 1000 mL. Then, CaCl2 was added 

to the NB medium at various concentrations. Subsequently, 100 μL of NB medium containing CaCl2 and 100 μL of 

bacterial suspension was mixed, and the final concentration of CaCl2 was adjusted to be 0, 0.49, 1.95, 7.8, 31, 130, 

500, 2000 mM. Finally, the bacterial suspension was kept in the dark for 1 hour at room temperature, and the 

absorbance at 660 nm of each bacterial suspension was measured by ultraviolet-visible spectrophotometer. The 

absorbance at 660 nm corresponds to the turbidity induced by bacteria. Furthermore, the bacterial suspension was 

transferred into agar medium and cultured for 24 hours. After the culture, the apparent condition of the colonies was 

qualitatively confirmed. 

  

Results and Discussion 

Figure 1 shows the result of qualitative antibacterial test for CaCl2 solutions with different concentrations. The 

apparent change was not observed from 0 mM to 500 mM, but the remarkable decrease of colony numbers was 

observed at 2000 mM. Figure 2 shows the result of quantitative antibacterial test for CaCl2 solutions with different 

concentrations. The remarkable decrease in the absorbance of the bacterial suspension was observed at 2000 mM. 

Additionally, enhancement of bacterial proliferation by CaCl2 was suggested because the absorbance of bacterial 

suspension increased with increasing the CaCl2 concentration up to 500 mM. These results indicate that CaCl2 shows 

antibacterial activity more than 2000 mM of the concentration. Further, it is speculated that its antibacterial activity 

depends not on the chlorine concentration but on the calcium concentration because chlorine derived from CaCl2 is 

mostly existed as chlorine ions (Cl-), which is not available chlorine such as hypochlorous acid. However, in our 

previous study, R-Ca showed strong antibacterial activity although the concentration of calcium released from R-Ca 

into the bacterial suspension was at most 120 mM [1]. This seemingly contradictory result could be explained with 

the evaporation of the bacterial suspension. In the antibacterial test, it is likely that evaporation of the bacterial 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 822 of 1893 

suspension was promoted because a very small amount of bacterial suspension (50 μL) was inoculated into the 

fabric with high surface area. Therefore, the calcium concentration could remarkably increase by evaporation of the 

bacterial suspension and it finally killed bacteria. 

  

Conclusion 

Calcium chloride did not show antibacterial activity against E. coli at the concentrations no more than 500 mM, but it 

showed the antibacterial activity at the concentration of 2000 mM. However, calcium chloride-treated raw silk fabric 

showed excellent antibacterial activity against E. coli while the apparent concentration of calcium released from the 

fabric (120 mM) was much lower than 2000 mM. This might be because the evaporation of the bacterial suspension 

on the fabric increases the calcium concentration to induce antibacterial activity. Therefore, calcium chloride-treated 

raw silk fabric is expected to be useful as an antibacterial fabric for medical use under low humidity. 
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Fig. 1 
The qualitative antibacterial test for CaCl2 

solutions with different concentrations. 

 

Fig. 2 
The quantitative antibacterial test for CaCl2 

solutions with different concentrations. 
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Introduction 

Out of 228,861 Total Joint Replacement (TJR) surgeries carried out in the UK in 2017, approximately 9,154 resulted 

in biofilm infections at an approximate cost of £90m[1]. Once bacteria adhere to a surface they begin to secrete 

extracellular proteins that form a protective biofilm around them, which creates a physical barrier which protects the 

bacteria from the immune system and antibiotics. When this biofilm forms on a medical implant, treatment is nearly 

impossible and the device needs to be replaced. Studies into the bacterial growth on surfaces often employ expensive 

equipment, such as confocal laser scanning microscopes, in order to obtain quantifiable results; however the high 

cost of such devices is prohibitive to many scientists around the world, who turn to qualitative analysis. 

  

Experimental Methods 

Material samples were obtained from Zimmer-Biomet. These were 3D scaffolds (Tantalum[Ta] and Titanium alloy[Ti- 

to represent Ti6Al4V]) and flat Ti and Ta disks, diameter of 10mm, with varying treatments (grit blasted [G] and 

polished [P]). A group of PTi disks coated with copper were used as a negative control (Cu-PTi).   

 

Bacteria used in this study were exclusively Staphylococcus aureus strain Newman, with a green fluorescent protein 

(GFP) gene inserted into a plasmid containing a Chloramphenicol (Cm) resistance gene. The optical density of the 

starting culture (OD600) was 0.01. The incubation time was 3h, and was conducted at 37°C and 60RPM. A TSB/Fetal 

Bovine Serum (FBS) mixture was used as a media, which aimed to mimic the protein content of wound fluid (ca. 

2.9g/dL[2]).Bacterial cell fixation for Scanning Electron Microscopy (SEM) was done using a modified human cell 

fixation protocol using 3% Glutaraldehyde as a fixative, which prolonged dehydration times in ethanol. 

SEM micrographs were converted to binary images, showing regions with and without bacteria. The pixel count of 

each value was then measured, resulting in a pixel-count-related coverage assessment. 

Confocal microscope readings were taken using a Carl Zeiss L700 Confocal Laser Scanning Microscope, and the 

resulting image stacks were analysed using a COMSTAT 2 plugin to ImageJ in order to obtain biomass volume per 

unit area. 

SEM Images were transformed using GIMP 2.8.14. 

Results from the two methods were then analysed using a 2-way ANOVA method on normalized values (using 

GraphPad Prism 7). 

  

Results and Discussion 

No morphology change was observed in bacterial cells after fixation and dehydration in preparation for SEM imaging 

(see Fig. 1). A significantly higher proportion of a metal oxide layer on the topmost (10nm) surface was observed 
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using XPS on all samples, with the difference ranging from 19 wt% O to 49 wt% O across Ta samples, and 4 wt% O 

to 46 wt% O across Ti samples.  

A comparison between results obtained using confocal microscopy and those obtained using SEM image analysis 

on 2D samples showed that in all groups, out of 5, there was no statistically significant difference between the two 

data sets (see Fig 2). All samples saw some bacterial adherence to their surfaces. The negative control group had 

the lowest reading, with PTa and PTi disks next, followed by GTa and GTi showing the highest amount of bacterial 

cell attachment. 

  

Conclusion 

SEM image analysis is a potential alternative analysis method for assessment of bacterial cell attachment, illustrated 

by the fact that there was no statistically significant difference between the results from SEM and confocal 

microscopy. There is also no statistically significant difference between the bacterial cell attachment on Ti and Ta 

samples of equivalent surface topography, however grit blasted samples show increased readings compared to their 

polished counterparts in both cases. 
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Figure 1 
False-colour SEM Images of a Ta scaffold before 

(A) and after (B) incubation. The metal is 

purple in colour and the bacteria and coloured 

yellow.  

Figure 2 
Comparison of SEM data and confocal data 

obtained from the same samples. Graph A. shows 

the results obtained using SEM, with the pixel 

count indicative of area coverage of bacteria. 

Graph B shows the results obtained using 

confocal imaging, with the biomass as volume per 

unit area. 
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Introduction 

Ceramics and glasses have been used for a long time in the healthcare industry from diagnosis to therapeutic 

applications. In dental and orthopaedic, calcium phosphate compounds and bioactive glasses are considered to be 

an important compound due to its compositional vitality and apatite regeneration properties, which are essential for 

human bone and dentin treatments. In calcium phosphate compounds, β‐TCP is a notable bio-resorbable material 

which can relatively balance between absorption and new bone formation [1]. This material is also posing 

osteogenicity and osteoinductivity. Bioactive glasses are a subset of inorganic bioactive ceramics, which are able to 

react with physiological fluids to form strong bonds to bone via the formation of bone-like HA layers and the biological 

interaction of collagen with the material surface[2]. Bioactive silicate glasses (e.g. 45S5 Bioglass) with compositions 

in the system SiO2–Na2O–CaO–P2O5 having < 55% SiO2 were discovered by Hench in 1969 [3]. These types of 

bioactive glasses also have osteogenetic and osteoconductive properties. In the present work, nanostructured β-

TCP and Bioactive glass with the composition similar to the 45S5 system has been synthesized by Sol-gel technique. 

The obtained powders were coated on commercially pure titanium substrates by a pulsed laser deposition technique. 

The in vitro bioactivity and corrosion characteristics were discussed in detail. 

  

Experimental Methods 

Bioactive glass were synthesized by Sol-Gel. The precursors used were nitric acid, Tetraethyl orthosilicate, Triethyl 

Phosphate, Sodium hydroxide and Calcium nitrate tetrahydrate and done as per the procedure reported earlier[6].  β-

TCP nanopowders were synthesized by the reaction of calcium nitrate tetra-hydrate with orthophosphoric acid. The 

molar percentage of two precursors calcium nitrate tetrahydrate and orthophosphoric acid in the ratio of 1:5. 

Throughout the synthesis process, the pH was maintained at 10.8. The precipitate was dried at 80°C for 24 h and 

heat treated at 700oC for 2h. The sintered Bioactive glass and β-TCP nanopowders were coated on CP-Ti substrates 

by a pulsed laser deposition technique. 

  

Results and Discussion 

FTIR spectra give the accurate fingerprint characteristics of phosphate and silica molecular arrangement. Fig.1 

shows the FTIR spectrum of bioactive glass and β-TCP. For Bioactive glass, the absorbance band is founded around 

in the graph is 1336 cm-1 corresponds residual organic compounds. The peak at around 608-997cm-1 are attributed 

to P–O bending of PO4
3- groups [7,8]. For β-TCP, the absorbance band is found to be around 1015 cm-1 corresponds 

to residual organic compounds ( PO4
3-Stretching mode). The characteristic absorption band at 2980-1655  cm -1 are 

attributed to adsorbed water sharp peak at 3572  cm-1 appeared due to the stretching vibration of the lattice OH– 
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ions. The sharp peaks at 562cm-1 represent the vibration peaks of po4
3-vibration mode in β-TCP. The FTIR results 

were also very much similar to the earlier literature[9]. 

The SEM image (Fig. 2 a) shows the sintered bioactive glass synthesized using the sol-gel method. The neckings 

among the particles were apparent. The surface morphology the particle is a plate-like structure at some region and 

agglomerated beaded structure in other regions. Fig. 2b shows surface morphology of the sintered β -TCP 

synthesized prepare by co-precipitation method. The particles are highly agglomerated, spherical in shape with an 

average size of 50 nm. The elemental analysis of sintered bioactive glass (Fig. 2c) and β-TCP(Fig. 2d) is confirmed 

by EDS spectra. The composition analysis of from the EDS was well matched with the composition of the 45S5 

bioglass system and the calcium to phosphate ratio was also compared with the standard β-TCP. 

Hemocompatibility of pure Tricalcium phosphate and Bioactive glass at various concentrations is shown in Fig. 2c. 

While comparing the results of β-TCP with bioglass, the former shows comparable more hemolysis. However, as per 

the hemocompatibility standards the hemolysis% less than 5% is considered to be compatible[10]. 

  

Conclusion 

Bioactive glass and β-TCP with a composition similar to 45S5 bioglass were synthesized by sol-gel method and co-

precipitation method respectively. The phase analysis of β-TCP and Bioactive glass is confirmed from XRD analysis. 

The stretching and vibrational modes were confirmed by FTIR and RAMAN. Plate-like structure and spherical 

structure were observed under SEM for Bioglass and β -TCP samples respectively. Bioactivity of the material 

analyzed through Hemocompatibility studies depicts that, Bioactive glass is more compatible compared to β-TCP 

even at higher concentration. The pH-dependent In Vitro immersion studies were done for Bioactive glass and β-

TCP sample by immersing the sample in Simulated Body Fluid for 14 days. The in vitro corrosion studies of Bioactive 

glass and Β-TCP coated CP-Ti substrates shows the positive response for the coated samples. 
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Fig.2 SEM Images of (a)Bioactive glass and (b) 

Beta-TCP; EDS of (c) Bioactive glass and (d) 

Beta-TCP 

 

 

 

Fig.1. FTIR Spectrum of (a) Bioactive glass an 

d(b) Beta-TCP 
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Introduction 

Osteoarthritis is the inflammation of joints due to degeneration of cartilage tissue. It is the most common joint diseases 

in the world and dramatically limits mobility of the patients. The only clinical therapy to regain their mobility is the 

replacement of the degenerated tissues with an artificial implant. However, currently-used orthopedic implants having 

an average lifetime of only 15-20 years are not sufficient for active adults and aging population [1, 2]. Implant 

corrosion, wear debris formation, fatigue and most importantly the lack of osseointegration are among the major 

reasons for orthopedic implant failure. To improve lifetime of an implant and overcome these issues, tantalum may 

be a potential candidate due to its superior corrosion resistance and optimal mechanical properties compared to the 

commonly used orthopedic implant materials [3,4]. However, the bioinert nature of tantalum surfaces limits sufficient 

osseointegration with juxtaposed bone. Surface modification in the nanoscale can be a promising solution to enhance 

bioactivity of tantalum. Among many surface modification techniques, anodization is a promising technique due to its 

simplicity and flexibility to obtain nanostructured surface oxide layers. In this study, tantalum surfaces were modified 

via anodization to obtaine three different surface morphologies having tunable feature sizes. Moreover, the 

interaction between anodized tantalum and bone cells was assessed. 

  

Experimental Methods 

The surfaces of tantalum samples (1cmx1cm) were modified via anodization using a two electrode system where 

platinum mesh was used as the cathode. HF, H2SO4 and DMSO were used as electrolytes in varying concentrations. 

Voltages (10-60V) and anodization durations (20s-4h) were optimized to obtain nanotubular, nanocoral and 

nanodimple morphologies having controlled feature sizes. Osteoblast (ATCC CRL-11372) adhesion and proliferation 

were investigated up to 5 days of culture. 

  

Results and Discussion 

Concentrated HF and H2SO4 solutions were used to obtain nanotubular surface morphologies, while anodization voltages 

and durations were fine-tuned to have 30-150 nm diameter tubular sizes. Nanocoral morphology was fabricated via 

using H2SO4 and NH4F solution as electrolyte. The low viscosity of this solution compared to the concentrated HF and 

H2SO4 mixture lead to formation of a nanocoral morphology rather than nanotubes and the dissolution rate of surface oxide 

layer was found to be the dominating mechanism controlling its morphology. Feature size of the nanocoral tantalum surfaces 

were controlled between 20-120 nm by altering anodization parameters. In the fabrication set-up, incorporation of a small 

amount of DMSO into the concentrated HF and H2SO4 solution resulted in formation of nanodimples, which was correlated 

with reduced electrical conductivity of the electrolyte. Voltage and duration were adjusted to obtain 25-90 nm diameter 

nanodimple feature sizes. TEM and XRD analysis indicated an amorphous oxide surface layer and XPS analysis revealed 

that the surfaces of the tantalum metal were oxidized to obtain Ta2O5 for nanocoral and nanodimple morphologies. Moreover, 

in vitro studies revealed enhanced osteoblast adhesion and proliferation up to 5 days of culture on anodized tantalum surfaces 

having nanotubular, nanocoral and nanodimple morphologies compared to non-anodized tantalum. Alkaline phosphatase, 

collagen and extracellular calcium secretion assays are underway on the nanofeatured samples. 
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Conclusion 

Anodization process was used to modify tantalum surfaces. By altering electrochemical parameters, three different 

surface morphologies having feature sizes between 20-150nm were obtained. Upon anodizing tantalum metal, 

chemically inert, yet biologically active amorphous Ta2O5 was on the fabricated tantalum surfaces. Enhanced bone 

cell adhesion and proliferation was observed on nanofeatured surfaces compared to conventional tantalum. Thus, 

anodized nanofeatured tantalum is a promising candidate for orthopedic applications. 
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Figure 1. 
SEM images of anodized a) nanotubular, b) 

nanocoral and c) nanodimple tantalum.Scale bars 

are a) 3 um, b) and c) 1 um respectively. 
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Introduction 

Magnesium (Mg)-based biomaterials are promising candidates for bone and tissue regeneration. Alloying and surface 

modifications provide effective strategies for optimizing and tailoring their degradation kinetics. Nethertheless, 

biocompatibility analyses of Mg-based materials are challenging due to its special degradation mechanism with 

continous hydrogen release. In this context, the hydrogen release and the related (micro-) milieu conditions pretend 

to strictly follow in vitro standards based on ISO 10993-5/-12. Thus, special adaptions for the testing of Mg materials 

are necessary. Based on these adaptions, further developments of a test procedure allowing rapid and effective in 

vitro cytocompatibility analyses of Mg-based materials based on ISO 10993-5/-12 are necessary and are presented 

in the following study. 

  

Experimental Methods 

The following study introduces a new two-step test scheme for rapid and effective testing of magnesium specimens. 

Different surface characteristics were produced by means of plasma electrolytic oxidation (PEO) using silicate-based 

and phosphate-based electrolytes. The test samples were evaluated for corrosion behavior, cytocompatibility and 

their mechanical and osteogenic properties. 

  

Results and Discussion 

We successfully developed 4 silicate-based and 7 phosphate-based ceramized surfaces. Thereby, silicate-based 

surfaces showed inferior results compared to most of the phosphate-based surfaces in terms of corrosion resistance 

and cytocompatibility. We identified four test samples that qualified for the second step to determine mechanical and 

osteogenic properties by seeding human umbilical cord perivascular cells (HUCPV) onto the surfaces over a time 

period of 21 days. Thereby, two test samples showed satisfying mechanical micro-hardness properties and a bony 

differentiation of the cells on the surfaces. These two samples were selected for further in vivo testing. 

  

Conclusion 

We successfully implemented a new two-step test scheme for rapid and effective testing of magnesium specimens. 

Thereby, two PEO ceramics could be identified for further in vivo evaluations. 
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Two-step test procedure 
Schematic outline of the procedure for assessing 

the in vitro compatibility of Mg-based materials 

applied in this study. 
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Introduction 

Protein adsorption at implant surface is one of the first biological events happening when a foreign material is placed 

in the human body and gets in contact with human tissue or body fluids1. The adsorption of protein at biomaterials 

surfaces is a complex process, depending on the chemical and physical properties of the material, such as its 

composition and hydrophobicity2. Surface hydrophobicity/hydrophilicity is one of the most important parameters 

affecting the biological response to an implanted material. It is known that the hydrophobicity of titanium based 

materials can be changed after irradiating its surface with UV-C light3. 

In this study, time of flight secondary ion mass spectrometry (TOF-SIMS) was used to characterize human serum 

albumin (HSA) and fibrinogen (Fng) adsorption on two different titanium alloys, Ti6Al4V and Ti6Al7Nb, with increasing 

level ofhydrophobicity. 

  

Experimental Methods 

The protein adsorption experiments for ToF-SIMS analysis were carried out on Ti6Al4V and Ti6Al7Nb (DKSH, 

Switzerland) substrates cut in discs of 25 mm in diameter and 2 mm in thickness, mechanically polished to mirror 

finish and carefully cleaned before used. Some titanium alloy surfaces were treated with an ultraviolet lamp during 2 

and 15 hours in order to make them hydrophilic. 

The adsorption of HSA and Fng (Sigma-Aldrich, Germany) protein solutions onto titanium alloys were performed at 

37 °C for 2h of incubation, in PBS buffer, using 1 ml solution with 5, 10, 30, 80 and 100 µg/ml of protein concentration. 

TOF-SIMS measurements were performed with a TOF-SIMS5 (ION TOF, Germany) equipped with a Bi+ primary ion 

source operated at 25 kV. The total ion dose used to acquire each spectrum was ∼1 × 1012 ions/cm2 to ensure static 

SIMS conditions with an analyzed area of 200 × 200 μm2. Spectra were calibrated to the H+, H2
+, CH3

+, C2H3
+, C3H5

+ 

and C7H7
+ peaks before further analysis. 

  

Results and Discussion 

To evaluate the protein adsorption on each substrate, the evolution of the intensity ratio of a characteristic protein 

peak (C4H8N+, m/z=70) over the sum of a characteristic substrate peak (Ti+, m/z= 48) and the protein peak was 

followed as a function of protein concentration for all types of substrates. It can be seen that for the three substrate 

conditions of Ti6Al4V show an increasing trend of protein adsorption with respect to the concentration of the protein 

solution. 

  

Conclusion 

TOF-SIMS technique showed that there is a difference in the adsorption behaviour of the protein on titanium alloy 

and hydrophilic treated titanium alloy surfaces. 
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Introduction 

Artificial rotary molecular motors convert energy into controlled motion in a continuous manner. The capability to 

drive a system out-of-equilibrium with molecular precision offers fascinating prospects to mediate cell behavior as 

biological systems take advantage of dynamic environments in order to control the biointerface and direct adhesion 

events and cell fate. Here, we demonstrate that the fate of human bone marrow-derived mesenchymal stem cells 

(hBM-MSCs) can be regulated by the  rotary motion of light-driven molecular motors grafted on surfaces. 

  

Experimental Methods 

A schematic diagram illustrating our experimental design of surface-bound molecular motors directing the fate 

of  stem cells is shown in Fig. 1A. The rotary motion originating from light-driven unidirectional rotary motors mediates 

the initial protein adsorption behavior that affects the fibronectin adsorption, which subsequently regulates the focal 

adhesion cytoskeleton actin transduction pathway to govern gene and protein expression of the cells. In this way 

molecular motion is transduced ultimately in stem cell differentiation. For the dynamic surfaces , tetra-acid 

functionalized light-driven rotary molecular motors were grafted to amine modified glass surfaces via electrostatic 

interactions (Fig. 1B).  The tetrapodal attachment enables stable orientation of monolayers of motors on surfaces 

and prevents uncontrolled Brownian motion. Importantly, it has been demonstrated that the motors used in present 

study can transform UV-light into the repetitive unidirectional rotation and have no significant reduction in the 

rotational speed when immobilized to a glass substrate. Next, under irradiation with UV light (λmax = 365 nm), fetal 

bovine serum (FBS), which is conventionally present in cell culture medium as one of the main components, was 

added onto the motor surfaces to explore how dynamic molecular motion affects protein adsorption. After 1 h of 

protein adsorption under continuous irradiation, hBM-MSCs were seeded on the treated motor surfaces for studying 

cell adhesion, proliferation, differentiation, and maintained stemness (Fig. 1A). 

  

Results and Discussion 

The fate of human bone marrow-derived mesenchymal stem cells (hBM-MSCs) can be regulated by the  rotary 

motion of light-driven molecular motors grafted on surfaces. hBM-MSCs on the rotary motor surface are prone to 

differentiate into osteoblasts, while if the motors are in their static state,  hBM-MSCs tend to better maintain 

multipotency. It is shown that the rotary motion alters the adsorbed  protein behavior influencing  the focal adhesion-

cytoskeleton actin transduction pathway and  the regulation of  the protein and gene expression of hBM-MSCs.  

  

Conclusion 

We demonstrate that the underlying mechanism for unidirectional rotating molecular motors influencing stem cell 

behavior is associated with the behavior of initial adsorbed serum albumin (i.e., amount, conformation, and 

morphology), which is regulated solely by the molecular motion. Unidirectional rotating molecular motors increased 

the serum albumin adsorption and decreased the α-helix secondary structure, which subsequently affected the 
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adsorbed amount of Fn. The distinct protein adsorption behavior influenced the FA cytoskeleton actin transduction 

pathway as well as the macroscopic cell adhesion and morphology, evident from studying  focal adhesion, filopodia 

and actin stress fibers, and as a result mediates the fate of hBM-MSCs. Besides providing a unique way to 

dynamically influence the interaction between surfaces and cells as demonstrated here, the molecular motors based 

the surface offer numerous opportunities for mechanical stimulation and control of cell fate and responsive biomimetic 

materials. 
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Molecular motor stem cell interaction 
Figure 1. (A) Schematic illustration of the 

molecular motion directing the fate of hBM-MSCs. 

The molecular motion originating from 

unidirectional rotating molecular motors mediate 

the initial protein adsorption behavior that 

affects the fibronectin adsorption, which 

subsequently regulate the focal adhesion 

cytoskeleton actin transduction pathway to 

govern the gene and protein expressions of hBM-

MSCs. (B) Structural details of motor (dynamic 

layer), amine and stator (static control layer) 

modified surfaces. 
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Introduction 

Strontium plays an essential role in bone formation. It is known to be involved in the human bone mineral metabolism 

by inducing the expression of osteogenic-related genes1, differentiation markers, promoting bone formation by 

osteoblasts and inhibiting bone resorption by osteoclasts2. Sr enriched biomaterials have shown to induce 

osteogenesis and new bone formation3. 

The increasing interest in the effect of Sr on bone tissue regeneration has been reflected in the design and studies 

of new Sr-releasing biomaterials4. The sol-gel technique produces easily coated materials, allowing surface 

functionalisation of metal implants such as dental prostheses5. 

  

Experimental Methods 

The Sr-doped coatings were synthesized by the acid catalysis sol-gel method. The precursors were the alkoxysilanes 

methyltrimethoxysilane (M) and tetraethyl orthosilicate (T). The molar percentages of these precursors in the material 

selected as a Sr-release vehicle were 70% M and 30% T. This formulation was supplemented with 0.5, 1 and 1.5 wt 

% SrCl2 during the synthesis process. 

The surface topography of the samples was examined using scanning electron microscopy (SEM). The chemical 

characterization was carried out by Infrared Spectrometry (FTIR) and Nuclear Magnetic Resonance (29Si-NMR). 

Other tests were performed to complete the characterization: adhesion measurement by cross-cut test, 

hydrophobicity/hydrophilicity and hydrolytic degradation. Silicon and Sr releases were measured by ICPMS. The 

biological evaluation was done with in vitro assays with cells and proteins. 

  

Results and Discussion 

The successful obtaining of transparent, homogeneous and uniform coatings where SrCl2 is effectively immobilized 

can be confirmed from the chemical and morphological characterization. Moreover, the molecules incorporation was 

made without altering the material chemistry. 

Although all bioactive molecules can potentially exhibit cytotoxicity against human tissue cells depending on their 

concentration, in this case no one of the developed materials presented a cytotoxic behaviour, since all of them 

induced cell viability higher than 70 % as compared to control (Figure 1). 

In the MC3T3-E1 cells cultured with the Sr-doped sol-gel materials, the gene expression of osteogenic marker TGF-

β tended to increase for all concentrations in comparison with cells grown on the 70M30T base material (Figure 2a). 

The expression level of TNF-α, a standard marker of early stages of inflammation, decreased significantly with all of 

the materials compared to reference sample (Ti), indicating that the coating might decrease the pro-inflammatory 

effect of the Ti disc (Figure 2b). Proteomic studies clearly showed a higher presence of proteins associated with anti-

inflammatory and osteogenic functions. The correlations between gene expression and proteomic results showed 
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that the introduction of Sr into the biomaterials might improve their osteogenic and anti-inflammatory potential; the 

data are consistent with the available results of literature in vivo studies. 

  

Conclusion 

The incorporation of SrCl2 into a hybrid sol-gel biomaterial affects protein affinity profiles and cell responses showing 

a potential osteogenic behaviour. Although in vivo studies are needed to confirm the osteoregenerative capacities of 

the synthesized coatings, the study of protein-biomaterial interactions highlights the events triggered after 

implantation related to bone regeneration. 

The present study shows that the new-doped silica sol-gel coatings could be a great contribution to the dental 

implantology. 
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A new technology for zeta potential measurement: cmPALS 
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Introduction 

Zeta potential is a key indicator of colloid stability. The higher the magnitude of the zeta potential (that is, highly 

positive or highly negative), the more stable the colloid. A lower-magnitude zeta potential indicates a less stable 

colloid; in other words, the colloidal particles will tend to aggregate or coagulate. Thus, knowledge of zeta potential 

is important for optimizing processes and for quality control. 

Nonetheless, the measurement of zeta potential has previously been beset by significant limitations. Zeta potential 

measurements require an electric field to be applied to the sample. But electric fields can lead to sample heating and 

decomposition, so the electric fields must be kept as low as possible, and applied for as short a time as possible. 

Until now, the state of the art in zeta-potential measurements was phase-analysis light scattering (PALS),[1] which 

is based on electrophoretic light scattering (ELS) measurements. PALS measurements can be unreliable, however, 

especially with sensitive samples, where very short measuring times and low electric fields are required. 

We describe herein a newly patented technology called cmPALS (EP2735870),[2] which is incorporated in the 

recently introduced particle-analyzing instrument, the Litesizer™ 500. cmPALS results in dramatic enhancements in 

the sensitivity and stability of zeta-potential measurements. We describe first some background information about 

the technical development of cmPALS before presenting a direct comparison of results from the cmPALS instrument 

(the Litesizer™ 500) with those from a PALS instrument. 

  

Experimental Methods 

Phase-analysis light scattering (PALS) is a method for evaluating zeta potential, in which the rate of phase change 

of the interference between light scattered by the sample and the modulated reference beam is analyzed. This rate 

is compared with a mathematically generated sine wave predetermined by the modulator frequency. PALS was an 

improvement over previous ELS measurements, because it no longer required the application of large fields, which 

can lead to sample heating and/or breakdown of the colloid. 

PALS measurements start to become unreliable for sensitive samples, however, because the movement of the 

modulator becomes increasingly nonlinear as the movement gets larger. Any non-linearity of the modulator or any 

change in the characteristics of the modulator with time will mean that the generated sine wave will no longer reflect 

the real conditions, and the resulting zeta-potential measurements become less reliable. 

To address these shortcomings, we have developed a modification of PALS in which an additional modulator monitor 

is implemented (see Fig. 1). In the newly patented method, "continuously monitored PALS" (cmPALS), this extra 

modulator monitor detects the interference between the modulated and unmodulated (reference beam) laser light. 

Thus, its beat frequency is solely the modulation frequency and is therefore independent of the electrophoretic motion 

of the particles. In other words, the frequency difference between sample interference and modulator monitor is 

exactly the Doppler shift caused by the electrophoretic motion of the particles. Any non-linearity of the modulator is 

automatically compensated, and does not influence the results. The quality of the results is also not affected by any 

longer-term deterioration in the modulator performance. Thus, the advent of cmPALS means that modulators with 

large movements can be used, despite their non-linearities. As a consequence the sensitivity and stability of laser 
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Doppler electrophoresis measurements can be significantly enhanced because measurements of substantially 

shorter duration and lower electric field applied become feasible. 

  

Results and Discussion 

Latex standard solution was purchased from Thermo Fisher Scientific and diluted to 0.05 % in 10 mM NaCl. Zeta 

potential measurements were carried out with cmPALS technology on a Litesizer™ 500 particle analyzer, and with 

PALS technology on a competitor’s instrument. 

To compare the performance of cmPALS and PALS, the zeta potential of a latex standard (0.05 % in 10 mM NaCl) 

was measured with a cmPALS instrument and a PALS instrument. 

Although both methods show a decreasing zeta potential magnitude as the voltage is reduced, there is a significant 

difference in the quality of the results. 

  

Conclusion 

Continuously monitored phase-analysis light scattering (cmPALS) is a development of the classical PALS method. 

The result is that the sensitivity and stability of laser Doppler electrophoresis measurements is dramatically 

enhanced. For the user, this means significantly shorter measurement times and lower electric fields, and therefore 

more sensitive samples can be analyzed with confidence. 
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sketch of the cmPALS principle. 
1Schematic representation of cmPALS as implemented in the 

Litesizer™ 500. The scattering detector sees the scattering from 

the sample and the modulated reference beam. Thus, the beat 

frequency here is the modulation frequency plus the Doppler 

shift from the sample. The monitor detector, on the other hand, 

sees a beat formed by the modulated and the unmodulated 

reference beam. Hence, its frequency is solely the modulation 

frequency. The Doppler shift frequency is exactly the frequency 

difference between both detected signals. Therefore, the Doppler 

shift frequency is independent of the modulator’s linearity, 

which is the key advantage of cmPALS. 
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Introduction 

Zeta potential is a key indicator of colloid stability. It defines the surface net charge of a surface, whereas we 

understand surfaces of macroscopic materials such as implant materials, or the interface between dissolved particles 

in a colloidal solution. 

The zeta potential indicates changes in the surface chemistry of e.g. of implant materials and is thus suited to study 

biocompatible surface coatings. We will focus on these applications and will present static and time-resolved zeta 

potential analysis methods. While the static method allows investigating the pH dependence of surfaces, the time-

resolved method studies adsorption and desorption phenomena, which improve the understanding of surface 

interactions, such as in-depth characterization of the interaction between proteins in solution and implant materials. 

  

Experimental Methods 

The acceptance of implant materials made of stainless steel or titanium by the human body depends on the 

biocompatibility of the outermost material surface. Various surface properties determine its biocompatibility. Surface 

charge drives the electrostatic forces that attract proteins as a prerequisite for the osseo-integration, e. g., of tooth 

implants. On the other hand, desired electrostatic repulsion prevents adhesion of proteinaceous moieties that initiate 

infection. 

Knowledge of the surface is therefore of paramount importance for the development and qualification of biomaterials 

for implantation. The zeta potential gives information about the surface charge at physiological pH and the chemistry 

of surface functional groups. 

  

Results and Discussion 

The sign and magnitude of the zeta potential let us estimate the electrostatic interaction between the solid surface 

and a charged species dissolved in the surrounding aqueous solution. Being a surface-sensitive parameter, the zeta 

potential is best suitable to indicate adsorption and desorption processes. Changes in the surface properties upon 

adsorption are indicated even if the driving force for adsorption is not of electrostatic nature. 

  

Conclusion 

The zeta potential analysis combines the measurement of adsorption kinetics with the validation of the chemistry of 

the adsorbed surface layer. 
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Zeta potential versus pH curves for glass and 

tianium disks 
Zeta potential versus pH curves for glass and 

tianium disks before and after adsorption of BSA 

(isoelectric point at pH 4.7) 

 

 

Kinetics of adsorption of bovine serum albumin 

(BSA) on titanium (at pH 7.4) 
Kinetics of adsorption of bovine serum albumin 

(BSA) on titanium (at pH 7.4) 
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Introduction 

Natural polymers such as collagen are broadly used as biomaterial. Every biomaterial induces a tissue reaction 

cascade that starts with the agglomeration of proteins, which is the basis for material-cell-interactions and the extent 

of the foreign body reaction (FBR) [1]. Various alternatives to animal testing have been proposed. Herein a new 

method to understand immune reactions on the molecular level based on affinity capillary electrophoresis (ACE) is 

presented. 

  

Experimental Methods 

ACE is an excellent extension of the Ligand Binding Assay toolbox, in particular when charge interactions are 

involved. When a charged ligand binds to any macromolecule, its charge-to-mass ratio is altered. This can be 

measured with high precision using electrophoresis. In our consortium, ACE is applied to study the interactions of 

polymer-based biomaterials to immune-relevant substances such as collagenases, matrix-metalloproteases (MMPs), 

effectors from the clotting system (fibrin, fibronectin) and signaling molecules. 

  

Results and Discussion 

First results show the correlation of the measurements of interactions between molecules such as fibronectin and 

collagen-based biomaterials that correlate with in vitro data. The results of a typical affinity capillary electrophoresis 

(ACE) experiment enable to detect the interaction with ligands shifts the electrophoretic mobility of a binding partner, 

e.g. a protein, which can measured very precisely. Thus, the application of ACE might be a favorable method for the 

characterization of interactions of protein-based biomaterials with proteins involved in the very early stage of the 

FBR, which allows for analysis of the molecular basis of the FBR. 

  

Conclusion 

The present poster introduces the application of ACE as a favorable method for the characterization of protein-

protein-interactions, which allows for analysis of the molecular basis of the FBR. This methodology is proposed to be 

an optimal tool to reduce animal experiments in the future. 
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Introduction 

Implantomics is the new science of the implantome. The implantome is a blend of the two terms implant and 

proteome. The proteome is defined as the protein complement of the genome [1]. The term proteome also implies 

the mass screening of proteins with the aim of determining all of the proteins – and indirectly all of the genes – 

involved in a certain tissue or organ. Here the term proteome is employed in a more general way to specify the totality 

of proteins associated with a certain biological phenomenon or foreign body inserted into a human. It will be 

addressed, why it is important to determine the proteome of implants and what the consequences for implant 

biocompatibility and periimplant healing will be. 

  

Experimental Methods 

A human implantome was recently published for the first time [2] reporting all proteins adsorbed to a hip implant 

within the first two minutes after arthroplasty. It was determined by the method of liquid chromatography combined 

with mass spectrometry i.e. LC-MS/MS. The protein mass identification was performed with the Proteome Discoverer 

software (Thermo Scientific). 

  

Results and Discussion 

A large amount of in vitro experiments has been performed to prove that Albumin, fibrinogen, IgG and possibly 

fibronectin (plasma protein doctrine) are the first adsorbed, followed by blood coagulation, a fibrin network and 

oncoming cells. In Essen a collaborative group of orthopedics and biochemists [2] decided to check this hypothesis 

by determining the initial protein layer on titanium hip arthroplasty explants ca. 2 min after implantation They found 

that the hip implantome consisted of 2802 unique proteins of which 77% were of intracellular origin and only 9% from 

blood plasma [2]. Thus, we have to cope with a mass-identification of a complete set of proteins in an implant-tissue 

interface and think in the dimensions of a proteome and not of a single protein. The results demonstrate that the in 

vitro evidence leading to the plasma protein doctrine of the initial protein layer being derived from blood plasma [3], 

did not "translate" into the human in vivo proteome reality, with only 9% plasma proteins being components of the 

hip implantome. 

The determination of the implantome on implants is essential, because protein adsorption is the first foreign body 

response in humans. It is the first fundamental and inevitable interaction between the human body and the surface 

of a prosthesis forming the implant-tissue interface. This first interfacial protein layer i.e. the primordial implantome 

mediates the first interactions between cells (e.g. macrophages [4]) and the implant. It is the first fingerprint of the 

body on an implant. 

This protein layer triggers a sequence of events determining either the path to implant integration, i.e. the final steady-state 

implantome of integration (e.g. integratome), or in case of pathway malfunction to early or late aseptic implant failure. Such 

Implant loosenings may be mirrored in the implantome composition. Possibly the implantome composition will also deviate 

from one implant type to the next, indicating that the starting point for integration will be different. However all of these 

steps are still unknown. It is the aim and mission of implantomics to clarify these new pathways of implantome maturation 

from the primordial implantome to the final integratome and to employ this information for diagnostics and therapy. 
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Conclusion 

Without an understanding of the implantome composition and function on implants the subsequent steps of the 

foreign body response culminating in periimplant healing and implant integration will not be clarified. 
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Introduction 

Drug-releasing implants have attracted attention as a localized drug delivery system (LDDS) that enables continuous 

dosing of drugs locally. The TiO2 nanotubes formed by anodizing Ti have been studied for the application of the 

LDDS platforms because of the large surface area and high aspect ratio1). In general, the structure of TiO2 nanotubes 

formed by anodizing at constant potential is linear in the direction perpendicular to the substrate, and the diameter 

and length of the tubes are proportional to the applied potential. Tubes formed by anodizing at high potential have 

high drug loading but a large amount of initial drug release occurs due to their large diameter and length. On the 

other hand, tubes formed by anodizing at low potential suppress the initial drug release but have low drug loading 

due to their small diameter and length. In this study, bottle-shaped TiO2 nanotubes whose diameter is large at the 

bottom part and small at the top part were fabricated by anodizing with controlling the potential. 

  

Experimental Methods 

Material examined was Ti grade 2 which was cut into samples with a dimension of typically 15.5 mm2 and 1 mm 

thickness. The samples were polished with SiC abrasive paper and finally mirror-finished with colloidal silica, then 

ultrasonically cleaned in acetone and methanol, followed by rinsing with deionized water and dried at room 

temperature. Electrochemical treatments of anodizing for the nanotubes formation were carried out in ethylene glycol 

containing 0.135 M NH4F and 5 vol.% H2O using a two-electrode electrochemical cell with a platinum counter 

electrode. The electrochemical treatments consisted of sweeping potential at 0.1 V/s and constant potential at 

predetermined potentials. Four types of specimens were prepared as follows; (1) bottle-shaped TiO2 nanotubes, (2) 

TiO2 nanotubes anodized at 20 V, (3) TiO2 nanotubes anodized at 60 V and (4) mirror polished. The morphology of 

nanotubes was measured by field emission scanning electron microscopy (FE-SEM). Indomethacin was loaded into 

samples as a model drug. Ultraviolet･visible (UV-Vis) absorbance of PBS including released indomethacin were 

measured by microplate reader at predetermined periods, in order to evaluate the drug releasing behavior. 

  

Results and Discussion 

Figure 1 shows FE-SEM image of bottle-shaped TiO2 nanotubes sample. The inner diameter of the top part, the outer 

diameter of the bottom part and length of bottle-shaped TiO2 nanotubes were about 50 nm, 190 nm and 10 mm, 

respectively. At the section where the anodized potential was gradually increased, diameters of TiO2 nanotubes were 

changed and closed TiO2 nanotubes were observed. It was confirmed that indomethacin was loaded over the entire 

length of TiO2 nanotubes by energy dispersive X-ray spectrometry (EDX). The amounts of indomethacin loaded 

samples were in descending order, TiO2 nanotubes anodized at 60 V, bottle-shaped TiO2 nanotubes , TiO2 nanotubes 

anodized at 20 V, mirror polished. As a result of the drug release test using indomethacin, initial (burst) release and 

followed slow release are observed from all samples although to varying degrees. The initial drug release from bottle-

shaped TiO2 nanotubes was lower than that from TiO2 nanotubes anodized at 60 V. The total amount of slow release 

from bottle-shaped TiO2 nanotubes was the highest. These results suggest that bottle-shaped TiO2 nanotubes can 

be a candidate for platform of LDDS. 
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Conclusion 

Anodizing of Ti with controlling the sweeping potential and constant potential was performed, and the following 

conclusions are obtained: 

Bottle-shaped TiO2 nanotubes whose inner diameter of the top part, the outer diameter of the bottom part and length 

were about 50 nm, 190 nm and 10 mm respectively were formed. As a result of the drug release test of indomethacin, 

initial release was suppressed and followed slow release was sustained from bottle-shaped TiO2 nanotubes. 
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Figure 1  
FE-SEM images of bottle-shaped TiO2 nanotubes; 

(a) top view, (b) bottom view and (c) cross 

sectional view. 
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Introduction 

Recently, biomaterial α + β type Ti alloys with relatively low Young’s modulus and high specific strength have been 

widely used all over the world [1]. Martensite (M) phase in α + β type Ti alloy has been reported to improve the 

toughness and ductility, therefore, there is high possibility of improvement in the mechanical properties easily by 

controlling the volume fraction of M phase [2]. In this study, the change in mechanical properties of α + β type Ti-6Al-

7Nb (Ti67) with various volume fractions of M phase were systematically investigated through the various heat 

treatments and thermo-mechanical treatments. In addition, those of Ti67 subjected to fine particle bombarding 

process (FPB) were also investigated for more improvement. 

  

Experimental Methods 

Materials used in this study were hot-forged Ti67 bars with a diameter of 25 mm subjected to solution treatment (ST) 

at 1123K, 1173K, 1223K, 1243K and 1273 K for 3.6 ks in vacuum followed by water-quenching (WQ). Some materials 

were cold-rolled at around 30% and re-solution treatments at 1243 K for short time. Fine particle bombarding process 

(FPB), which is one of mechanical surface modification processing, was applied on the specimen surface of Ti67 

subjected to ST at 1243 K with steel beads with an average particle diameter of 150 μm under an injection pressure 

for 90s. Optical microscopy (OM), scanning electron microscopy (SEM) equipped with energy dispersive X-ray 

spectrometry (EDX) and X-ray diffraction (XRD) spectroscopy were used to identify the constitutional phases. Vickers 

hardness (HV) test, Young’s modulus measurement, tensile and fatigue tests were carried out to evaluate the 

mechanical properties. 

  

Results and Discussion 

Microstructures of Ti67 subjected to ST under the temperature of β transus were composed of the primary a and M 

phases. 

Young's modulus decreased with an increase in the volume fraction of M phase. That of Ti67 subjected to ST at 1243 

K was the lowest value (around 85 GPa). However, the Young's modulus increase again after ST over 1243 K. On 

the other hand, the tensile strength of Ti67 subjected to various ST increased simply with an increase in the volume 

fractions of M phase. 

As the volume fraction of M phase increases, the fatigue strength shows an upward tendency, and the fatigue limit 

of Ti67 subjected to ST at 1243 K shows the highest value (880 MPa) as shown in Fig. 1. This value is much greater 

than that of annealed Ti-6Al-4V, which is one of representative biomedical α + β type Ti alloys. From obtained results, 

it is confirmed that relatively low Young's modulus and high mechanical properties required for the metallic biomaterial 

are obtained by controlling the volume fraction of M phase by a simple heat treatment. 
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Conclusion 

1. Microstructures of Ti67 subjected to ST at 1173 K to 1273 K below the temperature of β transus were composed 

of martensite and primary α phases. The volume fraction of M phase increased with an increase in ST 

temperature. 

2. Tensile strength increased simply with an increase in the volume fraction of M phase, while Young’s modulus 

showed a reverse trend up to ST at 1243K. The Young’s modulus of Ti67 subjected to ST at 1243 K was around 

85 GPa. 

3. Fatigue limit of Ti67 subjected to ST at 1243K showed the highest value of 880 MPa. 
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Fatigue Properties 
Fig. 1 S-N curves of Ti67 subjected to ST at 

1173 to 1273 K along with fatigue limit range of 

Ti-6Al-4V with various microstructures. 
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Introduction 

In the years 2006 – 2010 research on the subject of custom medical implants was carried out at the Department of 

Biophysics, Institute of Materials Science, Lodz University of Technology. The aim of this work was to assess the 

possible advantages of custom implants and whether their use was clinically justifiable. The results of this research 

were later commercialized in the form of a newly created Custom Medical Implants Unit that was established in 2011 

at Bionanopark Ltd. To date, as a result of this research, over one hundred custom maxilla-facial and cranial implants 

have been designed, produced and clinically implemented (orbital wall reconstruction, cranioplasty, mandibular 

reconstruction). Each year, over 20,000 leg amputations are carried out in Poland as a consequence of different 

clinical conditions. These patients later require a limb prosthesis and physiotherapy in order to regain mobility. The 

standard prosthetic device that is commonly used to treat such patients, is the socket-suspension type prosthesis 

system, which unfortunately transfers loads through the soft tissues of the limb stump. However, there is an 

alternative method of treatment, which involves the use of osseointegrated implants that facilitate direct skeletal 

attachment of a prosthesis [1,2]. On the basis of the available data, we recognized a significant need for custom 

designed, osseointegrated percutaneous orthopaedic implants, which at present are not generally available. In our 

opinion the design and manufacture of such prostheses is worthwhile and should be developed into a clinically viable 

medical device. 

  

Experimental Methods 

The design stage must take into consideration such aspects as conforming these bespoke implants to individual and 

unique patient anatomy, implant mechanical strength analysis and its integration with bone tissue and selection of 

an appropriate biomaterial as well as a structural analysis of its surface.  On the other hand, the manufacturing 

process must take into account additive techniques (3D printing), subtractive methods (CNC milling) and hybrid 

technologies, which can be used to make precise, controlled implant surface modifications. In addition to this, 

validation of different sterilization methods for such products as well as post-sterilization structural analysis, 

biocompatibility and thrombocompatiblity must be evaluated. 

  

Results and Discussion 

The above concept of designing and manufacturing osseointegrated percutaneous implants formed the basis of a 

project that was prepared by the authors and subsequently positively evaluated in the POIR programme 1/4.1.4/2017 

and accepted for funding by the National Center for Research and Development. 
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The project consists of the following seven stages - implant design and biomaterial selection, implant mechanical 

strength assessment and integration with bone tissue (both theoretical and experimental approach), implant 

manufacture (including surface modification), validation of implant sterilization techniques and post sterilization 

biological evaluation (biocompatibility, thrombocompatibility and induction of neoplasia or  tumor recurrence) and 

most importantly implant clinical application. The project will be implemented by four units within Lodz University of 

Technology (the project leader), Bionanopark Ltd, PAFANA SA and Medical University of Lodz and will last for 36 

months starting from June 2018. 

  

Conclusion 

Finally, the developed methodology for designing and manufacturing such custom orthopaedic implants, will be 

implemented and commercialized by Bionanopark Ltd. In the initial phase implants will be available for clinical 

applications in Poland and later on foreign markets, also. 
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Introduction 

Various technologies have already been employed in order to enhance hemocompatibility of current drug-eluting 

(DES) and bare metal stents (BMS) [1], since in‐stent restenosis and in-stent and late stent thrombosis continue to 

be the most common adverse events after stenting [2, 3]. Successful stenting depends mainly on avoiding the 

aggregation of platelets in the blood vessels as well as on appropriate proliferation of endothelial cells and controlled 

proliferation of smooth muscle cells. Titania nanotube surfaces (TiO2 NTs) manufactured via electrochemical 

anodization process have gained considerable attention as stent surfaces [4]. In present contribution, crystallization 

of TiO2 NTs with low pressure non-thermal oxygen plasma is reported. The influence of plasma processing conditions 

on TiO2 NTs crystal structure and morphology was examined by X-ray diffraction (XRD) and scanning electron 

microscopy (SEM). In addition, in vitro biological response of whole blood to the as-synthesized and crystallized TiO2 

NTs has benn examined. The results indicate that application of such surfaces for blood connecting devices is 

prospective, as practically no platelet adhesion or activation on crystallized TiO2 NTs surfaces was observed. 

  

Experimental Methods 

TiO2 NTs were synthesized by electrochemical anodization of Ti foil as shown previously [4]. In order to crystalize 

the oxide layer, samples were treated with oxygen plasma as shown in Ref. [5]. Scanning electron microscopy (SEM) 

and X-ray diffraction spectroscopy (XRD) were used to determine morphology and crystal structure of the TiO2 NTs. 

Interactions of as-prepared surfaces with platelets were examined with SEM. 

  

Results and Discussion 

XRD analysis showed that the as-anodized TiO2 NTs samples are amorphous and remain such even after 3 min of 

exposure to oxygen plasma at 200 W (Figure 1). Exposure of samples to higher power of plasma induce 

crystallization; a mixture of anatase and rutile crystal phase appears after the treatment of TiO2 NTs for 10 s in plasma 

with the power of 400 W and 600 W. However, the 1 s plasma exposure at these conditions is not enough to initiate 

the change of crystal structure, since no anatase nor rutile peaks were detected. The plasma treatment at 800 W for 

1 s and 10 s results in anatase and a mixture of anatase/rutile crystal phases, respectively. As-anodized (amorphous) 

Ti foil was found to promote adhesion and activation of platelets, since many spread and fully spread platelets were 

observed on its surface. However, the in vitro biological response of whole blood with crystalline TiO2 NTs showed 

that the crystallization reduces adhesion and activation of blood platelets, which is of particular interest for designing 

medical devices that are likely to contact blood, such as vascular stents. 
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Conclusion 

Non-thermal oxygen plasma induced crystallization of TiO2 NTs synthesized by electrochemical anodization of Ti foil. 

The transition of the NTs’ amorphous phase to anatase and/or rutile crystal structure was obtained within a few 

seconds of exposure to oxygen plasma without changing the desired morphology of NTs. The adhesion and 

activation of platelets on the crystalline surfaces was reduced, thus as-prepared surfaces presents promising 

non‐thrombogenic material for stent surfaces. 
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Figure 2: Platelets adhesion and activation 
Figure 2: Platelets adhesion and activation on 

(A) Ti foil, (B) amorphous and (C) annealed TiO2 

NTs with 100 nm in diameter. 

 

 X-ray diffraction (XRD) patterns of TiO2 NTs 
Figure 1. X-ray diffraction (XRD) patterns of 

TiO2 NTs of 100 nm diameter measured after 

plasma treatment at different powers; 200, 400, 

600 and 800 W for different times and TiO2 NTs 

of 100 nm diameter after annealing in a furnace 

at 450 °C for 2 h. 
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Introduction 
Modification of the well-known glow discharge assisted nitriding process called active screen plasma nitriding has 

been used for enhancing the biocompatible properties of Ti6Al7Nb titanium alloy through production of 

TiN+Ti2N+αTi(N) diffusive surface layers [1]. The aim of the study was to evaluate the tissue reaction after 

implantation in the rabbit dorsal muscle of the Ti6Al7Nb titanium alloy and Ti6Al7Nb modified with TiN type layers. 

  

Experimental Methods 

The implantation test was carried out according to the standardized assays described in ISO 10993-6. A total of 72 

New Zealand white both sexes rabbits weighing from 3000 to 3500 grams were used in this experiment. Four implants 

(discs of 10 mm diameter 1,5 mm thickness) were aseptically inserted subcutaneously on the animal’s back. As a 

negative control Ti6Al7Nb titanium alloy was used. The animals were observed for: 4, 12 and 26 weeks. After animals 

euthanasia, a macroscopic evaluation of the implantation area was performed and the biomaterial implants were 

removed. The tissues were fixed with 4% formalin, embedded in paraffin, and stained with hematoxylin-eosin and 

Trichrome Masson for histological studies. 

  

Results and Discussion 

Histopathological analysis revealed in vast majority normal healing process around the implant and isolated cases of an 

inflammatory change, more frequent for the animals with TiN implants in the observation period of 4 weeks. A micro-section 

of the implants showed that the investigated material implanted for the different periods: 4, 12 and 26 weeks, caused no 

response-mild fibrosis. There was no muscle degeneration, nor necrosis, nor any other significant change observed. 

  

Conclusion 

Both investigated biomaterials: TiN+Ti2N+αTi(N) produced in so called active screen plasma nitriding process on 

Ti6Al7Nb titanium alloy surface as well as Ti6Al7Nb, implanted in vivo did not induce any adverse tissue reactions in 

the long-term period of 26 weeks. 
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Introduction 

The purpose of this study is to compare the bending moment and the cyclic fatigue resistance of three heat-treated 

nickel-titanium rotary instruments, and to investigate their phase-transformation behavior.    

  

  

Experimental Methods 

Forty instruments each of WaveOne Gold Primary (WOG), Reciproc Blue R25 (RPB), and HyFlex EDM OneFile 

(HDM) were used. A vertical load was applied to a point 3 mm from the tip, and the bending moment was measured 

until a displacement of 3 mm. Tests were conducted at either room temperature (RT: 22 ℃) or body temperature (BT: 

37 ℃) (n=10). Cyclic fatigue resistance tests were performed in an artificial canal made of three metal pins, which 

had a curvature angle of 40° and a 5-mm radius. Tests were conducted at either RT or BT (n=10). Instruments were 

operated according to the manufacturers’ instructions. Test results were analyzed using the Kruskal-Wallis and the 

Mann-Whitney tests. Three instruments of each brand were subjected to differential scanning calorimetry (DSC). 

  

  

Results and Discussion 

While no significant difference in bending moment between the three brands was found at RT, at BT the bending 

moment of RPB was the highest, followed by WOG, and then HDM (P < 0.05). The bending moments of RPB and 

WOG were higher at BT than at RT (P < 0.05), whereas that of HDM did not change with the temperature. RPB 

demonstrated the longest fracture time at RT, followed by HDM, and then WOG (P < 0.05). At BT, HDM had the 

longest fracture time, followed by RPB, and then WOG (P < 0.05). The fracture times of WOG and RPB at BT were 

significantly less at RT (P < 0.05), whereas temperature did not influence the fracture time of HDM. DSC curves 

revealed a two-stage phase transformation in the WOG and RPB heating curves. The phase composition of WOG 

at BT was a mixed state of R-phase and austenite, whereas that of WOG at RT was mainly R-phase. The phase 

composition of RPB at BT was almost pure austenite, whereas a mixture of R-phase and austenite existed together 

at RT. The phase composition of HDM at RT was martensite. At BT HDM was a mixed state of martensite and 

austenite, mainly martensite. A martensitic structure in BT, like Hyflex EDM, will exert superior flexibility and fatigue 

fracture resistance in clinical environment.   

  

  

Conclusion 

HDM presented superior flexibility and cyclic fatigue resistance at BT.   
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Introduction 

Biodegradable materials prepared from metals could serve as a potential orthopedic implants1,2. They support 

damaged tissue during healing process and dissolve spontaneously after complete regeneration. All of their corrosion 

products have to be non-allergic and non-toxic and cause no harm to the patient3. Insufficient corrosion rate of pure 

iron is a limitation for its further use. Nevertheless, it could be improved by surface modification. 

  

Experimental Methods 

Carbonyl iron powder (CIP, 3.8 – 5.3 μm; 99.5 % Fe, 0.05 % C, 0.01 % N, 0.18 % O) was used to prepare porous 

samples with a diameter of 5 mm and height of 15 mm using polyurethane (PUR) foam as a template. The final 

material was obtained by two-step sintering at 450 °C (N2 atmosphere) and 1120 °C (10% H2, 90% N2 reduction 

atmosphere). The polymer coating (polyethyleneimine, PEI) was applied by the sol-gel method after cleaning 

samples in acetone, ethanol and distilled water, each for 10 minutes. Solutions with three different concentrations of 

PEI were prepared. Samples were molded into the methyl methacrylate resin (Dentacryl) and studied using optical 

microscopy. Scanning electron microscopy (SEM) with Energy dispersive X-ray analysis (EDX) and Brunauer–

Emmett–Teller (BET) analysis were used for surface morphology, microstructure and surface area characterization. 

Corrosion rates of studied materials were evaluated by 12-week long immersion test. 

  

Results and Discussion 

With increasing concentration of used PEI solution, surface roughness decreased leading to a reduction in a surface 

area determined by BET analysis. Sintered pure iron exhibits microporosities (0,5-6 µm), confirmed by both optical 

and SEM methods, whereas coated samples were smooth and their surface was more homogenous. Presence of 

macroporosities corresponding to PUR template (600-2000 µm) was preserved among all samples. EDX method 

used to determine the chemical composition has proven PEI presence on the surface of the studied material before 

corrosion and the presence of degradation products after static immersion test. Results from the immersion test 

showed that the degradation rate of polymer-coated samples was greater than that of pure iron which suggests that 

polymer-coating can lead to corrosion rate improvement. 

  

Conclusion 

Porous samples prepared via powder metallurgical route were formed using PUR as a template. Original 

macroporosity of reticulated foam was preserved and can be easily manipulated to achieve bone-like structure. 

Surface microporosities disappeared during sol-gel processes but were still present in the bulk material. Corrosion 

rates of coated samples increased after surface modification of pure iron. 
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Fig.1 
Surface morphology of the prepared scaffolds. 

SEM micrographs and EDX analysis of pure iron 

(a) and PEI coated iron (b). Changes in sample 

weight during 12-week long immersion test (c). 
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Introduction 

Zinc (Zn) and its alloys have drawn attention as potential materials for orthopedic or craniomaxillofacial implants. 

Nonetheless, Zn and its alloys exhibit relatively slow degradation rates within bone environments compared to the 

degradation requirements for clinical application 1,2. Previous studies proposed that the degradation rates of Zn-

based materials can be accelerated via alloying 3, metal matrix composite 2, micro-arc oxidation coating 4 or a 

sacrificial Mg-rich anode 5. Moreover, sandblasting treatment has been demonstrated as a feasible approach to 

improve the degradation rate of metals, such as Mg-Ca alloy 6 and pure Fe 7. This study aimed to investigate the 

effect of different sandblasting treatments on in vitro degradation behavior and cytotoxicity of Zn and its alloys. 

  

Experimental Methods 

A Zn-4Ag and a Zn-2Ag-1.8Au-0.2V (wt.%) alloy (denoted as Zn-Ag-Au-V) were fabricated and compared to pure 

Zn. All samples were ground up to P4000 SiC paper. The surfaces of Zn and the Zn alloys were sandblasted by two 

Al2O3 particle sizes,125 µm and 250 µm, as described in a previous study 8. The microstructure was characterized 

by stylus profilometry, SEM-EDX and XRD. 

The in vitro degradation behavior was evaluated with a semi-static immersion test for 14 days. Samples were 

immersed in DMEM/F-12 under cell culture conditions. The ratio of surface area to extraction volume was set to 1 

cm2/mL. Released metallic ions were detected by ICP-OES, and pH value changes were measured. Corrosion 

products were analyzed by SEM-EDX. Corrosion rates were calculated by weight loss. 

Cytotoxicity was evaluated by an extract test according to ISO 10993-5/-12. Sample extracts were prepared using 

cell culture medium without FBS at an extraction ratio of 1.25 cm2/mL for 24 h. Human primary osteosarcoma cells 

(Saos-2) were used to evaluate the inhibition of relative metabolic activity (CCK-8 assay). Also, metallic ion 

concentrations and pH value of the extracts were determined. 

  

Results and Discussion 

After the sandblasting treatments, average roughness (Ra) and mean roughness depth (Rz) of samples were 

increased, and both values significantly rose when the size of sandblasting Al2O3 changed from 125 µm to 250 µm. 

Additionally, Al2O3 sandblasting particles were embedded into the substrate of Zn and Zn alloys observed by SEM-

EDX and XRD analysis. 

As shown in Fig. 1a, SEM characterization revealed loose degradation layers covering the whole surfaces, and 

degradation particles distributed on all surfaces. EDX analysis showed that these corrosion products were mainly 

composed of Zn, P, O, C and Cl. After removing the degradation products, sandblasted samples presented irregular 

and rough surface structures consisting of a couple of corrosion pits and localized corrosion attack. Fig. 1b shows 
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that no obvious differences in cumulative Zn2+ release for Zn alloys were detected between sandblasting and control 

groups. Mean pH values of all samples showed no apparent increase and all were below pH 8.4. Fig. 1c shows that 

the degradation rates of sandblasted samples were significantly higher than the counterparts of P4000 polished 

samples (p < 0.05). 

Fig. 2a shows that cytotoxicity of Zn and its alloys was influenced by the sandblasting treatment with 250 µm Al2O3. 

As shown in Fig. 2b, the Zn ion concentration in the extracts of most sandblasted samples was significantly higher 

than the counterparts of P4000 samples (p < 0.05), but all Zn concentrations were below 25 µM. Also, all pH values 

were below 8.5. 

  

Conclusion 

Degradation rates of Zn and its alloys are significantly increased by sandblasting treatments. Also, degradation 

behavior and cytotoxicity are related to the sandblasting particle size. This study demonstrates the promising potential 

of sandblasting treatments for adjusting the degradation behavior of Zn-based alloys. Nevertheless, further 

investigations are required. 
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Figure 2: Cytotoxicity of samples: 
(a) CCK-8 results (b) Analysis of extracts, * 

represent p < 0.05 when compared with P4000 

sampes. 
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Figure 1: In vitro degradation behavior of 

samples: 
(a) SEM-EDX analysis (The scale bar in the 

insets image is 10 µm), and the EDX result 

(inset red line) shows the elemental composition 

of degradation products pointed with the related 

yellow arrow, (b) Cumulative Zn ion release and 

pH value changes, (c) Degradation rate of 

samples, * represent p < 0.05 when compared with 

P4000 samples. 
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Introduction 

The objective of this research was to develop and characterize biomagnetic Si-Ca-P scaffolds to be used in 

substitution and regeneration of bone tissue. The 3D ceramic scaffolds were formed by a core of composition 1 mol% 

SiO2 - 25 mol% P2O5 – 68 mol% CaO – 6 mol% Li2O and was coated with layers of composition 29 mol% SiO2 – 3 

mol% P2O5 – 68 mol% CaO doped with 1 - 3 mol% of iron ions. According to the literature consulted, this scaffolds 

is one of the first magnetic biomaterials formed with two different compositions. The incorporation of iron in the 

scaffold enhances the bactericidal and mineralogical properties of the bone tissue. Additionally, it provides 

ferromagnetic properties that can be used in medical applications such as magnetic resonance imaging, cell 

separation and treatment against cancer such as hyperthermia (1-2). 

  

Experimental Methods 

Scaffolds multilayers were synthesized by sol-gel and polymer replication methods. Polyurethane sponges were used 

as a template to make the 3D scaffold. These sponges were impregnated with the sol solution of composition 1 mol% 

SiO2 - 25 mol% P2O5 – 68 mol% CaO – 6 mol% Li2O and sintered at 950 °C for 8 h to obtain the resistant core of the 

scaffold. Subsequently, the sintered core was coated with a new sol solution of composition 29 mol% SiO2 – 3 mol% 

P2O5 – 68 mol% CaO doped with 1 - 3 mol% of iron ions. Finally, the scaffolds were sintered again at 950 ºC for 3 h. 

The characterization was made by Scanning Electron Microscopy (SEM), X-Ray Diffraction (XRD), Fourier Transform 

Infrared Spectroscopy (FTIR) and mercury porosimetry techniques. The bioactivity was evaluated in vitro, the 

samples were immerged at different time in a simulated body fluid (SBF), which was prepared according to Kokubo. 

  

Results and Discussion 

3D scaffolds formed by a porous core coated with layers of calcium phosphate doped with iron ions were obtained 

through the sol-gel and polymer replication methods. Characterization by XRD demonstrated that the core of the 

scaffold after sintered is constituted by Ca2P2O7, Ca3(PO4)2, LiCa(PO4), SiO2 and Ca2SiO4. The majority of the core 

is formed by pyrophosphate ((P2O7)-4) and it is widely known that this correspond to 0.5% of all the phosphate found 

in the human body (3-4). Additionally, previous research has shown that the pyrophosphate is an important regulator 

of the process of bone mineralization (5). The presence of pyrophosphate was also evidenced through the FTIR and 

SEM. Finally, the bioactivity of core coated with iron-doped layers was evaluated by the ability to precipitate 

hydroxyapatite on the surface when submerged in SBF. Figure 1 shows the images obtained by SEM of the ceramic 

scaffolds doped superficially with 1% and 3% iron after 1 day of immersion in SBF. Both samples presented 

precipitates of hydroxyapatite, demonstrating their ability to be bioactive. 
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Conclusion 

Multilayer 3D ceramic scaffolds with optimal porosity were developed and characterized. These scaffolds presented 

pyrophosphate in the composition of the core, which is an important regulator of the bone mineralization process. 

Moreover, the scaffolds coated with layers of calcium phosphates doped with iron in a proportion of 1% and 3%, 

showed bioactivity after 1 day in SBF. The scaffolds developed are an excellent alternative for bone tissue 

replacement with potential medical applications due to the ferromagnetic properties provided by iron. 
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Fig. 1 SEM micrograph of the scaffolds with a 

core and outer layers doped with: (a) 1% Fe (b) 

3% Fe  
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Introduction 

There is an increasing need for developing affordable and effective bone graft substitutes, since the gold standard 

for regenerating large bone defects, i.e., autologous bone, is associated with important limitations such as donor site 

morbidity, limited availability of the tissue and additional surgical time. Calcium phosphate (CaP)-based ceramics 

such as hydroxyapatite (HA) and tricalcium phosphate (TCP) are the most widely used synthetic bone graft 

alternatives in the clinic [1]. However, in general, their biological performance is considered inferior to that of natural 

bone tissue, and additional research efforts are expended to improve their bone regenerative potential [2]. In contrast 

to the conventional one-material-for-one-experiment methods for developing new biomaterials, here we aim to 

develop a method for high-throughput synthesis and screening of ceramic biomaterials. To this end, we have 

developed a microfluidic device in which CaP ceramics are synthesized inside water-in-oil microdroplets. 

  

Experimental Methods 

CaP ceramics were synthesized inside microdroplets generated by a flow focusing microfluidic device in which a 

mixture of calcium nitrate and phosphoric acid was used as water phase and mineral oil with Span® 80 was used as 

oil phase. Upon generation and collection of microdroplets, ammonia was added in order to increase the pH, resulting 

in precipitation of CaPs. The CaP precipitates were then harvested from the suspension by several 

washing/centrifugation steps. CaPs, similar to those generated in the microfluidic device, were produced using a 

conventional wet chemical technique outside the microfluidic device, with calcium nitrate and phosphoric acid as 

precursors and ammonia for adjusting the pH, and served as control. Varying Ca2+/PO4
3- ratios and pH conditions 

were used in both synthesis methods in order to produce different CaP phases including brushite, HA and β-TCP. In 

order to obtain crystalline HA and β-TCP, synthesized biomaterials were sintered at 800˚ C for two hours. The 

biomaterials were characterized using X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), 

scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS). 

  

Results and Discussion 

Various CaP biomaterials were successfully produced in the water-in-oil-regime in the microfluidic device as well as 

using the wet chemical technique. Figures 1 and 2 show SEM images and EDS spectra of one of the CaP biomaterials 

(Ca2+/PO4
3-=1) produced using the wet chemical and the microfluidics methods, respectively. The conventional wet 

chemical synthesis, coupled with sintering treatment in case of HA and β-TCP, allowed for obtaining pure and highly 

crystalline CaP phases through changing the Ca2+/PO4
3- ratio and pH. The microfluidic setup allowed for tuning 

additional synthesis parameters such as flow rates, resulting in a controlled generation of microdroplets with varying 

sizes. Using this feature, CaP particles of varying size can be synthesized in a controlled manner. Extraction and 

purification of CaP particles from the water-in-oil droplets, however, proved to be challenging and some oil residues 
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were detected on CaPs particles before sintering. Previous studies have suggested the use of different methods for 

removing the oil phase such as centrifugation, addition of chemical emulsifiers and filtration [3]. Further optimization 

of the purification steps based on these methods is currently ongoing. Beside better control during CaP synthesis, 

the droplet generation system in the microfluidics device provides a miniaturized platform allowing production of 

multiple CaP phases. In future steps, we are aiming to develop a library of inorganic bone graft substitutes using the 

droplet-based microfluidic device introduced here. 

  

Conclusion 

In these first development steps towards a microfluidic platform for high throughput production and screening of 

inorganic bone graft substitutes, CaPs were generated in a prototype droplet-based microfluidic device. In the next 

steps, the method will be extended to other inorganic biomaterials and optimization of synthesis parameters using 

design of experiments will be explored. 
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Figure 2: SEM image and EDS spectra of CaP 

(Ca/P=1) produced using the microfluidic 

technique 

 

 

 

Figure 1: SEM image and EDS spectra of CaP 

(Ca/P=1) produced using the wet chemical 

technique  
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Introduction 

Biocompatibility assessment of advanced implants like heart assist devices requires a multistep analysis to confirm 

the safety of use. A novel rotary ventricular assist device (VAD) ReligaHeart® ROT (RH ROT) was developed [1]. 

Construction of implantable blood pump is a huge challenge in the aspect of long-term contact with blood. This paper 

presents systemic toxicity evaluation of zirconium stabilized with yttrium, as a part of the biocompatibility assessment. 

The investigated material is characterized by excellent physico-mechanical properties as well as biological properties 

evaluated in the in vitro studies and has therefore found application in the new VAD construction. 

  

Experimental Methods 

The systemic toxicity was evaluated according to PN EN ISO 10993-11 as limit test. In the assessment a higher dose 

of zirconium was admitted to the animals than the dose the patient would be exposed in case of  heart support with 

RH ROT. The investigated material was prepared in a representative process for RH ROT device ETO sterilized. 

The study was conducted with the utilization of 48 New Zealand White rabbits. Animals were divided in study and 

control groups. Implantation was carried out under infusion anaesthesia. In the study group two samples were 

implanted subcutaneously on the back of animals. In control group two skin incisions were mad on the back. The 

observation was conducted depending of the group for 4 (n=6), 12 (n=8), and 26 weeks (n=10). Animal’s body weight 

was controlled every 4 weeks. Before the implantation and then after the experiment before euthanasia the 

haematological, biochemical and coagulation blood parameters were assessed. After euthanasia a macroscopic 

evaluation of the implantation area and internal organs was performed. Histopathological assessment of tissues and 

internal organs was done. 

  

Results and Discussion 

During the observation no clinical sings of abnormalities in animal’s behaviour were found. The body weight increase 

was similar for all tested groups. Blood analysis did not reveal any systemic pathology. There were no inflammation 

(C-reactive protein negative, no leukocytosis) or organ necrosis. Animal’s organs were characterized by proper 

function and endurance – stable levels of total protein, creatinine, urea, total bilirubin were observed. Large 

fluctuations were observed in the enzyme activity. In the case of alanine aminotransferase (ALT) and gamma-

glutamyltranspeptidase (GGT), the mean results significantly exceeded the reference range, however, the values 

remained stable before implantation and before euthanasia. Blood count parameters were in reference range, so no 

impact on bone marrow was found. Coagulation parameters were also stable. Macroscopic evaluation of internal 

organs did not show any irregularities. Histopathological analysis revealed no pathological changes in internal organs 

or in implantation area. 
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Conclusion 

The investigated material –zirconium stabilized with yttrium reveals no systemic toxicity in the long-term period of 26 

weeks. 
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Introduction 

Biocompatibility is one of the main requirements required in the preclinical evaluation of medical devices. In particular 

biocompatibility evaluation is essential for all materials that can be used in implantable medical devices in 3rd class 

of risk. In the clinical prototype of Polish implantable rotary blood pump ReligaHeart® ROT (RH ROT), the motor 

divider is made from ceramic composite, ZrO2 · Y2O3, material with high hardness, in order to improve device wear 

resistance. The aim of the study was to evaluate in vivo the tissue reaction after zirconium oxide-yttrium stabilized 

ZrO2 · Y2O3 implantation. 

  

Experimental Methods 

The test was carried out according to the standardized assays described in ISO 10993-6. A total of 48 New Zealand 

white both sexes rabbits weighing from 3000 to 3500 grams were used. Two ceramic implants (discs of 5 mm 

diameter 1,5 mm thickness) were aseptically inserted subcutaneously on the animal’s back. As a negative control 

Ti6Al7Nb titanium alloy was used. The animals were observed for: 4, 12 and 26 weeks. After animals euthanasia, a 

macroscopic evaluation of the implantation area was performed and the biomaterial implants were removed. The 

tissues were fixed with 4% formalin, embedded in paraffin, and stained with hematoxylin-eosin and Trichrome 

Masson for histological studies. 

  

Results and Discussion 

A micro-section of the implants showed that the investigated material implanted for the different periods: 4, 12 and 

26 weeks, caused no response-mild fibrosis. There was no muscle degeneration, nor necrosis, nor any other 

significant change observed. 

  

Conclusion 

The zirconium oxide-yttrium stabilized ZrO2 · Y2O3 implanted in dorsal rabbit muscle did not induce any adverse 

tissue reactions in the long-term period of 26 weeks. 
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Introduction 

Calcium carbonate (CaCO3) is a widely occurring mineral on earth due to its presence in exoskeletons of marine 

creatures [1]. Non-toxic nature, dispersability in aqueous media and suitable mechanical characteristics make CaCO3 

a suitable candidate for orthopedic applications [2]. CaCO3 exists in three distinct polymorphs having different 

stabilities in aqueous environments [1]. Calcite is the most stable form of CaCO3, followed by aragonite in terms of 

stability [1,2]. Vaterite is the least stable polymorph, and thus it can easily transform to aragonite or calcite depending 

on the environment [1,2]. Having this said, among the various CaCO3 particle morphologies, hollow spherical CaCO3 

particles attracted significant interest in orthopedics due to their low bulk density, high specific surface area and the 

ability to use its hollow inner core as a drug reservoir [3]. However, most of the hollow spherical CaCO3 particles 

consisted of vaterite, which leads to decreased therapeutic effect due to undesirable polymorphic transformations 

upon implantation. In this study, stable CaCO3 microspheres consisting of aragonite and calcite polymorphs were 

synthesized via N2 bubbling method for the first time in literature. Cytocompatibility and polymorphic stability tests 

were conducted on the hollow aragonite and calcite microspheres to investigate the particles in vitro conditions. 

These experiments were also repeated using vaterite microspheres as a control group. 

  

Experimental Methods 

Calcium acetate (Ca(C2H3O2)2) and sodium bicarbonate (NaHCO3) solutions were used as precursors to precipitate 

CaCO3 particles. To obtain an inner hollow core, N2 gas and sodium dodecyl sulfate (SDS) was incorporated to the 

precursor solutions at different temperatures. Vaterite microspheres were synthesized by adjusting precursor solution 

pH to 9. Cytotoxicity experiments were completed with osteoblasts (ATCC CRL-11372) using a cell culture media 

supplemented with various CaCO3 concentrations up to 5 days of culture. Stability of synthesized microspheres were 

investigated by exposing them to DMEM at 37 °C for 5 days. 

  

Results and Discussion 

The structural and morphological differences between CaCO3 microspheres were shown in Fig. 1. XRD analysis 

revealed that these particles consisted of calcite (Fig. 1a), aragonite (Fig. 1b) and vaterite (Fig. 1c) polymorphs. 

Though the bulk morphology of the synthesized CaCO3 particles were all spherical, their constituent particles were 

platelet, needle-like and spherical for calcite, aragonite and vaterite microspheres, respectively. The differences in 

the constituent particles originated from their crystal structures, which further dictated their stabilities in aqueous 

environments. Polymorph identification of the powders were also supported with FTIR, HR-TEM and Rietveld 

analysis. Specifically, HR-TEM micrographs revealed d-spacing values of 0.305, 0.345 and 0.330 nm corresponded 

to calcite (104), aragonite (111) and vaterite (112) planes, respectively. Hollow inner cores of the CaCO3 

microspheres were imaged with TEM. BET analysis exhibited porous nature of the hollow microspheres, which would 
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allow the use of hollow inner core as a reservoir for drug release. In vitro cytotoxicity tests showed that CaCO3 

microspheres did not exhibit any toxic effect at corresponding calcium ion concentrations present in the serum. 

However, as the CaCO3 particle concentration increased, vaterite microspheres showed slight toxicity, while hollow 

aragonite and calcite microspheres, synthesized for the first time in this research, promoted osteoblast cellular 

functions. The reason behind the increased toxicity of vaterite microspheres could be correlated with unstability of 

vaterite in aqueous environments. While dissolution of particles was observed for vaterite microspheres, calcite and 

aragonite microspheres preserved their morphology in DMEM. 

  

Conclusion 

Hollow calcite and aragonite microspheres were obtained by supplying N2 bubbles and SDS to the precipitation 

system. Detailed characterization experiments highlighted porous nature of these microspheres, where the hollow 

core can be used as a reservoir for drug delivery. In vitro cytotoxicity tests revealed differences between stable calcite 

and aragonite microspheres compared to unstable vaterite microspheres. It can be concluded that hollow calcite and 

aragonite microspheres can be promising candidates for orthopedic applications. 
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SEM micrographs of microspheres 
Fig. 1. SEM micrographs of a) calcite, b) 

aragonite and c) vaterite microspheres. Scale 

bars are 2 µm. 
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Introduction 

Bone disorders and defects continue to increase in our society. The reason for this is the increasing average age of 

the population [1]. According to the Federal Statistical Office, 191,272 endoprostheses were implanted in the knee 

joint in Germany in 2017 [2]. The development of 3D printing and the associated tissue engineering (TE) opened up 

new possibilities for bone replacement [3]. There are different types of 3D printing. These include the so-called Fused 

Deposition Modeling (FDM) process, which was described by S. Scott Crump [4] in the late 1980s and has since 

become indispensable in the research and development of 3D printing. The aim of a printed replacement material is 

to replace healthy tissue. This means that over time the material dissolves and is replaced by the corresponding 

tissue at the implanted site. The aim of the project was to characterise inverse 3D printed β-TCP scaffolds and to 

investigate the cell growth behaviour within the scaffolds. 

  

Experimental Methods 

For the physical properties, fracture tests were performed to determine the maximum failure load of the samples. 

The aim was to test untreated specimens and treated specimens previously placed in a Simulated Body Fluid (SBF) 

[5] solution for 28 days. The SBF solution should simulate the body fluids. Furthermore, the inner pore structures of 

the ceramic should be examined to explain possible effects on the stability of the samples. 

For biocompatibility testing, three different in vitro experiments should be performed: A proliferation test, a cytotoxicity 

test and a live/dead staining test. The cells used were osteoblast-like MG-63 cells (ATCC CRL 1427), which are a 

cell line of an osteosarcoma. 

A WST assay was used to provide information on the proliferation rate of MG-63 cells on the ceramic scaffolds. An 

LDH assay was used to measure the cytotoxicity of the material and a live/dead staining was used to investigate the 

growth behaviour of the cells on the samples and in the samples. The aim was to determine whether the cells grow 

into scaffolds with an inverse structure or only adhere to the surface. 

  

Results and Discussion 

The scaffolds with a strand spacing of 500 µm show the highest compressive strength (190 ± 12 N) both untreated 

and treated with SBF (105 ± 72 N). The SBF basically reduces the stability of the samples. The pore structure within 

the ceramic does not play a decisive role for stability. Here, the strand spacing itself and the powder properties of the 

samples are decisive factors for stability. The fact that β-TCP is a biocompatible material could be confirmed by the 

experiments. No LDH activity of the cells was measured, which means that no cytotoxicity of the material can be 

detected. In addition, the proliferation rate of all three sizes increases steadily over the test days until saturation. The 

cells are largely adhered to or within the scaffolds and have not migrated through the samples. The cells show 

increased growth not only on the outer surface, but also on the inner surface of the samples. This means that the 

inverse pressure method is suitable for ingrowth of the cells. 
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Conclusion 

The experiments on which this work is based have shown that the FDM method with subsequent slip casting and 

sintering is well suited for the production of scaffolds for bone replacement. 
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Introduction 

Three-dimensionally (3D) printed of ceramic materials, mostly calcium phosphates (CaP), is an excellent method for 

the fabrication of individual bone scaffolds with complex geometries. Despite their inherent bioactive and 

osteoconductive properties, they present limited mechanical characteristics and handling properties. To overcome 

this limitation, blends of CaP with degradable synthetic polymers, like polycaprolactone (PCL), have been used. 

However, the inclusion of synthetic polymers reduces cell adhesion and bioactivity due to polymer masking. Further, 

magnesium phosphate cement (MgPC) modified with strontium (Sr), is a promising alternative to CaP cement 

substituted by biologically active agent, due to its biocompatibility and high osteoconductive potential. In this study, 

we aimed to investigate the fabrication of individual bone implants with improve ostinductive potential and mechanical 

properties via room temperature extrusion based 3D printing of MgSP-PCL composites. A bioactive bone scaffold, 

contains Strontium Magnesium phosphate (MgSrP) and polycaprolactone (PCL) was investigated in this study and 

the 3D structure can combines high mechanical properties such as strength and toughness with impressive bone 

regeneration ability. The scaffolds induce substantial bone formation and defect bridging after 6 months, as indicated 

by micro-computed tomography scanning. 

  

Experimental Methods 

To fabricate 3D bone scaffolds, the MgSP-PCL (Magnesium Strontium phosphate), MgP-PCL  

(Magnesium phosphate), and HA-PCL (Hydroxyapatite) solutions were prepared with the ratio of 70-30 weight ratio, 

dissolved in a trisolvent mix (DCM: 2-Bu: DBP mixed in a 10:2:1 weight ratio) and their processing compatibility 

systematically investigated according to key process parameters (pressure, feeding rate, needle size). Cylindrical 

scaffolds were printed with an diameter of 10 mm, height 10 mm, strand spacing 100 mm and 2 layers of no spacing 

at the interface side, 22G nozzle) by using a pneumatic-driven bioprinter (regenHU, Villaz-St-Pierre, Switzerland) 

(Fig. 1A). Structural characterisation, X-ray diffraction, ALP activity and calcium deposition, and in-vivo evaluation 

were performed during this study. 

  

Results and Discussion 

According to SEM images of the ceramics powder, the size of HA and MgP were 2.45±0.57 µm and 3.58±1.91 µm, 

respectively which is similar to the particle size of the MgSP (2.33±0.52 µm, Fig.1B). The X-ray diffraction in Fig. 1C 

demonstrated that resulting ceramics consisted of pure MgSP, MgP, and HA with approved crystallinity. According 

to Fig.1E, the reconstructed Micro-CT image revealed a comprehensive overview of the microstructures of the 

scaffold and the SEM image (Fig. 1B) shows the cross-sectional morphology of the scaffold. Together, the Micro-CT 

and SEM results demonstrated the porous structure of the scaffolds, suggesting that the scaffold has very highly 

porous architecture. The controlled released ions or degraded particles from the scaffolds are supposed to adjust the 
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local microenvironment, which determines the response and behavior of host cells. For all the scaffolds during 21 

days, no remarkable changes of the concentrations or burst release of ions were observed with time prolongation, 

and followed by a gradually increasing release and the concentrations of ions released from the scaffolds were close 

to the optimal from day 1 to 21 (Fig. 2A). Moreover, according to Fig.2B, Alkaline phosphatase (ALP) activity initially 

is the same after 7 days of culturing because the cells proliferated and spread on the surface of the scaffolds but 

increased significantly after 14 and 21 days as the cells underwent differentiation. The extracellular matrix (ECM) 

mineralization of equine MSCs with various scaffolds was tested by alizarin red staining during 38 days of culturing. 

These complementary techniques revealed the deposition of calcium and phosphate into the extracellular matrix by 

the equine MSCs (Kim et al., 2018). For all cases, more intense colors were observed on the scaffolds with ceramics 

particles than on PCL as control in both media (Fig. 2C). Furthermore, the MgSP-PCL scaffolds induce substantial 

bone formation and defect bridging after 6 months, as indicated by micro-computed tomography scanning (Fig. 2D). 

We analyzed the trabecular density (BV/TV) and it is apparent that the bone regeneration with the implant is 

significantly higher than the empty defect. 

  

Conclusion 

The ability to produce cost effective and highly bioactive bone scaffolds are able to induce bone healing in large bone 

defects. It will be remarkable potential to augment or substitute current surgical approaches for bone repair using 

autologous or allogeneic bone grafts. 
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Figure 2 
A) Ion release from 3D printed HA-PCL, MgP-PCL, 

and MgSP-PCL scaffolds during soaking in water. 

B) The ALP activity levels were measured and 

normalized to DNA content. C) Micro-CT images 

from one of the ponies after 6 months 

implantation. 

 

Figure 1. 
 A) Fabrication of cylindrical scaffolds. B) SEM 

images of the various ceramics powder. C) X-ray 

diffraction patterns of pure ceramics. D) 

representative SEM images from the 3D printed 

scaffolds. E) Micro-CT scanning of the scaffolds 

containing MgSP. F) The porosity of the large 

printed constructs contains various ceramics 

particle (p˃0.05). 
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Introduction 

Ceramic-on-ceramic bearings in total hip replacement have been used for more than 45 years. The have shown their 

potential for young and active patients. In this study, a methodology was devised to assess the in vitro wear behaviour 

of Zirconia Toughened Alumina Ceramics (ZTA) and Alumina Toughened Zirconia Ceramics (ATZ) under adverse 

edge loading conditions in hip simulator combined with accelerated ageing in an autoclave under hydrothermal 

conditions. 

  

Experimental Methods 

Femoral heads and acetabular liners of hip prostheses were made of two materials: Alumina Toughened Zirconia 

(ATZ) and Zirconia Toughened Alumina Ceramic (ZTA). Two material combinations were tested in this study: ATZ-

on-ATZ and ZTA-on-ZTA. 

A total of six bearing couples were studied on the Leeds Mark II Physiological Anatomical hip joint simulator. 

The study was run for a total of eight million cycles. The first two million cycles were run using standard gait conditions 

and the subsequent 6 million cycles were run under edge loading conditions due to dynamic separation between the 

femoral head and the acetabular cup. 

All femoral heads and acetabular cups were hydrothermally aged during the wear study after every million cycles of 

testing. It lasted 2 hours at 134°C after each million cycles. Hydrothermal ageing was achieved using accelerated 

ageing protocol in an autoclave (Sanoclav LA-MCS, Wolf, Germany) in water vapour. 

The volume monoclinic fraction was determined using XRD and Garvie and Nicholson’s equation modified by Toraya. 

Scanning Electron Microscopy observations were conducted on pristine, worn and aged surfaces on the heads after 

various testing times, using a Supra 55 VP microscope (Zeiss, Germany), at low acceleration voltage (1 to 2 kV) so 

as to avoid coating the observed surfaces. 

The wear was measured gravimetrically using a balance (XP205, Mettler-Toledo) at an interval of one million cycles. 

A coordinate measuring machine (Legex 322, Mitutoyo, Japan) was used to reconstruct the surface of the femoral 

head and acetabular cup. RedLux software (RedLux, UK) was used to visualise the size, shape and penetration 

depth of the wear areas. 

  

Results and Discussion 

The wear rates of both aged materials, ATZ-on-ATZ and ZTA-on-ZTA, under standard conditions were very low, i.e. 

<0.01 mm3/million cycles. There was no measureable change in wear rate due to ageing under standard conditions. 

The wear rates increased when edge loading conditions driven by separation was introduced to the gait cycle. The 

mean wear rate of aged ZTA-on-ZTA after six million cycles of testing under edge loading conditions was 0.19 ± 0.47 

mm3/million cycles. The mean wear rate of aged ATZ-on-ATZ was 0.07 ± 0.05 mm3/million cycles. 
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There was no visible damage on the surfaces of the femoral head and acetabular cup after testing under standard 

conditions. In contrast, under edge loading conditions, a stripe-like wear area was observed on the femoral head with 

corresponding wear on the rim of the acetabular liner. The penetration depths on the femoral heads and acetabular 

liners of the ZTA-on-ZTA bearings were higher than that of the ATZ-on-ATZ bearings after 6 million cycles of testing 

under edge loading conditions. 

No significant ageing occurred in the ZTA material. The monoclinic fractions remained very low over both the wear 

stripe and the unworn surface. Their variations were within the error margin of XRD. 

Ageing of ATZ heads was significant. On the wear stripe, each autoclave step increased the monoclinic fraction. 

However, each one million cycles of wear simulation decreased the monoclinic fraction significantly. 

SEM observations of the worn ATZ and ZTA surfaces showed that the first 2 million cycles (without edge loading) 

did not significantly damage the surfaces. Microstructural damage was first observed after edge loading. In 

ATZ damage was located in a small wear stripe 15 µm wide. In ZTA, damage was first located in a much more diffuse 

area around 50 µm wide. 

SEM observations further showed that the damage was mainly located in the alumina grains but not in the monoclinic-

zirconia grains for ATZ. In both cases ZTA and ATZ, the phase under the highest compressive residual stresses 

seemed to be the most prone to microstructural damage. 

  

Conclusion 

In this study, a method was devised by which the performance of composite ceramic materials was assessed under 

a combination of edge loading gait conditions and hydrothermal ageing. 

The damage of ceramic components increased by the symbiotic effect of ageing, wear and shocks but remained at 

a very low level for both ceramic materials. It was shown that the performance of ATZ-on-ATZ materials in vitro may 

be superior to ZTA-on-ZTA materials despite the higher zirconia content in the ATZ materials. 

Ceramic composites show an extremely low wear rate, even under worst case conditions, and provides an interesting 

option to meet the demands of younger more active patients. 
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Introduction 

Cardiovascular diseases (CVDs) are a worldwide growing problem that cause 17.3 million annual premature deaths1. 

This situation prompts to identify new therapeutic compounds as well as to develop efficient drug-delivery systems 

for the treatment of CVDs. Among therapeutic compounds, microRNAs (miRs) and peptides are of great interest, 

since they are key regulators of cardiac dysfunction and protein activity2,3. However, the approaches that employ 

therapeutic miRs or peptides are still not optimal, since in vivo delivery has resulted so far to be inadequate. 

Nanoparticles (NPs) delivery platforms hold great promise to overcome such limitations, providing a strategy for 

efficient drug-delivery approaches. Therefore the aim of the present work was the generation of effective 

nanoparticles formulation for the delivery of novel therapeutic drugs into cardiac tissue. Calcium phosphate 

nanoparticles (CaP NPs) have been selected, since they possess superior biocompatibility and biodegradability 

compared to other inorganic nanoparticles, and they are able to bind a plethora of therapeutic agents4. 

  

Experimental Methods 

A straightforward one-pot CaP NPs synthesis protocol using citrate as stabilizing agent has been adopted. Two 

aqueous solutions containing respectively CaCl2 (100 mM) + Na3Citrate (400 mM) and Na2HPO4 (120 mM) were 

mixed (1:1 v/v) and the pH was adjusted to 8.5; when drug conjugation was performed aqueous solution of miR (100 

μg/ml) or peptide (500 μg/ml) was added. The CaP suspension was kept in a water bath at 37°C for 5 min. Afterward, 

the CaP NPs suspension was dialyzed for 6 h. CaP NPs were characterized by TEM, DLS and ζ-potential in order 

to measure nanoparticle morphology, size distribution and surface charge, respectively. The biocompatibility and the 

mechanism of internalization of CaP NPs in cardiac cells were studied on murine HL-1 cells. The test of the ability of 

CaP NPs to reach the heart was made on CD1 mice, administering CaP NPs by gavage, intraperitoneal, and 

intravenous injection as well as by intratracheal nebulization. The test of the therapeutic efficiency was made via 

inhalation of peptide-loaded CaP NPs in a mouse model of streptozotocin induced diabetic cardiomyopathy. 

  

Results and Discussion 

Nanoparticle morphological characterization showed that CaP NPs are round shaped particles of about 50 nm in 

diameter (Fig. 1). DLS analysis evinced that the nanoparticles have a small hydrodynamic diameter and possess a 

strongly negative surface charge, indicating that the negatively-charged citrate molecules covered the surface of 

NPs. CaP NPs were proven to be highly biocompatible and showed no significant cytotoxicity effects on cardiac HL-

1 cells5. In addition, CaP NPs were proven to not alter cardiac cells functional properties. In order to test the efficacy 

of drug loaded CaP NPs, cardiac HL-1 cells were exposed to CaP NPs carrying the therapeutic miR-133. qRT-PCR 

analyses revealed a time-dependent increase in the levels of intracellular delivered miRNA, confirming the effective 

loading of miR into CaP NPs as well as their cellular uptake. Additionally, a cell-based luciferase assay confirmed 

that the administered miR-133 efficiently repressed a miR-133-specific target5. Subsequently CaP NPs were tested 
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in vivo, evaluating the heart uptake of fluorescent-labelled nanoparticles administered by several routes. Parenteral 

administration and inhalation resulted in rapid delivery of CaP NPs to the myocardium, with inhalation being the most 

efficient delivery method (Fig. 2, left)6. Moreover, with the inhalation route, the myocardial accumulation was 

paralleled by a gradual reduction in signal from the lungs, confirming the passage of CaP NPs across the pulmonary 

barrier (Fig. 2, right). To prove the efficacy of drug-loaded CaP NPs formulation in synergy with the inhalation 

administration we have treated a mouse model of streptozotocin induced diabetic cardiomyopathy. Inhalation of 

therapeutic peptide loaded CaP NPs led to a complete recovery of cardiac function in diabetic mice, with the 

restoration of protein-related contractile properties6. 

  

Conclusion 

Our results have proven that CaP NPs can easily bind miRs and peptides, that are molecules with enormous 

therapeutic potentials. In particular, we have demonstrated that miR- or peptide- loaded CaP NPs are biocompatible 

and non-toxic for the highly sensitive myocardial tissues. We have proved in vivo in mice that CaP NPs efficiently 

reach the heart, especially with the non-invasive inhalation route. Finally, we have demonstrated the successful 

delivery of a peptide payload to the heart by CaP NPs, that exerts a therapeutic effect and restores cardiac 

functionality in a diabetic cardiomyopathy mouse model. In conclusion, the combination of innovative therapeutic 

agents such as miRs and peptides with CaP NPs and with the non-invasive inhalation route provides a unique and 

highly efficient approach to treat CVDs. 
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Left: quantification of fluorescence signals 

from heart tissue of mice treated with Cy7-CaP 

NPs via gavage, intraperitoneal (ip), 

intravenous (iv), and inhalation administration. 

Right: time-course quantification of 

fluorescence signals from heart and lung tissue 

of mice treated with Cy7-CaP NPs via inhalation 

administration. Reprinted with permisison from 

Ref.6 

 

 

Figure 1 
TEM micrograph of CaP NPs. Inset: corresponding 

SAED pattern. Reprinted with permission from 

Ref.5 
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Introduction 

Autologous bone has been used for repairing bone defects in patients as the first choice due to its bone regenerative 

property. However, there are quantitative restrictions on the use of autogenous bone, and there is concern that 

another obstacle may occur at the site from which the autologous bone is collected. 

Thus, artificial bones and their materials for substituting for the autologous   bone have been studied. Calcium 

phosphate ceramics such as hydroxyapatite（Ca10(PO4)6(OH)2, HA）and β-tricalcium phosphate (Ca3(PO4)2, β-

TCP) have been applied as the bone substitute materials in the field of orthopedic and oral surgeries [1]. 

In recent years, it has been reported that octacalcium phosphate (Ca8H2 (PO4)6 ·5H2O, OCP), which is a precursor 

of HA, has superior characteristics as bone regeneration material, showing osteoconductivity and biodegradability 

compared to HA and β-TCP, because OCP promotes osteoblastic differentiation and osteoclast formation [2, 3].  On 

the other hand, previous studies indicate that OCP with non-stoichiometric composition was easily obtained [4]. It 

has been known that synthesis method and treatment of OCP affect molar ratio of Ca/P in OCP. Especially, Suzuki 

et al reported that the ratio of hydrogen phosphate in all phosphorus (HPO4/P ratio) of OCP was present as labile 

form which can be changed reversibly by pH in solution [4]. 

Previously, Miyatake et al revealed that the chemical composition of OCP influenced its osteoconductivity and 

biodegradability in bone defect [5]. Based on these studies described above, we hypothesized that HPO4/P ratio of 

OCP could be related to its chemical characteristics which may affect the bone regeneration by OCP. 

In this study, we prepared OCP batches having different HPO4/P ratio and investigated their dissolution behavior 

under a physiological condition in vitro. 

  

Experimental Methods 

Synthesis of OCP with different HPO4 / P ratio 

OCP was prepared by the wet synthesis method using a system for continuous synthesis which can easily control 

conditions of the synthesis compared to the batch type preparation. The synthesis of OCP was carried out by 

controlling the conditions (pH, flow rate, etc.) in the reaction field. The different types of the prepared OCP were 

abbreviated as OCP-A and OCP-B. 

The obtained compounds were identified by analyses of X-ray diffraction (XRD) and HPO4/P ratio. The XRD pattern 

of the crystals was recorded using step scanning at 0.02 deg intervals from 3.0 to 60.0 deg with Cu Kα  X-rays on a 

diffractometer at 40 kV and 15 mA. HPO4/ P ratio of them was determined indirectly based on the chemical analysis 

by heat-induced pyrophosphate method [4, 6]. The powdery OCPs were heated above 500°C overnight. The formed 

pyrophosphate was hydrolyzed in an acidic solution (perchloric acid solution) under boiling. The phosphate 

concentrations of both the hydrolyzed and non-hydrolyzed samples were determined colorimetrically using a 

phosphorous analytical test agent. 
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Analysis of difference in dissolution behavior 

In order to compare the dissolution behavior of OCP with different HPO4/P ratio, the two types of OCPs were 

immersed in tris(hydroxymethyl)aminomethane (Tris)-HCl buffer for 1, 7 and 14 days. After the immersion, OCPs 

were washed with pure water and then lyophilized. Subsequently, they were characterized by XRD and subjected 

for the chemical analysis to measure HPO4/P ratio. Moreover, the morphology of them was observed using a 

transmission electron microscope (TEM). 

  

Results and Discussion 

Characterization of OCP synthesized by the continuous synthesis method 

As a result of the chemical analysis, it was confirmed that two types of OCPs having different HPO4/P ratio were 

obtained by controlling the conditions of the reaction field during the synthesis. The HPO4/P ratio of OCP-A was 

larger than that of OCP-B, while XRD analysis confirmed that both crystals had the structure of OCP. 

  

Analysis of dissolution behavior 

The behavior of change in the HPO4/P ratio was different between OCP-A and OCP-B during the immersion in Tris-

HCl Buffer, which was measured by the chemical analysis [4, 6]. In addition, XRD patterns of the OCPs indicate that 

the hydrolysis of OCP-B tended to advance earlier than OCP-A in the Tris-HCl buffer. TEM observation also showed 

that both OCP underwent morphological changes after immersion in the buffer. 

  

Consequently, it was suggested that the chemical composition of OCP is related to the change in dissolution behavior 

of OCP in Tris-HCl buffer. 

  

Conclusion 

The present study suggests that OCPs with different ion balance could be synthesized by controlling the reaction 

field. The results of this study also suggested that the balance of ions characterized by HPO4/P ratio could be involved 

in the dissolution behavior of OCP. 
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Introduction 

Interconnected porous β-tricalcium phosphate (β-TCP) block may be useful as artificial bone substitutes. Although 

various porous β-TCP blocks are proposed further improvement is awaited due to insufficient interconnectivity or 

imbalance of mechanical strength and porosity. In this study, interconnected porous β-TCP blocks are fabricated by 

setting reaction of β-TCP granules. And its potential value was evaluated by physical measurement and histologically 

using rabbits. 

  

Experimental Methods 

Porous β-TCP blocks were fabricated by the setting reaction of β-TCP granules (200 to 300 µm) using a HNO3 

solution followed by sintering at 1100°C. XRD, µ-CT, SEM and universal testing machine were used for measurement 

of their physical properties. For histological evaluation, porous β-TCP blocks and dense β-TCP blocks used as control 

were implanted in bone defect at medial femoral condyle of rabbits. After 4 weeks, H-E stained specimens were 

observed using all-in-one fluorescence microscope. 

  

Results and Discussion 

When β-TCP granules were mixed with 5mol/L HNO3, dicalcium phosphate dihydrate (DCPD) is formed and bridged 

β-TCP granules one another. Following heat treatment at 1100°C, interconnected dual porous pure β-TCP block was 

fabricated as shown in Fig 1. It has fully interconnected porous structure with pore size of 40 to 160 µm. The 

interconnection was achieved by the setting reaction of the granules and micro porous structure was obtained by the 

micropore of the β-TCP granules. Diametral tensile strength (DTS) and porosity of the porous β-TCP block were 1.4 

± 0.2 MPa and 58.1 ± 1.7%, respectively. The DTS value is enough for clinical use and balance between mechanical 

strength and porosity seems reasonable. 

Four weeks after implantation, both porous and dense β-TCP block bonded with the existing bone and no 

inflammatory response was observed. In the case of dense β-TCP block, only 0.2 ± 0.1% of the β-TCP was resorbed, 

and amount of the formed new bone was limited (0.1 ± 0.1 %). And no no cells or tissues were observed interior of 

the dense β-TCP block. In the case of porous β-TCP, 9.2 ± 3.1% of the β-TCP was resorbed, and amount of new 

bone was 18.9 ± 5.5%. Moreover, osteoblasts, osteoclasts, osteocytes, red blood cells, bone and fibrous tissues 

were observed within the porous β-TCP block. Presence of osteoblasts, osteoclasts, and osteocytes indicate active 

bone remodeling process interior of the porous β-TCP block. Presence of accumulated red blood cells indicates 

capillary vessel or Haversian canal-like structure formation. Clear difference between porous and dense β-TCP 

blocks demonstrated the importance of the interconnected porous structure. 

  

Conclusion 

Porous β-TCP blocks fabricated by the setting reaction of β-TCP granules presented interconnected dual porous 

structure, as well as balanced porosity (58.1 ± 1.7%) and mechanical strength (DTS: 1.4 ± 0.2 MPa). Resorption of 
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β-TCP (9.2 ± 3.1%) and new bone formation (18.9 ± 5.5%) after 4 weeks implantation exhibit a good potential value 

to be good artificial bone substitutes. 
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Histological images 
H-E stained picture of dense (a, c, e) and 

porous (b, d, f) β-TCP blocks after four weeks 

implantation. 

NB: New bone; HB: Host bone; FT: Fibrous Tissue; S: Sample; RBC: Red blood cells; Blue arrowheads: Osteoblasts; Red 

arrow: Osteoclasts; Yellow arrow: Osteocyte 

 

 

  

 

Interconnected pores β-TCP block 
Photo (a), μ-CT (b), and SEM (c,d) images of 

interconnected pores β-TCP block 
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Introduction 

Titanium and its alloys are within the most widely used metallic biomaterials in implants due to their good mechanical 

properties and high corrosion resistance. On the other hand, hydroxyapatite (HAp, Ca10(PO4)6(OH)2) is considered 

the best ceramic biomaterial in the field of medicine1. This last material is used to coat metallic materials, such as 

titanium, due to the similarity in the chemical composition and its excellent biocompatibility with bone tissue. 

Besides the importance of bulk properties of the biomaterials, surface properties are decisive in the biocompatibility 

of any implant. In particular, the surface charge has great influence on any bioadhesion process happening on the 

surfaces of any medical device. The electrical interactions can promote osseointegration and avoid bacterial 

colonization. However, there are scarce information of the electrical interaction potential (zeta potential) of large 

metallic biomedical surfaces and, in particular, those modified with coating layers. 

This research deepens in the electrical behaviour of thin hydroxyapatite coatings on pure titanium using streaming 

current. Initial offset values of current-pressure plots and temporal electrical stability are within the new proposed 

parameters to better understand the electrical response of the biomaterials. 

  

Experimental Methods 

The samples have been coated with HAp2 by a sputtering process carried out by the company Sidrabe (Rīga, LV-

1073, Latvia). Two temperatures were used in the manufacturing process: 400°C and 500°C, and two sputtering time 

that translates into different thickness of the HAp layer: 100 and 150 nm. Samples have been named as 400°C-

100nm, 400°C-150nm, 500°C-100nm and 500°C-150nm, accordingly. 

The electrical analysis has been carried out by means of an Electro Kinetic Analyzer (EKA) using streaming current 

measurements. In each determination, the variation with time (from 0 up to 2 hours) of the initial streaming current is 

analysed. 

  

Results and Discussion 

Two interesting behaviours on the electrical response of HAp layers have been observed. Firstly, there is a temporal 

evolution in the zeta potential of samples. At initial stages of the experiments, for given value of temperature, or 

thickness, the highest superficial charge corresponds to the lower thickness, or temperature, respectively. Therefore, 

the 400°C-100nm HAp sample is the only one with an initial surface charge greater than the titanium control. Time 

evolution shows a decrease in the absolute value of zeta potential for the titanium control and HAp coatings made at 

400°C. This effect is not observed in samples manufactured at 500°C. Surface charge of coatings prepared at the 

highest temperature are stable over the time. Because of the different time evolution of coatings, zeta potential of 
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samples prepared at 500°C becomes the most negative after 120 minutes of measurement, exhibiting a higher 

absolute value even than titanium control. 

Secondly, it is remarkable the very different response observed in the initial offset of the electrical measurements. 

Residual charge in the HAp layer prepared at 400°C may be related with the especially abrupt offset observed for 

these coatings. 

  

Conclusion 

Analysis of zeta potential changes with time provides a valuable characterization of the electrical behaviour of 

different HAp layers. This new procedure for the study of streaming current and zeta potential allows to a better 

knowledge of the properties of HAp obtained by different procedures. Electrical stability is obtained for coatings 

prepared at the highest temperature. 
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Introduction 

Bioinert ceramics such as alumina or zirconia have been commonly used in the field of orthopedics and dentistry due 

to its excellent mechanical properties, esthetic look, good biocompatibility and chemical inertness in biological 

environment. An activation of its bioinert surface could bring additional advantages for better implant-integration with 

surrounding tissues in vivo. Therefore, the aim of the present study was to develop an innovative biomimetic co-

precipitation technique by using modified Simulated Body Fluid (SBF) to obtain a composite biomimetic coating made 

of organic and non-organic components enhancing a bioactivation/functionalization of this inert biomaterial. 

  

Experimental Methods 

Zirconia samples were biomimetically coated by immersion in two times concentrated SBF-solution prepared 

according to Tanahashi et al. (1994) and kept at a body temperature for 3h [1]. 

Bovine Serum Albumin (BSA) in 5 different concentrations (0.01, 0.1, 1, 10, 100 gL-1 and 0 gL-1 as a control) has 

been chosen as a standard protein to be incorporated into the CaP-coating during the precipitation process. The 

incorporation of BSA into the SBF solution occurred on the half of the samples directly (“direct” coating) and for the 

other half on samples already pre-coated with SBF (“with pre-coating”). 

BSA/Alexa FluorTM 488 conjugates were applied to visualize the incorporated proteins into the surface. To evaluate 

a role of sedimentation of protein in the solution, the coating produced on horizontal and vertical (positioning shown 

in Fig.2) samples were compared. Samples were imaged by using fluorescence microscope. To determine the 

morphological changes on the substrate surfaces after soaking in SBF, scanning electron microscopy was applied. 

Carbon-content of the HAp-coating dependent on concentration of BSA in the solution were established by using 

EDX measurements. Moreover, the thickness of HAp-coatings could be measured by imaging of cross-section of 

ZrO2-substrates. 

  

Results and Discussion 

The control samples (0 gL-1 BSA) as well as samples coated in SBF-solution containing 0.01 gL-1 BSA exhibit typical 

coral-like crystal structures [2] with app. 100 nm long crystal-plates. In contrast to BSA-concentrations >0.1 gL-1 the 

crystal structure appears to be altered or protein-overlayed (Fig.1). 

The incorporation of protein within the HAp-coatings was visualized by using fluorescence microscopy to detect 

BSA/Alexa-FluorTM-488 conjugates, which gives a green signal (Fig.2). The intensity of green signal is stronger with 

increasing protein concentration in the solution. Additionally, the content of carbon was measured by EDX. The 

results showed a logarithmic growth of carbon content in the HAp-coating with increasing BSA concentration in SBF 

solution by the precipitation process. 
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The influence of the sedimentation process on the intensity of fluorescence signals proportional to the amount of 

proteins in the coating could also be observed. The results were in correlation with the chemical analysis of the 

coated surfaces (EDX). 

Analysis of the cross-section of the obtained coating on CaP-pre-coated samples showed the apatite growth for all 

tested samples in comparison to the pre-coated control sample. The thickness of the coating decreases with the 

increase of protein concentration in the solution, which is in correlation with the SEM images. 

  

Conclusion 

It could be shown, that it is possible to co-precipitate an organic/non-organic coating based on HAp and biological 

agent such as BSA. This method could create a new biomaterial group, which surfaces could be tailored designed 

according to its desires and requirements. Based on these results with a standard protein, BSA has been replaced 

by specific proteins like Bone Morphogenetic Protein 2 (BMP-2) as a potential osteoinductive factor and Hepatocyte 

Growth Factor (HGF) as a growth factor. These proteins have already evidenced a strong influence on the crystal 

growth and the HAp-coating morphology as well. Thus further systematic analyses and cell culture tests are still on 

going in order to better understand biologically efficacy or bone growth factor response of the protein incorporated 

into the CaP-coating. 
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Fig.1 
SEM view of vertical samples coated with SBF 

containing BSA in “direct” coating (left) and 

after pre-coating (right) with different 

concentrations of BSA in the SBF solution: 0, 

0.01, 0.1, 1.0, 10, 100 gL-1. The vertical 

positioning of the samples is also represented 

for each group of samples. 

 

Fig.2 
Fluorescence images of the vertical (v) and 

horizontal (h) pre-coated samples using 

precipitation from the SBF solution containing 

0, 0.01 and 0.1 gL-1 BSA. Positioning of the 

samples - vertically or horizontally - is here 

represented. 
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Introduction 

Amorphous calcium phosphate (ACP) is essential in formation of mineralized bone and in development of bone 

substitutes. ACP is highly bioactive and biocompatible with living organisms. The reactivity of ACP is mainly 

attributed to the hydrated layer surrounding ACP particles and its high specific surface area (SSA). Previously we 

have reported new synthesis technology of nanosized carbonated ACP [1]. Thermal treatment is a common 

processing step when calcium phosphates are considered for biomaterial development. At the moment there is no 

study related to thermal treatment induced changes of surface properties of carbonated amorphous calcium 

phosphate nanoparticles, that hold potential in bone substitute development. Here we present continuation of thermal 

and crystallization studies of the nanosized carbonated ACP [2] with detailed follow-up of ACP structural and specific 

area changes at 100-1000 °C. 

  

Experimental Methods 

Carbonated ACP was precipitated from calcium and phosphate ion containing solution by rapid rise of solutions pH 

up to 10 [1]. Freeze dried ACP was subjected to XRD, FT-IR, heating microscopy, DSC-TG, specific surface area 

(SSA) and particle size dBET analyses. Further ACP was heat treated at temperatures ranging from 100 to 1000 °C 

with hold times of 5 or 60 min. Phase and chemical composition (XRD and FT-IR), SSA and dBET were systematically 

analysed for heat treated products. 

  

Results and Discussion 

Initial characteristics of ACP. XRD and FT-IR analysis confirmed the amorphous nature of obained ACP sample. 

SSA of ACP was 115 m2/g and dBET was 15 nm. Heating microscopy and DSC-TG analyses showed crystallization 

related events in temperature range of 500-650 °C. Compaction of ACP sample was observed during the same 

temperature range. This clearly demonstrated that crystallization of ACP is accompanied by compaction of ACP 

particles [2]. 

Specific surface area and dBET. Heat treatment of carbonated ACP reduced its specific surface area in a manner 

dependent on temperature. Heat treatment up to 1000 °C reduced SSA of ACP for 14 times. Negligible reduction of 

SSA was observed in range of  100-300 °C and 700-1000 °C. These negligible differences at those exact temperature 

ranges were attributed to the unchanged phase composition at those exact temperatures and/or reaching some 

equilibrium: ACP at 100-300 °C and mixture of hydroxyapatite (HAp) and beta tricalcium phsopahte (β-TCP) at 700-

1000 °C. 

Phase and chemical composition. First crystalline phases were detected in XRD patterns at 500 °C. Increasing 

heat treatment temperatures decreased amount of residual ACP phase. From 500 to 600 °C poorly crystalline 

calcium phase or phases (e.g. calcium deficient hydroxyapatite) were present. At 650 °C two crystalline phases were 

identified - HAp and β-TCP, that remained at higher temperatures as well. In FT-IR spectra carbonate ions 

were present  up to 600 °C. 
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Impact of temperature hold time. Phase composition, SSA, particle size dBET, chemical groups and mesoporosity 

characteristics of heat treated calcium phosphate products were independent of temperature hold time (5 or 60 min). 

  

Conclusion 

This study contributes to understanding of thermally induced crystallization process of carbonated nanosized 

ACP from perspective of surface property change. Specific surface area of carbonated ACP was found to remain the 

same whether 5 or 60 min hold times were tested. 
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Introduction 

The development of a synthetic bone substitute is presented as a potential candidate for the treatment of vertebral 

fractures, a painful and invalidating pathology. The current treatment includes immobilization under corsets or 

percutaneous vertebral augmentation by injection of a poly(methylmethacrylate) PMMA resin in the vertebra to 

stabilize the fracture. However, there is a medical need to replace this material, since its in situ polymerization 

generates high temperature and PMMA is a non-resorbable and rigid material that may cause secondary fractures. 

Our bioinspired approach is a material composed of an inorganic apatite calcium phosphate cement (CPC) combined 

to an organic hydrogel that will form in situ. These composite materials are bioresorbable and, thanks to the presence 

of CPC, are also osteoconductive. The candidates should have appropriate rheology and cohesion for injectability 

and show mechanical properties close to that of bone tissue. 

  

Experimental Methods 

Two commercial formulations of CPS were used, Graftys® HBS and Graftys® HBS without hydroxypropyl methyl 

cellulose (HPMC), having different cohesion and setting time (12 and 9 min, respectively). The hydrogel is formed by 

condensation of a commercial lysine-grafted dendrimer (Colcom® DGL) and a polyethylene glycol chain with NHS 

end-groups (PEG-NHS) [1]. Pastes were prepared by mixing the hydrogel components with the cement powder. The 

concentration of hydrogel components was modulated and the effect of the initial setting time of pastes was measured 

using the Gillmore method. Injectability and compressive strength measurements were performed on pastes and 

composite cylinders respectively, using an AMETEK LS5 texture analyzer. Decalcified samples of CPC/hydrogel 

composites were obtained by Ethylenediaminetetraacetic acid (EDTA) treatment. Organic and inorganic distribution 

were evaluated by SEM observations of polished cross-section of composite samples. 

  

Results and Discussion 

A series of composite materials were successfully fabricated. The formation of a continuous 3D hydrogel network in 

the CPC, once hardened, was verified by decalcification of the samples (figure 1a-b, showing the organic phase). 

The hydrogel contributed significantly to enhance the injectability of the resulting paste, as compared to a purely 

inorganic CPC (HBS without HPMC), and the paste cohesion (75% versus 95% of extruded paste). A homogeneous 

distribution of the inorganic and organic components was observed by SEM characterization of the composites (figure 

1c, showing the hydrogel network). The working time, initial setting time, compressive strength, Young´s Modulus 

and injectability of the composite systems, studied as a function of the DGL and PEG-NHS contents, DGL/PEG-NHS 

ratio, type of CPC powder, ionic strength of the liquid phase and liquid/powder ratio, resulted in significantly different 
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mechanical properties (figure 1d -e, showing hydrogels of different elasticity). In-vitro tests performed on a selection 

of these composite materials using osteoblasts and osteoclasts cells. 

  

Conclusion 

A series of inorganic/organic composite cements of versatile injectable and mechanical properties were successfully 

prepared, opening potential applications for the treatment of vertebral fractures. Further studies are focusing on the 

biological evaluation of these materials. 
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Elastic and resistant calcium phosphate cement 

for vertebral fracture treatment 
Figure 1. Composite material before (a) and 

after decalcification (b). SEM observation of a 

fracture plane of the obtained hydrogel network 

after decalcification (c). Hydrogels obtained 

after decalcification of composite materials 

showing different mechanical properties (d-e). 
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Introduction 

Calcium-phosphate materials, including ceramics and cements, are widely used in orthopedics, osteoplasty and 

maxillofacial surgery due to their chemical similarity to the mineral composition of bone.  Calcium-phosphate cements 

are considered to be an excellent synthetic material for filling bone cavities and defects [1]. 

The cement formation is a consequence of the chemical reaction between a solid component (as a powder) and a 

liquid phase. Usually, suitable calcium phosphate powders are obtained at high temperatures, and their particles are 

several micrometers large. This results in decrease of their reactivity [2]. Therefore using powders consisted of 

metastable phases processed at medium temperatures from amorphous calcium phosphate, ACP, with nanoscale 

particles should significantly improve the reactivity of cements. 

Since cements are usually fragile and have low compression strength and fracture toughness, it is expected that the 

addition of certain reinforcing particles should significantly improve the mechanical properties of cement. It is desired 

that the particles would have bioactive properties similar to those of the cement [3]. 

  

Experimental Methods 

Metastable αʹ-TCP powder was obtained by quenching an ACP powder heated (crystallized) at 700 °C for 1 hour. A 

fast variation of the nitrate synthesis was used to produce the ACP powder with a Ca/P ratio of 1.5. HA whiskers (40 

µm length and 2 µm wide) were prepared by an original hydrothermal route at 235 °C and 20 atm [4]. 

For cement preparation with various solid/liquid ratios and amounts of HA whiskers, a certain amount of 2.5% 

Na2HPO4 solution was added to the powder portion and thoroughly kneaded with a spatula. The resulting paste was 

formed under slight pressure into cylinders and heated at 37 °C. 

The setting moment of the cement was determined by the Vick method. Initial and reinforced cements were examined 

as prepared and after heating (5 K min-1) at 1150 °C in a muffle furnace, respectively, by XRD, TG-DTA, IR, ESEM 

and EDX. 

  

Results and Discussion 

At low solid/liquid ratios, the composition of the cement is almost identical to that of the initial powder and is 

represented only by αʹ-TCP. At a ratio of 1/0.75, besides αʹ-TCP diffractions, apatite maxima in the range of 26-32°2θ 

were detected. With further increasing theliquid`s amount, the intensity of the αʹ-TCP maxima decreased, and those 

of the apatite increased substantially.   

The cement annealed at 1150 °C for 1 hour consisted of β-TCP. It means that the formed apatite was non-

stoichiometric with a Ca/P ratio near 1.5. ESEM examination has shown that the cement consisted of agglomerates 

of very thin lamellar crystals. The compressive strength of the set cement was about 4 MPa at the 1/1.5 solid/liquid 

ratio. Enrichment of the cements by various amounts of HA whiskers (1–15 wt%) improved the mechanical properties. 

For example, the compressive strength increased twice for the 4 wt% whisker amount. 
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Conclusion 

The effect of powder/liquid ratio on the stoichiometry, phase composition and morphology of apatite cements based 

on metastable αʹ-TCP was revealed. The possibility of reinforcement of cements by HA whiskers for the ACP–αʹ-TCP 

cement system was firstly explored. The 1/1.5 powder/liquid ratio provides a complete transformation of αʹ-TCP into 

apatite. The cement set during 15 minutes and had a compressive strength about 4 MPa. The addition of 4 wt% of 

HA whiskers in the cement increased its compressive strength twice. The developed reinforced processingly simple 

cement can be used as a non-carcinogenic bone substitute for bone tissue in non-bearing areas of the human 

skeleton. 
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Introduction 

There is still ongoing need for effective materials for bone regeneration that copy both structure and composition of 

the mineral phase of the human bone. At the very beginning of the bone mineral formation it is amorphous and 

besides calcium and phosphorus it contains other biologically relevant ions. Further, structurally the bone mineral is 

nanomaterial. Both of these important features can be combined into ionically enriched amorphous calcium 

phosphate (ACP). It is known that amorphous structures are more susceptible to inclusion of large quantities of 

various ions than crystalline ones. Therefore, the current work presents development of synthesis of novel ACP 

nanoparticles with biomimetic bone-like chemical composition. The elemental composition of the biomimetic ACP will 

be composed of Ca2+, PO4
3-, OH-, CO3

2-, Mg2+, Sr2+, Na+, K+, Cl-, F-, Zn2+ and citrate ion building blocks. 

  

Experimental Methods 

Synthesis of the biomimetic ACP is based on recently developed wet chemistry method [1]. The basis of the method 

is to obtain a homogenous solution of both calcium and phosphate ions by dissolution of calcium phosphate salt e.g. 

hydroxyapatite or beta tricalcium phosphate. Afterwards strong base is rapidly added to the transparent solution and 

precipitation of ACP occurs. The precipitate is filtered, washed and later dried at 80 °C. To incorporate the rest of the 

biomimetic elements into structure of ACP, various salts of the respective ions (MgCl2, SrCl2, sodium citrate etc.) 

were added before the dissolution of calcium phosphate. Quantities of the biomimetic elements were matched to the 

ones in human bone. Characterization of the synthesized materials was done with x-ray diffraction analysis (XRD), 

Fourier transform infrared spectrometry (FT-IR), Brunauer–Emmett–Teller (BET) specific surface area analysis and 

scanning electron microscopy coupled with energy dispersive x-ray spectrometry (EDS). 

  

Results and Discussion 

Phase composition determined by XRD showed that the modified synthesis method yields only ACP phase and no 

crystalline phases were detected. Addition of multiple ions to the synthesis of ACP might hinder its crystallization, 

however more detailed studies are needed. Further, FT-IR spectra confirmed the XRD data as absorption bands 

were wide and rounded that are characteristic to amorphous structures. Presence of both carbonate and citrate ions 

was detected by FT-IR. The specific surface area of the synthesized products was over 50 m2/g thus proving the 

nanostructure aspect. Previous studies [1] of the reference ACP without biomimetic ions have shown that it is possible 

to synthesize nanosized (<20 nm) ACP with specific surface area over 150 m2/g that is stable in air for at least one 

year. EDS spectra confirmed the presence of the inorganic ions in the biomimetic ACP. 

  

Conclusion 

Overall it was possible to obtain nanostructured ACP with biomimetic bone-like chemical composition with specific 

surface area over 50 m2/g by modified wet precipitation technology. Addition of the supplementary ions to the 
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synthesis system of ACP was successful in terms of preserving the amorphous structure. The obtained calcium 

phosphate nanostructures with the biomimetic composition will provide all the necessary preconditions for successful 

use in bone tissue engineering. 
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Introduction 

Synchronisation between biomaterial degradation and bone formation is one of the crucial requirements for the ideal 

synthetic bone graft. In practice, this synchronization is the result of a complex network of interactions between the 

material, the physiological fluids and the cells of the osseous system, very difficult to unravel. The active degradation 

of synthetic bone grafts in vivo results from the dissolution of the material in the acidic environment produced by 

bone-resorbing cells. Therefore, bone graft degradability depends not only on composition and textural properties, 

like porosity and specific surface area (SSA), but also on the inflammatory reaction and the osteoclastogenesis 

elicited by the material once implanted. Likewise, the degradation of the material modifies the ionic composition of 

the extracellular fluid, this acting as a powerful chemical signalling path that trigger specific cellular responses. In an 

effort to shed light on this complex system, in this work the in vivo behavior of calcium deficient hydroxyapatite with 

different composition and nanostructure is compared, in terms of degradation, osteoinduction (i.e. ectopic bone 

formation) and osteogenesis. Moreover, to better understand the interplay between chemical and biological 

phenomena, the results were compared with the in vitro accelerated degradation of the same scaffolds. 

  

Experimental Methods 

Calcium deficient hydroxyapatite (CDHA) foams were obtained by foaming and hydrolysis of an alpha-tricalcium 

phosphate (α-TCP) slurry. Two different nanostructures, fine needle-like crystals or coarse plate-like crystals (Fine-

CDHA and Coarse-CDHA) were obtained by using either fine or coarse α-TCP powders respectively. Carbonated 

CDHA (CO3-CDHA) foams were obtained by hydrolysing α-TCP in a sodium bicarbonate solution. Sintered beta-TCP 

(β-TCP) and biphasic HA/β-TCP (BCP) foams were used as controls. The scaffolds were characterized in terms of 

composition, porosity, solubility and microstructure. The in vivo study was carried out in a standardized model of 

intramuscular (IM) and intraosseous (IO) implantation over 6 and 12 weeks in beagle dogs. Material resorption and 

bone formation was evaluated by micro-CT and SEM and histological and histomorphometrical analysis were 

performed. The susceptibility of the material to acidic degradation in vitro was assessed by immersing the samples 

in an acidic solution at 37 °C to mimic the osteoclastic environment. 

  

Results and Discussion 

Both ectopic and orthotopic bone formation, as well as scaffold degradation were drastically affected by nanocrystal 

morphology. Moreover, carbonate doping, which resulted in small plate-shaped nanocrystals, accelerated both the 

intrinsic osteoinduction and the bone healing capacity (Figure 1). Similar degradation trends were found 

intramuscular and intraosseously, although the absolute values were higher intramuscularly. CO3-CDHΑ Foams 

exhibited the highest degradation rate (60% IM and 50% IO at 12 weeks), followed by the Fine-CDHA Foams (40% 
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IM and 42% IO at 12w), Coarse-CDHA foams exhibiting the lowest resorption (10% IM and 20% IO at 12 w). A good 

correlation was found between material degradation and bone formation, both ectopically and orthotopically. The 

materials presenting the highest osteoinduction, i.e. CDHA-CO3 and CDHA-F Foams (23 and 28% formed bone IM 

at 12 w, respectively), were also the ones showing the highest degradation rate. However, no clear patterns were 

found correlating CaP degradation and ectopic bone formation when compared with the sintered ceramics, β-TCP 

and BCP. Thus, BCP-Foam, presented a high amount of ectopic bone formation at 12 weeks (28% IM at 12w), 

despite showing the lowest degradation rate, and β-TCP, with a degradation at 12 weeks similar to Fine-CDHA 

showed no ectopic bone formation. 

On the other other hand, the degradation in vivo was not fully consistent with the degradation results in vitro. Thus, 

whereas CDHA-F-Foam, with the highest SSA, showed the highest degradation rate, exceeding the more soluble β-

TCP, the incorporation of carbonate in CDHA rather than increasing the in vitro degradation, significantly reduced it. 

  

Conclusion 

The size and morphology of the nanocrystals, as well as the presence of carbonate, allow tuning the osteoinductive 

and osteogenic potentials as well as the degradation profi le of the CDHA. Moreover, those materials with textural 

and compositional properties closer to the biological apatite exhibited better synchronization between material 

resorption and bone formation. 
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Figure 1. 
Back-scattered SEM images of the CDHA scaffolds 

after 12 weeks of intramuscular implantation. 
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Introduction 

Biological apatite is the main component of the inorganic fraction of hard tissues, such as bone tissue or mineralized 

dental tissues. Nanocrystals of the biological apatite are calcium orthophosphates with various foreign ions in their 

structure, i.e.: Mn2+, Mg2+, Cl-, Zn2+, Na+, K+, F-, CO3
2-, BO3

3-, SiO4
4-, etc. This unique composition causes the changes 

in the Ca/P molar ratio, which in the stoichiometric hydroxyapatite is 1.67.[1] Impurities in the apatite of bones, enamel 

or dentin affect not only the physicochemical properties, but also the biological properties of tissues. For example, 

silicon ions influence the process of osteogenesis by stimulating osteoblast proliferation.[2,3] The aim of the study 

was to develop a method of the synthesis of nanocrystalline carbonated apatites imitating the biological apatite. Our 

goal was to introduce foreign ions into the apatitic structure, by using different substrates. The high apatite 

susceptibility to ion substitutions was useful in the synthesis.[4] 

  

Experimental Methods 

The synthesis of the multi-substituted carbonate apatite was carried out using the wet method in SBF (simulated 

body fluid), containing ions such as: Na+, K+, Mg2+, Cl-, CO3
2-, SO4

2- and citrate. It was carried out in two ways (using 

different substrates). In the first method, only sources of calcium and phosphate ions were used; in the second 

method additional sources of magnesium ions and carbonate ions were added. The obtained precipitates were left 

to age at different periods of time. Finally, eight samples were produced: four without the addition of foreign ions with 

different aging times and four apatitic samples enriched with Mg2+ and CO3
2- ions with an analogous aging time. The 

obtained powders were characterized using the following methods: FT-IR mid-infrared and Raman spectroscopies, 

ICP-OES spectrometry and TEM microscopy. 

  

Results and Discussion 

The obtained results were analyzed in terms of the degree of crystallinity of powders as well as the content of 

individual ions in the samples. The significant changes in the crystallinity as well as in the elemental composition 

were observed. The differences in the content of Mg2 + ions, as well as CO3
2-, were evident. 

  

Conclusion 

The obtained powders were nanocrystalline, multi-substituted apatites, containing mainly magnesium and 

carbonates, that is characteristic for biological apatites. Their composition and crystallinity were affected by the aging 

period. Further physicochemical tests are required. 
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Introduction 
Current approaches in bone tissue engineering focus on hybrid materials made of polymer matrices (e.g. synthetic 

biopolymers such as polylactic acid, collagen or polysaccharides) and inorganic constituents (e.g., hydroxyapatite, 

tricalcium phosphate, or bioglass). While polymers help forming light and porous biocompatible structures, the 

ceramic parts improve cell-attachment and mechanical properties to at least partially restore stability but should also 

induce the formation of new bone tissue. A straightforward approach is the fabrication of scaffolds that carry stem 

cells with capability to differentiate into osteoblasts, bioactive drugs (such as growth factors) which induce and 

support osteoblast differentiation and purinergic receptor ligands influencing the osteogenic linage commitment. [1] 

[2] Bisphosphonates are long known in the therapy of various bone associated diseases due to their osteoclast-

inhibiting activity. A guided delivery and prolonged release of bisphosphonates to the site of the disease is an 

attractive objective to overcome the inherent drawback of their low oral bioavailability. 

  

Experimental Methods 

In this work, we present the synthesis of substituted and stoichiometric hydroxyapatites by chemical precipitation. 

Chemical characterization is carried out by various spectroscopic and X-ray methods (i.e. XRD, FT-IR and ICP-OES), 

while the product’s morphology is examined using particle size measurements and SEM. 

  

Results and Discussion 

Systematic evaluation of the reaction parameters shows a major impact of the reaction temperature on crystallite 

size and degree of crystallinity for the synthesis of stoichiometric hydroxyapatite, while pH and reaction time result in 

minor changes. Furthermore, the influence of organic templates on the crystallization and agglomeration of the 

products are investigated. 

  

Conclusion 

Embedding the synthesized apatites into a polysaccharide hydrogel-matrix provides a hybrid material, that resembles 

the physicochemical properties of natural bone, thus making it a promising candidate for bone tissue engineering 

and drug delivery applications. 
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Introduction 

Sinus floor augmentation (SFA) is frequently performed as a mandatory augmentation procedure prior to placing 

dental implants in the posterior maxillary region. Disadvantages of autologous grafts as well as the limited 

biodegradability of some of the commercially available bone grafting materials have prompted an ever-increasing 

search for adequate bone substitute materials. An ideal bone grafting material should stimulate bone formation at its 

surface, resorb and  be replaced by fully functional bone tissue. 

Over the last two decades, the use of tricalcium phosphate (TCP) granules as alloplastic bone graft particles has 

received increasing attention especially for maxillary sinus augmentation procedures. 

This study evaluated the effect of two highly porous TCP granules with the same overall porosity but varying macro- 

and micromorphology on bone formation and on osteogenic marker expression 6 months after sinus floor 

augmentation (SFA). This was in addition to characterizing the biodegradability. 

  

Experimental Methods 

This study comprised a series of 40 consecutive patients, in which unilateral SFA was performed. In 20 patients 

phase pure β-TCP polygonal particles (granule size 1000 to 2000 µm) with 65% porosity (CM)1,2 and rounded 

morphology were used, while in the remaining 20 patients TCP polygonal particles displaying sharp edges (granule 

size 700 to 1400 µm) with 60% porosity TCP (CER)3 were utilized in a combination with autogenous bone chips 

(10:1). At implant placement, 6 months after sinus grafting, cylindrical biopsies were sampled and processed for 

immunohistochemical analysis of resin embedded sections from the augmented area as described previously.2,3. 

Sections were stained for collagen type I (Col I), alkaline phosphatase (ALP), osteocalcin (OC) and bone sialoprotein 

(BSP). Subsequent to the immunohistochemical analysis, tissue sections were prepared for histomorphometry. The 

area fraction of newly formed bone as well as the particle area fraction were determined first, apically close to the 

Schneiderian membrane and second, in the center of the cylindrical biopsies.2,3 

  

Results and Discussion 

In both patient groups a statistically significant greater amount of bone formation and smaller amount of residual 

grating material were observed in the central area compared to the apical area. This tendency was more pronounced 

in the CM group (43.9% (mean) newly formed bone centrally vs. 33.3% (mean) apically) compared to the CER group 

(39.5% (mean) vs. 36.3% (mean) apically). Residual grafting material: CM group centrally 2.85 (mean) versus 21.1% 

(mean) apically; CER group 1.3 (mean) apically versus 16.0 (mean) centrally, with these differences between the 

CM and CER group not being statistically significant. Marked differences with respect to the osteogenic marker 

expression were observed when comparing both materials. Significantly higher expression of OC was noted in 
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osteoblasts in the CM group both apically and centrally when compared to the CER group. In the CM group a higher 

expression of Col I was noted apically than centrally, whereas positive expression of the osteogenic markers OC and 

ALP were present in both areas. In the CER group a high expression of Col I and ALP in the apical and central area 

was indicative of bone formation which was still actively progressing 6 months after sinus floor augmentation. 

Furthermore, the CER particles located in the most apical layer of the biopsies were fully surrounded by fibrous tissue 

in combination with fibrous tissue being noticed in the pores of the particles. The trend towards a smaller amount of 

residual bone grafting material, i.e. higher biodegradability for the CER group compared to the CM group may be 

related to the slightly smaller granule size of the CER particles. 

  

Conclusion 

Both biomaterials with identical chemical composition and a similar degree of overall porosity showed marked 

differences with respect to the histomorphometric and immunohistologic results in vivo. This appeared to be due to 

the different macro- and micromorphology of the granules. The high OC expression in osteoblasts both centrally and 

apically in the OC group is indicative of the excellent bioactive behaviour of this grafting material and its enhancing 

effect  on bone matrix mineralization. The CER particles being surrounded by fibrous tissue in the most apical layer 

of the biopsies may be related to the sharper edges of the CER particles compared to the more rounded morphology 

of the CM particles in conjunction with the relative movement between particles of the grafting material and the 

Schneiderian membrane during the breathing process. Both TCP grafting materials, however, supported sufficient 

bone formation in the augmented sinus floor for facilitating stable and reliable implant placement with residual grafting 

material still being present 6 months after SFA. This was in addition to matrix mineralization and bone formation still 

actively progressing 6 months after SFA. 
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Introduction 

Calcium phosphates (CaP) play a crucial role in the regenerative medicine as cavities filling materials, scaffolds for 

new bone tissue, and more recently as systems delivering therapeutic substances [1]. Among CaP group, 

hydroxyapatite (HA) has received considerable attention because of its significant similarity to the biological apatite 

- the main inorganic component of biological hard tissues. Another material commonly used in bioceramics is beta 

tricalcium phosphate (βTCP), which is characterized by better solubility than HA. The unique capacity for the CaP 

group is the ability to undergo ionic substitution, which can enhance biological activity of the samples [2]. Both 

strontium and gallium ions enhance bone regeneration, act as antiresorptive agents and possess slight antibacterial 

properties. Therefore, their coexistence in the scaffold can be particularly beneficial. The addition of scaffold-binding 

gelatine will allow to control the degradation rate of the composite and to improve the mechanical properties of CaP 

samples [3]. Due to the presence of pores in the composite, proper vascularisation and delivery of the necessary 

nutrients to the tissue will be possible. 

  

Experimental Methods 

The synthesis of a series of calcium phosphates substituted with strontium and gallium, substituted with various 

amounts of ions, were carried out. A series of Sr2+ substituted hydroxyapatites (Sr-HA) was synthesized via wet 

precipitation method at 60 °C, left for 24 h for aging and then air-dried. A series of Ga3+ substituted beta tricalcium 

phosphates (Ga-βTCP) was first obtained by precipitation and then the raw precipitates were subjected to sintering 

at 1000 °C to allow a phase transition. In addition, pure unsubstituted CaP were synthesized as comparative 

materials. All the resulting powder materials were subjected to a thorough physicochemical analysis to select the 

ones with the most favourable parameters. Fourier Transform Infrared Spectroscopy (FT-IR), Solid State Nuclear 

Magnetic Resonance (ssNMR) and X-ray Powder Diffraction (PXRD) were used for structural and chemical 

composition assays. Transmission Electron Microscopy (TEM) was used to assess the morphology, shape and size 

of crystals and their tendency to agglomerate. Quantitative analysis of the introduced ions was performed by 

Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES). A preliminary evaluation of cytotoxicity in 

vitro was performed on BALB/c 3T3 mammalian fibroblast cell line. Porous gelatine-based scaffolds containing 

selected Sr-HA and Ga-βTCP samples were obtained by the lyophilization method. The resulting materials were then 

examined, determining the degree of porosity, morphology and ion release profiles. 

  

Results and Discussion 

Sr-HA and Ga-βTCP samples with various amounts of substituted ions were synthesized and thoroughly 

physicochemically examined. Moreover, all of the samples turned out cytocompatible. Multicomponent scaffolds, 

composed of selected Sr-HA, Ga-βTCP and gelatine were successfully obtained. Through the use of lyophilization 
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method, it was possible to obtain a porous material that gradually releases substituted ions into the medium. 

Differences in the release profile of individual elements were obtained, due to the better solubility of βTCP than HA. 

  

Conclusion 

The aim of the research was to synthesize biocompatible and bioactive implant materials composed of doped calcium 

phosphates (CaP), which would serve as scaffolds delivering strontium and gallium ions directly into the damaged 

bone tissue. The determined ion release profiles are the starting point for further research. The long-term project 

objective is to develop scaffold that could potentially be used for local delivery of antiresorptive drugs into the injured 

tissue. 
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Introduction 

During the last few decades, when the societies have started to age, the disorders of the skeletal system have 

become a serious problem. Due to this, novel approaches to treat bone fractures, osteoporosis etc. have been 

recently developed. Considering different biomedical areas concerning the treatment of hard tissue, bone tissue 

engineering based on calcium phosphates (CaPs) is one of the most-developed. Among the CaPs, hydroxyapatite 

(HA) with the general formula Ca10(PO4)6(OH)2 should be distinguished due to its significant resemblance to the 

biological apatite, which builds mammalian hard tissue. On account of their excellent biocompatibility, HA-based 

materials are currently being used as bone fillers, coating materials or the elements of the matrices for drugs targeting 

bones. 

One of the possible ways to create functional, novel ceramic materials based on HA, is introducing foreign ions into 

its crystal lattice. In this study, due to their well-known antibacterial, osteogenic and anticancer activity, Zn2+ and 

SeO3
2- were chosen as ionic dopants. 

  

Experimental Methods 

In this study, a series of hydroxyapatite containing different amounts of zinc and selenite ions were synthesized via 

classical, co-precipitation method. The obtained powders underwent both physicochemical and biological analysis. 

The techniques of FTIR, PXRD, ssNMR, TEM and ICP-OES were applied. The release kinetics of the ionic dopants 

was also investigated. Additionally, the cytotoxicity tests of the materials were conducted. 

  

Results and Discussion 

The physicochemical analysis confirmed that all of the obtained powders were poorly-crystalline hydroxyapatites with 

no other crystalline impurities in phase. The FTIR spectra, as well ICP-OES results confirmed the successful 

introduction of the SeO3
2-. The elemental analysis confirmed also the presence of the Zn2+ in the structure of HA. 

Based on the PXRD, FTIR and TEM studies, a clear tendency concerning the crystallinity of the powders containing 

Zn2+ was observed. Namely, the introduction of Zn2+ ions into the crystal structure of HA lowered its crystallinity. The 

interesting outcomes of the release kinetics of the ionic dopants were also obtained. Whereas in case of zinc, the 

level of the released element did not exceed 1 % of the total, introduced amount, the level of selenite ions reached 

ca. 50 % in average, which suggests that, unlike zinc ions, selenites were also partially adsorbed on the surface of 

HA. This, in turn, is consistent with the cytotoxicity tests, which revealed that the materials containing selenites were 

toxic and thus, could be used as potential, antitumor agents in bone cancer treatment. Considering well-known 

toxicity of selenium, the authors believe that the outcomes of the biological analysis are strongly connected with the 

partial adsorption of the selenites on the surface of HA. 
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Conclusion 

In this study, a novel, HA-based biomaterial containing Zn2+ and SeO3
2- was synthesized. The outcomes of the 

cytotoxicity test suggests that the obtained powders could be used as potential, anticancer biomaterials. Due to the 

preliminary character of the study, it is necessary to proceed with further investigation. 
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Introduction 

Calcium phosphate cements (CPC) set via a dissolution–precipitation reaction and form an entangled network of 

crystals providing mechanical strength after setting. A further modification by adding monomers to the aqueous 

cement phase results in the formation of a second interpenetrating network with a strong impact on cement 

properties.[1] This was recently shown for cement modification with tetraethyl orthosilicate (TEOS) as precursor.[2] 

Here, this approach is further explored by using silica precursors with a higher density of alkoxy groups to increase 

network and cross-linking density in the final gel. Also modified precursors with different hydrophilic functional groups 

are investigated to influence the interface between silica and cement matrix. The precursors were initially hydrolyzed 

under acidic conditions and the combined with a brushite forming cement powder. Due to the increase in pH of the 

sol during cement setting leads to a simultaneous formation of cement matrix and silica hydrogel. [3] 

  

Experimental Methods 

Sol precursors were a mixture of TEOS (100 – 60%) and 0 – 40% of silica monomers with 6-12 alkoxide 

functionalities. Both commercially available 1,8-Bis(triethoxysilyl)octane and self-synthesized modified silica 

monomers with hydrophilic groups and a higher density of alkoxy groups were used (Figure 1A). Silica sols were 

obtained by adding the sol precursor mixture to water in a ratio of water: “Si-OEt” = 2.25 and 0.1 M HCl solution. 

Composite cements were produced by mixing the sol with cement raw powder, consisting of β-tricalcium phosphate 

(β-TCP) and monocalcium phosphate anhydrous (MCPA) in an equimolar ratio and the addition of 1 wt% citric acid. 

The citric acid is used as retarding agent in order to extend the setting-time of the composites. 

  

Results and Discussion 

The results demonstrated an increase of mechanical performance by using different amounts of a silica monomer 

(1,2-Bis(triethoxysilyl)octane) in addition to TEOS in the composite compared to the pure TEOS reference (Figure 

1B). A variation of the monomers resulted in a substantial increase in the strength (Figure 1C) with an increase from 

0.44 ± 0.09 MPa to 8.29 ± 1.01 MPa at low PLR of 1 g/mL. The porosity characteristics of the silica–brushite networks 

showed a bimodal pore size distribution in the set matrices with nanosized pores originating from the silica matrix 

and micrometer pores from the cement matrix (Figure 1D). The latter is thought to have a strong effect on drug 

release capability by retarding drug diffusion from the cement matrix. 

  

Conclusion 

It could be shown that the use of different silica monomers has a huge influence on the properties of the composites. 

As shown a increased strength of the composites could be observed depending of the system up to 10 times. Due 

to the two network in the composites, a bimodal poresize distribution could be observed. 
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Figure 1 
A Molecular structure of TEOS, commercially 

bought silica monomer(A) and synthesized silica 

monomers(B/C) B Compressive strength of CPC and 

composite reference CPC+TEOS. Increased 

compressive strength by adding 20/40% of silica 

monomer A. (PLR = 2 g/mL) C Compressive strength 

of CPC and composites with 5% different silica 

monomers (PLR = 1 g/mL) D Pore size distribution 

analyzed by Hg porosimetry in a range of 10-

10000 nm of silica gel composite. 
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Introduction 

The primer function of the skeletal muscle is to provide movement with other musculoskeletal organs. Damages of 

these muscles greatly affect daily life of patients as they cause movement restriction in the human body. The regain 

of the function of damaged muscle depends on the size of the injury. In case of simple injuries muscles can self-heal 

with physical exercises and resting. However, the large volume loss caused by firearms, cancer ablation, etc. cannot 

heal without any surgical treatment. Tissue engineering techniques which use a matrix with/without cells emerge as 

an alternative advanced treatment for damaged muscle tissue regeneration. The function of the carrying matrix is to 

form new muscle tissue by enhancing myotube formation from myofibers. Thus, the materials used in fabrication of 

matrix and final form of matrix are particularly important. We herein designed a spiral form 3D matrix made of 

nanofiber polycaprolactone and polyaniline membrane, which is combined with DCM to repair damaged muscle 

tissue. 

  

Experimental Methods 

The bovine skeletal muscles purchased from local abattoir were decellularized using trypsin-EDTA and Triton-X 

solutions. DNA assay was done by high salt DNA extraction procedure to determine the effectiveness of 

decellularization method. DNA content was measured using Nanodrop (Thermo scientific, USA) after the extraction 

of DNA. To further confirm removal of cellular content, Gel electrophoresis was performed with DNA extracts loaded 

on 1% agarose gels.For production of nanofiber membrane, the mixed was electrospun through a plate collector by 

applying high voltage between tip and collector. The morphology of obtained mats was determined by SEM, where 

the electrical conductivity was measured using a multimeter. The final combined structures were obtained by injecting 

DCM solution in acetic acid into a spirally rolled electrospun mats.   

  

Results and Discussion 

With regard to DNA assay, the decellularization efficiency was found to be around 84% for DCM samples. 

Furthermore, there were no detectable traces of DNA in electrophoresis, confirming the effectiveness in removing 

the DNA component. A nonwoven mesh structure was successfully produced from PCL/PANI via electrospinning 

process without any bead formation on the nanofibers (Fig.1.). The diameters of nanofibers were in the range 

between 200-730nm. The electrical resistance of nanofibrous mats were measured to be around 108Ω. The spiral 

form structures were also formed with a good integration between the components. 

  

Conclusion 

The results obtained from the present work indicate that spiral shape combined structures possess favorable 

properties to serve as a scaffold for the regeneration of damaged skeletal muscle tissue. 
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Morphology of PCL/PANI mats observed by SEM. 
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Introduction 

Electroactive biomaterials are a new generation of “smart” biomaterials based on intrinsically conducting polymers 

(ICP). Among them, Poly(3,4-ethylenedioxythiophene) (PEDOT), polypyrrole (PPy) and polyaniline (PANI) are well 

known conducting polymers that present excellent electrical and optical properties emerging as main candidates for 

potential biomedical applications.1 Additionally, the biodegradability of biomaterials is very useful and desirable. In 

this context, biodegradable polymers based on polyesters2, such as poly(D,L-lactic acid) (PDLLA), polycaprolactone 

(PCL) and poly(glycolic acid) (PGA) appear to be promising candidates because of their good biocompatibility and, 

as a consequence, they have been attracting attention as sustainable alternatives for applications in medicine. 

Poor molecular interaction with cells is the main challenge for the use of conducting polymers as biomaterials. In 

order to improve their own biocompatibility, the main strategies are whether by doping with specific counter ions3 or 

chemically modifying the monomers with different molecules.4 However, electroactive polymers still present low or 

none biodegradability. 

To overcome the common problems, it was presented the development a novel conducting and biodegradable 

copolymer based on poly(3,4-ethylenedioxythiophene) (PEDOT) covalently bonded to poly(D,L-lactic acid) (PDLLA). 

Such strategy allows changing the amount of EDOT to PDLLA monomers, resulting in a biomaterial with completely 

different final properties, such as conductivity, biodegradability and cytotoxicity. It was synthesized PEDOT-co-

PDLLA in three different proportions, 1:05, 1:25 and 1,50, respectively and the films produced was tested for 

embryonic stem cells differentiation (Figure 1). 

  

Experimental Methods 

The synthesis of the novel conducting and biodegradable copolymer was obtained using (2,3-dihydrothieno[3,4-

b][1,4]dioxin-2-yl)methanol (EDOT-OH) as an initiator in a lactide ring opening polymerization reaction, resulting in 

EDOT-PDLLA macromonomer. Conducting PEDOT-co-PDLLA copolymers (in three different proportions) were 

achieved by chemical copolymerization with 3,4-ethylenedioxythiophene (EDOT) monomers and persulfate oxidant. 

The PEDOT-co-PDLLA copolymers were structurally characterized by 1H NMR and FTIR (with DFT/PBE-D3/def2-

TZV calculations). Cyclic voltammetry was performed to evaluate the electroactivity behavior of the copolymers and 

conductivity measurements were performed via electrochemical impedance spectroscopy. In vitro biodegradability 

was evaluated using Proteinase K over 35 days biodegradation. Biocompatibility was assessed by adhesion, 

migration, proliferation and differentiation assays using embryonic stem cells (E14.tg2a). 

  

Results and Discussion 

The 1H NMR spectra of products confirmed the copolymerization reaction of PEDOT-co-PDLLA. The FTIR spectra 

compared with calculated spectrum for the macromonomer of EDOT-PDLLA revealed the actual polymerization on 

the EDOT moiety. Cyclic voltammetry confirmed the electroactive character of the biomaterials with a 

correspondence between the PEDOT ratio. The electrochemical impedance spectroscopy of the PEDOT-co-PDLLA 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 914 of 1893 

copolymers shown conductivity ranging from 4×10-8 to 5×10-5 S cm-1, depending on PEDOT content. The 

biodegradation assay shown 29% to 46% (w/w) biodegradation after 35 days. Biocompatibility was assessed with 

non-cytotoxicity observed, preferentially differentiated to neuronal cells instead glia cells, with highlight for PEDOT-

co-PDLLA 1:50 ratio, where migration halos and neurofilament lengths of the mature neuron cells were increased in 

65% and 370%, compared to control of TCPS plates. 

  

Conclusion 

The fabricated PEDOT-co-PDLLA copolymers can serve as novel electroactive, biodegradable and biocompatible 

materials potentially useful in different biomedical applications. 
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The PEDOT-co-PDLLA copolymer promoting neuron 

cells differentiation 
Schematic representation of the application of 

PEDOT-co-PDLLA films as support to cell 

adhesion, proliferation and differentiation by 

using embryonic stem cells. 
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Introduction 

Collagen-based tissue engineering implants are routinely crosslinked in order to maximise their resistance to the 

loads experienced in-service. However, chemical crosslinkers can not only modify the mechanical properties 

obtained but also alter the collagen surface chemistry. The cell response to a substrate is often highly sensitive to 

both mechanical and biochemical cues. In particular, carbodiimide-based crosslinking allows for a significant increase 

in the mechanical stiffness, but at high concentrations has also been shown to reduce the availability of integrin-

specific binding sites on the surface of collagen[1]. This work considers two alternative chemical treatments–genipin 

and transglutaminase (TG2)–and explores the effects of various chemical crosslinking mechanisms on the viability, 

attachment and proliferation of human dermal fibroblasts on treated collagen substrates. 

  

Experimental Methods 

Solvent cast films of microfibrillar Type I collagen were treated with EDC-NHS, genipin or TG2 solutions at a range 

of concentrations. The materials characterisation of the films included a ninhydrin assay to determine the degree of 

crosslinking as well as tensile testing to determine changes to the elastic modulus induced by the chemical 

treatments. 

An LDH Cell Attachment assay was performed on human dermal fibroblasts seeded on treated and untreated 

samples to separate the effect of integrin specific and integrin non-specific binding to the collagen substrates. All 

films were also seeded with human dermal fibroblasts for a period of seven days, and media was extracted at Day 

1, 4 and 7 to determine the cell proliferation levels using the MTS assay. The cell viability was assessed 

spectroscopically using the LDH assay on the spent media of the cells cultured for the MTS assay, as well as through 

fluorescent microscopy using a LIVE/DEAD assay kit. Finally, the effects of treatment on the overall cell morphology 

was characterised using immunofluorescent microscopy. 

  

Results and Discussion 

The chemical characterisation of the treated and untreated samples indicated a reduction in free amine content for 

all treatments, thus suggesting a successful reaction between the crosslinkers and the collagen samples. Further 

mechanical testing revealed that EDC-NHS crosslinking can produce a five-fold increase in the tensile modulus at 

the low concentrations, and a nearly 100-fold improvement at the higher concentrations. Similarly, genipin treated 

films resulted in a ten-fold increase in modulus over the untreated condition. The modulus decreased for all 

concentrations of TG2 when compared with the non-crosslinked condition. 

As seen in Figure 1(a), when comparing the degree of free amine reduction to the tensile modulus, similar values 

are obtained for the same degree of crosslinking for genipin and EDC-NHS. However, the modulus for TG2 was 

markedly low for the high reduction in free amines observed. By taking into account the mechanism of action for TG2, 

the mechanical behaviour observed can be resolved through a hydrolytic pathway that can be adopted by TG2 in the 
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presence of few amines, whereby glutamines are converted to glutamates instead forming an amide bond with a 

neighbouring lysine. 

From the LDH cell attachment assay seen in Figure 1(b), EDC-NHS crosslinking resulted in a significantly reduced 

integrin-specific binding at high concentrations. The specific binding was unaffected upon treatment with genipin or 

TG2. Results from the MTS assay show that cells treated with EDC-NHS, TG2 and genipin proliferated at a higher 

rate than the non-treated counterparts. However, at all concentrations of EDC-NHS, a sharp drop to pre-seeded 

levels is observed by Day 7 of proliferation. Such behaviour is not observed with either genipin or tissue 

transglutaminase. Although mechanical cues have long been suggested to influence proliferation rates of 

fibroblasts[2], the long-term proliferation in these samples can be concluded to be dependent primarily on the 

availability of appropriate ligands, even if short-term proliferation may be driven by mechanical stiffness. 

  

Conclusion 

Following the results of this work, genipin stands out in its potential to replace EDC-NHS where medium to high 

mechanical stiffness and excellent cell attachment and proliferation are desired. EDC-NHS can offer collagen 

implants of high tensile moduli, at the expense of integrin specific attachment and long-term cell proliferation. While 

TG2 allows for exceptional fibroblast activity, it reduces the effective tensile modulus of insoluble collagen based 

films. As seen in Figure 2, this allows for the creation of materials selection map to obtain tuneable cell activity and 

mechanics in tissue engineering implants through the choice of chemical crosslinking. 
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Figure 2 
A materials selection map illustrating the 

region of cell activity (specifically 

proliferation) and mechanical behaviour (tensile 

modulus) which can be accessed through the 

choice of crosslinker chemistry. 
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Figure 1 
Mechanical and biological characterisation of 

treated collagen films: a) The tensile moduli 

are plotted against the degree of crosslinking 

as obtained from the ninhydrin free amine assay. 

b) LDH assay results on the integrin mediated 

and non-specific adhesion of human dermal 

fibroblasts on treated and untreated collagen 

samples. Values in brackets represent the 

‘degree of crosslinking’ as determined by the 

ninhydrin free amine assay for a given condition 
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Introduction 

Bacterial cellulose (BC) is a biocompatible material that exhibits high purity, high crystallinity and great mechanical 

properties. BC has high degree of polymerization and high-water content [1,2]. Therefore, BC has a huge potential 

to be applied in several fields, being the biomedical field the most relevant to this work. Biodegradability is a key 

requirement for several applications and the modification of BC aiming to increase and improve its biodegradability 

has been attempted. BC may be chemically modified through its hydroxyl groups, e.g., by oxidation, becoming 

reabsorbable and acquiring new features, such as hemostatic behavior [3]. In this work, oxidation of BC membranes 

was achieved using tetramethylpiperidine-1-oxyl (TEMPO) radical through electrochemical methods. TEMPO is able 

to perform selective oxidation of the primary hydroxyl groups, meaning that only C6 is oxidized into carboxyl groups. 

This is a cleaner approach since it allows the anodic regeneration of the oxidizing species avoiding the use of the 

primary oxidant [4]. 

This project aims to develop a resorbable material based on oxidized BC that simultaneously displays hemostatic 

behavior. 

  

Experimental Methods 

Oxidation of BC membranes was achieved through electrolysis. BC and oxidized BC were characterized by FT-IR, 

SEM, XRD and 13C-NMR. The degree of oxidation was evaluated by titration of the carboxyl groups and the 

hemostatic behavior was investigated through whole blood coagulation tests. Both in vitro and in vivo biodegradability 

of oxidized membranes was evaluated. In vitro biodegradability was assessed in ultra-pure water after 3, 7, 14 and 

63 days of incubation while in vivo biodegradability was studied in a rat model, for 3, 14 and 56 days. 

  

Results and Discussion 

Three different degrees of oxidation were obtained by the application of 400C, 700C and 1200C of total quantity of 

electricity. FT-IR spectra showed an increase on the absorption band around 1628 cm -1 attributed to the carboxylic 

acid vibration, as compared to non-oxidized membranes, revealing the formation of carboxylic acid groups [5]. SEM 

images revealed that the morphology of the membranes was not changed by the oxidation [6]. The obtained XRD 

patterns for all the oxidized samples were very similar to non-oxidized ones, suggesting that the crystal structure was 

preserved and oxidation did not modify the crystal structure [7]. 3C-RMN results showed that the signal around 62 

ppm corresponding to superficial C6 primary hydroxyl group decreased after the oxidation, while the peak around 

174.6 ppm assigned to carboxylate groups appeared after oxidation, confirming the selective oxidation of C6 [8,9]. 

Carboxylic acid content after oxidation was quantified by titration. The degree of oxidation increased with the applied 
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charge being 4%, 7% and 15%, for 400C, 700C and 1200C, respectively [10]. In vitro degradability of oxidized 

membranes and its hemostatic behavior was evaluated using Surgicel® as control. The obtained results showed that 

almost no degradation occurred on non-oxidized membranes demonstrating the relevance of the oxidation on the 

improvement on BC biodegradability [7]. However, even after 63 days of incubation, oxidized membranes did not 

degrade extensively. Whole blood clotting times assay was applied to evaluated the hemostatic behavior of the 

membranes [11]. The obtained results demonstrated that, contrarily to non-oxidized membranes, the oxidized ones 

exhibited hemostatic activity, although not as effective as Surgicel®. In vivo biodegradability and biocompatibility of 

oxidized membranes was evaluated. Membranes were implanted subcutaneously and the inflammatory response 

was studied using membranes with 7% of oxidation. The obtained results showed that there were no macroscopic 

evidences of inflammation and even after 56 days of implantation, the oxidized membranes did not degrade 

completely. Nevertheless, oxidized membranes revealed good biocompatibility [12, 13]. 

  

Conclusion 

This work confirmed that oxidation was effective in yielding a hemostatic and partially degradable material. Despite 

its ability to act as hemostatic material further studies are desirable to improve BC biodegradability. The oxidized 

membranes did not induce an inflammatory response, revealing a good biocompatibility. 
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Introduction 

Bioactive glasses with gold nanoparticles are generating a considerable interest in terms of tissue engineering (1). 

Nowadays, the incidences of nosocomial infections are rising as a result of bacterial resistance to antibiotics and 

antibacterial agents. Thus, antibacterial activity as well as in vitro biocompatibility has become critical requirements 

for biomaterials used in tissue engineering. This study outlines a new approach to extend the biomaterials biological 

properties by synthesizing composites of bioactive glasses with gold nanospheres and spherical nanocages content, 

by sol-gel derived method, nanocages contain silver oxide. To further obtain an applicable material; the glasses were 

introduced in alginate-pullulan composites. Within the framework of these criteria we evaluated the biomaterials in 

vitro, by bioactivity assessment, antibacterial effects and cellular biocompatibility. 

  

Experimental Methods 

The gold nanospheres were synthesized by using Turkevich-Frens (2) and nanocages by using galvanic replacement 

reaction (3) using previously obtained Ag nanoparticles. The glasses with gold nanoparticles content were 

synthesized by sol-gel method (4). The composites of alginate-pullulan-bioactive glasses with gold nanoparticles 

were obtained by cross-linking method. 

Pseudomonas aeruginosa (Gram negative) and Staphylococcus aureus (Gram positive) strains were used to perform 

the minimal inhibitory concentration test. The in vitro bioactivity of the composites was checked by their immersion 

in simulated body fluid (pH 7.4) for 6 weeks at 37°C.The apatite layer growth were analyzed via X-ray diffraction 

(XRD), FT-IR spectroscopy and scanning electron microscopy (SEM). Cyotoxicity tests were conducted using HS 27 

cell line and human osteoblastsisolated from patella bone. The MTT assay was done after 24 hours, according to 

ISO 10 993-5. 

  

Results and Discussion 

The glass samples with gold nanocages, containing silver oxide showed a good bactericidal effect against 

Pseudomonas aeruginosa and Staphylococcus aureus. The in vitro bioactivity of the composites was evaluated by 

evidencing the apatite layer growth on the samples’ surface following the immersion in simulated body fluid. The 

XRD pattern, FT-IR spectroscopy data and SEM images confirmed the apatite layer growth on the samples surface. 

On Hs 27 cells, both composites with different shaped gold nanoparticles showed good cytocompatibility, having 

viability higher than 88%, at 24 h. The qualitative examinations revealed no morphological, membrane modifications 

or intracytoplasmatic granulations. Surprisingly, the composite with gold nanocage showed not only lack of cellular 

toxicity, but also they enhanced the osteoblastic cells viability up to 113%. Furthermore, the studied biomaterials not 

only demonstrated biocompatibility, but also a significant in vitro osteogenic response. 
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Conclusion 

Overall, these results offer compelling evidence that the newly developed biomaterials have the potential to provide 

a one-step treatment for further in vivo testing, offering infection prevention, while enhancing bone healing. 
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Introduction 

Chronic wounds result from a defect in the healing process associated with prolonged inflammation and correlated 

with necrosis, pain and high morbidity [1-2]. Biomaterials for skin regeneration aim to design 3D constructs with the 

ability to promote wound healing [3]. Most of them are animal product derivatives such as collagen or fibrin. These 

biomaterials usually have good bioactivity but are limited in terms of functionalization and mechanical properties. 

During the last decade, alternatives -such as the combination with synthetic polymers [4] or the use of crosslinking 

agents- were developed to improve these outcomes. These strategies often cause partial loss of bioactivity and affect 

biodegradability. 

In this study, we used natural polysaccharides that offer tunable mechanical properties and degradation rates, as 

well as a good biocompatibility [5]. This system can be used as a carrier for compounds implied in wound repair. For 

this purpose, we investigated how this scaffold could be functionalized to deliver a natural compound in order to 

stimulate wound healing. 

  

Experimental Methods 

Our polysaccharide-based scaffolds were made of a pullulan and dextran mixture. The physicochemical properties 

of the material were modified using three different concentrations of crosslinking agent. The natural compound, an 

oligogalactomannan provided by the industrial partner (SILAB SA), was added as a healing booster. Two ways of 

incorporation were investigated: before (in situ) and after crosslinking (inverse diffusion). The resulting composite 

matrices were characterized in vitro, with incorporation effectiveness, drug release kinetics and cytotoxicity assays. 

Ex vivo skin penetration studies were also performed on compromised skin barrier model through a Franz cell. 

  

Results and Discussion 

For all formulations, no cytotoxicity was observed after 24h of contact. Our results showed that molecule incorporation 

was more efficient using inverse diffusion than in situ method. In addition, we have found a direct correlation between 

crosslinking and molecule retention. No release was observed from the formulations with the molecule incorporated 

in situ whereas a burst release was obtained in the case of inverse diffusion incorporation, whatever the crosslinking 

ratio. These results were in accordance with ex vivo penetration results, in which the molecule passed through all 

skin layers when incorporated by inverse diffusion. 

  

Conclusion 

In this study, we have demonstrated that the 3D polysaccharide matrices could be successfully used as a drug 

delivery platform which can be modulated by the cross-linking ratio and the way of incorporation. With these 

properties, it can be possible to add several compounds and modulate their release in the wound healing process. 
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Introduction 

Hydrogels are highly-hydrated crosslinked polymer networks that can exhibit very good biomimicking properties and 

function as extracellular matrix (ECM) substitutes in a wide range of biomedical applications. Hydrogels enable 

culturing of cells in a more physiologically accurate three-dimensional (3D) environment, as compared to 

conventional two-dimensional methods for cell culture. Furthermore, ECM mimicking hydrogels are essential for the 

creation of organ-on-a-chip devices that can enable rapid drug screening and toxicity testing and help towards cutting 

our reliance of animal in vivo models. However[DA1] , for a hydrogel to be a suitable candidate for cell culture, it must 

feature relevant cell and tissue dependent bifunctionalities, mechanical properties and biochemical cues.  Hydrogels 

that enable flexible tuning of such properties thus facilitates optimization of the culture conditions and realization of 

adequate ECM mimicking conditions for a wide range of applications. 

  

Experimental Methods 

Bicyclo[6.1.0]nonyne (BCN) was grafted to HA via the glucuronic acid carboxyl-moieties using standard carbodiimide 

chemistry. The final HA-BCN product had a derivatization degree of about 19%. Peptides were synthesized using 

standard SPPS protocols, and grafted to HA-BCN using SPAAC prior crosslinking.  Hydrogels were formed by 

combining the HA-BCN product with 8-armed PEG-polymer with terminating N3-moities (p(N3)8) and incubated at 

37°C for one hour prior to adding cell media. This was followed by a further incubation overnight to allow the hydrogels 

to swell prior to seeding cells on top. In the cases where cells were encapsulated, the cells were added to the 

hydrogels just prior to the gelation stage. HepG2, hiPS-HEPs, and SH-SY5Y were used during this study, using the 

appropriate media in each case. Cell viability was assessed using Alamar blue assays or Live/Dead staining. 

  

Results and Discussion 

A modular hydrogel system was developed based on hyaluronan (HA) modified with cyclooctynes to enable 

crosslinking using an 8-armed PEG-polymer with terminating N3-moities (p(N3)8) via a bioorthogonal strain-promoted 

alkyne-azide 1, 3-dipolar cycloaddition (SPAAC) (Figure 1a,b). Gelation onset occurred rapidly at 37°C with gelation 

reaching completion at approximately one hour. The final stiffness of the material was dependent upon the ratio of 

components (Figure 1 c, d), with a ratio of 10:1 of HA-BCN to PEG (25 mg/ml) yielding the stiffest gels. 

The hydrogels supported proliferation of HepG2 cells equally well as hydrogels based on agarose and alginate, 

resulting in formation of spheroids. For 3D culture of human induced pluripotent stem cell derived hepatocytes (hiPS-

HEPs), introduction of a cyclic RGD (cRGD) in the hydrogel was vital to stimulate proliferation and cell functionality. 
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By reducing the crosslinking density slightly, resulting in softer hydrogels, the  hydrogels also enabled viable cultures 

of SH-SY5Y neuroblastoma cells (Figure 2a). In a comparison with Matrigel (Figure 2c), differentiated SH-SY5Y cell 

cultured on the hydrogels formed larger cellular clusters but with extensive neurite outgrowths (Figure 2b). 

  

Conclusion 

We show a flexible and modular hydrogel system that enables tuning of both mechanical properties and 

bifunctionality which enables optimization of 3D cell culture conditions for different cell types. The incorporation of 

cell adhesion motifs was achieved using the same principles as the crosslinking and is fully bioorthogonal. As a 

result, functionalization can be achieved either prior to seeding with cells or after, whichever suits the experimental 

conditions. Furthermore, functionalisation with different adhesion motifs at varying density, and tuning of the 

viscoelastic properties of the material was demonstrated and optimized for HepG2, hiPS-HEP and SH-SY5Y cells. 
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Cell viability and differentiation using 

Hyaluronan hydrogel as a growth medium 
Figure 2: (a) Cell viability measured using 

Alamar blue for soft (G´~150 Pa) and stiff 

(G´~800 Pa) with equal amounts of cyclic RGD 

(cRGD) and IKVAV (50:50) and 100 % cRGD and 

IKVAV in the softer hydrogels at day 7. (b) 

Phase contrast images (20X) of differentiated 

SH-SY5Y cell cultures grown on top of HA-BCN 

(+IKVAV) (top) and on top of Matrigel (bottom). 

Scale bar: 50µm. 

 

Formation and characterization of Hyaluronan 

hydrogel with copper-free click-chemistry 
Figure 1: (a) A bioorthogonal strain-promoted 

alkyne-azide 1, 3-dipolar cycloaddition was 

utilized for crosslinking of HA, to form an 

optically transparent (b) hydrogel. The 

viscoelastic properties could be tuned through 

the adjustment of component ratio (c), while the 

gelation rate could be reliably controlled via 

temperature. 
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Developing the next generation of collagen membranes using 

electrophoretic deposition. 
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Introduction 

Biomaterial scaffolds augment the extracellular matrix and act as structures for cells to grow over and regenerate 

damaged tissue in situ. Collagen type I is a structural protein found in mammals, whose material properties are ideally 

suited for use as an implantable scaffold. There has been lots of research recently into mimicking the architecture 

and mechanics of native tissue, with collagen scaffolds. However, fabricated collagen membranes have proven 

elusive in attaining the required properties for them to be suitable implants [1]. 

In this study, we have developed a novel process for generating aligned collagen membranes with controllable, 

characterised orientation and mechanics. This new method utilizes electrophoretic deposition (EPD) processing, to 

deposit collagen films from a suspension, and a generated flow of the collagen suspension during this deposition to 

align the collagen fibres within the membrane. Such techniques allow for control over both the rate of deposition and 

flow rate, such that alignment can be effectively controlled, and thus, the mechanical properties of the membranes 

can be tuned [2]. Furthermore, using birefringence microscopy, we have accurately characterised the degree of 

collagen alignment with respect to these parameters. 

We, therefore, present here a novel method with specific controllable parameters, through which we can control a 

variety of the material properties, such that the next generation of collagen membranes can be designed for purpose. 

  

Experimental Methods 

Collagen I was hydrated in acetic acid and was then homogenised. The collagen suspension was dialysed against 

deionised water. Ethanol was added such that the final suspension was 50% ethanol and 0.25 wt.% collagen. 

Electrophoretic deposition, simply, involves charged particles (in this case collagen) held within a suspension, and 

an electric field being passed across the suspension. The electric field drives electrophoretic movement of the 

charged particles towards an electrode, onto which the particles deposit, forming a film [3]. EPD was carried out in a 

custom built EPD cell, with inlet and outlet tubes from the cell to a pump, to generate flow of suspension during EPD. 

The rig was filled with collagen suspension and the pump generating a flow of 0 - 0.0015m/s at the surface of the 

electrode. The power source to the electrodes was then initiated, with a pulsed current of 10ms on, 15ms off cycle 

at a voltage of 5 - 10V. 

Alignment of collagen fibres within membranes was determined using birefringence microscopy, using a quartz 

compensator. 

 

Results and Discussion 

Collagen membranes were produced using electrophoretic deposition, under a range of flow conditions. The collagen 

membranes produced were analysed with birefringence microscopy, and the birefringence of each sample was 

determined using a quartz compensator. At no flow, there was no birefringence and therefore no alignment. With 

increasing flow the birefringence also increased, showing an increased order of collagen alignment within 
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membranes. Flows beyond 0.0015m/s resulted in no collagen deposition, showing there is a threshold to this 

technique. 

Using EPD to form collagen films is a relatively new concept, however, here we have shown that it can be utilized, 

with a flowing system, to tune the orientation of collagen fibres deposited, and thus, create a reproducible, very 

controllable, novel collagen membrane. Furthermore, we show the potential of birefringence microscopy as a tool for 

characterising collagen orientation in films, which would otherwise be cryptic. 

This alignment of collagen within membranes causes the tensile strength within the plain of alignment to be increased. 

Therefore, tear resistant membranes can be developed by creating multilayer films with each layer being aligned in 

a different direction. As such, using this technique for creating novel orientated collage membranes, the mechanics 

could be fine-tuned for specific biomaterial purposes. 

  

Conclusion 

We have a novel technique for the orientation of collagen fibres within collagen membranes can be achieved, using 

EPD processing and a generated flow of collagen suspension during deposition, which, in turn, can be used to 

develop tough tear resistant collagen membranes, suitable for implantation. Furthermore, we show this orientation 

can be well defined and characterised using birefringence microscopy, such that these properties can be fine-tuned. 
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Light micrographs of collagen films showing 

their birefringence 
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Light micrographs of collagen films prepared 

using electrophoretic deposition with a relative 

flow across the depositon electrode (top), and 

with a relative flow across the electrode 

(bottom), under brightfield, without the 

polarizer (left), and with the polarizer 

(right). 

 

 

Birefringence of collagen films versus flow rate 

during deposition. 
The measured birefringence of collagen films as 

a function of the flow rate of the collagen 

suspension across the electrode during pulsed 

current electrophoretic depsotion, with a 

voltage of 10V. On the right hand side shows the 

birefringence of order collagen within a rat 

tail, as a comparison to a highly aligned 

collagen structure. 

 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 929 of 1893 

PS1-03-69 

A new method for fibrin-based electrospun/sprayed scaffold fabrication 
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Introduction 

The electrospun fibrin is an optimal scaffold for tissue-engineering applications because it mimic the extracellular 

matrix. Different approaches have been used for fibrin electrospinning, however all the methods investigated required 

washing step1, cross-linking agent2 and treatment steps for mechanical modification3. Moreover fibrin owns only poor 

mechanical properties that limit its applications. 

The aim of this work was to produce a bilayered fibrin/polyurethane scaffold, by combination of electrospun method 

and spray-phase inversion method for the preparation of a fibrin layer firmly attached onto a polyurethane 

microporous support layer. 

  

Experimental Methods 

The support layer was obtained using a biocompatible aromatic poly(ether)urethane (Estane 5714F1, Lubrizol) by 

spray, phase-inversion method as previously described4. A 2% polyurethane solution was prepared by dissolving 

polyurethane grain in a solvent mixture of tetrahydrofurane and 1,4-dioxane (1:1) while a 0,2% solution was prepared 

with the addition of 17% of distilled water as non solvent. The support layer was obtained co-spraying the 2% 

polyurethane solution and distilled water, while the microporous layer with the 0,2% polyurethane solution and 

thrombin solution at 25 U/mL in 275 mM CaCl2 on a rotating cylindrical collector (5 cm in diameter) at 88 rpm and 

flow rate of 2 mL/min for 40 min. 

Then, fibrinogen solution 80 mg/mL was prepared by dissolving the fibrinogen in a solvent mixture of 1,1,1,3,3,3-

heaxafluoro-2-propanol and distilled water(9:1, v/v) for electrospinning. The electrospun fibrinogen layer was made 

on the polyurethane support layer using an electrospinning apparatus equipped with a rotating cylindrical collector. 

Electrospinning was performed using needle-to-collector distance of 10 cm, voltage of 22 kV, flow rate of 0.5 mL/h 

and rotation speed of 125 rpm. The process was prolonged for 3 h to obtain a 100 μm thick electrospun network. 

Finally, thrombin solution (25 U/mL) was sprayed on the electrospun layer at a flow rate of 0.5 mL/min for 5 min to 

allow fibrin polimerization. 

SEM micrographs of bilayered scaffold were acquired for ultrastructural evaluation and analyzed with ImageJ to 

quantify the diameters of fibrin nanofibers before and after reaction with thrombin solution. Moreover, the grafts were 

analyzed by SEM to evaluated morphological structure of the surface spray layer after peeling of electrospun layer. 

  

Results and Discussion 

The sprayed layer appears white, while the electrospun fibrin layer transparent. SEM images of the electrospun 

fibrinogen evidenced stretched and flat fibers with size of the micron order (Fig. 1A). The fibrin formation after 

interaction with thrombin solution, induce a fiber morphology modification evidenced by SEM images. In particular 

we observed the loss of the elongated and flattened structure with the formation of filamentous structures fiber with 

diameter in the range of 400-500 nm (Fig. 1B). 
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The SEM analysis of morphological structure of PU spray layer after peeling of electrospun fibrin layer, revealed a 

firm adhesion of layer onto the spray surface of graft indicated by the presence of fused fibrin fiber on the porous PU 

support layer (Fig 2). 

  

Conclusion 

This study demonstrated the possibility to combine two different consolidated techniques to manufacture an 

electrospun fibrin layer firmly attached onto a polyurethane sprayed layer to enhance fibrin mechanical properties 

with the aim to apply in soft tissue regeneration, such as in wound healing application. 
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Fig. 2 
SEM images of PU layer after peeling of 

electrospun fibrin layer. 

 

 

Fig.1  
SEM images of electrospun layer. (A) fibrinogen 

nanofibers; (B) fibrin filaments obtained after 

interaction with thrombin. 
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PS1-03-70 

Chemically graded collagen films for directed cell migration 

Eleonora Vriend, Ruth E. Cameron, Serena M. Best 

University of Cambridge, Cambridge, GB 

 
Introduction 

In this work, the use of chemical and physical gradients in collagen films as a method for directing cell migration is 

investigated. EDC/NHS crosslinking is used to chemically modify the collagen properties, affecting both stiffness and 

amine groups within peptide sequences required for integrin binding, allowing position control of cell attachment1. It 

is hypothesised that a gradual gradient in crosslinking may encourage cell attachment and migration along the 

gradient direction. 

  

Experimental Methods 

Crosslinking using EDC/NHS and genipin was used to modify the chemical and physical properties of collagen films. 

Gradients were created by gradual dilution of the crosslinking solutions (Figure 1). In this way, both the crosslinking 

concentration and time were progressively decreased across the film. The degree of crosslinking was measured by 

the free amine group content and fluorescence of genipin. Amine content was measured using the ninhydrin assay. 

This involved adding a solution of ninhydrin in ethanol to the collagen films at 80 °C for 20 minutes. The complexed 

dye was eluted using isopropanol, before measuring the optical absorption at 570 nm. The absorbance value could 

then be converted to a value for amine group content using a glycine standard curve. The degree of crosslinking was 

evaluated as the difference between amine concentration before and after crosslinking, relative to the initial 

concentration. This was initially carried out on individual films crosslinked at different concentrations and times to 

measure the effect of varying the crosslinking conditions. The variation in amine content across the gradient films 

could not be measured using absorbance in the same way; instead the change in the intensity of the complexed dye 

on the film surface after heating was measured using optical microscopy. For the films crosslinked using genipin, the 

degree of crosslinking was evaluated using fluorescence, as on reaction with amine groups genipin forms a blue 

pigment which emits fluorescence at 630 nm when excited at 590 nm. 

Cell studies were subsequently carried out on the films to determine the effect of the gradients on cell behaviour. 

HT1080s were seeded at the crosslinked end of the gradient. Samples were fixed at five time points over the duration 

of a week and stained using DAPI and rhodamine phalloidin. Control samples consisting of uniform seeding on the 

film surface and films which were fully crosslinked or non-crosslinked, as well as cell culture tissue plastic, were also 

used. Fluorescence microscopy was used to observe how the positions and number of cells across the films varied 

over time in each case. 

  

Results and Discussion 

Increasing the crosslinking concentration and time was found to result in a decrease in amine content, corresponding 

to an increase in the degree of crosslinking. The gradient films crosslinked using the method of gradual dilution were 

consistent with this trend, showing a gradient in the intensity of the complexed dye across the film. Fluorescence 

measurements of the genipin crosslinked films showed a clear gradient from high intensity at the crosslinked end of 

the film to low intensity at the non-crosslinked (Figure 2A). These measurements confirm that the method of gradual 

dilution resulted in a gradient in the degree of crosslinking across the films. 
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The cell studies showed the gradient to have an effect on the distribution of cells on the films. When cells were 

seeded at the crosslinked end of the gradient, they were found to spread to the rest of the film by Day 7 of the study 

(Figure 2B). In contrast, when seeded on the edge of fully crosslinked or non-crosslinked films, this was not observed 

to occur. Similarly, when uniformly seeded over the gradient films, the cells were observed to collect at the non-

crosslinked end of the films. This suggests that cells can detect the presence of the gradient and that this encourages 

them to spread towards the less crosslinked areas of the film. 

  

Conclusion 

We have developed a method by which gradients of crosslink density can be applied to collagen films. Cell studies 

suggest that these gradients are able to provide cells with cues influencing migration. 
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Fluorescence microscopy images 
A: Gradient in the degree of crosslinking using 

genipin, shown by measurement of the 

fluorescence intensity 

B: HT1080s on EDC/NHS gradients after seeding at the crosslinked end 

 

 

  

 

Schematic of crosslinking method 
Method for obtaining a gradient in crosslinking 

by gradual dilution of the solution 
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Introduction 

The tremendous interest in gelatin hydrogels for tissue engineering is to be attributed to their low cost, readily 

availability, lower immunogenicity compared to collagen, biodegradability, presence of cell adhesive motifs (e.g., 

RGD), and versatility [1]. The gelatin hydrogels’ properties can be in fact tuned by varying the hydrogel formulation 

to target the regeneration of different tissues. A generally underestimated but crucial factor is the role of the animal 

source and the pre-treatment used to obtain gelatin from collagen and their potential influence on the hydrogels’ 

properties. Here, we used two different crosslinking methods (i.e., glutaraldehyde and methylenebisacrylamide) to 

crosslink three different gelatins derived from different animal sources (i.e., porcine, bovine, fish) and we compared 

the properties of the so-obtained gelatin hydrogels. 

  

Experimental Methods 

Gelatin (porcine type A, bovine type B or from cold fish, F) was dissolved 15% w/v in water at 50 °C. At complete 

dissolution, gelatin was crosslinked (0.33 mol of crosslinker/ g of gelatin) either by glutaraldehyde (GTA) [2] or 

methylenebisacrylamide (MBA) [3]. For MBA-crosslinked hydrogels (MBA_A, MBA_B, MBA_F), the solution pH was 

increased at 10.5 and MBA powder was mixed to the gelatin solution (Fig.1a). The hydrogels were then allowed to 

crosslink at 50 °C for 24 h. For GTA-crosslinked hydrogels (GTA_A, GTA _B, GTA _F), the proper amount of GTA 

solution was added to the gelatin solution, quickly stirred and crosslinked at 37 °C for 24 h (Fig.1a). Gelatin hydrogel 

specimens were manually punched (diameter = 10 mm), washed with distilled water and dehydrated. Stability tests 

were performed in distilled water at 37 °C and the samples weight variation was measured up to 6 weeks. The gel 

fraction was measured after 1 week of immersion in water, to determine the solid fraction retained by the hydrogels 

during the swelling. Hydrogels crosslinking degree was measured by ninhydrin assay, by comparing the number of 

free amino groups before and after the crosslinking reaction. Compressive mechanical tests were performed on 

hydrated samples by Dynamic Mechanical Analyzer by applying a hysteresis cycle. The mesh size of the hydrogel 

networks was estimated by considering the volume variation and the elastic modulus of the hydrogels. In 

vitro degradation test was performed in Collagenase type I from Clostridium Histolyticum (10 U/mL) to simulate a 

possible enzymatic in vivo degradation; samples immersed in phosphate buffered saline were used as controls. In 

vitro indirect cytotoxicity tests were performed on L929 murine fibroblast cell line by extracting culture medium eluates 

in contact with hydrogel samples for 1, 3 and 7 days. 

  

Results and Discussion 

After immersion in water, all samples increased their weight due to water absorption; moreover, samples showed to 

be stable for up to 6 weeks (Fig.2a), thus proving the successful hydrogel crosslinking. Different weight variations 

were detected, for both GTA- and MBA-crosslinked hydrogels, depending on the gelatin animal source, being the 

weight variation of gelatin A < gelatin F < gelatin B hydrogels, considering the same crosslinking mechanism. All 
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hydrogels showed gel fraction values higher than 85% after 1 week of immersion in water, proving the efficient 

retention of the solid fraction during the swelling. For all the considered gelatin animal sources and crosslinking 

mechanisms, the measured crosslinking degrees were higher than 90%, proving the efficient crosslinking reaction 

and the involvement of amino groups in the crosslinking reaction. All hydrogels were successfully enzymatically 

degraded in 24 h after immersion in collagenase solution, with slightly quicker degradation profiles detected for 

GEL_F hydrogels. The estimated mesh sizes were in the 60 – 160 nm range, with mesh sizes GEL_A < GEL_F < 

GEL_B, for both the considered crosslinking mechanisms. All hydrogels showed a viscoelastic response with 

mechanical properties depending on the gelatin animal source. The elastic modulus of GEL_A was higher than 

GEL_F and GEL_B; the elastic modulus of GEL_F was higher than GEL_B. A similar trend was observed for the 

maximum stress. The measured mechanical properties of the produced hydrogels were thus shown to depend on 

both the swelling degree and on the estimated mesh size (i.e., lower mechanical properties for higher swelling and 

higher mesh size values). All hydrogel samples showed no indirect cytotoxic effects, as proved by the measured 

percentage cell viability higher than 70% (ISO 10993, Fig 2b). 

  

Conclusion 

Gelatin hydrogels derived from different animal sources (i.e., porcine, bovine and fish) were successfully crosslinked 

by MBA or GTA, as proved by adequate gel fraction and crosslinking degree values. The animal source influenced 

the swelling response of the hydrogels, mesh size and mechanical properties, thus proving the importance of the 

selection of the gelatin source when designing gelatin hydrogels for tissue engineering purposes. 
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Figure 2 
(a) Swelling and (b) in vitro indirect 

cytotoxicity of crosslinked gelatin hydrogels 

obtained by different animal sources. 
 

Figure 1 
Preparation of gelatin hydrogels by 

glutaraldehyde and methylenebisaxcrylamyde 

crosslinking reaction. Representative images of 

swollen hydrogels obtained by different animal 

sources (i.e., porcine, bovine and fish), scale 

bar: 2 mm. 
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Introduction 

Collagen scaffolds are widely used for tissue engineering and regenerative medicine as a temporary template or a 

drug delivery vehicle. The importance of internal architecture of three-dimensional (3D) scaffolds has been reported, 

the pore size and structure having been shown to significantly affect cellular activity1,2. Micro-computed tomography 

(µ-CT) has been extensively used to assess the internal structure of 3D scaffolds but they are often characterised in 

dry state although they become hydrated after implantation. In this study, the internal architecture of fully hydrated 

3D scaffolds was visualised by performing physiologically relevant µ-CT scanning using a contrast agent and the 

structural characteristics of the scaffolds were evaluated. 

  

Experimental Methods 

Collagen scaffolds were produced by freeze-drying 1 wt.% collagen slurry prepared by blending bovine type I 

collagen in 0.05M acetic acid. The scaffolds were chemically crosslinked using 1-ethyl-3-(3-dimenthylaminopropyl-

carbodiimide hydrochloride) (EDC) and N-hydroxy-succinimide (NHS). They were crosslinked at varying degrees 

between 0% and 100%, where 100% crosslinking (100%-XL) was defined as crosslinking a collagen (COO-) using 

EDC/NHS at molar ratios of EDC:NHS:COO- = 5:2:1. 

Scaffold samples were obtained using a 8 mm-diameter biopsy punch and they were immersed in cell culture medium 

(CCM) prepared by Dulbecco’s Modified Eagle’s Medium supplemented with 10% foetal bovine serum and 1% 

penicillin-streptomycin for 1 day at 37°C and 5% CO2. After the immersion, all the scaffolds were stained with 0.3% 

phosphotungstic acid (PTA) solution for 24 h under shaking speed of 150 rpm, followed by nine 5 min washings in 

deionised water (DIW). The fully hydrated samples were scanned using the SkyScan 1172 micro-CT (Bruker, 

Belgium) at 60 kV and 167 µA with 5 µm pixel size. The samples were placed in an Eppendorf tube containing DIW 

and the lid kept tightly closed to prevent any water evaporation during the scanning. After the reconstruction in the 

NRecon software provided by SkyScan, 1 mm-thick collagen scaffold in the middle was segmented to create a 

volume of interest (VOI) and the structural analysis were performed using the CTAn software. Further structural 

assessment for 0%- and 10%-XL scaffolds was performed using a scanning electron microscopy (SEM, FEI Nova 

NanoSEM) after different immersing treatments: 1 day in CCM or 1 day in CCM followed by 1 day in 0.3%-PTA 

solution. 

  

Results and Discussion 

Figure 1 shows the µ-CT images of fully hydrated collagen scaffolds viewed in different cross-sections. The internal 

structure of scaffolds could be visualised and allowed to evaluate structural parameters such as pore size. 

All the scaffolds were highly porous and interconnected in hydrated state. They also appeared to be homogeneous 

throughout the bulk of the scaffolds although densified collagen zone around the edge of scaffolds was observed for 

0%- and 1%-XL scaffolds. When the scaffolds are presented by colour-coded pore size values this densified collagen 

zone was shown to be occupied by 20-30 µm (red) pores. 
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Figure 2 shows SEM images of 0%- and 10%-XL scaffolds after different treatments. As shown in µ-CT images, most 

of the scaffolds showed uniformly distributed interconnected pores throughout their cross-sections. The densified 

collagen zone around the edge of 0%-XL scaffold was observed but only after PTA-staining since no such zone was 

detected for the sample which had not been PTA-stained. 

  

Conclusion 

PTA-staining allowed for the 3D visualisation of collagen scaffolds in hydrated state and consequently analysis of 

more physiologically relevant internal structure. However, the staining process for low crosslinked scaffolds (< 5%-

XL) appeared to cause structural alteration, resulting in heterogeneity in their microstructures. Therefore, this staining 

artefact needs to be carefully considered in pore size analysis for non- and very weakly-crosslinked hydrated collagen 

scaffolds. 
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Figure 2 
SEM images of freeze-dried 0%-XL and 10%-XL 

collagen scaffolds after treatment treatments. 

 

 

  

 

Figure 1 
Internal structure of collagen scaffolds 

chemically crosslinked at varying degrees. The 

top two rows show the collagen scaffold in 

different cross-sections. The bottom row depicts 

the scaffolds with colour-coded pore size 

values, the colour-coded scale bar shown in the 

leftmost column. 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 937 of 1893 

PS1-03-73 

Hyaluronan-based dermal fillers: the biophysical properties for specific 

clinical uses 

Annalisa La Gatta, Rosanna Salzillo, Claudia Catalano, Antonella D'Agostino, Anna Virginia Adriana 

Pirozzi, Chiara Schiraldi 

University of Campania, Naples, IT 

 
Introduction 

Hyaluronan (HA)-based hydrogels, obtained by crosslinking the biopolymer with 1,4 butandiolediglycidylether 

(BDDE), are widely used as dermal fillers. As our understanding of facial aging processes increases, HA gel design 

to meet specific requisites continues to improve. As a consequence, lines of HA-fillers, including products for diverse 

specific uses, are currently marketed [1]. 

Each line of fillers includes “volumetric”, “global performance” and “skinbooster” gels with specific clinical indications. 

Injections at different depths are recommended for the classes of gels. 

The availability of biophysical parameters on these products strongly aids clinicians when selecting the product for a 

specific need. Additionally, such data, combined with clinical studies, are key to better gel design for specific 

performance [1-3]. 

On this basis, we aimed to ascertain the biophysical properties of a filler that translate into a “volumetric”, “global 

action” or “skinbooster” effect. 

  

Experimental Methods 

For each class of fillers, at least three among the most popular available (in Europe) gels were studied. Gel 

composition (soluble/insoluble HA concentration), hydration capacity, rheological behavior (stiffness, elasticity, 

complex viscosity), extent of HA chemical modification, cohesivity and resistance to enzymatic hydrolysis were 

investigated [1,4-6]. The hydrodynamic parameters for the soluble fraction of the gels were determined by the Size 

Exclusion Chromatography-Triple Detector Array (SEC-TDA) equipment by Viscotek (Viscotek, Malvern, UK) [7]. The 

characterization also addressed features poorly studied up to now. For the first time, filler degradation due to reactive 

oxygen species (ROS) was studied by rheological measurements. Further, a biological experimentation was 

performed, using human dermal fibroblasts, to evaluate and compare filler effect on skin restoration. 

  

Results and Discussion 

Analyses revealed the presence of water-soluble HA in all the tested samples with amounts up to 40wt%. Based on 

the hydrodynamic analyses, the soluble HA fractions mainly consist of chemically modified, mostly short (Mw < 

250kDa) HA chains. The latter can reasonably derive from the manufacturing and/or the final sterilization that may 

release a certain amount of chemically modified, but not “insolubilized” HA. A relevant fraction of linear, unmodified, 

higher molecular weight HA was found in some of the gels. Cohesivity varied widely even when considering gels with 

the same clinical indications. The products proved sensitive to degradation due both to hyaluronidases and ROS 

thus assuring resorbability, and a rank in stability could be established. 1H-NMR analyses revealed an extent of HA 

chemical modification spanning a wide range also suggesting different crosslinking efficiency for the diverse 

proprietary manufacturing technologies. The biological experimentation demonstrated the capacity of the gels to 
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prompt collagen I, elastin and aquaporin3 synthesis, thus supporting the lately emerged opinion of a positive 

biological effect of HA dermal fillers on skin restoration and hydration. 

  

Conclusion 

Our findings represent a wide assessment of properties that well characterize the three classes of HA-fillers. 

Differences in behavior were highlighted among the products with the same clinical indications, thus providing 

practitioners with useful information to drive the selection toward one product or another depending on the specific 

case. The work represents a useful reference study also for the development of newly more highly performing HA 

gels intended for specific use. Finally, the work valuably contributes to our knowledge of HA-fillers and to the 

optimization of their use and manufacture. 
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Introduction 

Naturally prefabricated scaffolds for tissue engineering are especially interesting because of their unique three-

dimensional (3D) structure, design and biodegradability. Fabrication of a flexible and plastic nature rather than 

mechanically strong templates, is required for regenerating epithelial and soft tissues [1]. Looking for new sources of 

naturally prefabricated chitin-based materials we focused our attention on spiders which “loose” big amounts of chitin-

containing cuticles during their molting cycle (ecdysis). Here we propose for the first-time utilization of tubular chitin 

scaffold isolated from up to 10 cm-large Theraphosidae spider Caribena versicolor molt cuticle as a renewable waste 

biomaterial. The amount of such spiders breaded only in Europe reaches approximately 2 million exemplars. For the 

first time we used microwave-assistant irradiation (MWI) for isolation of chitinous scaffolds from the spider’s molt. 

The main purpose of this work was to show that naturally prefabricated tubular chitin could be successfully apply for 

tissue engineering. 

  

Experimental Methods 

For chitin isolation one-step method performed under MWI during 4 minutes with utilization of 30% H2O2 (pH~10; pH 

was regulated by addition of 2.5 M NaOH) was carried out. Obtained material was characterized in detail by diverse 

analytical techniques including stereo and fluorescence optical microscopy, SEM, FT-IR, Raman, XRD, ESI-MS, 13C 

NMR. Then the human progenitor cell line (hPheo1) derived from a pheochromocytoma were cultivated under 

obtained chitinous tubular scaffolds. For the cultivation (at 37°C, 5% CO2 , and 95% humidity) of the hPheo1 cells 

RPMI-1640 containing 10% horse serum (HS) was used and the plate was incubated for 24 h. 

  

Results and Discussion 

Performed measurements clearly indicates that our method allows to obtain high purity α-chitin scaffolds with degree 

of acetylation = 99% in very short time (4 minutes). Moreover, we proved that chitin isolation using microwaves assay 

did not have negatively impact on its crystalline index. Fluorescence microscopy test confirmed the attachment of 

the human progenitor cell line (hPheo1) to the scaffold surface after 24 h of incubation.  

  

Conclusion 

We have developed efficient and fast method for naturally prefabricated chitin-based materials isolation. Our findings 

highlight that renewable tubular chitin scaffolds of spider molt origin could be a new source for tissue engineering 

applications.  
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Introduction 

The alternative treatment of peripheral nerve repair is use of a nerve guide conduit when availability of donor nerve 

is limited [1]. One advantage of this technique over the traditional autologous nerve grafting is that various defect 

sizes and lengths depending on individual patients can be achieved without secondary surgical harvest. Therefore, 

the shelf life of medical implantable materials after sterilization is crucial in developing new nerve conduit materials 

[2].  As the sterilization technique may have an impact on desired properties of stored materials, we are investigating 

the effects of the addition of graphene oxide (GO). 

Graphene oxide has potential for neural tissue engineering [3]. To achieve a longer shelf life and also maintain 

designed quality of PCL/PLA conduits, we are able to fabricate PCL/PLA/GO grooved films by blending PCL/PLA 

mixture and graphene oxide nanoparticles using solvent casting methods inside the environmental chamber. 

  

Experimental Methods 

Modified PCL/PLA/GO films were fabricated through solvent casting methods with grooved patten at the surface. A 

series of surface characterisation was applied to study modified polymeric films, such as surface morphology of films 

were studied after fabrication, including the macro-structure using optical microscopy as well as the micro-structure 

using laser confocal and SEM; surface wettability was measured by water contact angle using Drop Shape Analyser-

DSA100; surface roughness was analysed using AFM and laser confocal. Besides, mechanical property and thermal 

property of films were studied. To investigate the impact of sterilization on fabricated films, we applied ultra-violet 

sterilization on films with a series of different treated time (5mins, 10mins and 20mins, respectively) and characterised 

surface feature post sterilization. 

  

Results and Discussion 

In our study, the addition of GO is able to keep the integrity of groove pattern with better surface wettability and 

surface roughness, which are of benefit to cell-material interactions in vitro. In order to investigate the influence of 

sterilization on fabricated films, we initially applied ultra-violet sterilization on both PCL/PLA films and modified 

PCL/PLA/GO films. Modified films are able to keep their macro-structure without evidence of loss of mechanical 

properties. DSC results indicated that the addition of GO can improve Tg of materials from -33.86oC (PCL/PLA) to -

27.49oC (PCL/PLA/GO) and TGA results indicated improved properties of the GO modified materials. 

  

Conclusion 

This study suggests the GO modified PCL/PLA conduit material is able to maintain the grooved structure and 

improved mechanical properties. 
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Introduction 

Despite many recent developments in medicine, tissue engineering, and biomaterial science, there is still a need for 

developing new material solutions that will allow for successful treatment of degeneration diseases such as 

osteoarthritis. Cartilage lesions together with a damage to a subchondral bone are referred to as osteochondral 

defects. Their specificity, including high pain levels and joint movement confinement, make them a serious medical 

issue. Tissue engineering approach assumes that a damaged tissue may be renewed due to the combined use of 

scaffold with defined properties, specific active signals, and appropriate cells. 

  

Experimental Methods 

The current study is focused on the development of multifunctional composite scaffolds for osteochondral 

regeneration based on two polysaccharide matrices, ie. chitosan and sodium hyaluronate modified with various forms 

of graphene oxide (0-3 wt.%), hydroxyapatite (0-30 wt.%) and biologically active molecules. The first part involved 

screening large number of different material compositions and forms that should allow to select substrates for 

proliferation and chondrogenic/osteogenic differentiation of mesenchymal stem cells. Bearing this in mind, detailed 

physicochemical characterization was planned. Structural (XRD, FTIR), thermal (DSC, TG), mechanical, rheological, 

chemical stability (PBS, SBF, Ringer solution immersion tests), and surface analysis (wettability, SEM) assays were 

performed. 

  

Results and Discussion 

It was shown that graphene oxide not only increases mechanical properties of those natural polymers, but also acts 

as a crosslinker stabilizing polymer chains. Addition of hydroxyapatite is beneficial when it comes to scaffold 

bioactivity and intended direct bone bonding ability of its subchondral bone part. However, ceramic particles content 

above 5 wt.% led to a formation of too rigid material for intended use. Regardless of the modifier type, microstructure 

of the scaffold was affected. Moreover, as osteochondral defects can be considered gradient structures, the optimal 

solution would be to design final scaffold as such. Gradients of modifying phases content and mechanical/biological 

properties were produced. 

  

Conclusion 

All in all, we were able to select the most promising materials for in vitro cell studies. Detailed biological examinations 

with human umbilical cord Wharton’s jelly derived mesenchymal stem cells (hUC-MSCs) are currently ongoing. 
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Introduction 

The study of the structure and mechanical properties of Ovalbumin at nanoscale is an interesting topic to 

nanotechnology [1, 2,3]. Ovalbumin is one of the major protein found in egg white, making uo to 60-65% of the total 

protein it is a globular protein and hence soluble water. Researches already done shows that the  Ovalbumin is 

utilised in many applications like drug loading, core of  or sheell nanoparticle due to spectral, solubility and 

nanomechanical properties.The functions and properties of proteins, as well as, their conformational structure and 

their amino acid sequence in various proteins are well-know, but modifications in the nanomechanical and solubility 

properties of proteins by changing variables as changes in pH and microestructural, aren’t subject of study yet.  For 

this reason the aim of this work was to study of the microstructure os Ovalbumin by microcopy and spectroscopy. 

  

Experimental Methods 

Overall morphology and topography were studied by SEM (Hitachi, SU 3500 I) and AFM (Bruker, Bioscope Catalyts, 

USA). Whereas the changes secondary structure of Ovalbumin was studied by Raman spectroscopy (confocal 

Raman microscope, USA) 

  

Results and Discussion 

Shows SEM images of powder proteins, where the ovalbumin particles have spherical, its obtention process spray 

drying.  The spherical particles diameter was 66.2± 5.3 μm and pore diameter 1.2±0.26μm. Also by means of AFM, 

the average roughness (Ra) of the protein solutions at isoelectric point and other pH. To ovalbumin, at pH 4.6 (point 

isoelectric) the Ra was 4.05±5.60 nm, whereas at pH 5.6 its Ra 2.59±0.84nm. Then parameters related to secondary 

structure Ovalbumin was determined by FT-Raman Spectroscopy according to [4]. By Raman Spectroscopy (Table 

1) was analyzed the ovalbumin folding induced at pH 3.6 with a decrease in β-antiparallel and β-parallel, the 

appearance of the percentage contribution to random coil structures. While powder ovalbumin was the 

disappearance of the percentage contribution to random coil structures, a increase α-helix with  β-parallel. The same 

behavior was observed for Ovalbumin at isoelectric point (4.6) in the disappearance of the random coil, but a increase 

turn and  β-antiparallel. 

Table 1. Raman determination of secondary structure percentages of powder Ovalbumin (O), Ovalbumin to pH 3.6 

(03.6) and Ovalbumin to pH 4.6 (O4.6). Concentration: 0.01%. 

 

   β- Antiparallel β-Parallel Turn Random coil α-helix 
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O  12.88 11.83 43.49 0 31.81 

O3.6  9.78 4.06 51.27 9.50 24.39 

O4.6   17.18 4.62 60.39 0 17.79 

  

Conclusion 

Ovalbumin in its isoelectric point showed a largest Ra values due to the agglomeration of protein. By means Raman 

was observed changes microstructural of ovalbumin like folding an unfolding in different pHs. This preliminary study 

of morphology and topography of protein by microscopy and spectroscopy techniques provided an initial overview to 

establishing the dipersion condition and pHs to study y its aplication in nanoparticles or drug loading. 
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Figure 2. AFM images ovalbumin a) pH 4.6 and b) 

5.6pH 
Ovalbumin in its isoelectric point showed a 

largest Ra values due to the agglomeration of 

protein 

  

 

Figure 1. SEM image of powder Ovalbumin 
The ovalbumin particles have a spherical, that 

morphology correspond to its obtention process 

spray drying 
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Introduction 

Recent years has been a continuous development in the field of new materials for medical applications. Considerable 

progress in reducing costs of graphene and graphene oxide production, increased  accessibility of these materials. 

Due to their low density, unique electrical, thermal and optical properties, they seem to be an excellent modifying 

phase in composites. Moreover, high solubility of graphene oxide in water imparts its feasibility as new filler for 

reinforcement hydrophilic biopolymers. Chitosan is a natural polymer that has been studied extensively over several 

decades. It possesses a number of interesting properties including biocompatibility, biodegradability, and solubility 

in aqueous media. It is used in separation membranes, artificial skin, bone substitutes, tissue engineering, coatings 

and water treatment. Unfortunately its mechanical properties are rather poor thus a wider range of application, 

especially in a medical field is limited. By combining the advantages of graphene oxide, chitosan and naturally present 

in bones inorganic phase eg. hydroxyapatite, different types of promising materials for medical applications can be 

obtained. 

  

Experimental Methods 

In this study a natural polymer matrix – hydrogel based chitosan (CS) – was reinforced with three types of particles: 

graphene oxide (GO) (ITME, Poland), reduced graphene oxide (rGO) (ITME, Poland) and hydroxyapatite (HAp) 

(mkNano, Canada). Several variations of composite foils were obtained by solution-evaporation casting method with 

certain percentage of compositions. Into hydrogel based chitosan matrix following modifiers were introduced: CS/GO, 

CS/rGO, CS/HAp, CS/GO/HAp, CS/rGO/HAp. To examine their mechanical properties static tensile tests and 

analyses of strain-stress curve were performed. Tensile strength Rm, Young’s Modulus E, Maximal deformation ƐFmax 

were characterised. Test performing was difficult due to the nature and geometry of samples. Thin hydrogel based 

composite foils are very sensitive to an air humidity. When they drying out they became to shrink and to coil up. 

  

Results and Discussion 

Based on the results it can be concluded that the introduction of the graphene family nanofillers into hydrogel based 

polymer matrices effects on their mechanical parameters. The largest strengthening effect was obtained by adding 

a nanofiller to the hydrogel matrix in the form of reduced graphene oxide. The addition of the ceramic phase (HAp) 

to the chitosan matrix increased the Young's modulus and the tensile strength, however the strain of the composites 

decreased. Mechanical properties of composites modified with combination of HAp and GO did not differ significantly 

from mechanical properties of the pure chitosan. 

  

Conclusion 

The hydrogel/graphene oxide and hydrogel/graphene oxide/ hydroxyapatite composites were successfully 

obtained by using solution-evaporation casting method. Addition of different content of nanofillers allows to control 

and modify mechanical properties of the composites. This approach can be exploit for fabrication of a new, 
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multifunctional material for biomedical applications. Tailored properties of such implant should improve bone or 

cartilage tissue regeneration. 
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Introduction 

Cell-based therapies require removal of cells from their optimal in vivotissue context and propagation in vitroto attain 

suitable numbers. However, bereft of their optimal tissue niche, cells lose their phenotype and with it their function 

and therapeutic potential. Biophysical, biochemical and biological signals have been shown to maintain permanently 

differentiated cell phenotype and to precisely regulate stem cell lineage commitment [1-3]. Herein, we developed and 

characterised substrates of various stiffness with controlled nanotopographical features and assessed these 

substrates in culture in combination with macromolecular crowding (MMC) on various cell sources to determine their 

suitability for the in vitrofabrication of tendon-like tissue. 

  

Experimental Methods 

Substrates of varying stiffness and controlled surface topographical features were created using a silinated silicon 

wafer. Substrates were then plasma treated and assessed with/without collagen type I coating (0, 0.5 mg/ml). The 

simultaneous effect of MMC / substrate stiffness / surface topography on cell phenotype and function was assessed 

using human dermal fibroblasts, tenocytes and bone marrow stem cells (hBMSCs) cultured with 100 µg/ml of 

carrageenan (MMC) for 3, 7 and 14 days. Detailed protein synthesis / deposition and gene expression analyses were 

conducted. 

  

Results and Discussion 

The nano-topographical features on the substrate surface induced cellular alignment in all cell types, which was not 

affected by MMC or substrate stiffness. Immunocytochemistry analysis revealed that when MMC was used, cells 

showed increased deposition of collagen types I, III, V and VI. FACS analysis in hBMSCs indicated a significant 

reduction in surface marker expression as a function of MMC, but not as a function of surface topography or stiffness. 

Gene analysis made apparent that MMC had a greater influence on phenotypic markers in all cell types compared 

to topography or stiffness. 

  

Conclusion 

This study provides insight into modulation of cell behaviour and phenotype using microenvironmental cues and can 

have a significant contribution to the development of cell-based therapies for tendon repair and regeneration. 
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Introduction 

Sodium alginate, a well-known natural polymer, is a favorable material in biofabrication because of its high 

biocompatibility, comparatively low cost, cell friendly gelation behavior at room temperature and tunable properties.[1] 

However, an obvious disadvantage of plant derived polysaccharides is their poor ability to support cell attachment 

due to the lack of efficient binding sites for cell adhesion.[2] To overcome this drawback, alginate is oxidized to 

alginate dialdehyde (ADA) in order to provide reaction sites for proteins (e.g. gelatin) containing arginine-glycine-

aspartic acid (RGD) binding sequences. Additionally, the development of alginate-based bioinks is an enormous 

challenge due to the high variance in material properties.[3]   

Therefore, the aim of this work was the development of an alginate based biopolymer modification leading to 

standardized products, which will later be crosslinked with gelatin by Schiff's base formation and used as bioink. For 

this purpose, the mechanism of biopolymer modification and relevant methods for the product characterization were 

investigated and examined. 

  

Experimental Methods 

For the characterization of the chain composition of different types of alginate 1H liquid and 13C solid nuclear 

magnetic resonance (NMR) spectroscopy were used. 

After the synthesis of the ADA polymers by periodate oxidation of alginate, the oxidized polysaccharides were mixed 

with gelatin yielding ADA-GEL. In order to evaluate the modification and suitable reaction conditions for the 

reproducible production of standardized bioinks, ADA and ADA-GEL were characterized by fourier-transform infrared 

spectroscopy (FTIR), ultraviolet–visible spectroscopy (UV-Vis), gel permeation chromatography (GPC) and NMR, 

respectively. 

The cell viability of printed NIH3T3-cells in bioinks (1Mio/mL) was visualized after 48h of incubation at 37°C by 

staining with Calcein-AM and propidium iodide and was calculated using ImageJ plugin ITCN. 

  

Results and Discussion 

The success of the biopolymer modification was confirmed by NMR and FTIR spectroscopy, whereas small amounts 

of aldehydes and a strong formation of hemiacetals could be demonstrated. This indicates a chemical equilibrium, 

which is strongly favoring the formation of hemiacetals. The reduction in molecular weight during the synthesis was 

observed by GPC and was strongly dependent on reaction times and oxidation degree. 13C solid NMR spectra and 

GPC measurements showed that the reduction of Mw for several synthesis products were different while the oxidation 

degree revealed the same. Further investigations of the ADA molecular weight also showed a positive effect of 

different radical scavengers (e.g. isopropanol) on the achievable final chain lengths of ADA. The subsequent 

formation of the Schiff’s Base between the available aldehyde groups of ADA and the free amine groups of gelatin 
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was confirmed by FTIR and NMR, respectively. Furthermore, a modified assay using UV-Vis spectroscopy could be 

established for the determination of the ideal reaction time of ADA-GEL leading to the maximum degree of 

crosslinking. Moreover, the cell compatibility as well as the cell viability could be proved by bioprinting with NIH3T3 

cells. After 48 hours of incubation high cell viability confirmed the successful aliginate modification. 

  

Conclusion 

Two main results were obtained by the presented investigations. On the one hand, improved detection methods for 

the oxidation degree of ADA and the crosslinking degree of ADA-GEL could be established. On the other hand, ideal 

reaction conditions during the synthesis of ADA and ideal reaction times of the crosslinking of differently oxidized 

ADA polymers with gelatin could be determined. In conclusion, our study reveals an optimized synthesis route for 

ADA and ADA-GEL with controllable and standardized properties. 
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Introduction 

The success of tissue engineering (TE) is based on the choice of the 3D matrix to support the adhesion, proliferation 

and differentiation of cells. The chemical composition, the physical and mechanical properties, the biodegradability, 

biocompatibility, and functionality of the 3D scaffolds are crucial characteristics for their use in TE applications 

[1].Direct Laser Writing (DLW) is a powerful technique for the fabrication of 3D structures, via a computer-aided 

design (CAD), for use in optics, metamaterials as well as in the field of biomedical applications [2]. Chitosan and 

gelatin are two widely used natural biomaterials for scaffold fabrication. Although chitosan has many advantages as 

a biomaterial, its main drawback is its insolubility in either water or organic solvents.The purpose of this study was (i) 

the synthesis of two biopolymers, gelatin methacrylamide (GelMA) and a water-soluble chitosan derivative, employed 

for the preparation of a hybrid material used for the fabrication of 3D scaffolds via DLW, and (ii) the assessment of 

their ability to support cell growth and mineral matrix formation following functionalization with bone morphogenetic 

protein 2 (BMP-2) in a dental pulp stem cell culture.  

  

Experimental Methods 

Near IR laser irradiation, operated at 800 nm, was employed to fabricate the 3D scaffolds, in the presence of eosin-

Y, as a water soluble, FDA-approved photoinitiator and without any other co-initiators or co-monomers [3]. Cell 

behavior on the hybrid materials (2D films and 3D scaffolds) was examined using dental pulp stem cells, generously 

donated by Prof. Athina Bakopoulou, School of Dentistry, Aristotle University of Thessaloniki from informed consent 

patients. Cell adhesion on the 3D scaffolds was visualized by immunocytochemical staining of the actin of the 

cytoskeleton and the cell nuclei as well as by scanning electron microscopy (SEM). In addition, the 3D scaffolds were 

functionalized with physically adsorbed BMP-2 and cultured for 21 days. 

  

Results and Discussion 

Grid-shaped porous scaffolds with a pore size of 70 μm and dimensions 400x400x50 μm3were fabricated by multi-

photon polymerization. We suggest that the free amine groups of GelMA and the chitosan derivative act as co-

initiating moieties and support the photopolymerization process. 

We carried out the cytocompatibility investigation on geometrically well-defined films in order to quantify the cell 

proliferation results. For the hybrid material we observed a strong initial cell adhesion and a subsequent cell 

proliferation increase over a period of 7 days in culture. The results indicate the absence of any cytotoxic effects and 

suggest that the biopolymer-based hybrid material is biocompatible and exhibits better biocompatibility than the 

TCPS control. Both immunocytochemistry staining of the actin cytoskeleton and SEM characterization showed a 

strong cell attachment and an increased proliferation over time within the 3D porous scaffolds. The cells cultured for 

21 days on hybrid scaffolds demonstrate an enhanced matrix mineralization compared to the control, and this effect 

is significantly higher on BMP-2 functionalized hybrid structures, as observed by the alizarin red staining. 
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Conclusion 

Our results demonstrate that 3D scaffolds made from a hybrid comprising GelMA and water-soluble chitosan by DLW 

promote the proliferation and differentiation potential of human dental pulp stem cells, thus, they are promising 

structures in orofacial tissue engineering.   
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Introduction 

Bone loss at implantation sites on oral cavity is a major problem to dental surgeons, sometimes the remaining amount 

of bone is not enought to install implants and a bone augmentation procedure must be used. We developed 3 types 

of biomaterial with collagen and used chondrohitin sulfate and carbon nanotubes to increase the stifness of the 

collagen and avoid early absorption that could lead to colapse of the structure and diminish bone formation, we also 

used electric stimulation to organize colagen fibers at the surface of the scafolds and create patterns to cell adesion. 

  

Experimental Methods 

Hidrolized and non hidrolised bovine colagen type I was dissoluted at 4% in 400ml of ultrapure water (Type 1) and 

formic acid 0,1M (Synth - Brazil) to form a homogen mixture at 40oC with constant agitation by a RW-20 motor  (IKA 

Germany) on a HS-70 ceramic hot plate (IKA-Germany). After 4 hours in agitation the mixture was divided in 4 groups 

and each of the groups were divided in 20 plastic cell culture petry dishes (5ml each): group 1 received 10g of 

Chondroitin Sulphate (Sigma Aldrich); group 2 received 10g of carbon nanotubes suspention (Sigma Aldrich); group 

3 reveived eletric field of  a  low-voltage Transelectric Cutaneous Nerve Stimulation Equipment (3M - USA) and group 

4 was poured plane at the cell culture petry dishes to serve as control group. All the samples were crosslinked 

with NHS (N-hydroxysuccinimide esters) (Thermo Scientific-USA) and freezed at -40oC freezer (Terroni-Brazil), after 

24 hours the samples were freeze dried at a LH2000 equipment (Terroni - Brazil) at the following parameters: start 

at -30oC with an increase of 0,5oC every 30 minutes until reach 0oC under a vacuum of 140uHg, the total time of the 

process was 20 hours under vacuum to total dry the samples. The samples were analized by: Scanning Electron 

Microscopy (SEM); Energy Dispersed Spectroscopy (EDS); X ray spectroscopy (XPS); Bartha  respirometric 

method; and Fish Embrio Toxicity Test 

  

Results and Discussion 

All the freeze dried samples have the same macroscopic morphology and the inclusion of chondroitin sulphate, 

carbon nanotubes and electric field did not make significative diference in macroscopic view of the final products. At 

electronuic microscopy however the diferences between the samples were significant and diferent pore sizes were 

found in each group vary between 50um to 500um. The SEM of the group submited to electric field shows 

organization of the fibers in the surface of the scafolds to a parallel pathern or to radial pathern. The EDS Shows 

atomic content of: C (75%); O (14.3%); N (8.5%; other substances <1%, what lead us to believe that no contaminant 

were present at the samples. The XPS analysis sugests chemical modification of the colagen amine groups by 

the  NHS and the Bartha respirometric method confirmed that this modifications can slow down the velocity of 

degradation of the colagen samples, the analisis of the CO2 liberated from the material during the degradation shows 

increases from 42 to 117 days to complete degradation of the colagen when crosslinked, this resistence to 

degradation of the sample is desired to avoid colapse of the scafold when applied. The same resistence was found 
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in group that received the carbon nanotubes, in this case the XPS shows that the amount of [-C-C/-C-H-] and [-C=C-

] molecular groups increased, elevating the stiffness of the material in comparission to control group. The FET test 

shows good tolerance of the material at the amount used to therapy in humans. 

  

Conclusion 

The absence of contaminants at the samples are compatible with the use of this material to bone augmentation 

in implantology as the Titanium of the implants will not be contaminated by the scafold material and the 

osseointegration will not be compromised. The structure modification leads to increase stiffness of the material wich 

is more adequate to bone regeneration than colagen withou modifications. The material is not toxic at the FET test 

in the amount used but more tests are needed to ensure the safety of this material to human use.  The future 

combination of the tested materials can improve the characteristics to create a new product in the future, as a 

colagen/chondroitin/nanotubes/electric oriented scaffold. Tests with osteoblasts or mesenchymal stem cells are 

needed to confirm the bone formation capacity of the material and our group is performing this currently. 
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SEM of the scaffolds 
SEM of the scaffolds: upper left - control 

group; upper right - colagen/chondroitin; lower 

left - colagen electrical field oriented; lower 

right - colagen/carbonnanotubes. 

 

 

Colagen scafolds 
Macroscopic view of the colagen scafolds. Left - 

Colagen/chodroitin; center-

colagen/carbonnanotubes; right-colagen/electric 

oriented 
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Introduction 

The field of tissue engineering aims to regenerate tissues that were affected by diseases or injuries through 

technological advances in areas of science and cell biology.1 For this purpose, a great interest is being generated in 

the development of new materials to be applied in these areas. 

Chondroitin sulfate (SC) is a component commonly found in the extracellular matrix (ECM) of many connective 

tissues, including cartilage, bone, skin, ligaments, and tendons having primarily structural functions of resistance to 

compression and flexibility.2,3 

Protein photocrosslinking has been reported of reactions from amino acid residues, such as: histidine (His), cysteine, 

lysine, among others.4,5 Thus, the aim of this study is the formation of photocrosslinked hydrogels from chondroitin 

sulfate functionalized with histidine (His) to be used as scaffolds in tissue engineering. 

  

Experimental Methods 

The SC functionalization with His was performed using N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide 

hydrochloride (EDC) and N-hydroxysuccinimide (NHS) at room temperature for 48h. After the reaction time, the SC-

His samples were dialyzed for three days in distilled water and then freeze-dried. 

The photocrosslinking experiments were performed in D2O solution, in concentrations of 20% (w/v), 25% (w/v) and 

30% (w/v) of SC-His, using 15 µM of methylene blue as photosensitizer. Irradiation was done for 1 h with a LED 

emitting at 633 nm. 

Samples irradiated were analyzed by sol-gel fraction. In this analysis, the samples were placed in contact with distilled 

water for 24h. After this period, the gel fraction was separated from the sol fraction, dried and weighed. 

  

Results and Discussion 

The functionalization of SC-His sample was calculated by 1H-NMR as 59% of all N-acetylate group. This was revealed 

by the relation between integration peaks of imidazole aromatic ring at 7.25 ppm and 8.59 ppm and N-acetylate group 

(NCOCH3) of chondroitin sulfate at 2.00 ppm in 1H-NMR. In addition, it is also possible to observe the presence of 

peaks referring to the glycosidic chain of SC. Protons from C2 and C3 carbons of the glucuronic acid are at 3.30 ppm 

(1H) and 3.50 ppm (1H). The C2 proton of N-acetylgalactosamine peak is at 3.93 ppm. At 3.70 ppm the peaks of the 

protons bound to the C3 and C5 carbons of N-acetylgalactosamine are overlapped on that of C5 of glucuronic acid.6 

In the sol-gel analysis, the gel fractions of the 20%, 25% and 30% irradiated SC-His samples were 14.1%, 20.8% 

and 15.2%, respectively. This result shows that the formation of hydrogel occurred in all tested concentrations, 

however, the 25% SC-His sample showed the highest gel fraction percentage. 

The 20% and 30% SC-His samples probably obtained lower gel fraction values due to polymer chains low mobility, 

which hinders the reaction at low concentrations, whereas in very high concentrations, the sample presented 

coloration (beige) blocks part of the red light that promotes the reaction. 
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Conclusion 

In conclusion, the chondroitin sulfate functionalization with His was confirmed by spectroscopic analysis and the 

functionalization yield was 59%. The formation of the hydrogels at all tested concentrations was confirmed in the sol-

gel fraction test. However, the 25% SC-His sample had a higher gel fraction percentage among all. These results 

point to a new material that could be used as a scaffold for tissue engineering, as well as a hydrogel ink for 3D 

printing processes based on stereolitography. 
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Representation of SC-His photocrosslinking 

reaction with methylene blue for hydrogel 

formation.  
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Introduction 

Crosslinking agents based on modified biopolymers are particularly favorable in biomedical sector as alternatives to 

toxic synthetic low-molecular weight crosslinkers (i.e. glutaraldehyde). Periodate oxidation of cellulose produces 

dialdehyde cellulose (DAC) which can be solubilized1 and used as crosslinker for poly(vinyl alcohol) (PVA).2 

Solubilization is recognized as key step influencing molecular weight of DAC.3 Furthermore, due to high reactivity of 

aldehyde groups (–CHO), DAC decays in time.1 Nevertheless, DAC can be stabilized for several weeks when kept 

at low pH.3 

The reactive DAC species form hemiacetal bonds with hydroxyl groups of PVA in presence of acid catalyst. In 

contrast to low molecular crosslinker-based hydrogels, resulting network presumably possesses very different 

crosslink topology and lower toxicity arising from the DAC macromolecular character.2,4 PVA/DAC materials may 

found application in pharmaceutics as materials for wound dressing or drug release. 

The scope of this study was to utilize a broad range of concentrations of solubilized DAC and glutaraldehyde (GA) in 

PVA hydrogel formation and evaluate their efficiency. 

  

Experimental Methods 

Alpha cellulose was oxidized by sodium periodate (1:1.2 M). Solid DAC was then solubilized at 80 °C for 7 h. Next, 

PVA (Mowiol 84–86%) solution containing acid catalyst (diluted hydrochloric acid) and 0.125–5 wt% of solubilized 

DAC or corresponding amounts of GA (equal in the terms of amount of –CHO per sample) were mixed and cast to 

form PVA xerogels. Resulting PVA hydrogels were analyzed and compared in the terms of their network parameters 

estimated via equilibrium swelling theory.5 These include swelling capacity, equilibrium water content (EWC), gel 

fraction, average molecular weight between crosslinks (Mc) and crosslink density (ρc).2 

  

Results and Discussion 

PVA crosslinking efficiency of DAC and GA was compared. DAC is effective crosslinker even at very low 

concentration (0.125 wt%, equal to 73.1 μmol of –CHO per sample). Corresponding PVA/GA samples dissolved as 

the crosslinking was not sufficient. PVA/DAC hydrogels exhibit up to 5 000 % swelling and slightly lower gel fraction 

(see Figure 1). At higher DAC concentrations, PVA hydrogels possess increased crosslink density compared to 

PVA/GA analogs. 

These observations are presumably caused by the macromolecular character of DAC with crosslinking groups 

present only on the polymer chain, which generates principally different network topology composed of (i) regions 

with high local crosslink density due to large amount of reactive aldehyde groups on DAC macromolecule and (ii) a 

regions comprised of sizable sections of free PVA chains (schematic example in Figure 2).2 
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Conclusion 

The results confirmed applicability of DAC solution as a PVA crosslinker with hydrogel properties closely related to 

DAC macromolecular character. This implies interesting potential for “tuning” the properties of resulting hydrogels 

without need for any other additives/catalysts, as the DAC with required molecular weight can be cost-effectively 

obtained by optimization of the DAC preparation. Low toxicity and very high efficiency at low concentrations of DAC 

in comparison to glutaraldehyde makes PVA/DAC hydrogels ideal candidates for preparations of biomaterials for 

pharmaceutical and biological applications. 
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Figure 1 Comparison of network parameters of PVA 

hydrogels prepared by DAC (DSA) and GA (GSA). 
Hydrogels network parameters plotted against the 

used DAC or GA crosslinker amount defined by 

chemical amount of reactive aldehyde groups (n-

CHO) per sample. The equivalency between DAC and 

GA reactive group concentrations is expressed by 

the two bottom x-axes. The lines connecting 

points in the graphs are only guides for eyes. 

 

Figure 2 Different crosslink network topology 

assumed for PVA/DAC and PVA/GA hydrogels.2 

 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 962 of 1893 

PS1-03-85 

Bioactive, bacterial cellulose-based membranes and their relevance 

as guided tissue regeneration biomaterial 

Selestina Gorgieva1,2, Liliana Verestiuc3, Maria Butnaru3, Samo Jeverica4, Karin Stana Kleinschek1,2 

1University of Maribor, Faculty of Mechanical Engineering, Insitute of Engineering Materials and Design, Maribor, 

SI; 2University of Maribor, Faculty of Electrical Engineering and Computer Science, Institute of Automation, 

Maribor, SI; 3Department of Biomedical Sciences, Grigore T. Popa University of Medicine and Pharmacy, Iasi, 

Romania, Iasi, RO; 4Institute of Microbiology and Immunology, University of Ljubljana, Ljubljana, SI 

 
Introduction 

Guided tissue regeneration (GTR) is a method utilized to regenerate the tooth supporting tissues affected by 

periodontal disease. More than 8% of adults aging between 20 and 64 have periodontal disease, and ~ 5% of them 

have moderate to severe formrelated to diabetes, osteoporosis and other systematic cardio-, cerebrovascular and 

respiratory diseases. The cell-occlusive, space making, tissue integrative, clinically manageable, biocompatible are 

attributes to ̋ ideal˝ membrane, for which the large diversity of (non)biodegradable, and bioactive materials have been 

use (Figure 1). Despite diversity, their limited success have been reported. Project focus on new GTR membranes, 

systematicall engineered as graded, multilayer composites, based on bacterial cellulose (BC). The major idea is site-

specific introduction of the morph-chemical and structural triggers within a single material, to emulate the complex 

ECM of periodontal tissues. 

  

Experimental Methods 

Bacterial cellulose (BC)-gelatin membrane was prepared using periodate pre-oxidation and subsequent  freeze-

thawing and EDC crosslinking procedure. Post-modification with peptide nisin was additionally performed. Physic-

chemical and morphologycal data,  as well as degradation profile were initialy estimated using relevant tests (FTIR 

spectorscopy, confocal and SEM microscopy and gravimetrical, incubation test). Antimicrobial activity was tested 

using zone of inhibition method and pre-selected bacteria which are generally considered as red complex, peridontal 

pathogens. Normal human dermal fibroblasts (NHDF, Lonza) and human osteoblast (MG63-ATCC) were used for in 

vitro evalaution of cell viability (MTT test, Live/dead assay), membrane integrity (LDH assay), VEGF release and 

alkaline phosphatase activity, the latter two involving only osteoblast cells. Barier properties were chacked using 

fibroblast cell line. 

  

Results and Discussion 

The interlayers integration, physiological stabilization and µ-structuring, were achieved by combination of perodate-

medited oxidation of BC, freeze/thawing treatment and carbodiimide crosslinking chemistry. The post mineralization 

process using fast, 10x SBFmediated procedure adapt formation of bone-regeneration- relevant minerals. Viability 

of both cell types was not negatively affected by membrane, whyle VEGF release and ALP activity where increased 

in gelatin containing membranes (Figure 2). For bacterial management, the antimicrobial peptide nisin was post-

synthetically intruduced and same demonstrate  activity against periodontal pathogens E. faecalis, P. intermedia, F. 

nucleatum at amounts as lower as 10 µg/sample. 
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Conclusion 

BC-gelatin membranes where processed by facile procedure. Degradable BC was obtain by periodate oxidation. 

Microstructurally-diverse membrane library was obtained by variation of preparation conditions. Membranes 

demonstrated manageability, physiological stability and noncitotoxicty against relevant cell lines (in 7 days 

examination). Enrichment with antimicrobial agent nisin demonstrate activity against relevant pathogens. Barrier 

function was preliminary demonstrated in vitro, with human dermal fibroblast. In vitro testing with human fibroblasts 

and human dermal fibroblast and osteoblasts (MG63) demonstrate positive influence of gelatin on VEGF release 

profile and ALP activity. 
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Introduction 

Biopolymer-based hydrogels are one of the most promising class of biomaterials for tissue engineering applications. 

Indeed, compared with synthetic alternatives, biopolymers offer a more suitable interaction with host tissues in terms 

of degradation rates as well as cytocompatibility. However, their mechanical features are often weaker than those of 

synthetic hydrogels and still far from the standards required in clinics. This drawback becomes a major issue in 

cartilage regeneration, since the load-bearing property of such a tissue is its unique trait[1]. 

The development of composite hydrogels, based on biopolymers and reinforced with inorganic components, 

represents an intriguing route to enhance hydrogels’ mechanical features, while preserving the peculiarities of 

biopolymer-based materials[2]. In this work, several inorganic fillers were combined with a gellan gum-based 

hydrogel, evaluating their impact on compression modulus cell adhesion rate. 

  

Experimental Methods 

Gellan gum (GG) was dissolved in water with Manuka Honey (MH) in 1:1 ratio, as previously reported[3]. Then, an 

inorganic filler among bentonite, diatomaceous earth, mesoporous silica and halloysite nanotubes was added to the 

mixture, which was poured into molds and crosslinked with Mg2+ ions. Finally, freeze-dried samples (Fig.1) underwent 

physico-chemical, mechanical and biological evaluations. Human Bone Marrow Mesenchymal Stem cells (hBMSCs) 

were seeded on the hydrogels’ top surfaces to study their metabolic activity and ability to colonize even the deepest 

zones of the hydrogels. 

  

Results and Discussion 

The prepared hydrogels were deeply studied by X-ray Photoelectron Spectroscopy (XPS). Moreover, 

thermogravimetric analyses were carried out to gain insights into the thermal behavior of the composite hydrogels, 

reinforced with inorganic fillers. As far as mechanical characterization is concerned, the hydrogels were compressed 

until break and the resulting Young’s moduli(E) were calculated. The addition of inorganic fillers resulted in a dramatic 

enhancement of Young’s modulus, which exceeded 100kPa for all the composite hydrogels. Silica-enriched 

hydrogels especially improved the modulus of the bare hydrogel more than 45%. These findings were in accordance 

with XPS data, suggesting that the presence of inorganic fillers supports cations’ mobility, resulting in enhanced 

energy dissipation under compression. 

Interestingly, when subjected to freeze-drying, the hydrogels developed a noteworthy internal micro-porosity, variable 

depending on the filler, suitable for colonization and cell migration. Therefore, hBMSCs were seeded on the 

hydrogels’ top surfaces to study their ability to proliferate and migrate to the deepest bottom areas of these pore 
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networks. A remarkable metabolic activity of hBMSCs, cultured up to 10 days on the hydrogels, was detected. In 

addition, fluorescence microscopy, combined with an optimized cryosectioning protocol, revealed that hBMSCs were 

more prone to adhere on silica-filled hydrogels, and colonize the scaffold more deeply. Finally, co-culture of hBMSCs 

in presence of S.aureus or S.epidermidis was performed, showing that the composite hydrogels embedding 

mesoporous silica, diatomaceous earth or halloysite nanotubes protected hBMSCs viability from staphylococci 

infection. 

  

Conclusion 

The presence of inorganic fillers, especially mesoporous silica, allowed gellan-based hydrogels to achieve improved 

mechanical and biological performances. Hence, starting from these intriguing outcomes, further experiments are 

being performed. Indeed, hBMSCs differentiation on the hydrogels is ongoing, together with the evaluation of 

changes in mechanical features, induced by chondrogenesis. Furthermore, the most promising hydrogels will be 

implanted in wild type mice, to study their in vivo compatibility. The developed hydrogels display the potential to 

become useful tools for cartilage tissue engineering. 
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Figure 1 
Macroscopic appearance of freeze-dried hydrogels 

without inorganic fillers (a), embedding 

halloysite nanotubes (b), mesoporous silica (c), 

diatomaceous earth (d) and sodium bentonite (e). 

Scale bar:20mm 
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Neuroregeneration 
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Introduction 

Neuronal cells are highly susceptible to easy damage when trauma occurred. However, peripheral nerve cells show 

less neuroinflammation than brain cells. To the past few years, researchers have been able to achieve 

unprecedented success to cure the peripheral nerves cell (PNC) injury[1]. The new techniques  are employed to 

develop scaffolds from bioactive material that exhibit potential ability to mimic the natural extracellular matrix (ECM) 

for supporting cellular metabolic functions. Exploring numerous benefits towards medical and biological application, 

these scaffolds hold key interest for guiding nerve cells to find the successive treatment in nerve cell injury.Numerous 

therapeutic and medical (for example surgical procedures, including autograft/allografts) techniques have been 

suggested for axonal growth and regeneration with fast recovery and healing of injury sites in PNI. However, the 

aforementioned medical techniques lead to rise some  harmful side effects that might be occurred, including the 

morbidity of donor site, high possibility of mutation,  nerve incontinence and impotence and even uncertainty 

of  normal functions of recovery parts.  In recent years, alternate medical treatments have been purposed to solve 

the aforementioned limitations. Researchers have designed scaffolds resembling natural ECM [2,3]. The scaffolds 

tend to increase cell-cell interactions. Thus, it creats excessive confident of success for using implantable device to 

the recovery of injury sites. Mostly, naturally modified biopolymers, for example- cellulose, chitosan, gelatin,  chitin, 

fibroin, myosin, and collagen have been used to develop  biointerface  for employing soft/hard tissue 

repair  or   nerve-guided conduits[3].Furthermore, the necessary properties of the scaffolds as mentioned above can 

be improved by integrating some biocompatible synthetic polymers, carbon-based material and some biominerals. 

We developed electrospun nanofibers in aligned orientation using electrospinning. The fibrous composite mat of PU-

Silk@fMWCNTs showed promising behavior of cytocompatibility for both cell (mouse Schwann cells (S42) and rat 

pheochromocytoma 12 (PC12)) via cell attachment and proliferation, and cell differentiation in vitro. 

  

Experimental Methods 

Silk  from Bombyx mori, polyurethane, Trifluoroacetic acid, dimethylformamide and multiwall CNTs were used for the 

fabrication of 2D scaffolds. The surface morphology, and other properties were studied by SEM, HR-TEM, FTIR, 

XRD. hydrophilicity and ultimate tensile strength, biodegradability were also evaluated. The cellular activity were 

examined using cell counting kit-8 (CCK-8) at 450 nm and  cells viability also confirmed with LIVE/DEAD® cell viability 

assay kit. Morphological study also conducted  usind SEM and fluorescence images.qRT-PCR was conducted to 

determine the neural differentiation, after 13 days of cells culturing and immunofluorescence Image Analysis was 

performed on PC12 cells. Statistical analysis was analyzed by ANOVA as mean ± standard deviation (S.D., n=3). 

Value was considered as ***P <0.001. 
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Results and Discussion 

The PU-Silk@fMWCNTs showed fibers with uniform diameter perfectly in unidirectional (Fig. 1). CNTs improves the 

conductivity of composite mixture. However, some fibers are in irregular shape indicating the presence of 

fMWCNTsand also confirmed by HR-TEM images. The FTIR spectra and XRD pattern (Fig.1 c and d) of PU/Silk-

fMWCNTs are in accordance of the previously reported literature[4]. The mechanical properties of the PU/Silk-

fMWCNTs showed high value (Fig. 1 (e)) as consequence of  fMWCNTs tending to form intra and inter molecular 

covalent bonds, hydrogen bonds, and peptide bonds with –COOH, C=O, OH, and –NCOO– in PU/Silk. Water contact 

angle (Fig. f) also lower in composite material due to the presence of polar functional groups in the active surface 

sites of CNTs and more amino functional groups were hydrolyzed in acidic medium. The biodegradability of each 

electrospun mat (Fig. 1F) was enhanced by slowly hydrolyses the peptide bond.The CCK-8 test and 

cell  viability  results (Fig. 2 ,(a, b c and d) confirms the cytocompatibility of the scaffolds. Furthermore, cell 

attachment and proliferation (Fig 2. e and f) were increased in PU/Silk-fMWCNTs scaffolds at1 and 5 days as 

consequence of porosity, hydrophilicity, and mechanical strength, of conductive scaffold supported by 

enzymes/cofactors regulation. The cellular differentation  is illustrated by qRT-PCR from expression level of gene. 

The conductive scaffolds maintain the concentration of metallic ions and help to outgrow of neuronal cells. 

  

Conclusion 

The PU/Silk-fMWCNTs showed high mechanical strength, improved hydrophilicity, biocompatibility. The engineered 

scaffold encouraged and enabled the neural cells sensitivity, along with cell proliferation, migration of S42 cells and 

also differentiation of PC12 cells in vitro. The scaffolds stimulated the neuronal cells and up-regulated the gene 

expression including βIII-tubulin and MAP2 protein levels. 
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Figure 2 
CCK test results (a)  PC12, (b) S42  cells on 

various scaffolds after1,3 and 5 days. (c) 

Fluorescence images show live cells red color 

stained by C12-Resazurin and dead cells  stained 

by SYTOX® Green, in green color cultured on 

scaffolds for 1 days. SEM and 

fluorescence  images of PC12 cells,(e) and  S42 

cells (f) on PU-Silk@fMWCNTs scaffolds. (f), 

qRT-PCR for neural differentiation markers, β-

tubulin (early neuron marker), and MAP2 (a 

mature neuronal marker) by day 10 days. 

  

 

 

Figure 1 
 FE-SEM (a), HR-TEM (b), FT-IR spectrum (c), XRD 

pattern (d), of  PU-Silk fibroin@fMWCNTs. And 

strain/stress curve (e), water contact angle (f) 

along with in vitro biodegradation of PU-Silk 

fibroin@fMWCNTs scaffold after 12 weeks. 
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Introduction 

Osteoporotic fractures are a major socioeconomic and clinical challenge as bone regeneration and osseointegration 

of implants are commonly impaired. With increasing age and comorbidities further affecting bone homeostasis, 

osteoporotic fractures are estimated to quadruple by 2050, highlighting the need for new, more biologically active 

biomaterials. 

  

Experimental Methods 

To this end, we investigated the functional role of glycosaminoglycans (GAGs), a key component of the bone 

extracellular matrix (ECM), for their osteogenic potential. Using native and synthetically derived GAGs (sGAGs) such 

as hyaluronan, chondroitin sulfate, and heparin (Hep) we evaluated how GAG sulfation affects the differentiation and 

activity of osteoblasts, osteoclasts and osteocytes and their capability to maintain hematopoietic stem and progenitor 

cells (HSPCs). 

  

Results and Discussion 

Our study revealed that GAG sulfation had profound effects on all stages of osteoclast and osteoblast differentiation. 

Whereas the viability of osteoclasts was increased, osteoclast numbers and the formation of the characteristic sealing 

zone structure were significantly decreased. This was accompanied by a loss of resorptive activity. On the other 

hand, the proliferation and metabolic activity of osteoblasts and osteocyte-like cells treated with equal concentrations 

of GAGs were decreased indicating a shift from the proliferative to matrix formation phase of osteogenic 

differentiation. Indeed, these cells showed altered matrix deposition and increased expression of genes associated 

with differentiation, such as the RANKL/OPG ratio, alkaline phosphatase, osteocalcin, and Runx2. Using surface 

plasmon resonance and molecular modeling we further demonstrated that sGAGs can directly bind to sclerostin, 

interfering with its bioactivity, resulting in increased Wnt-signaling in vitro. As the ECM of the bone marrow cavity also 

serves as a highly specialized microenvironment for HSPCs their response to sGAG was also evaluated. The 

application of sGAG to differentiating osteoblasts altered the composition of newly synthesized ECM: Whereas low 

or non-sulfated GAGs had no effect, high sulfated GAGs increased the calcium/phosphate ratio as well as the protein 

and GAG content of osteoblast derived matrices. When used as a substrate for HSPCs these altered ECM 

preparations showed an increased potential to maintain the stem cell character of CD34+cells. This effect may be 

attributed to the higher sGAG content in these matrices, as sGAGs alone also ledt to significantly less differentiated 

colonies in a colony forming unit assay. 
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Conclusion 

Here we demonstrated that GAG sulfation both directly and indirectly increases osteogenesis and reduces 

osteoclastogenesis thus, significantly altering the bone cell cross talk. This data suggests that finetuning GAG 

composition and linking GAG function to surfaces could represent a suitable tool to enhance local bone regeneration. 

Whether this translates into a favorable profile on bone remodeling at fracture sites requires rigoros in vivo 

assessment. 
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Introduction 

We describe a novel patented technology developed in our laboratory based on a fibrin-alginate mesh that is pro-

angiogenic and shows excellent cell attachment and infiltration properties. The first product developed using this 

technology is a dermal replacement scaffold called Smart Matrix®. Advantageously, this fibrin-alginate technology 

can be combined with synthetic polymers, either inert (i.e. silicones) or bioactive (i.e. polycaprolactone, PCL) in 

various shapes (sheets, 3D structures), or osteogenic components for repair and regeneration of various tissues. 

  

Experimental Methods 

The fibrin-aglinate scaffold was manufactred in our laboratory by crosslinking with glutaraldehyde [3]. Smart Matrix® 

is a 2 mm freeze dried thick sheet of porous material with a gradient pore range . To characterize the material SEM, 

light microscopy, AFM and confocal testing were carrried out. Angiogenic assays were performed using the CAM 

assays and the celluler response was observed using Alamar blue and Live Dead staining. 

  

Results and Discussion 

Extensive in vitro and in vivo analysis has shown that Smart Matrix® allows a rapid initial infiltration of cells and blood 

vessels [1]. The product has gone through detailed structural characterization using techniques like SEM, histological 

analysis, laser scanning confocal microscopy and AFM. The results have suggested that the material is highly porous, 

and the interconnected pores are gradient in nature. The cellular behaviour towards the biomaterial has been 

confirmed through numerous cell viability assays, cytotoxicity assays and angiogenic assays including the very 

popular chick chorioallantoic membrane (CAM) assay. To further expand the applications of the technology, a novel 

two-component dermal scaffold for the treatment of pressure sores was designed using a polydimethylsiloxane (Sil) 

backing membrane to make the dermal scaffold more robust [2]. Moreover, the fibrin-alginate mesh was combined 

with PCL structures for the treatment of non-union fractures: the pro-angiogenic properties of the PCL/fibrin-alginate 

composite scaffold were increased compared to PCL alone as shown by the CAM assay. PCL/fibrin-alginate scaffolds 

are currently being tested in a rat model. Moreover, the fibrin-alginate mesh has been modified by introducing an 

osteogenic element into the mesh to be used as a bone void filler. 

  

Conclusion 

We present here a pro-angiogenic fibrin-alginate technology for repair and regeneration of soft and hard tissues. The 

first product of this technology is currently undergoing clinical trials. Future development will see its combination with 

3D printing for development of custom-made implants. 
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SEM images of the different biomaterials 

manufactured using the fibrin-alginate 

technology 
Figure 1: Left to right; SEM images of Smart 

Matrix®, fibrin-alginate/Sil composite and 

PCL/fibrin-alginate composite scaffold 
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Cell response of 3T3 fibroblasts on 3D-nanofibrous collagen scaffolds 
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Introduction 

Cells are embedded into the extracellular matrix (ECM), a complex network of protein nanofibers and 

polysaccharides. The ECM composition and the resulting stiffness have a big impact on multiple aspects of cell 

function, such as proliferation, motility, adhesion and contractility.1 Collagen is the main component in the nanofibrous 

ECM. It has previously been processed into nanofibers by electrospinning2, self assembly3 or extrusion4. For the first 

time, we combined self assembly with ultrasonication to prepare 3D-nanofibrous collagen scaffolds with a large 

surface area for subsequent cell culture studies. 

  

Experimental Methods 

Nanofibrous collagen scaffolds were produced using pH-induced assembly in combination with ultrasonication and 

were subsequently crosslinked with glutaraldehyde. 3T3 mouse fibroblasts were cultivated on these nanofibrous 

collagen scaffolds and on planar collagen for up to 72 hours. Cell proliferation was analysed, and morphological 

changes were studied using immunostaining and fluorescence microscopy. Cellular interaction with collagen 

nanofibers on the nanoscale was analysed with scanning electron microscopy (SEM), and cell mechanics on the 

different collagen substrates were studied with atomic force microscopy (AFM). 

  

Results and Discussion 

SEM analysis showed that collagen reproducibly self-assembled into nanofibrous scaffolds with fiber diameters of 

100 to 150 nm. Scaffold dimensions reached the centimetre range when pH-induced self-assembly was combined 

with ultrasonication. By controlling the collagen concentration we could reproducibly adjust the scaffold thickness 

between 500 nm and 8 µm. Live-dead staining and cell proliferation assays showed that fibroblasts on collagen 

nanofibers exhibited a cell viability, which was comparable to fibroblasts on planar collagen and glass. Fluorescence 

microscopy analysis of the cell area showed that cells on nanofibrous collagen were significantly smaller than on 

planar collagen or glass (Fig. 1). SEM analysis revealed that the fibroblasts partly grew into the nanofibrous scaffolds, 

which led to smaller cell areas in fluorescence microscopy analysis (Fig. 2). Atomic force microscopy studies of the 

cell stiffness did, however, not yield any significant differences between fibroblasts cultivated on collagen nanofibers, 

planar collagen and glass. Interestingly, adjustment of the nanofibrous scaffold thickness from 500 nm to 8 µm did 

not yet have a significant impact on the cell mechanics. 

  

Conclusion 

With the first-time combination of self assembly and ultrasonication we could reproducibly prepare nanofibrous 

collagen scaffolds with high surface coverage, which induced a positive response in cell culture studies with 

fibroblasts. Towards synthetic ECM scaffolds for tissue engineering it will be very important to tailor the mechanical 

characteristics of our large-scale nanofibrous collagen scaffolds to control cellular functions like adhesion and 

migration. 
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Fluorescence microscopy images of 3T3 

fibroblasts cultivated on collagen  
Planar collagen (A), fibrous collagen (B) and 

glass (C). Actin was stained with phalloidin 

(yellow) and nuclei were stained with DAPI 

(blue). 

 

 

SEM image of 3T3 fibroblasts on collagen fibres 
SEM image of 3T3 fibroblasts, which partly 

protruded into a nanofibrous collagen scaffold. 
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Introduction 

The extracellular matrix (ECM) is the non-cellular component present within all tissues and provides essential 

biological and mechanical cues required for tissue growth. Traditional synthetic covalent hydrogels (a network of 

hydrophilic polymers) have been investigated for 3D cell culture and probing cell-matrix interactions as they mimic 

the mechanics of soft tissues and support cell adhesion. However, these hydrogels are elastic, lack the viscoelasticity 

found in native ECM, and must be degraded to allow tissue formation. To overcome these limitations, hydrogels from 

dynamic and reversible supramolecular polymers are developed which could respond cell stresses by rapidly 

breaking and reforming while maintaining uniform biophysical properties1,2,3. 

In our lab, we work with 1,3,5-benzenetricarboxamide (BTA) supramolecular hydrogels. BTA molecules self-

assembled via 3-fold hydrogen bonding to form long one-dimensional aggregates, which physically interact to form 

hydrogels. BTAs are of interest owing to their reversible supramolecular interactions, proteins-like fibrous structures, 

and the ease of adjusting viscoelastic properties by controlling interactions at the molecular level4,5. We are tuning 

viscoelastic properties of hydrogels by mixing dumbbell (DB) and small molecule (SM) BTAs in different proportions 

to recapitulate native tissues’ ECM viscoelasticity. In addition, these gels exhibit injectability, showing a potential for 

bioprinting, and can serve as a platform for the generation of spatiotemporal dynamic co-cultures. 

  

Experimental Methods 

The rheological properties characterization and cell culture studies were carried out with existing BTA and we move 

to create new BTA architectures via desymmetrization route.   

Rheological properties: Different formulations of BTA gels were investigated, varying the ratio of DB to SM. 

Rheological properties were measured by oscillatory strain sweeps and oscillatory frequency sweeps. For self-

healing studies, gel networks were ruptured and self-healing recovery was monitored. 

Cell studies: Cultured chondrocytes (ATDC5) within BTA gels (3D encapsulated) were stained with calcein-AM and 

ethidium homodimer-1 and imaged using fluorescence microscopy. For quantitative cytotoxic analysis, an 

absorbance-based LDH and CyQUANT® assays were carried out. 

BTAs synthesis: To create a new BTA hydrogelators we have explored a desymmetrization route of a BTA 

precursor— 1,3,5 benzene triester penta-fluorophenol (BTE-F5Ph). This molecule has been synthesized and 

desymmetrized using model reagents towards the creation of a BTA hydrogel library. 

  

Results and Discussion 

Rheological properties: All tested formulations showed a characteristic viscoelastic behavior, with frequency 

dependent storage and loss moduli. Modular mixing of the two-component systems allows tunability of the hydrogel 

properties, including stiffness and viscoelasticity. 
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Cell studies: Quantification of live/dead staining shows cytotoxicity comparable to that of an alginate control gel 

(<20%). The LDH assay also confirms this trend showing a low amount of LDH release under the culture conditions 

(<20% of max), again comparable to alginate encapsulation. A CyQUANT® proliferation assay showed that total DNA 

content stayed constant over 7 days. Cell studies are underway to investigate the influence of viscoelasticity on 

chondrocytes (ATDC5) ECM production. 

BTAs synthesis: BTE-F5Ph has been desymmetrized successfully with good control and work is still in progress on 

creating the BTA gelator library. 

  

Conclusion 

Mixing of dumbbell and small molecule allow fine tuning of viscoelastic properties of  BTA hydrogels, and the BTA 

dumbbell showed little cytotoxicity. Currently, cell culture experiments are being carried out to investigate ECM 

deposition by chondrocytes within BTAs hydrogels using different formulations of varying viscoelasticity. Synthesis 

of BTAs via desymmetrization enables the creation of a small library of hydrogels with varying viscoelasticity and 

fiber like ECM structure that can help in developing a better understanding of BTA self-assembly and cell-ECM 

interactions.   
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BTA dumbbell (DB) and small molecule (SM) 

chemical structures and cell cytotoxicity 

evaluation  
(a) BTA small molecule (SM) structure and self-

assembly  

b) Dumbbell molecule (DB) structure and macroscopic hydrogels (inset) 
c) live-dead image of chondrocytes in DB hydrogels 
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Introduction 

The non-specific interaction of matrix components of biological, organic or even inorganic nature at solid-liquid 

interfaces has always been a major problem in many areas of biomedicine, bioanalytics and last, but not least in the 

bioprocessing area. In the biomedical field, the non-specific adhesion and thus the accumulation of e.g. 

microorganisms or their metabolic products on stent or implant surfaces lead to inflammatory reactions and even 

rejection. In the field of gastroenterology stents are often used in malignant tumors in order to be able to continue to 

ensure the reduced flow of bile due to narrowing. Due to the specific composition of the bile fluid, in previous stent 

materials, e.g. polyurethane (PUR) bacterial adhesion and subsequent incrustation can be detected very quickly. 

This leads to the occlusion of the stent, which finally has to be surgically exchanged after a short stay of 60 days on 

average[1]. 

This problem is based on the physico-chemical properties of the implant surfaces, which influence or control the 

complete biofilm growth, as well as subsequent incrustation processes[2]. It can be addressed by coating with 

hydrophilic materials (passive approach) - here, a water barrier is built, which can prevent the adhesion of matrix 

components. Initial approaches to coating with hydrophilic components are based on the use of p-HEMA and 

subsequently of polyethylene glycols. Recently, the focus of research has increasingly been directed to 

polyzwitterionic systems[3]. A major problem, however, is to generate homogeneous and biocompatible coatings that 

do not affect the mechanical properties of the implant materials. 

Here we report a novel implant coating based on tetraether lipids (TEL) combined with e.g. polyzwitterionic moieties. 

For this purpose, a fragment of a tetraether lipid, not described yet, could be isolated from sulfolobus strains for the 

first time and used for the further construction of a glycocalix-like combination layer with thicknesses in a low nm-

scale. 

TELs are bipolar amphiphiles (bolaamphiphiles), derived from the membranes of archaea, which tolerate large 

variations of e.g. temperature and pH and have an outstanding potential for self-assembly. The formation of 

monolayers and the principal effectiveness of a coating with hydrophilic polymers has already been demonstrated in 

earlier work[4]. As shown in the figure below, TEL dispersions, meaning well defined liquid-crystalline aggregates in 

aqueous solution, can be generated by a newly developed process. These are capable of forming covalently fixed 

monolayers on various substrates (e.g. glass, PUR, silicone, stainless steel). As immobilization matrix, they can serve 

to bind further moieties, in particular antiadhesives to suppress stent obstruction. 

  

Experimental Methods 

Isolated TELs were characterized by mass spectroscopy (MS) and nuclear magnetic resonance (NMR), and the 

aggregates formed from them were analyzed with dynamic light scattering (DLS), small angle X-ray diffraction 

(SAXS) and cryo-transmission electron microscopy (cryoTEM). The film was investigated by X-ray photoelectron 

spectroscopy (XPS) and the detection of an intercalating dye by means of confocal laser scanning microscopy 
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(CLSM). Physicochemically, the presented layers are described by the zeta potential, as well as the water contact 

angles and surface energies. The biological tests were observed via online-microscopy following established 

laboratory protocols. 

  

Results and Discussion 

As part of the work described above, glass and polyurethane surfaces in particular have been provided with this new 

coating. Betaine and sulfonic acids, which were applied to the respective materials via a simple surface-induced 

ATRP-reaction, could be identified as promising functions. 

In particular, sulfobetaine- and sulfonic acid-modified TEL matrices showed a reduction of the initial bacterial 

adhesion by > 80% in the bile-specific mixed culture experiments carried out in a dynamic setup using flow-chambers. 

For this purpose, the biofilms had a significantly lower adhesion strength, so that a large part was rinsed off again 

compared to the reference materials by increasing the flow. Compared with uncoated materials, an effective reduction 

of the biofilm by > 95% could be detected. 

  

Conclusion 

Herein we describe a novel TEL-based coating method, which was developed for the modification of surfaces of bile 

duct stents. As part of a biomimetic approach, covalently fixed layer systems were generated that are able to build a 

stable water barrier to shield surfaces against microorganisms. Compared with reference materials, a reduction of 

the initial reduction of > 80% could be detected, so that such systems can be considered as promising candidates 

for use in the field of medical implants. 
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Schematic representation  of a TEL-based anti-

adhesive coating 
a) Bipolar (bolaamphiphilic) tetraether lipid. 

b) Preorganized aggregate in aqueous solution. 

c) Covalently fixed TEL monolayer. d) TEL-based 

anti-adhesive coating after ATRP-reaction. 
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Introduction 

The main aim of the presented project is the development of a reproducible, tailor-made metal-ceramic coating with 

hemocompatible properties for permanent medical use on cardiovascular implants with direct blood contact such as 

stents. In addition to hemocompatibility, the coating should increase the lifetime of the applied materials. The metal 

matrix provides the necessary flexibility and adaptation of the expansion to the substrate. The dispersed ceramic 

particles in the metallic matrix improve the hemocompatible properties of the coating. In this work MCrAlY (M: Ni, Fe) 

bond coat and Al-Al2O3 top coat were applied using electrophoretic deposition [1] and sintering [2]. 

  

Experimental Methods 

Using the electrophoretic deposition and the charging system of iodine-acetone [3], NiCrAlY and FeCrAlY bond coat 

was successfully deposited on a steel substrate. The samples were sintered in argon and vacuum (1x10-5 mbar) at 

range of temperatures from 1000 °C up to 1200 °C for 30 and 60 minutes. In order to improve the adhesion, the steel 

plates were previously sandblasted. The Al-Al2O3 composite coating was applied as a second layer by the 

electrophoretic deposition and the charging system of iodine-acetone and sintering, as well. To evaluate the phases 

formed at each temperature the XRD-analysis was performed. The morphology of the samples was analyzed by 

SEM and an adhesion test was executed. 

  

Results and Discussion 

In this study we could show that the MCrAlY (M:Ni,Fe)-coatings could be successfully obtained by the electrophoretic 

deposition by using the charging system of iodine-acetone without any other additives. It is also possible to perform 

the sintering in argon or vacuum atmosphere with a good adhesion to substrate. The top coat (Al-Al2O3) adheres the 

bond coat in a proper way. Hemocompatibility tests according to ISO 10993-4 are ongoing. 

  

Conclusion 

MCrAlY (M:Ni,Fe) is a trendy and promising material that can provide a good adhesion of ceramic and metal and can 

be applied by a simpler method like the electrophoretic deposition. It can be used not only as thermal barrier coating 

but also as a bond coat for ceramic coatings for medical use. 
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Introduction 

The osteoblastic cell behavior at the interface to artificial bone material is strongly dependent on the substrates’ 

physico-chemical properties1 like wettability and surface charge. However, as there are different opinions in literature, 

it is still unclear whether osteoblasts prefer positive or negative surface charges. Since we found out that a positively 

charged amino-group containing titanium (Ti) surface can enhance osteoblast functions2-6, we hypothesize that 

positive surface charges play a crucial role in the material-cell interaction. To confirm this, we systematically compare 

the cellular behavior on positively and negatively charged Ti surfaces. 

  

Experimental Methods 

In order to obtain diverse surface charges, plane silicon-Ti substrates (10x10 mm) are modified by (i) a plasma 

polymerized allylamine layer2,5 (PPAAm), (ii) coatings with collagen-type I, Matrigel, and the integrin adhesion peptide 

sequence Arg-Gly-Asp (RGD), (iii) polypropylene imine dendrimers (PPI), polyethylene imine polymers (PEI) as well 

as (iv) oxidized alginate-gelatin hydrogels functionalized with polypyrrole: polystyrene sulfonate (ADA-GEL PPy:PSS) 

(Fig. 1). Surface properties like zeta potential2,5, water contact angle5 and surface free energy are determined. Human 

MG-63 cells (ATCC®) are cultured on modified Ti in Dulbecco’s Modified Eagle’s Medium with 10% fetal calf serum. 

The cell membrane is stained with PKH-26 to assess cell spreading on different substrates (1 h). To record an 

immediate mobilization of intracellular calcium ions (Ca2+)vital osteoblasts are stained with the Ca2+ indicator Fluo 3-

acetoxymethyl ester after 24 h cultivation and stimulated with adenosine 50-triphosphate (ATP)5,6. 

  

Results and Discussion 

On the weakly positively charged surfaces PPAAm (zeta potential: + 8.6 mV)5, RGD and PEI surfaces, an increase 

of cellular spreading and intracellular Ca2+ ions after ATP stimulation could be detected compared to cells grown on 

negatively charged Ti modifications (collagen-type I and Matrigel) or uncoated Ti (zeta potential: - 87.5 mV). 

Modifications with PPI generated highly positive surface charges that showed an enhanced cellular spreading but 

could not show favorable effects on the Ca2+ mobilization. 

  

Conclusion 

While weakly positively charged PPAAm, RGD and PEI resulted in an enhanced calcium ion mobilization, this effect 

could not be displayed with highly positively charged PPI surfaces. This suggests that osteoblasts prefer only 

surfaces featuring a certain range of zeta potential. In order to assess this in further depth, subsequent systematical 

experiments are necessary. 
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Fig. 1: Surface modifications of plane silicon-

titanium arrays.  
(A) The cell biological experiments are embedded 

in sample controls with negative or positive 

surface charges. (B) The surfaces are modified 

by extracellular matrix protein coatings, 

dendrimers, polymers and hydrogels. 

Ti - silicon-titanium, PPAAm - plasma polymerized allylamine, APTES - 3-aminopropyltriethoxysilan, SPDP - N-

succinimidyl-3-2-pyridyldithio propionate, RGD - arginine-glycine-aspartate sequence, PEI – polyethylenimine, PPI - 

polypropylene imine, G2 - generation 2, G4 - generation 4, ADA-GEL - alginate-di-aldehyde gelatin, PPY – 

polypyrrole, PSS - polystyrene sulfonate. 

 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 985 of 1893 

PS1-04-95 

Surface modification of zein-based composite coatings 

Laura Ramos Rivera, Aldo R. Boccaccini 

Department of Materials Science and Engineering, University of Erlangen-Nuremberg, Institute of Biomaterials, 

Erlangen, DE 

 
Introduction 

The demand for bone implants increases each year as global life expectancy is higher. Current developments in the 

design of biomaterials for bone tissue substitution and repair should consider several characteristics and added 

functionalities, such as surfaces capable of i) preventing foreign body negative response, ii) promoting 

osteointegration by influencing the attachment of osteoblasts, iii) decreasing possible corrosion and wear, iv) 

promoting healing and v) preventing bacterial infection. Consequently, the control of surface properties using different 

treatments or coatings is essential to improve the interfacial bonding of implants and scaffolds. Among the broad 

diversity of coatings to modify metallic surfaces for implants, composite coatings have shown high potential benefit 

in this field since they can be tailored to fulfill the mentioned requirements [1,2]. In this study, a bi-layered biopolymer-

bioactive glass composite coating has been designed for a metallic implantable material using electrophoretic 

deposition (EPD) in combination with electrospinning as a novel surface modification approach. 

  

Experimental Methods 

EPD coatings were produced in a mixture of ethanol/water with a suspension of zein, and bioactive glass (BG) doped 

with Cu. Processing parameters: 10 V and 5 min were used for the deposition process. Zein and zein/PCL 

(polycaprolactone) (1:1) fibers were fabricated using 30 wt% of zein and PCL in acetic acid. Electrospinning 

parameters were set to 16kV, 25°C, 40% rel. humidity and a collector distance from 11 to 15 cm. Metallic electrodes 

coated by EPD were attached on a collector during the electrospinning process. Surface morphology of the bilayer 

was evaluated using SEM. Contact angle measurements were carried out to observe changes in the wettability and 

surface energy as function of the coating composition and structure. Pull off adhesion tests were performed to 

evaluate the adhesion of the different layers to the substrate. In vitro cell viability with MG63 cells was investigated 

in direct contact with the samples through metabolic evaluation. Biofilm formation was assessed immersing the 

samples in solutions containing Escherichia coli and Staphylococcus aureus. 

  

Results and Discussion 

SEM images (Figure 1) showed that fibers were successfully deposited onto EPD coatings. Wettability of the samples 

could be modified by designing the fiber structure of the coatings. Addition of PCL to the zein solution reinforced the 

hydrolytic resistance and mechanical properties of the fibers. Fibrous layers remained attached to the composite 

coating after one week of cell culture. Cells proliferated on all surfaces over time and enhanced adhesion. Bacteria 

viability was significantly reduced after three days of incubation compared with the non-coated stainless steel surface. 

  

Conclusion 

It could be shown that application of  fibrous coatings (by electrospinning) on electrophoretically produced zein 

coatings enhanced cell attachment. Moreover the bilayer was effective in slowing down bacteria colonisation and 

adhesion. Fiber mats obtained from PCL/zein blends showed the best mechanical and biological stability, 

demonstrating the suitability of the bilayer system for achieving multifunctional coatings on metallic substrates. 
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Figure 1. 
(a) Schematic diagram of the bilayer coating on 

316L SS substrate exhibiting fibrous topography, 

(b) SEM micrograph of zein composite coating 

with zein fibers modification 
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Introduction 

Bone repair is a complex process whose success is based on a continuous and definite ions exchange at the interface 

between the tissue itself and the implantable substitute. Accordingly, there is nowadays a large research aimed to 

improve the bioactivity of the most employed bone substitutes such as bioactive glass and titanium (Ti) alloys [1,2]. 

However, an external factor that can hinder the healing process is represented by bacterial infection. In fact, infections 

are currently the most problematic reason of prosthetic failure due to the high bacteria antibiotic resistance [3]. So, it 

is evident that the design of bone repair dedicated biomaterials must include both bioactive and antibacterial 

properties. Based on these premises, here different surface chemical treatments were applied onto Ti alloys and 

bioactive glasses in order to improve and faster apatite formation by stimulating the microenvironment chemistry or 

to enhancing ions exchange. Moreover, silver (Ag) was introduced in the above-mentioned treatment in order to 

provide a strong and broad-range antibacterial activity [4]. 

  

Experimental Methods 

Ti6Al4V alloys and a SiO2-Na2O-CaO-P2O5-B2O3-Al2O3 bioactive glass were applied as bare materials for further 

modifications. Ti alloys (named Ti64(Sr-Ag)) were first soaked in a 5M NaOH solution and then in a 50 mM CaCl2 

and 50 mM SrCl2 mix solving. Afterwards, specimens were heated at 600°C (1 hour) and soaked once more in a 1M 

Sr(NO3)2 solution doped with 1 mM AgNO3 aimed to introduce silver. The bioactive glass samples (named SBA2-Ag) 

were soaked in a 30 mM AgNO3 solution to incorporate silver ions too. Specimens’ physical-chemical characterization 

was performed by means of FESEM and XPS, while apatite formation was evaluated by soaking in body simulated 

fluid (SBF) [5]. Specimens’ cytocompatibility was evaluated by means of metabolic activity in direct contact with 

human osteoblasts progenitors (hFOB 1.19) that were selected as representative for cells deputed for bone self-

healing. Then, antibacterial activity was tested against a multi-drug resistant Staphylococcus aureus strain biofilm by 

applying both a well-established protocol from literature [6] and the ISO 22196 standard to compare results. Finally, 

specimens’ ability to protect cells from infection was evaluated by 3 co-culture systems: (i) cells were pre-seed onto 

specimens’ surface and then infected, (ii) bacteria were pre-applied to infect specimens’ surface and then cells were 

plated, and (iii) bacteria and cells were applied together onto specimens’ surface to simulate a “road to the surface” 

competition. 

  

Results and Discussion 

Surface morphological analysis done by FESEM showed a nano-textured surface for Ti64(Sr+AG) specimens and a 

smoother one for SBA2-Ag. XPS analysis confirmed that Ag was successfully introduced onto both Ti64(Sr+AG) and 

SBA2-Ag surfaces as ions.Apatite formation was correctly observed for both Ti alloys and bioactive glass; in 
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particular, the latter resulted as faster showing apatite after 1 day. Biological evaluations are summarized in Figure 

1; ISO 22196 standard and methods 1 and 2 were used as representative examples for antibacterial and co-cultures 

results. Ag-doping did not cause any toxic effect as cells metabolism was comparable between treated and control 

(cnt) specimens (Fig. 1a, p>0.05). On the opposite, Ti64(Sr-Ag) and SBA2-Ag showed a marked antibacterial activity 

as the S. aureus biofilm viability was significantly decreased by comparing Ag-doped Ti alloys and SBA2-Ag with 

their bare counterparts (Fig. 1b, p<0.05 indicated by §). Moreover, this strong antibacterial effect was effective in 

cells viability preservation in co-culture models. In fact, both that infection was applied after (method 1) or prior cells 

seeding (method 2), the number of viable cells onto Ag-doped surfaces was significantly higher then what observed 

in the controls (Fig. 1c, p<0.05, indicated by § and #, respectively). 

  

Conclusion 

Both Ag-doped Ti alloys and bioactive glass obtained by the here described surface chemical treatments can be 

considered as very promising for bone tissue engineering due to their strong bioactivity and antibacterial properties. 
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Figure 1. 
Ag-doping did not turned specimens to toxicity 

as no differences were noticed between bare 

(cnt) and treated specimens in terms of cells 

metabolism (a). On the opposite, both Ag-doped 

Ti alloys and SBA2-Ag determined a significant 

reduction of bacteria viability (b, p<0.05, 

indicated by §). The antibacterial activity was 

confirmed by co-culture systems where the number 

of viable cells in presence of bacteria was 

significantly higher for Ag-doped materials (c, 

p<0.05, indicated by § and #, respectively). 
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Introduction 

   Calcium phosphate, such as hydroxyapatite, b-tricalcium phosphate and octacalcium phosphate [Ca8H2(PO4)6・

5H2O, OCP], are utilized as the coating materials for improving the osteoconductive activity. Our previous studies 

indicated that implantation of OCP efficiently enhanced bone regeneration compared to HAp[1]. On the other hand, 

commercially pure titanium (cp-Ti) and Ti alloy are widely used in various types of implants in orthopaedic and dental 

fields, because they have the greatest biocompatibility with bone among the metallic biomaterials. It is known that 

the biocompatibility of Ti will change with the condition of the surface oxide (titania: TiO2) film of implant Ti alloy. 

Electron cyclotron resonance (ECR) plasma is high-active plasma, and high-quality crystalline films can be obtained 

at low temperature for short time. ECR plasma oxidation is effective surface modification of metal Ti for 

biocompatibilities, which became clearly in previous study [2]. In the present study, TiO2 films were deposited on cp-

Ti and Ti-alloy by ECR plasma oxidation, and the effect of oxidation conditions on structure and precipitation 

behaviour of OCP were investigated. 

  

Experimental Methods 

   ECR plasma apparatus was used for oxidation of cp-Ti, Ti-6Al-4V and Ti-Nb-Sn[3] alloy surface. A magnetic field 

(8.75x10-2 T) was applied to the plasma chamber to satisfy the ECR condition. The oxygen gas pressure during ECR 

oxidation was set to 0.003-1.5 Pa and the oxidation time was set to 1.8 ks. The microwave power was 900 W. An 

infrared lamp was used for controlling the substrate temperature in the range from room temperature (RT) to 600 °C. 

   The structure and morphology of the films were characterized by X-ray diffraction analysis (XRD) and optical and 

scanning electron microscopy (SEM). OCP was precipitated in phosphate-buffered solution on TiO2 film deposited 

Ti substrate[1]. The calcification ability was estimated by weighing the substrate before and after the immersion. 

  

Results and Discussion 

   Ti oxide films were obtained above 300 and 600 °C on Ti and Ti-alloy substrates, respectively. The amount of rutile 

TiO2 increased with increasing oxidation temperature on Ti substrate. The ECR plasma was significantly effective to 

prepare crystallized TiO2 films at low temperatures. 

   Fig. 1 shows SEM images of Ti substrate surface before calcification.  The substrate surface before oxidation were 

smooth.  Rough morphology was observed in the substrate surface oxidized by ECR plasma.  Averages roughness 

of (a) and (b) were 0.01 and 0.19 mm, respectively.  ECR plasma oxidation at low temperature would induce 

osteoconductive calcium phosphate on implant Ti. Mixtures of OCP and dicalcium phosphate dihydrate (DCPD) 

peaks were observed after calcification. 
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   Fig. 2 shows the effect of the oxidation temperature on calcium phosphate deposition onto the substrate surfaces. 

The amount of calcium phosphate deposition was maximized at 300-400°C. The amount of the precipitates on the 

cp-Ti, Ti-6Al-4V and Ti-Nb-Sn substrates by ECR plasma oxidation was about 8, 4 and 2 times larger than that before 

ECR plasma oxidation, respectively. 

  

Conclusion 

   The TiO2 films prepared by ECR plasma oxidation has been expected to improve the capability to induce 

osteoconductive calcium phosphate of implant cp-Ti, Ti-6Al-4V and Ti-Nb-Sn alloy. 
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Introduction 

Healing of critical-size bone defects can be challenging. Such defects can be treated with autologous or allogenic 

transplants, which lead to certain risks. In contrast, biodegradable Mg-based implants, such as LAE442, are 

promising bone replacement materials, based on their degradation, osseointegration and biocompatibility (1). The 

aim of this study was to evaluate the biodegradation and osseointegration of open-pored and differently coated 

LAE442-magnesium scaffolds. The hypothesis is that different coatings result in different degradation rates. 

  

Experimental Methods 

Open-pored cylindrical LAE442 (4 wt.-% Li, 4 wt.-% Al, 2 wt.-% rare earth) scaffolds (length: 5 mm, diameter: 4 mm) 

of different pore sizes (P1: 400 µm; P2: 500µm) were produced by an investment casting process. The scaffolds 

were coated with MgF2 and received an additional polylactic acid (PLA) or calcium phosphate (CaP) coating layer 

via a deposition coating process (2). Overall, 32 LAE442-scaffolds, equally distributed among coating types and pore 

sizes, were inserted in the cancellous bone of the greater trochanter of both femura in sixteen adult, female rabbits. 

Implants of beta-tricalcium phosphate (TCP) served as a control group. Radiographic and µ-CT scans were carried 

out immediately post OP and every two weeks until termination of the study. Samples were harvested after 6 and 12 

weeks. Semi-quantitative scorings were performed to evaluate trabecular bone ingrowth and gas accumulation. 

Furthermore, the in-vivo degradation and osseointegration of scaffolds were evaluated by quantitative 3D-analysis, 

including density and volume measurements. 

  

Results and Discussion 

All implants were clinically well-tolerated. Starting from the second week, the degradation of magnesium led to 

production of hydrogen gas, which partly spread out into the medullary bone cavity, whereby PLA-coated implants 

showed more gas accumulation. All LAE442-implants underwent slow degradation, since the scaffold structure was 

still present after 12 weeks. Implant density and volume showed no difference between both coating-types and pore 

sizes. TCP-implants showed rapid degradation without any gas release. With respect to osseointegration, the CaP-

coated implants demonstrated better results with more newly formed bone trabeculae adhering to the implant surface, 

in comparison to PLA. Bone density and volume increased only in the vicinity of CaP-coated scaffolds with the larger 

pore size (P2), whereas the other LAE442 samples exhibited a decrease. The best osseointegration was detected 

in TCP-implants, which presented the highest number of trabecular bone-implant-contacts. 

  

Conclusion 

The LAE442-scaffolds degraded homogenously and slowly. Moreover, they showed a promising osseointegration. 

CaP-coated implants, especially the larger pore size types (P2), exhibited less gas accumulation and better 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 992 of 1893 

osseointegration, compared to the implants with PLA-coating. Therefore they appear to be better suited for further 

investigations in load bearing bone. Further radiographic and µ-CT scans will be carried out to examine the long-

term degradation behaviour. In addition, histological analysis will be performed in the future in order to examine bone 

ingrowth and biocompatibility on the cellular level. 
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Introduction 

A new two-step methodology has been developed using low-energy (10 – 40 keV) high-current (10 – 25 kA) [1] 

pulsed electron beam irradiation (LHEB) to porosify hydroxyapatite (HA) thin film coatings which have been first 

deposited by Physical Vapour Deposition (PVD). PVD was chosen as the first step in the process and is suitable for 

the production of controllable coating layers due to its versatility in producing thin amorphous or crystalline films with 

highly adherent and customisable compositions and microstructures.  LHEB irradiation causes melting of the first few 

microns depth of material and has typically been used to reduce roughness via melting of asperities however crater 

formation is sometimes an unwanted side effect of the technique, thought to be caused by sub-surface melt pools 

within the depth of the section. The melt pools have been theorised to nucleate at micro-irregularities including 

grain/phase boundaries or precipitates in the material, resulting in eruption through the surface, leaving a crater 

morphology behind [2]. Given the ability of the LHEB process to irradiate a large surface area (60 mm diameter), 

maintain its energy density at high angles to treat curved surfaces [3, 4], as well as take place within 2-4 µs [1], the 

technique was investigated here as a novel method of porosification in HA coatings for biomaterial applications. 

  

Experimental Methods 

Coatings were deposited on Ti6Al4V substrates 40 ± 2 mm from the target surface via a custom in-house designed 

magnetron sputtering rig [5].  The working gas was argon at 2.5 mTorr feedback via a mass flow controller and 

pressure controller and capacitive pressure transducer. The Ca2P2O7 target was deposited by ion bombardment using 

a Radio Frequency (13.56 MHz) power supply with an 80 W deposition power.  A Sodick PF32A EBM machine was 

used for the LHEB experiments. The irradiation process was carried out under argon at 0.05 Pa.  Argon gas is used 

as the medium for plasma build up required for the electron generation and beam propagation. Bombardment of the 

high current electrons with a workpiece causes rapid heating and cooling at the near surface of the workpiece 

material. A range of cathode voltages, 13 to 29 kV, of energy density 0.2 to 10.5 Jm-2 and single pulses was used for 

irradiation tests. 

  

Results and Discussion 

The first step uniquely generated a crystalline HA surface using plasma assisted PVD sputtering from a crystalline 

Ca:P oxide target. The as deposited (AD) layer contained crystalline HA with c-axis orientation indicated by preferred 

alignment in the direction of the (002) plane located at 26° (2θ) [6]. A residual amorphous phase, commonly reported 

for sputtered HA films was not observed by XRD, however some local evidence was observed by SAED using TEM. 

The second step uses a new facile and rapid post treatment by a single shot pulsed large area electron irradiation 

technique[7].  Utilising LHEB with voltages from 13-29 kV led to the new discovery of a method to generate a complex 

interconnected porous layer based on osteoconductive α-TCP. Increase in voltage led to an increase in HA crysatllite 

size from 35 to 80 nm and reduction from 62 to 30 nm for α-TCP.  Extent of porosity was shown to be controllable 
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via parameter control, with a maximum mass loss of 45% and increase in average/maximum pore sizes from 0.07–

1.66/0.69–92.53 mm2. Simultaneous dissociation of Ca led to a reduction in Ca:P ratio from 1.67 to 1.43, synonymous 

with HA and calcium deficient TCP phases, as well as incremental conversion of HA to α-TCP, irradiation voltage 

dependent, revealed via XRD and TEM, suggesting flash melting of the structure to above 1125 ºC based on phase 

transformation of Ca:P mixtures. A randomly oriented polycrystalline structure was seen in non-porous regions of the 

25 kV irradiated coating, with no amorphous phase, with porous regions being highly amorphous suggesting rapid 

cooling. Severe porosity originated from the interface between maximum electron penetration depth and unaffected 

material below, with expansion of pores towards the surface and breaking through to yield significant surface porosity. 

Correlation of porosity with electron acceleration voltage can be explained by the increased penetration depth, 

thereby giving more lateral expansion of material prior to surface break-through. 

  

Conclusion 

This new two step methodology can be readily applied to most metallic surfaces, with the additional advantage that 

selected areas can be single shot pulsed by LHEB allowing regions to be untreated. This is ideal for implants such 

as hip stems where full integration is not required otherwise implant recovery causes damage. Insensitivity of the 

LHEB process to large incident angles also makes the process suited to complex shapes. Thus the manufactured 

porosity and ability to manipulate crystallinity of Ca:P thin films by a combination of PVD and LHEB shows great 

potential to produce surface scaffold-like coatings on orthopaedic implants as a suitable layer for bone integration. 
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Figure 2 TEM of 25 kV, 1 shot electron 

irradiated coating.  
(A) Location of FIB lift out lamella extraction 

(B) Dark-field STEM image of high magnification 

porosity. (C and D) Bright-field STEM image of 

complete coating section and magnified porous 

region. SAED patterns were acquired at locations 

1-4. 

 

 

  
 

Figure 1 SEM and elemental mapping of AD and 

electron irradiated samples  
(A) SEM of AD and electron irradiated samples 

displaying an increase in porosity with 

irradiation voltage. By 13 kV closed porosity 

was observed within the irradiated layer. (B) 

Elemental mapping of AD and 29 kV electron 

irradiated samples, showing homogenous 

distributed of Ca/P throughout the coatings pre 

and post irradiation. 29 kV partially removed 

complete coating sections as indicated by areas 

of Ti, corresponding to absence of Ca/P. 
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Introduction 

Platelet concentrates are derived from donated blood for treatment of patients with low platelet numbers or platelet 

dysfunction. However, their shelf-life for this application is limited to 5 days. Platelets are known to be rich in various 

growth factors, and autologous platelet-rich plasma is used for various applications in regenerative medicine. Expired 

platelet concentrates might thus be a source for production of cell-free human growth factor (hGF) preparations. 

These could be used for coating or impregnation of biomaterials to improve implant in growth or to treat chronic 

wounds, soft tissue injuries or burns. As the immune response is an important aspect for the biocompatibility of 

biologically derived biomaterials, the aim of the present study was to evaluate the immunogenicity of two different 

hGF preparations derived from discarded platelet concentrates after single application in mice by detection of hGF-

specific IgG and IgM antibodies. 

  

Experimental Methods 

Two hGF preparations (DOT GmbH, Rostock, Germany) from different production batches (170110 vs. 180425; both 

supplied as gamma sterilized lyophilisates, 5 mg) were used to immunize female Balb/c mice (n=4 mice/ batch). 

Immunization was performed by a single intraperitoneal dose of 100 µg hGF mix in 100 µl sterile PBS without 

adjuvant, while control mice (n=2) received PBS only. Blood was drawn before and weekly until day 42 after 

immunization. Diluted serum samples (1/100, 1/200, 1/400) were examined for hGF-specific IgG or IgM antibodies 

by enzyme-linked immunosorbent assays using microtiter plates coated with respective hGF mix (5 µg/ml, 50 µl/well, 

overnight at 4 °C). Bound IgG/ IgM was detected with HRP-labelled anti-mouse IgG- or IgM-specific antibody and 

3,3',5,5'-Tetramethylbenzidine as colorimetric substrate. 

  

Results and Discussion 

All 4 mice immunized with batch 170110 were found to be positive for hGF-specific IgG, with the IgG response 

starting from day 14 and increasing until day 42. In contrast, only 2 of the 4 mice which received batch 180425 

developed hGF-specific IgG antibodies. Furthermore, the IgG response against batch 180425 for the 2 positive mice 

was weaker than for batch 170110. For both batches, hGF-specific antibodies were detectable in all examined serum 

dilutions, with concentrations declining accordingly with increasing dilution levels. For the IgM response, only a slight 

increase on day 7 for batch 180425 was found while those mice immunized with bath 170110 had no detectable IgM 

response. Both control mice remained negative for hGF-specific IgG and IgM antibodies over the whole study period. 

The composition of both hGF batches varied regarding several examined growth factors, with a more than fourfold 

higher IGF-I concentration in batch 170110 (203 pg/ml) vs. 180425 (46 pg/ml) as the most pronounced difference. 

  

 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 997 of 1893 

Conclusion 

Overall, the immunogenicity of the two examined hGF preparations produced from platelet concentrates was 

remarkably different. A possible explanation might be the variations in the content of different growth factors revealed 

by analysis of the composition of these preparations, most notably for the IgF-I cocentration. However, potential 

consequences for the clinical application of these hGF preparations and/or their production process remain to be 

seen. For example, standardizing or adjusting the examined growth factor concentrations between different 

production batches, for example by pooling of preparations prior to final lyophilization, might help to reduce such 

differences. 
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Introduction 

Polyamidoamine(PAMAM) dendrimers are well-defined, regularly branched macromolecules with particular 

advantages, including nanoscale 3D spherical architecture, multivalent bonding surface with tailoring possibility of 

biological or chemical property, as well as intramolecular cavity serving as a host-molecule encapsulation[1-5]. In 

this study，PAMAM dendrimers with different terminal groups are utilized to guide surface group effects, generating 

proteins response. Subsequently, protein absorption behavior and conformation would be researched. Meanwhile, 

the thermodynamic interaction between BSA and PAMAM will be discussed. 

  

Experimental Methods 

The polyamide (PAMAM) molecules with different terminal groups were introduced onto the surface of the Titanium 

materials by electrostatic interaction and covalent bonding. Studying protein absorption behavior and conformation 

change (by absorption protein quantification and ATR) can reveal the surface groups effects induced by PAMAM 

with unlike outer groups. Furthermore, by fluorescence spectra, the thermodynamic parameters for interaction 

between BSA and PAMAM can be calculated. 

  

Results and Discussion 

Fig. 1A exposed general trend that relatively more protein adhesion absorbed on the -COOH surface comparing with 

-NH2 surface. In addition, increasing BSA attachment on the complete PAMAM-NH2 or PAMAM-COOH surface will 

be accompanied by the increase of the -NH2 or -COOH groups. Fig. 1B demonstrated that the conformation of BSA 

absorbed onto different surface would change, and BSA tended to increase degree of disorder with the declining of 

αhelix and climbing ofβsheet andβturns, overall. 

Fig. 2 shows that fluorescence intensity gradually decreased with the increase of PAMAM concentrate. Moreover, 

the thermodynamic parameters for interaction between BSA and PAMAM were calculated by fluorescence spectra, 

which uncovered that the reaction of BSA with PAMAM was a spontaneous process (∆G＜0). For interaction of BSA 

and PAMAM-COOH and PAMAM-NH2, the driving force is hydrophobic and H-bonding with ∆H < 0 and ∆S>0. 

  

Conclusion 

Given the effects of the surface groups caused by terminal groups of PAMAM on protein behavior, generally, it can 

be concluded that different surface groups will result in different absorbed protein amount (-COOH﹥-NH2) and 

conformation change （ascending degree of disorder）. Finally, PAMAM can interact with BSA spontaneously. 
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Introduction 

It is important to improve cell adhesive property of the scaffold surface in tissue regeneration, because cell adhesion 

is related to cell proliferation, migration, aggregation and differentiation in regeneration process. Since RGDS is a 

cell adhesion domain in extracellular matrix, RGDS coating is effective to improve the cell adhesive property of the 

scaffold surface. It was reported that adhesion and proliferation of MC3T3-E1 are promoted by RGDS coating1. 

However, it is difficult to regulate the RGDS quantity and distribution in a conventional RGDS coating. Gradient of a 

RGDS quantity is expected to promote cell migration and aggregation in addition to cell adhesion and proliferation. 

Moreover it is required to evaluate the RGDS amount after regulating the RGDS quantity and distribution. The 

purpose of this study was to develop a surface treatment technique which can regulate the RGDS amount with the 

UV irradiation and visualize RGDS distribution with the fluorescent observation. 

  

Experimental Methods 

Materials: Copolymer composed of styrene and maleic anhydride was dissolved in THF (SEMA solution). 

Polystyrene was dissolved in THF (PS solution). SEMA solution and PS solution were blended to regulate strength 

of polymer film. Ratio of SEMA solution/PS solution were 75/25, 50/50 and 25/75. The polymer films were produced 

on the glass slides (10×10 mm) from polymer solutions by using a spin coater. RGDS peptide which a photolytic 

molecule was bound to RGDS coupling fluorescent dye was prepared. The glass slides with the polymer films were 

immersed in RGDS peptide solution to bound RGDS peptide to surface of the polymer film (RGDS-bounded films: 

SEMA/PS(75/25)-RGDS, SEMA/PS(50/50)-RGDS and SEMA/PS(25/75)-RGDS films). 

Regulation of RGDS amount by UV irradiation: UV was irradiated to the RGDS-bounded films for 360 minutes. 

The amount of RGDS and Luminance value on the film measured by FTIR analysis, UV-vis spectrum measurement 

and fluorescence intensity measurement at 0, 60, 120, 180, 240, and 360 minutes after UV irradiation. 

Evaluation of cell adhesion: UV was irradiated to the different SEMA/PS(75/25)-RGDS films for 0, 60 and 120 

minutes. Polymer film without RGDS (SEMA/PS(75/25) films) was prepared as control. Frames (inside diameter: 8×8 

mm, height: 5 mm) made of polycarbonate were attached on the polymer film without RGDS and each RGDS-

bounded film. Osteoblasts-like cells (MC3T3-E1) were seeded at 1.0×104cells/cm2 in a serum-free Alpha MEM 

medium, and then the MC3T3-E1 cells were cultured for 6 hours. After cultivation, the number of adherent cells was 

evaluated by the absorbance of Cell Counting Kit-8. 

  

Results and Discussion 

Figure 1 shows relation between luminance value and RGDS quantity on each RGDS-bounded film. Since the RGDS 

amount and the luminance value decreased with increasing of the UV irradiation time, the RGDS amount on the film 
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could be evaluate by luminance value. It is considered that SEMA/PS(75/25)-RGDS film was optimal to regulate cell 

adhesion because initial amount of RGDS and range of regulated RGDS amount for SEMA/PS(75/25)-RGDS film 

was highest. Figure 2 shows results of evaluation of adherent cell for SEMA/PS(75/25)-RGDS film after 6 hours 

cultivation. Since the number of adherent cells decreased with increasing of the UV irradiation time, cell adhesive 

property was controlled by regulating RGDS amount. These results showed that developed surface modification 

could regulate the cell adhesive behavior on the surface of polymer film. 

  

Conclusion 

We developed a surface modification technique that could adjust the amount of RGDS by UV irradiation and evaluate 

RGDS amount by luminance value. It was expected that cell adhesive behavior could be controlled by regulating the 

amount of RGDS on the material surface. 
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Figure 2 
Absorbance of adherent cells on SEMA/PS(75/25)-

RGDS 

(N=3, Mean±S.D.). 

 

 

  

 

Figure 1 
Relation between luminance value and RGDS 

concentration (N=1). 
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Introduction 

The apatite (Ca5(PO4)3(F,Cl,OH)) is considered a good ceramic biomaterial in the field of medicine1. Apatite is used 

as a coating of metallic materials such as titanium to improve the biocompatibility with bone tissue. Therefore, it is 

necessary to study the effects of different types of apatite according to composition, OH orientation, layer thickness, 

etc. In this study, time of flight secondary ion mass spectrometry (TOF-SIMS) is used to characterize four different 

processes to manufacture the apatite layer in titanium. Also, we analyse their effect in the wettability and the surface 

tension with contact angle measurements. 

  

Experimental Methods 

The samples have been manufactured through a sputtering process by the company Sidrabe (Rīga, LV-1073, Latvia). 

We analyzed four different conditions: two thin (800-900nm) films of hydroxyapatite (HAp) and chlorapatite (ClAp) 

and two thick (50µm) films of hydroxyapatite untreated (HAp-Untreated) and hydroxyapatite treated with a 

hydrothermal process2 (HAp-Treated). 

TOF-SIMS measurements were performed with a TOF-SIMS5 (ION TOF, Münster, Germany) equipped with a Bi3++ 

primary ion source operated at 25 kV. The total ion dose used to acquire each spectrum was ∼1 × 1012 ions/cm2 to 

ensure static SIMS conditions with an analyzed area of 250 × 250 μm2. Spectra were calibrated to the H-, C-, CH-, O-

, OH-, C2-, C3-, C4-, C5-, C6-, C7- peaks before further analysis. The depth profile was recorded using a 1 kV Cs+ 

sputter beam, which was rastered over a 300 μm × 300 μm area for acquisition times of 2500 s except for the HAp 

sample, the acquisition time was 1800 s. A pulsed low energy electron flood gun was used for charge neutralization. 

The secondary ion species analyzed were OH−, P-, CaO-, Cl-, TiO− and Ti-. 

The surface tension and hydrophobicity were estimated from contact angle data. The measurements were carried 

out with a goniometer (Kruss GmbH) by the sessile drop method with two polar liquids: deionized water and 

formamide, and with an apolar liquid: diiodomethane. In the goniometry study, the values of contact angles are the 

average of at least nine drops on different points of the samples and reported with the standard deviation. 

  

Results and Discussion 

The TOF-SIMS surface analysis shows a different distribution of phosphate, hydroxide and chloride anions 

depending on the thickness of the apatite layer. 

The thinner samples (800-900nm) have phosphate anions, in greater quantity, on top layers of the surface. On the 

other hand, for thicker samples (50 microns), the hydroxy group predominates on the surface. 

The depth profiles check these results and show the distribution of OH- and Cl- in the apatite layer. In the ClAp film, 

chloride and hydroxide anions are located mainly in the interface of apatite and titanium oxide. 
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The hydrothermal process in the HAp thick layer produces a complete spread of the water droplets on such a surface. 

This effect is not shown in untreated HAp samples. 

  

Conclusion 

The thickness of the apatite layer influences the location of phosphate, hydroxide and chloride anions in this layer. 

On the other hand, the contact angle measurements show a possible orientation of the OHs for the thicker samples2. 
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Introduction 

Biofouling –the undesired formation of biofilms on surfaces– is an omnipresent process with dramatic impact on 

human health and the global economy . The need for non-toxic, sustainable, broadly effective, and economically 

feasible antifouling surfaces motivates efforts to understand and mimic adhesion-minimizing design principles 

evolved by living nature. Recently, we explored springtails as a remarkable group of organisms with outstanding 

fouling-resistant properties . Springtails are soil-dwelling animals that rely on cutaneous respiration and thereby need 

to withstand both wetting and colonization by microorganisms to prevent suffocation . We showed that the cuticle of 

springtails consists of nanoscopic comb-like structures with overhanging cross-sectional profiles and uncovered that 

these nanoscopic structures effectively prevent wetting, even against low surface tension liquids, as well as bacterial 

colonization of the cuticle. 

  

Experimental Methods 

Based on the comprehensive analysis of the chemical composition of the cuticle lipids of springtails, we prepared 

spin-coated lipid multi-layers and self-assembled monolayers of selected compounds, extensively characterized their 

physiochemical properties and investigated their resistance to biofouling in defined in vitro experiments. 

  

Results and Discussion 

We found that multimolecular layers of one particular component –cholesterol– effectively resist protein adsorption 

and bacterial attachment and undergo two distinct time-dependent modes of rearrangement when exposed to 

aqueous solutions: (i) a fast, reversible reorientation of the topmost molecules within the initial 20 seconds of contact 

and (ii) a slow progressive, non-reversible, lateral expansion of crystalline domains within hours. The dynamics of 

the topmost molecules are temperature-dependent, persists upon bulk crystallization and is concluded to minimize 

the anchorage of proteins and bacteria. Mixed layers of cholesterol and adhesion-promoting substances also show 

adhesion-resistant properties. 

  

Conclusion 

Thus, coatings of cholesterol or synthetic, amphiphilic analogues may offer unprecedented options for the protection 

of surfaces against bio-adhesion. 
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Introduction 

Plasma treatment has been widely applied to improve the hydrophilic properties of hydrophobic materials used in the 

field of tissue engineering, in particular for scaffold fabrication. The purpose of this treatment is to functionalize the 

scaffolds by generating polar groups on their surfaces without affecting the bulk whilst reducing their hydrophobic 

properties that could enhance cell adhesion and biocompatibility [1]. Our aim was to evaluate the effect of Cold 

Atmospheric Plasma (CAP) on physical and chemical properties of electrospun PLGA microfibers by varying the 

treatment distance and time. 

  

Experimental Methods 

PLGA scaffolds with aligned microfibers were prepared using the technique of electrospinning (E-Spinctronic, Eric 

Huber, Germany). These scaffolds were then activated with cold atmospheric nitrogen plasma by placing the nozzle 

of a Piezobrush® (PZ2) (Relyon Plasma, Germany) at two different distances of 1.3 and 1.7 cm over their surfaces 

for three different exposure times (30, 60, and 90 seconds). CAP treated PLGA scaffolds were evaluated by Scanning 

Electron Microscopy (SEM), Water Contact angle (WCA), Fourier Transform Infrared Spectroscopy (FT-IR), and Gel 

Permeation Chromatography (GPC). Mechanical properties of untreated and treated PLGA scaffolds in terms of 

Ultimate Tensile Strength (UTS, MPa) and Elongation at break (%) were also investigated. All data were obtained in 

triplicate and evaluated by Two-way ANOVA (p<0.05). 

  

Results and Discussion 

SEM images demonstrated that all analysed CAP treatments did not affect the morphology nor fiber diameter size 

(1.367 ± 0.023 µm) of the treated aligned PLGA scaffolds respect to the untreated ones (p>0.05). The contact angle 

in water diminished significantly in all PLGA treated groups comparing to those untreated (p<0.05). In particular, 

scaffolds’ hydrophilicity increased significantly when the distance separating the PZ2 and the scaffold was 1.3 cm 

respect to 1.7cm (p<0.05) except for 90 seconds treatment (p>0.05). In addition, when the treatment time went from 

30 to 90 seconds, scaffolds’ hydrophilicity increased (p<0.05). No significant changes were observed by treating the 

scaffolds for 90 seconds from both treatment distances (p>0.05). FT-IR spectra did not display evidences that the 

CAP treatments modified the surface chemical composition of the PLGA microfibers. Indeed, this result could be 

explained by the very superficial changes occurring by CAP on the materials, thus, demonstrating that the variations 

produced by the surface treatment are easily diluted. In contrast, the average molecular weight of the PLGA 

microfibers increased significantly by prolonging plasma treatment time effectuated from a distance of 1.3 cm 

compared to untreated PLGA microfibers (p<0.05). Instead, when the treatment was done from a distance of 1.7 cm, 

the average molecular weight increased only in case of 90 seconds of exposure time (p<0.05). N2plasma treated 

PLGA scaffolds showed a slight increase in the UTS values by prolonging plasma treatment time comparing to the 

untreated group (p>0.05). Interestingly, the elongation at break values showed the highest significant increase when 
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PLGA scaffolds were plasma treated for 60 seconds from both treatment distances compared to the untreated 

microfibers (p<0.05). Moreover, the elongation at break, compared to the untreated PLGA scaffolds was significantly 

higher after 30 and 90 seconds at a distance of 1.3 and 1.7 cm, respectively (p<0.0.5). 

  

Conclusion 

In conclusion, CAP treatments, at all treatment conditions, improved the hydrophilicity and surprisingly the elongation 

at break properties (at 60 seconds and from 1.3 cm) of PLGA electrospun scaffolds. Moreover, these treatments did 

not alter macroscopic nor microscopic architecture. Even though, cell adhesion and biocompatibility tests should be 

performed to confirm best CAP conditions to be used for future in-vivo applications. 
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Introduction 

The specific properties of material surfaces and the resulting interaction with osteoblastic cells are crucial for 

osseointegration of surface modified bone implants. However it still remains unclear how surface charges and the 

resulting electric field at the interface influences cellular adhesion and migration. To identify relevant parameters we 

investigate the nanomorphology at the apical membrane especially at the migration fronts of osteoblasts adhered on 

several structured material surfaces. 

  

Experimental Methods 

To get to know nanomorphological parameters for cellular adhesion attractiveness we use plasma polymerized 

allylamine coated borosilicate glass and bare borosilicate glass as substrates.Human MG-63 cells (ATCC®) are 

cultured on the different surfaces in Dulbecco’s Modified Eagle’s Medium with 10% fetal calf serum. After 3h the cells 

were fixed with 4% Paraformaldehyde (PFA) if applicable. 

To investigate cellular nanomorphological changes we use a scanning probe method called scanning ion 

conductance microscopy (SICM). A nanopipette with opening diameters of less than 100nm acts as a probe. Two 

biased AgCl electrodes are located in the pipette and in the cell surrounding bath. The resulting ion current serves 

as feedback signal to keep the local separation between probe and sample constant while laterally scanning the cell 

surface [1]. The feedback loop can also be transiently disabled to acquire local spectra, e.g. on the membrane 

fluctuations or to address electro-kinetic effects. 

  

Results and Discussion 

The experiments reveal that the cell surfaces exhibits dynamic membrane protrusions extending several hundred 

nanometers. They resemble ruffles [2], which have been associated with processes of macropinocytosis and motility. 

We observe ruffles of dorsal as well as peripheral type. They may serve as membrane storage and shuffling 

necessary in the course of spreading and migration on the surface. Such leaf-like membrane protrusions come along 

with strong fluctuations. On surfaces containing amines cell adhesion is observed to be faster than on glass [3]. 

Comparison of osteoblasts on glass versus amine covered surfaces yields diminished effective surface areas and 

fluctuation amplitudes on the latter. This could suggest that on the amine covered surface more membrane ruffles 

have been expanded to adopt a more spreaded shape.  At the rim of the lamellipodia characteristic heights between 

100 nm and a few 100 nm are observed. Besides the height of the cleft between substrate and basal cell membrane 

such heights include however the lamellipodium height itself. Away from lamellipodium positions, for instance at rear 

positions, high cell edges up to 1 um are observed. This indicates the extension of the cleft between the cell and the 

substrate in the periphery is highly variable, compatible with localized adhesion and membrane activities. 
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Conclusion 

MG-63 osteoblasts show plasma membrane protrusions, so called ruffles. We observe ruffles of dorsal as well as 

peripheral type. Both types of ruffles vanish partly at cell rims on adhesion promoting substrates, leading to smoother 

edges. 
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Comparison of the Membrane Nanomorphology at 

Cell Edges 
SICM topography images of two different 

Osteoblasts on a glass cover slip (left image) & 

on plasma polymerized allylamine (PPAAm) coated 

glass (right image), cells adhered 3h prior to 

fixation via 4% paraformaldehyde. The plasma 

membrane at cells on PPAAm exhibits less dorsal 

ruffles compared to the cells seeded on glass. 

The ruffles are also visible in the live state, 

however the determination of the effective 

surface area is more accurate with fixation. 
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Introduction 

Biofilm-related infections attributable to unsafe water and vulnerable healthcare environments remain a global public 

health concern. Antimicrobial coatings revolutionise how society combats bacterial colonization. However, current 

strategies are unilateral and focus on either permanent drug conjugation or diffusion-limited systems. To overcome 

the resulting performance limitations, we introduce a in situ renewable, bio-responsive antimicrobial coating. The 

approach relies on the design of water-soluble but effectively absorbable, partially hydrophobic ‘anchor’ polymers, 

tethered to enzymatically cleavable peptide-drug conjugates. 

  

Experimental Methods 

Fabrication: Using ‘click-chemistry’, a bacterial protease-cleavable peptide linker is conjugated to various biocides 

including trusted antiseptics (e.g. hexetidine), antimicrobial peptides and antibiotics. The conjugates are then tethered 

to an anchor copolymer via Michael-Type Addition. 

Enzyme - cleavable toolbox: The cleavage response of peptide sequences susceptible to specific, extracellular 

bacterial proteases (such as Elastases and Collagenases) were tested against four bacteria isolates under realistic 

conditions. 

Coating characterization: The formation, structure and stability of the adsorbed polymer conjugates was analysed by 

quartz microbalance (QCM), AFM and time of flight secondary ion mass spectrometry (ToF SIMS). Further 

characterizations will include in situ ellipsometry. 

Antibacterial performance: The coatings were tested on Polystyrene (PS) and Polyethylene (PE) materials using an 

optical density-based test [1] and a modified live/dead assay with a range of bacterial cultures under various nutrient 

conditions. 

  

Results and Discussion 

Proving the feasibility of the explored approach, the viability of E. coli and S. aureus were found to be drastically 

reduced after 8 hours exposure to hexetidine-containing coatings under tap water culture conditions. 

  

Conclusion 

The reported results suggest that absorbable, auto-regulative polymer coatings could allow for the adaptive 

administration of a broad spectrum of antimicrobial compounds. The approach is expected to maximize efficacy while 

mitigating both cost and environmental harm. 
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Bacterial protease cleavage assay 
Bacterial protease cleavage assay: Proof of 

degradation by P.aeruginosa using polymer 

networks containing cleavable peptide-linkers + 

antimicrobials 

 

 

Bio-resposnive coating 
Bio-responsive, antibacterial coating to protect 

surfaces in aqueous environments 
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Introduction 

Biomaterial implants are targeted to improve the patient’s quality of life. However, the implantation process and the 

biomaterial itself can initiate an inflammatory cascade comprising injury followed by blood-material interaction, which 

can lead to serum protein adsorption, acute and chronic inflammation, formation of granulation tissue, foreign body 

response (FBR) and eventually fibrous encapsulation. Thus, Surface modification may prevent opsonization of 

biomaterials and suppress this undesirable effect. Macrophages represent key players in orchestrating inflammation 

related to release of pro-inflammatory cytokines, which synthesis is dependent on nuclear transcription factor-κB 

(NF-κB) signaling pathways. Glycosaminoglycans (GAGs) like heparin (HEP) and high molecular weight hyaluronic 

acid (HA) possess a valuable anti-inflammatory potential related to the inhibition of NF-κB signalling and transcription. 

Hence, we used here HEP and HA as biomaterials coating in order to control the inflammatory processes by studying 

their effects on macrophages. 

  

Experimental Methods 

GAGs were covalently immobilized on amino-terminated glass surfaces or physically adsorbed as multilayer system 

in combination with chitosan (Chi) using the layer-by-layer (LBL) technique. The surface topography as well as the 

wetting properties were characterized by scanning electron microscopy (SEM) and water contact angle (WCA) 

measurements. Macrophages were used to examine the anti-inflammatory potential in terms of adhesion and 

formation of multinucleated foreign body cells (FBGC). Further, western blotting (WB) was applied to study the NF-

κB activation. While, the internalisation of Fluorescein isothiocyanate (FITC)-labelled GAGs and NF-κB content in 

macrophages were studied by immunofluorescence (IF) microscopy and flowcytometry. 

  

Results and Discussion 

WCA showed increased wettability of GAGs-coated surfaces, which depicts the successful immobilization of HEP 

and HA. The multilayer coatings expressed a higher potential in reducing macrophage adhesion and FBGC formation 

on the GAGs-coated surfaces in comparison to the positive controls. In addition, IF staining as well as the flow 

cytometry indicated that FITC-labelled GAGs were internalized by macrophages which seeded on the Hep and HA- 

modified samples in which it illustrates one mechanism of anti-inflammatory action. Studies with WB together with IF 

staining of p65 showed also effects on the phosphorylated and non-phosphorylated forms of NF-κB that are related 

to inhibition of macrophage activation by GAGs. The aforementioned results proved the anti-inflammatory mechanism 

of action of GAGs by suppressing the NF-κB transcription factor together with their wettability due to the sulphate 

and carboxylic groups found in the backbone structure of both Hep and HA, respectively. 
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Conclusion 

Overall, both immobilization techniques show promising results regarding anti-inflammatory activity, which make 

them interesting for future applications on medical implant materials to avoid fibrosis. 
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Host responses to implanted biomaterials 
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Introduction 

Wear of dental implants materials is the primary reason for infection and revision surgery. Friction is a precursor to 

wear. Any attempt to mitigate dental wear should have an insight to friction characteristics of dental materials. This 

study elucidates the friction behavior of dental materials and its relationship with wear. 

  

Experimental Methods 

Dental implant materials used in this friction and wear study were titanium alloy (Ti-6Al-4V), titanium alloy protected 

with diamond-like carbon coating (DLC) and yttria-stabilized zirconia (3Y-TZP). 

These materials were subjected to friction and wear test under physiological chewing loads in Ducom Biotribometer 

and microscale fretting tests in Ducom Microforce tribometer. In all the test conditions, the 3Y-TZP ball was the top 

specimen and Ti-6Al-4V and DLC were bottom specimens. Optical microscopy was used to quantify the wear of 

dental materials, post friction test. 

  

Results and Discussion 

Under physiological load condition, an increase in friction translated in an increase in wear, for Ti-6Al-4V (Figure 1). 

DLC protective coating reduced the friction for Ti-6Al-4V by more than 80%. As a result, the wear of Ti-6Al-4V 

dropped 99%. It shows that friction has a predominant influence on wear. Fine details about these friction 

characteristics were revealed during the stick-slip process in fretting tests (Figure 2). DLC protective coating triggered 

an early transition to slip compared to Ti-6Al-4V, preventing accumulation of strain energy and wear. 

  

Conclusion 

Friction has a direct influence on wear of dental materials. DLC coating protects Ti-6Al-4V against wear due to its 

low friction behavior attributed to an early stage transition to slip. 
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Figure 2 
Fretting friction signature of a zirconia ball 

over Ti-6Al-4V and DLC at different stroke 

lengths, measured with Ducom Microforce. 

 

 

Figure 1 
Evolution of friction force over the test cycles 

of a zirconia ball over Ti-6Al-4V and DLC 

obtained with Ducom Biotribometer. 
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Introduction 

Thiofunctional polymers, especially thiol-terminated terminated poly(ethylene glycol) (PEG-SH) are the established 

standard for the coating and biofunctionalization of metal nanoparticles as gold (AuNPs) and silver nanoparticles 

(AgNPs). However, the highly nucleophilic and oxidative character of thiols limits the possibilities introducing 

functional groups and provokes polymeric crosslinking. 

We have thus examined whether thioether may be used as alternative to thiols for stabilizing gold and silver colloids. 

Here we present a systematic comparison of PEG-SH and PEG-thioether (PEG-SR) with multifunctional analogs, 

linear polyglycidol (PG) with multiple thiols (PG-SH) or ethylthioether (PG-SR) as coating system for AuNPs[1] and 

AgNPs. In addition, we show the applicability of such a coating for silver nanocubes (AgNCs).[2] 

  

Experimental Methods 

The polymers were synthesized by thiol-ene reaction according to literature.[1,3] 

AuNPs, AgNPs and AgNCs were functionalized with thiol and thioether polymers via ligand exchange reaction by 

adding a polymeric solution and incubation overnight at room temperature. After purification by centrifugation, the 

colloidal and cubic solutions were analyzed by UV-Vis, dynamic light scattering (DLS) and zeta potential 

measurements. 

To determine the colloidal stability in percent, the absorbance values at a wavelength of 530 nm (AuNPS) respectively 

410 nm (AgNPs) obtained by UV-Vis before (mean 100 %) and after centrifugation, high temperatures, freeze-drying 

as well as treatment with Phosphate buffered saline (PBS) and Dulbecco’s Modified Eagle cell culture medium 

(DMEM) were situated in relation. 

  

Results and Discussion 

Our systematic investigations on modified AuNPs display that neither successive centrifugation cycles, no exposure 

to high temperatures had a significant impact on the stability, independently of polymer coating and particle size. 

However, thioether functionalized AuNPs featured better colloidal stability against lyophilization and treatment with 

ions and proteins than thiol analogs, indicating a thermodynamically stronger adsorption of thioethers. 

In addition, for the coated AgNPs it is shown that the chemically inert thioether-polymers exhibit same or even better 

stabilization than thiols, however there is nearly no differences after coating with monovalent or multivalent thioether 

polymers. 

Furthermore, the non-nucleophilic and non-oxidative character of thioether moieties provides the introduction of any 

functional mercaptan compound to allyl groups of the PG-SR backbone via thiol-ene click reaction.[3] In this manner 

a library of multifunctional PG-SR for AuNP coating was generated, featuring functionalities, such as charged 
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moieties[4], biotin and diazirine moieties that can be used as generic tool for covalent immobilization of bioactive 

molecules. 

Finally, it was possible attaching PEG-SR and PG-SR to the surface of the NCs resulting in steric stabilization, while 

the addition of thiol-polymers leads to aggregation. 

  

Conclusion 

We show that thioether modification, especially the multivalent PG-SR displays outstanding colloidal stability after 

exposure to different conditions relevant for biomedical application, such as freeze-drying and treatment under 

physiological conditions. Furthermore, biological functions can be introduced in the chemical inert PG-SR. The 

combination of the excellent stabilization efficacy as well as the possibility of chemical functionalization, makes 

multivalent thioethers a most promising new coating platform for metal NPs. 
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Polymer conformation on AuNPs 
Figure 1: Overview of all thiol- and thioether 

polymers applied in this study with a scheme of 

the predicted brush regime for PEG, whereas for 

PG 
a conformation with trains, loops, and tails was 

suggested. 
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Introduction 

Thermoresponsive materials, as one kind of stimuli-responsive materials, used as surface modification for the 

generation of cell sheets have been in the focus of research for several years. Amongst other things, they allow the 

enzyme-free harvest of cells and the use of intact cell sheets, possessing extracellular matrix, for tissue engineering 

purposes. In this study, a thermoresponsive polyelectrolyte multilayer system that allows enzyme-free cell harvest, 

is described. Using bioactive cellulose sulfate (CS) modified with poly(N-isopropylacrylamide) (PNIPAm), 

thermoresponsive multilayer systems can be manufactured without the need of expensive equipment or radiation 

(e.g. in contrast to conventional methods, like electron beam irradiation). 

  

Experimental Methods 

The multilayer system fabricated using layer-by-layer coating technique is composed of double layers of chitosan –

CS with poly (ethylene imine) as anchoring layer. CS without PNIPAm was used to form base layers and CS-PNIPAM 

was applied for the outer and terminal layers. The physical properties of the polyelectrolyte multilayer have been 

characterized by Surface Plasmon Resonance (SPR), Quartz Cristal Microbalance, ellipsometry and Atomic Force 

Microscopy. Biological characterization, e.g. protein adsorption and cell adhesion (fibroblasts) have been tested. 

Furthermore, the detachment of those in dependence of the environmental temperature have been studied. Using a 

heating/cooling plate, the cell detachment process could be monitored under the microscope. 

  

Results and Discussion 

The results of the SPR measurement confirmed polyelectrolyte adsorption onto gold sensors and the formation of a 

multilayer system. Differences could be seen between the adsorption of CS in comparison to CS-PNIPAM, the angle 

change and thereafter the adsorbed mass is greater for the later one. Similarly, Quartz Cristal Microbalance was 

used to determine the adsorbed mass and the viscoelastic properties of the multilayer films. Additionally, ellipsometry 

gave insight into the thickness of different multilayer systems. The thickness of the multilayer films is an important 

property, especially for the thermoresponsive effect. To specify the minimum thickness needed for the 

thermoresponsive properties of the surface to allow cell detachment, enables precise control of the LbL process and 

the creation of multilayers with a certain amount of single layers. Atomic force microscopy enabled the description of 

the surface topography. The biological characterization showed, that cells adhere onto the multilayer system. 

Fibroblasts adhered and spread onto glass cover slips prepared with chitosan and CS-PNIPAM multilayers. After 

exposing it to environmental temperatures of 4 °C, cells successfully detached from these surfaces. Furthermore, 

the cell detachment process could be monitored by cooling with the above mentioned heating stage. 
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Conclusion 

Overall, the goal to establish a multilayer system for cell harvest, which is easily manufactured and biocompatible 

can be addressed by CS modified with PNIPAM in multilayer system. 
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Manufacture and function of thermoresponsive 

multilayer films 
A: Multilayer formation of thermoresponsive 

polyanion (cellulose sulfate) and polycation 

(chitosan) cia layer-by-layer technique 

B: After heating to 37 °C, thermoresponsive side chains change conformation; surface facilitates cell adsorption 
C: Cultivation at 37 °C; cells adhere to surface and start producing extracellular matrix 
D: Reducing the temperature to 4 °C, thermoreponsive polymers change confirmation; cells detach from surface (with 

ECM) 
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Introduction 

Nowadays, titanium alloys are commonly used for different biomedical applications instead of pure titanium because 

of their superior mechanical properties. Presence of some alloying elements, such as aluminium and vanadium, can 

be harmful to human health, and can be considered as disadvantage in long term applications. Potentially, there is a 

possibility of replacing the commercial titanium alloys with ultrafine-grained commercially pure Ti (cpTi). The yield 

and ultimate strength of cpTi can exceed 1000 MPa [1]. When manufacturing medical devices, laser cladding is 

known as one of the most promising methods for manufacturing of modern medical implants with improved 

osseointegration, where bioactive glass coatings are imposed on metallic substrates [2, 3]. 

  

Experimental Methods 

In this work, S520 bioactive glass was imposed on ultrafine-grained cpTi using laser cladding technique. Cross-

sectional SEM images of titanium substrate and bioactive glass were analyzed. The interface between bioactive 

glass and metallic titanium substrate was also studied using SEM/EDX. 

  

Results and Discussion 

The refined microstructure of cpTi was locally modified in the areas affected by the laser beam. Figure 1 shows the 

cross-section of the ultrafine-grained cpTi substrate after the laser cladding process. The cross-section of the cladded 

bioactive glass is presented in figure 2. Some pores of up to 200 µm diameter were found within. 

  

Conclusion 

The S520 bioactive glass was successfully cladded onto the ultrafine-grained cpTi substrate. The application of cpTi 

allows for exclusion of potential toxic elements from the human body and its refined microstructure allows to achieve 

strength properties similar to those of Ti6Al4V alloy. 
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Fig. 1 Ultrafine-grained cpTi microstructure 
Optical image showing cross-section of the 

ultrafine-grained cpTi after the laser cladding 

process. 

 

 

Fig. 2 Bioactive glass coating 
Optical image showing cross-section of the S520 

bioactive glass coating on the ultrafine-grained 

cpTi substrate. 
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Introduction 

Polyether ether ketone (PEEK) is an engineering thermoplastic which has emerged as a leading biomaterial for 

replacing metal implant components due to its outstanding physical properties. The drawback of PEEK however is 

its biologically inert chemical surface composition, which is unfavorable for protein and cell adhesion. Improving these 

bio-inert surface characteristics is therefore of great interest. Here, bio-functionalizing of the PEEK surface by 

applying electrospun protein nanofibers can be beneficial. Biocompatible and biodegradable electrospun collagen 

fibers can provide a supportive meshwork for the anchorage of cells, while mimicking the physical dimensions of the 

native extracellular matrix (ECM). The aim of this study is to modify medical grade PEEK materials by applying 

electrospun collagen nanofibers onto its surface, in order to enhance osseointegration in human bone tissue. 

  

Experimental Methods 

Preliminary experiments have shown the feasibility of depositing protein nanofibers on polymer surfaces using a 

laboratory electrospinning setup. The efficiency of the fiber deposition on material which is in direct contact with the 

collector electrode depends mainly on the electrical conductivity of the PEEK material. For unfilled PEEK material, 

fibers do not deposit directly on the PEEK surface, as it reflects the electrical field due to its highly electrically 

insulating properties. When enhancing the electrical properties by addition of carbon fibers, nanofiber deposition is 

increased. CFR-PEEK (Carbon Fiber Reinforced-PEEK) allows reproducible fiber deposition without being impaired 

by parameters such as relative humidity. For sample preparation, a large customized copper collector allowed fiber 

deposition on multiple PEEK samples simultaneously. 

  

Results and Discussion 

After successful nanofiber deposition, the collagen fibers were crosslinked using 1-ethyl-3-(3-dimethyl aminopropyl) 

carbodiimide (EDC) or formaldehyde (FA) to enhance the mechanical properties and increase the resistance against 

water. During dry crosslinking in FA vapor, the fiber fleece shrunk and peeled off from the CFR-PEEK surface. The 

same effect was observed for EDC-crosslinked fleece after being immersed in water. Analysis of SEM images of the 

nanofibers showed that the fiber diameter increased during the crosslinking process, leading to a decrease in fleece 

porosity which caused the fleece to shrink. For FA-crosslinked fibers, the diameter increased by only 8 %, while EDC-

crosslinked fibers swell during the wet crosslinking process and the fiber diameter increased by 215 %. With regard 

to the water stability, the FA-crosslinked fleece was not altered when it came in contact with water and retained a 

fibrous and porous morphology. EDC in contrast did not sufficiently crosslink the collagen fibers as the nonwoven 

lost its fibrous morphology when it came in contact with water. 

To improve the adhesive properties of collagen fibers deposited on the PEEK material, the CFR-PEEK discs were 

plasma-treated with oxygen and argon gases. Plasma-treatment affects the chemical surface composition of the 

PEEK polymer surface by introducing functional groups, which can be crosslinked with primary amines present in 

the collagen fibers. However, none of the crosslinking reagents effectively crosslinked the protein fleece with the 

PEEK surface. This method is limited to the small amounts of induced functional groups as well as spatial separation 
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between fibers and the PEEK surface. Alternatively, a combination method of electrospraying and electrospinning 

was developed to increase adhesion of the collagen fleece on the PEEK surface. Here, an intermediate layer of 

collagen droplets is created at the PEEK-fleece interface. These collagen droplets adhere well to the polymer surface 

due to an increase in surface contact area and the resulting increase in non-covalent bonds. Crosslinking using FA 

delivered better results as it prevented the fleece from peeling off the PEEK surface. 

  

Conclusion 

In order to optimize the osseointergrative properties of PEEK implants, a method of application of an adhesive and 

water stable electrospun collagen fiber coating to the polymer surface was successfully developed in this study. This 

represents the first step of bio mimicking the extracellular matrix on implant materials. 
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Introduction 

Protein-based biomaterials are nowadays of growing interest in the field of biomedicine and tissue engineering. On 

the one hand, the use of proteins as biomaterials is a promising method to support the reconstitution of the tissue 

structure and to improve the overall process of healing upon surgery or injuries. On the other hand, it also offers a 

multitude of prospects for tissue engineering, e.g. cultivation of personalized cell-loaded tissue prosthesis, 

development of artificial organs as well as the fabrication of bioabsorbable scaffolds for tissue regeneration. 

Therefore the fabrication of novel biocompatible materials is a need for current biomedical applications. In general, 

biomaterial scaffolds for those purposes are in the form of films, foils, hydrogel matrices or nonwoven meshes. Here 

we present an alternative approach of fiber-reinforced hydrogels that combines the mechanical stability of 

electrospun fiber meshes from medical plastics and the mimicking of a native extracellular surrounding by the 

hydrogel component based on the extracellular proteins collagen and elastin. This approach will be assessed by 

microstructural and mechanical means as well as biocompatibility testing in order to generate mechanically stable 

scaffolds for tissue engineering and tailor-made tissue prosthesis. 

  

Experimental Methods 

Fibrous materials were electrospun from polyamide, polylactic acid and polyglycolide. Mature elastin as a major 

component of the hydrogel compartment was isolated from porcine aorta and solubilized by partial hydrolysis. The 

fibrous materials were incorporated in a sponge-like matrix fabricated by lyophilization of hydrogels comprising 

collagen and solubilized elastin in an equal ratio. Subsequent cross-linking of the protein components were tested 

for further tuning the material properties. Microstructural analysis was done by scanning electron microscopy, 

biocompatibility was tested bycell culture experiments and mechanical properties were determined by tensile testing. 

  

Results and Discussion 

Electrospun fibrous materials were successfully incorporated into protein-based hydrogels. Mechanical stable 

scaffolds were obtained for all fibrous polymers used in this study. Additional cross-linking of the protein components 

was beneficial to the stability of the biomaterial.   

  

Conclusion 

The here presented methods and materials allow the fabrication of mechanical stable and tunable biomaterials for 

biomedical applications, in particular for cutting-edge tissue prosthesis and tissue engineering. 
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Introduction 

Three-dimensional collagen scaffolds offer wide-ranging potential for tissue repair and regeneration applications. 

However, continued research is required to optimise scaffold structure and mechanical properties. Monoculture 

provides a good model for tissue response in many cases, although for bone tissue engineering, a co-culture of both 

osteoblasts and endothelial cells is required simulating the necessary simultaneous bone cell growth, 

neovascularisation and angiogenesis [1]. Since interactions observed in mono-culture are cell-type specific, it is 

important to tailor scaffold characteristics to provide optimal conditions for cells in co-culture. Crosslinking (XL) 

influences both the scaffold stiffness and also the integrin binding sites available on the surface of the structure. An 

over-arching question is to understand the effects of cross-linking "degree" on cells in co-culture. EDC (1-ethyl-3-(3-

dimethylaminopropyl-carbodiimide hydrochloride)/NHS (N-hydroxysuccinimide) XL is used widely to optimise 

scaffold stiffness but, at high concentrations, has been found to be detrimental for cell binding [2]. This work describes 

a systematic study to gain insight into the cell-type specific response to scaffolds for bone tissue repair. Using 

samples with varying stiffness, a mono-culture study of both primary human osteoblasts (hOB) and human dermal 

microvascular endothelial cells (HDMEC) has been undertaken in order to inform subsequent work in a more complex 

co-culture system designed to assess angiogenesis for bone tissue engineering. 

  

Experimental Methods 

Collagen suspensions (0.5 and 1 wt.%) in 0.05 M acetic acid were air and freeze-dried to produce 2D films and 3D 

scaffolds, respectively. Both films and scaffolds were crosslinked with different EDC concentrations to obtain XL 

levels ranging from 0 to 100%, with a molar ratio of EDC:NHS:COO-=5:2:1 defined as 100%. The hOBs and HDMECs 

were seeded on both films and scaffolds. Cell proliferation and adhesion on 2D films were assessed via fluorescence 

microscopy using DAPI staining and through a colorimetric assay measuring lactate dehydrogenase, respectively. 

Cytotoxicity of films with different XL concentrations was examined using a fluorescence-based LIVE/DEAD assay. 

Furthermore, the metabolic activity of cells seeded on 3D scaffolds was measured in an absorbance reader using a 

PrestoBlue® viability assay. Cell proliferation on and migration into col. scaffolds were assessed via fluorescence 

microscopy using PicoGreen and nuclei and actin staining, respectively. Investigation of mechanical stability of the 

scaffolds was carried out with a compression test performed using hydrated scaffolds. 

  

Results and Discussion 

For both cell types similar proliferation trends on col. films were observed, showing no difference between the different 

XL conditions. It was also observed that carbodiimide XL has no toxic effect on both cell types as they were evenly 

distributed and elongated on the surface of the films. However, a discrepancy in cell adhesion on col. films between 

the two cell types was observed. While HDMECs kept almost 50% of their initial integrin-mediated cell attachment 

with XL levels up to a 100%, hOBs lost 50% of their initial specific binding at only 60% XL, which indicates that an 

increasing XL degree inhibits specific binding, particularly for hOBs. However, with regard to 3D scaffolds, a more 

substantial decrease in metabolic activity with increasing XL levels was observed for HDMECs as opposed to 
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hOBs (Figure 1). Lower metabolic activity of HDMECs seeded on 60 and 100% crosslinked scaffolds as opposed to 

hOBs was observed, indicating that especially HDMECs dislike stiffer substrates within a 3D environment. Overall, a 

higher metabolic activity was observed for both cell types on scaffolds with XL levels ranging from 10 to 30%. Both 

migration and proliferation assays confirmed the observed metabolic activity trend. Additionally, it was observed that 

non-crosslinked scaffolds shrunk more than 50% within the first 24 hrs, which is disadvantageous for tissue repair 

and regeneration. Compression testing showed enhanced mechanical stability of over 6 kPa for scaffolds with XL 

levels of 30%, which is required for appropriate tissue regeneration. 

  

Conclusion 

In conclusion, EDC/NHS crosslinking was found to influence, strongly, the cell response of both hOBs and HDMECs. 

While both cell types demonstrated a good response in soft environments with crosslinking levels ranging between 

10-30%, hOBs performed better in stiffer environment as compared with HDMECs. Collagen scaffolds with a 30% 

crosslinking level showed appropriate mechanical stability suitable for both hOBs and HDMECs. It is clear that both 

cell activity and binding behaviour of hOBs and HDMECs change with XL levels, but to different extents. It was 

concluded that scaffolds with 30% XL offered the best combination of mechanical stiffness and cell binding sites and 

that these will be taken forward for analysis in co-culture for bone tissue regeneration. 
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Introduction 

In last decades great attention was given to realisation of successful substitutes for bone tissue injury characterised 

by the lack of bone mass, an inflammatory reaction and blood vessels necrosis [1]. The promising field of regenerative 

medicine is working to repair damaged bone structure and functions controlling immune response and promoting 

vascolarised tissue restoration in the site of implant. Here, we discuss how bioactive chitosan 3D-based scaffolds 

can play a pivotal role in the inflammation and angiogenesis related to osteogenesis processes by using invitro 

models aimed to mimic bone fracture microenviroment. 

  

Experimental Methods 

Chitosan scaffolds by using two different approaches based on inorganic (i.e. hydroxyapatite nanoparticles) and 

organic compounds (i.e. BMP-2 mimicking peptide), were bioactivated respectively [2]. In order to evaluate 

antinflammatory and angiogenic properties related to osteogenic potential of the scaffolds, the expression of 

inflammatory mediators and pro-angiogenic markers was estimated. In detail, the modulation of cytokines (TGF-β 

and IL-6) which play a crucial role in osteogenesis was measured on a co-culture model consisting of osteoblasts 

and macrophages stimulated by lipopolysaccharide (LPS) for better mimicking damaged bone. Moreover, oxidative 

stress metabolites, interleukins and COX-2 expression related to osteogenic markers production were analyzed in 

order to understand the correlation between bone focal inflammation and bone regeneration. Additionally, in order to 

investigate the effect of scaffold on angiogenesis, CD31 (specific marker of angiogenesis) expression, cell adhesion, 

growth, proliferation, migration and tube formation by using endothelial cells (HUVEC) were detected. In the end, 

morphological cell analysis by SEM and confocal microscopy to study cell-material interaction effect from a qualitative 

point of view was performed. 

  

Results and Discussion 

The results on antinflammatory potential suggest that chitosan-based scaffolds bioactivated by using inorganic 

signals (hydroxyapatite nanoparticles) inhibit pro-inflammatory mediators production (IL-1β and IL-6), induce 

antinflammatory cytokine generation (IL-10) and reduce nitric monoxide metabolites (nitrites) on co-cultures 

stimulated by LPS. Conversely, scaffold bioactivated by using organic signals (BMP-2 mimicking peptide) were able 

to decrease pro-inflammatory markers without any effect on antinflammatory cytokines levels and on nitrites. 

However, these scaffolds are able to maintain high levels of TGF-β that, combined with BMP-2, promotes 

osteogenesis. The results on angiogenic properties of scaffold demonstrated that neat and bioactivated scaffolds are 

able to promote angiogenesis by increasing endothelial cell proliferation, migration and tube formation. In detail, 

scaffolds decorated with BMP-mimicking peptide seem to show better values in terms of tube formation, even without 

matrigel component. These latter scaffold determined also higher proliferation values than those induced by CS 
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biomineralised scaffolds. Finally, morphological investigations showed that all chitosan-based materials induced a 

good cell spreading. 

  

Conclusion 

Bioactive signals on the chitosan scaffolds surface allow a desirable effect on inflammation inhibition and angiogenic 

promotion. Indeed, the work encourages the research to use CS porous scaffolds as potential implant in the field of 

tissue engineering due to its good properties. Our results support the concept that CS biomaterials may be a source 

of substrates for developing multi-target devices able to regenerate damaged bone inflammation and stimulating 

neovascularisation of tissue-engineered constructs. 
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Introduction 

In order to obtained new materials with potential applications in bone tissue engineering this work describes the 

synthesis and in vitro bioactivity characterization of porous scaffolds from biphasic ceramic composition 

corresponding to the system Ca3 (PO4)2-Ca2SiO4 [1]. 

  

Experimental Methods 

Scaffolds were produced by polymer replication method. Polyurethane sponges with desired pore size and geometry 

were used as templates, which were impregnated with ceramic slurry. Templates covered were squeezed to remove 

slurry excess and were dried for 24h at room temperature. Finally, green structures were sintered by heat treatment. 

Bioactivity was estimated in vitro by different soaking times (1 to 21 days) in Kokubo´s simulated body fluid (SBF).The 

macro and microstructure of scaffolds and in vitro behavior were characterized by Mercury Porosimetry, X-Ray 

Diffraction (XRD), Scanning Electron Microscopy (SEM), Energy-Disperse X-Ray Spectroscopy (EDX), Fourier-

Transform Infrared Spectroscopy (FTIR) and Inductively Coupled Plasma (ICP-OES). 

  

Results and Discussion 

Biphasic calcium silicophosphates scaffolds with a high open porosity and interconnected structure of macro (140 

μm -1 mm) and micropores (2 μm –140 μm) were obtained. The interconnect structure of macropores is necessary 

for support bone remodeling process because it allows rapid vascularization, osteoblasts ingrowth and 

osteoconduction. Furthermore, micropores are essential for the interaction with cells and morphogenetic proteins. 

After different soaking times in SBF a globular phase grew gradually on the surface of scaffolds forming a bone-like 

apatite layer indicating in vitro bioactivity (Figure 1). Moreover, changes in the ionic concentrations of silicon, calcium 

and phosphorous in SBF suggesting that the scaffolds reacted dissolving silicocarnotite and forming hydroxyapatite 

by pseudomorphic transformation of the second phase. The presence of hydroxyapatite was confirmed by FTIR 

spectra of a milled sample and EDX analysis of a fresh fracture of scaffolds after 21 days of inmersion. 

  

Conclusion 

Bioactive porous scaffolds were produced from calcium silicophosphate ceramic using polymer sponge templates. 

Pore size distribution indicated a hierarchical structure similar to bone mineral phase and the scaffolds could form a 

tight chemical bond with living bone through a bone-like apatite layer. The overall results suggest that the scaffolds 

might be useful for future applications in bone tissue engineering. 
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Fig.1: SEM micrographs of struts: (A) before 

immersion in SBF and (B) after 7 days of 

immersion.  
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Introduction 

A new route of obtaining bioactive scaffold ceramic materials, which improve the ingrowth of new bone into implants 

(osseointegration), is presented. This involves obtaining eutectoid structures from selected system, bearing in mind 

the different behaviour of the phases. In this work the subsystem silicocarnotite - tricalcium phosphate [1] was chosen 

because silicocarnotite is bioactive and tricalcium phosphate is biodegradable. 

  

Experimental Methods 

The eutectoid ceramic scaffold material was obtained by solid-state reaction and slow cooling (12°C/min) through 

the eutectoid temperature region (1158±2°C). The porous ceramic scaffolds were produced using the polymer 

replication method. Polyurethane sponges with desired pore size and geometry were used as templates which were 

impregnated with ceramic slurry. The polyurethane sponge was squeezed to remove slurry excess following by a 

heat treatment for removing the polymeric sponge and give consistence to the ceramic one. The bioactivity of these 

scaffolds has been analyzed in vitro by doing immersions in simulated body fluid (SBF) according to the standard 

procedure introduced by Kokubo et al. [2]. 

  

Results and Discussion 

The results showed biphasic porous calcium silicophosphate scaffolds with high porosity and interconnected 

structure of macro and micropores. The morphology presents a eutectoid microstructure of lamellae type, composed 

of alternating layers of silicocarnotite and α-tricalcium phosphate. The eutectoid scaffold material, when soaked in 

SBF, reacts first by dissolving the silicocarnotite phase and immediately forming a microporous structure of 

hydroxycarbonate apatite (HCA) by a pseudomorphic transformation of the α-tricalcium phosphate lamellae. The 

microstructure obtained is similar to that of porous bone. Later, a dense HCA layer is formed by precipitation on the 

outer surface of the material (Figure 1). 

  

Conclusion 

Bioactivity of the scaffolds, in terms of HCA formation, was confirmed after 1 day of immersion in SBF, confirming 

the suitability of the new scaffolds for bone regeneration applications. 
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Figure 1.- SEM image of the surface of the 

scaffold after soaking for 7 days in SBF. 
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Introduction 

The Repair and reconstruction of large bone defects is one of the most critical clinical challenges in orthopedics. An 

ideal grafting material should have; a) Mechanical properties comparable to that of bone in order to sustain the load 

of the body; b) Exceptional osteogenic potential in order to promote new bone formation; c) Appropriate structure to 

allow the circulation of nutrients and the potential to trigger vascularisation. Until now researchers’ efforts have been 

focused on the development of the “perfect” biomaterial, targeting to achieve at least a combination of the 

aforementioned properties in a single component. Various types of materials, like synthetic and natural polymers, 

ceramics and metals have been extensively investigated and different combinations, structures and geometries have 

been proposed. Many of these works have been proved promising during in situ trials but after the translation in clinic, 

all of them presented various deficiencies leaving clinicians without a “golden route” for treating long bone 

defects.  This work aims to establish a completely new approach for the development and fabrication of bone 

scaffolds, based on the fundamentals of advanced manufacturing and personalised medicine. Instead of focusing on 

a single material, a combination of different technologies, materials and fabrication techniques will be used in order 

to design and develop a synthetic tissue that imitates the unique structure and functionalities of natural bone. The 

first step in our approach for the development of a multilayer scaffold is the fabrication of a biocompatible layer with 

the appropriate mechanical properties for load bearing applications. The aim of this work is to investigate the 

synthesis of Ti and Ti/calcium phosphate (CaP) composite scaffolds and to identify the appropriate sintering 

conditions in order to match the mechanical properties of natural bone (i.e. sintering temperature, extent of porosity, 

Ti/CaP ratio). The samples are characterised in terms of crystal structure, porosity and mechanical properties using 

XRD, SEM, micro-indentation, gas adsorption porosimetry and X-ray tomography. In a parallel investigation, stress 

analysis study is running right now in order to investigate the mechanical behaviour of the bone and proposed 

scaffold. 

  

Experimental Methods 

For preparing the Ti/CaP scaffolds, commercial pure titanium powder (-100 mesh, 99.7% purity, Sigma Aldrich® 

268496) was mixed in different ratios with brushite powder (CaHPO4·2H2O) and then pressed into pellets under a 

load of 7 tons using a 20 mm die. Three different temperatures have been used for sintering the pellets (i.e. 800, 

1000 and 1100 ˚C) while the sintering time kept constant at 5h. 

  

Results and Discussion 

XRD results revealed that most of the Ti was oxidized in the presence of O2 during sintering and converted into TiO2 

(figure 1). For the brushite containing samples it was found that the mineral has been transformed into β-

pyrophosphate. Micro indentation testing enabled us to investigate how the mechanical properties change due to the 

sintering temperatures and ratio of CaP since the initial hardness Hv of Ti, brushite is 740 Mpa, 340 Mpa respectively. 

Also getting simulated analysis instead of destructive tests is so important for the biomechanical disciplinary, thus a 

design for femur bone fracture is being studied because the femoral diaphysis fractures are among the most common 
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injuries required to treat [3]. By using ANSYS WORKBENCH software, a numerical study is running to investigate 

the stress analysis of the normal femur bone and compare with the stress distribution and the maximum deformation 

of the femur bone with the proposed scaffold (figure 2). 

  

Conclusion 

This work investigates new approach to fabricate bone scaffolds in order to use in clinical applications. Therefore, 

titanium forms the base of our structure to be able to heal load bearing defects. On the other hand, angiogenesis is 

a vital requirement for the formation of healthy tissue bone, thus the promising way to combine between these 

requirements is adding bioactive brushite. As well, the structure has to be porous in order to enhance the 

vascularization and ensure diffusion of nutrients to cells and diffusion of waste and toxins out of the scaffold. 
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Figure 2: CAD of damaged femur bone with the 

proposed multi-layered scaffold 

 

 

 

Figure 1: XRD pattern of the TiO2 scaffold 
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Introduction 

The synthesis of biologically active scaffolds is focused on the design of a cell-sensitive surface by applying cell 

adhesive proteins or bioceramic micro (nano) particles. The new strategy for controlling the biological properties is 

based on the modification by trace metals found in the living organism. Recently, the new approach focusing on the 

metallic ions that induce certain biological responses in the bone remodelling has emerged. Divalent metal ions such 

as Sr2+, Mg2+, Cu2+, Zn2+ etc. are essential for cell life during bone formation [1]. The aim of this work was to modulate 

the physical and biological properties of chitosan hydrogels by the addition of divalent metal ions at non-toxic 

concentration level. Chitosan is a biocompatible and biodegradable polymer which can be used as a scaffold in tissue 

engineering [2, 3]. Depending on the degree of deacetylation and molecular weight of polymer, hydrogels with specific 

structures can be produced by the addition of copper and zinc ions (Cu2+ and Zn2+). Zinc plays a critical role in 

synthesis of nucleic acids, inhibits osteoclast differentiation and exhibit anti-inflammatory and antibacterial effect [4]. 

On the other hand, copper is vital for normal functioning of human life through the interaction with enzymes [5]. Cu 

is known to be angiogenic agent increasing the expression of pro-angiogenic and growth factors such as VEGF or 

FGF-2 and stimulates the proliferation of endothelial cells [6]. As a potential method, the complexation can be used 

to prepare hydrogels of complex chitosan-metal ion with defined structure. 

  

Experimental Methods 

Prepared hydrogels were transformed into xerogels by the lyophilisation method and characterised by Fourier 

transform infrared spectroscopic analysis (FTIR) and qualitative X-ray diffraction analysis (XRD). The morphology 

and microstructure of the samples was imaged by scanning electron microscopy (SEM), while swelling capacity was 

determined at physiological conditions (pH = 7.4 at 37 °C). The cytotoxicity of metal ion-chitosan xerogels was 

evaluated by MTT test performed on human embryonic kidney cells (Hek293) during three days of culture.   

  

Results and Discussion 

Due to the strong affinity of metal ions towards amino groups of chitosan, defined and ordered structures of metal 

ion-chitosan hydrogels were obtained. The physical and biological properties of complex hydrogels varied in metal 

ion concentration-dependent manner. According to the cell culture with human embryonic kidney cells (Hek293), 

copper-chitosan systems exhibited higher cytotoxicity when increasing c(Cu2+) and more stable structure. On the 

contrary, zinc-chitosan complex hydrogels did show lower stability, but significantly higher biocompatibility with 

respect to the copper-containing hydrogels. 

  

Conclusion 
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Transition metal ions, Cu2+ and Zn2+, show good potential to be used in tailoring the hydrogels microstructure and 

biological response to the material. Depending on the metal ion type and concentration, structure of chitosan hydrogel 

is changed from randomly porous to well order tubular. Toxicity of copper-chitosan xergoels is limited by narrow 

range of concentration, while zinc-chitosan xerogels indicate positive influence of cell growth. However, the lack of 

extensive studies indicates the necessity for more detailed investigations on biological properties of transition metal 

ions. 
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Introduction 

Third generation biomaterials with excellent properties to apply in bone tissue engineering were created. This 

research aimed the processing, characterization and in vitro bioactivity of novel porous scaffolds from biphasic 

composition according to the subsystem 7CaOP2O52SiO2-2CaO.SiO2  

  

Experimental Methods 

Scaffolds, with nominal composition 31 wt.% TCP (Tricalcium Phosphate)-69 wt.% C2S (Dicalcium Silicate) were 

produced by polymer sponge replica method. Polyurethane sponge’s templates were impregnated with ceramic 

slurry, squeezed to remove the excess and dried for 1 day at room temperature. Finally, the 3D structures were 

sintered. Bioactivity was examined at different time periods (3 h to 21 days) immersing the scaffolds in Kokubo´s 

simulated body fluid (SBF). The scaffold before and after SBF soaking was characterized by SEM, DRX, FTIR, Hg 

porosimetry and ICP-OES. 

  

Results and Discussion 

3D scaffolds with high open porosity and interconnected porous network composed by macro (200 µm-600 µm) and 

micropores (<1 µm -200 µm) were obtained. Pores bigger than 100µm improve bone formation because of cell 

migration, osteoblast proliferation and new vascular tissue formation. Microporosity may enhance ionic exchange 

with body fluids, improving scaffold bioactivity Ceramic surfaces were fully covered by globular HA- layer after soaking 

at 21 days, keeping the pores morphology without occluding them (Fig. 1). The Si-Ca-P ions concentration changes 

in SBF suggested that C2S phase was partially dissolving, meanwhile TCP phase was transformed 

pseudomorphically into HA. Besides, at 21 days, the 3D structure did not bear up the HA formed in its surface, 

detaching it from the structure. On this way, Ca and P ions concentrations increased at the end of the assay. A FTIR 

of the upper and middle part of the 21 days’ sample confirmed the presence of HA in both samples areas showing 

an ionic exchange between the sample and the SBF, resulting in a total material transformation into HA. 

  

Conclusion 

A biphasic 3D porous ceramic scaffolds were produced. The scaffold pores disposition and size revealed similar 

macrostructure to the trabecular bone phase, allowing the scaffold may replace different bone areas. Besides, In-

vitro test, revealed fast (6 h) and strong bioactivity, showing at the end of the assay, fully material transformation into 

HA. The general results suggest the scaffolds could be useful for future applications in bone tissue engineering. 
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 Fig. 1. SEM micrographs of 21 days’ sample 

showing HA at (A) low and (B) high 

magnification. 
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Introduction 

Decellularization is a rather new technique, which aims to maintain ECM and its components without affecting its 

composition while removing all cellular components1. The first initiatives are sure performed with animal tissues, 

there are few initiatives to use the benefits of plant tissues2. Here, we propose to use succulents.  Succulents are 

drought-resistant plants that can store water in their stem or leaves. This water storing ability to transform the inner 

body to a gel-like structure. In this study, succulents were decellularized by a cocktail containing well-known 

detergents. Decellularization efficacy was performed by DNA quantification and hemocompatibility was assessed by 

basic hemolysis study. Collagen blend scaffolds were prepared via the well-known preparation technique. 

  

Experimental Methods 

Succulents were decellularized by day by day process with a decellularization cocktail comprising of 1% Triton X-

100. Later on, leaves were washed several times with distilled water (for 30 min), PBS (1h) and distilled water (30 

min) and PBS (1h) again in gentle agitation (100rpm 37°C) and this cycle was repeated 3 times. Samples were then 

stored in -80°C and lyophilized for 2 days and ground prior to use. 

Hybrid scaffolds were fabricated with a combination of decellularized succulent plant flakes and collagen (from rat 

tail 2% (w/v) solution in acetic acid) with a ratio of 1:5 (w/w). Gels were molded in plastic wells and samples were 

stored at -80°C prior to lyophilization. All frozen samples were then lyophilized for 48h (Figure 1). Cross-linking were 

achieved by NHS/EDC (50mM/25mM) in an ethanol bath. 

  

Results and Discussion 

Sufficient decellularization efficacy was achieved, and determined via DNA content and protein content analysis with 

respect to control (native leaves). Furthermore, hemolysis and MTT results depicted that scaffolds in their final form 

have good bio and hem compatible property. These hybrid scaffolds have proper pore formation which is well enough 

for cellular applications and SEM results show better cell attachment. Structurally, these scaffolds showed the better 

swelling property. 

  

Conclusion 

By blending the succulent flakes into collagen, the scaffolds in their final form, not only maintain their hemo and bio-

compatible characteristics but also gain more swellable property which we believe, these blend scaffolds can be a 

good candidate for hard tissue engineering especially for cartilage. 
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Figure 1 
Schematic diagram for constructing hybrid 

scaffolds 
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Introduction 

The efficient regeneration of a bone tissue assisted by the presence of a scaffold is dependent on the scaffold design 

and the processing method used. Regarding the design, medicated bone scaffolds can accelerate the bone tissue 

formation by providing a suitable 3D-porous structure and bioactive agents that promote cell colonization and 

differentiation towards the osteogenic lineage. For these scaffolds, solvent-free processing technologies operating 

at mild temperatures are preferred to have high loading yields of the bioactive agents. 

Supercritical foaming is a solvent-free scaffold processing method that exploits the plasticizing effect of compressed 

CO2 on certain polymers (e.g., polyesters) to form a porous structure1. Using this technique, scaffolds usually have 

high macroporosity but low pore interconnectivity that hampers the penetration and growth of cells and the transport 

of wastes. 

Aerogels are solid and open porous networks obtained from wet gels after the removal of the solvent without 

significant structure compaction and endowed with high specific surface area. Namely, the extracellular matrix-

mimicking nanostructure of aerogels along with the biological implications of certain polysaccharide and protein 

aerogel sources to promote the attachment, growth and colonization of cells are especially attractive for biomedical 

purposes2. 

In this work, the effect of the incorporation of protein (silk fibroin from Bombyx mori, SF) and polysaccharide (corn 

starch) aerogels o scaffolds of poly(ε-caprolactone) (PCL, 50 kDa) with dexamethasone-21-phosphate (DX, 

osteogenic agent) was evaluated. The morphological performance of the scaffolds was tested regarding pore 

interconnectivity, cell infiltration capacity and water permeability from mercury intrusion porosimetry (MIP) 

measurements. Finally, in vivo bone regenerative performance of the scaffolds was assessed in critical-size calvarial 

defects (diameter: 8 mm) in a Sprague-Dawley rat model. 

  

Experimental Methods 

Aerogel production is a multi-step process comprising at least a gelation step and a drying step (Fig. 1a). SF and 

starch gels were obtained from emulsions (8 wt. % of SF and 15wt. % of starch aqueous solutions, respectively, and 

Span 80 as emulsifier) using ultrasonication- and thermal- (121ºC, 20 min) assisted gelation, respectively. Then, SF 

and starch aerogel particles (SA and StA, respectively) were obtained by supercritical drying with compressed CO2 

(40ºC, 120 bar, 6 g/min)3,4. 
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Scaffolds containing PCL and StA (PCL-StA, 90:10 weight ratio), SA (PCL-SA, 90:10) or SA+DX (PCL-SA-DX, 

85:10:5) were processed using the supercritical foaming process (37ºC, 140 bar, 1 h) followed by a depressurization 

at a venting rate of 1.8 g CO2/min. 

  

Results and Discussion 

The preparation of dry powder in the form of SF and starch aerogels was herein developed to provide a 

nanostructured, highly porous and bio-based material to be incorporated as a morphological modifier in the 

formulation of the scaffolds (Fig. 1). The particle size (300-600 nm) of the aerogels and the presence of emulsifier 

(Span 80) in the external surface are especially suitable to favor PCL-aerogel interaction for the preparation of 

scaffolds. 

PCL-based scaffolds containing aerogels had 60-70% porosity, macropores in the 100-300 µm range (Fig. 2) and 

incorporation yields of DX close to 100%. High pore interconnectivities (84-94 %), mesenchymal stem cell infiltration 

capacities (87-93%) and water permeabilities (3-12·10-12 m2) were obtained for the three scaffolds. Hence, scaffolds 

had a suitable porous network to facilitate biological tissue growth and transport of fluids. 

In vivo tests unveiled the compatibility of the aerogel-containing scaffolds with the bone tissue with no signs of 

inflammation or rejection. The relevance of the presence of the bioactive agent (dexamethasone) in the PCL-SA-DX 

scaffolds was unveiled by the presence of many ossification foci and their confluence to form new bone (repair 

percentage of 39% at 14 weeks post-implantation). This newly formed bone had a compact appearance, which is 

characteristic of mature bone. 

  

Conclusion 

Supercritical foaming is a solvent-free technique for the preparation of nanostructured scaffolds with osteogenic 

activity. The presence of submicron-sized aerogel particles in the scaffolds resulted in improved physicochemical 

properties for cell colonization and transport of biological fluids. In vivo results showed that the medicated scaffolds 

accelerated the bone repair response. 

  

References 
1V. Santos-Rosales et al., Molecules.2019, 24, 871. 
2A. Salerno et al., Biofabrication2017, 9, 035002. 
3L. Goimil et al., J. CO2 Utiliz.2017, 18, 237. 
4L. Goimil et al., J. CO2 Utiliz.2019, 31, 51. 

  

Acknowledgement 

Work carried out in the frame of the COST-Action "Advanced Engineering of aeroGels for Environment and Life 

Sciences" (AERoGELS, ref. CA18125) funded by the European Commission. Work also supported by Xunta de 

Galicia [ED431F 2016/010 & ED431C 2016/008], MINECO [SAF2017-83118-R], Agencia Estatal Investigación [AEI] 

and FEDER funds. C.A.G.-G. acknowledges to MINECO for a Ramón y Cajal Fellowship [RYC2014-15239]. 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1043 of 1893 

 

Morphological and biological evaluation of 

supercritically-foamed synthetic bone scaffolds 
Figure 2. Characterization of supercritically-

foamed synthetic scaffolds composed of PCL, SF 

aerogels and with (PCL-SA-DX, bottom) and 

without (PCL-SA, top) DX by SEM imaging (left) 

and in vivo experiments in murine model 14 weeks 

after implantation (right). Notation: 

CTc=connective tissue capsule; DA= defect area; 

NB=new bone; OF=ossification foci; M=rest of 

material. Scale bars: 200 µm (left), 1.4 mm 

(right). 

 

 

Preparation of aerogel particles 
Preparation of aerogel particles: (a) Processing 

by (1) emulsion-gelation followed by (2) solvent 

exchange to ethanol and (3) supercritical CO2-

assisted drying. Using this approach, 

submicrometric (b) silk fibroin (SA, particle 

size of ca. 300 nm, BET-surface area of 400 

m2/g) and (c) corn starch (StA; particle size of 

ca. 600 nm, BET-surface area of 100 m2/g) 

aerogel particles were obtained. 
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Introduction 
Hydrogels are well suited for the three-dimensional cultivation of cells. Due to their high water content and their cell 

adhesion motifs, they offer a favorable biological environment. Moreover, the structure of hydrogels resembles the 

extracellular matrix structure of many native human tissues. Therefore, hydrogels are often used in tissue engineering 

applications. However, hydrogels lack mechanical strength and form stability which is a disadvantage in tissue 

engineering, especially in load bearing areas. To overcome this shortcoming, hydrogels can be reinforced with fibers. 

Warp knitted spacer fabrics are particularly suitable as reinforcement structure. Spacer fabrics consist of two surface 

areas which are connected by a perpendicular pile yarn. The mechanical properties, as well as the pore size and 

porosity of spacer fabrics, are well adjustable. Moreover, warp knitted spacer fabrics can easily be filled with a cell-

laden hydrogel. 

  

Experimental Methods 

The aim of this study was the mechanical and biological evaluation of a warp knitted spacer fabric as reinforcement 

structure of a cell-laden hydrogel for different tissue engineering applications. The surfaces of the spacer fabric were 

warp knitted with a polycaprolactone (PCL) multifilament while a PCL monofilament was used as pile yarn. PCL 

degrades over a time period of up to several years without acidic byproducts. Mechanical properties such as tensile 

strength and elasticity as well as pore size and porosity matching those of selected natural human tissue were 

targeted. The scaffolds were filled with collagen and agarose hydrogel. Biaxial and uniaxial tensile testing, as well as 

compression testing, was performed to evaluate adhesion between hydrogels and fibers, tensile and compressive 

modulus, and strength of the composite. To evaluate the biocompatibility of the developed composite, the spacer 

fabrics were filled with a cell-laden hydrogel. Survival, morphology, and distribution of the cells were examined. 

  

Results and Discussion 

The mechanical, as well as the biological evaluation of the composite scaffolds, promise a broad range of application 

of the scaffolds in tissue engineering. The mechanical properties, as well as the pore size and porosity, could be 

adapted to the mechanical properties of the respective musculoskeletal tissue. The biological evaluation revealed 

that the increase in mechanical properties did not go to the expense of the good biological environment of the 

hydrogels. 

  

Conclusion 

The developed hybrid scaffold offers huge potential for versatile tissue engineering applications in the future. Its 

mechanical properties, such as tensile as well as compressive modulus and strength, can be modulated easily to 

mimic the mechanics of bone, cartilage and muscle tissue. At the same time, the infiltrated cell-laden hydrogels offer 

optimal conditions for tissue ingrowth in prospective implants. 
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Introduction 

Mimicking the natural structure of 3D-tissues is an essential step to enhance the quality of cell culturing in vitro. 3D 

scaffolds with a porous structure or a membrane-like shape are available by many suppliers. However, those cell 

matrices are limited in dimensions, functionality and complexity and made of different material compositions. The 

aim of the project is the production of 3D scaffolds with different tissue architectures including pores, barriers and 

channels by using insoluble collagen as biomaterial. 

  

Experimental Methods 

The scaffolds structures were obtained from porcine collagen dispersions. The skins were decellularized using 

different cleaning steps to eliminate foreign proteins and to reduce the DNA content to < 50 ng/mg dry mass. The 

clean skins were chopped with a mincer into a granule, swollen in hydrochloric acid solution and dispersed into a 

homogeneous slurry in a dispersion plant. This slurry was used to produce different collagen structures including 

membranes, channels and porous scaffolds. 

The multiple structures of the scaffolds were realized by combining different drying techniques, like lyophilization and 

convective drying, and extrusion processes. The pores were generated by lyophilization using a dry mass content 

between 1-3 %. Changing the pH of the slurry before freeze drying resulted in a closed surface on top of the scaffold 

serving as a barrier or outer layer for epithelial cell adhesion. For this one-step process the pH of the slurry was 

increased to 5.5 and filled in multi-well plates. After a short settling time the slurry was lyophilized with a defined 

freeze and dry regime. Separate membranes were prepared by convection drying of the slurry in a petri dish. The 

hollow fibers were made by extrusion of a highly concentrated slurry (> 4 %) using a special nozzle. The strand was 

extruded directly into a solvent bath to drain the fibers. To integrate the hollow fibers into the scaffolds, dry strands 

were surrounded with collagen slurry and lyophilized. All materials were cross-linked, dried and sterilized. 

  

Results and Discussion 

The pore structure is mainly influenced by the dry mass content and the pH of the collagen slurry. Additionally, the 

lyophilization regime forms the pores. Deep and static temperatures (<-30°C) result in very small pores, which are 

not usable for cell culturing. Freezing of the slurry with a gradient of 1K/min from 20 °C down to -30°C led to pore 

sizes about ~150 µm and an open pored scaffold promoting cell migration and supply of nutrients. The closed top 

layer of the scaffold showed a relatively smooth surface and enabled the growth of endothelial cells. Further cell 

culture experiments confirmed the suitability of the multi-structural scaffold. Using a self-made scaffold support (see 

picture 1), it was possible to perfuse the integrated hollow fibers with culture media. For this purpose, the support 

(mark 1) contains perfusion ports (mark 2) and channels equipped with a syringe for cell inoculation (mark 4). The 

same port (mark 3) was used for the perfusion of the culture media. In co-culture experiments it could be shown that 

two different cell types are able to grow within a multi-structural scaffold containing channels, a porous matrix and a 
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closed top layer. The size of the scaffolds was 10 x 10 x 5 mm. Moreover, the scaffolds were used to mimic the 

natural architecture of the heart wall and to cultivate cardiomyocytes for several days. 

  

Conclusion 

Offering specific tissue structures is a promising tool to improve 3D co-culturing approaches. The methods of 

production, combined in this project, can be used to generate more complex medical products like cardio patches or 

perfused tissues. 
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Picture 1 
Topview of the perfusable scaffold support 

system (1- support, 2- scaffold, 3- port for 

perfusion, 4- needle) 
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Introduction 

Endochondral ossification (EO) is the process by which bone is formed during foetal development and childhood 

growth, while it does not take place in adult bone anymore. Previous studies1 proved that collagen-I-based guides 

with highly orientated pores induced EO in a rat osteotomy model, indicating biomaterial architecture as a key 

parameter in the development of treatment strategies for large bone defects. However, direct clinical translation is 

impeded by the low stiffness of collagen under compression, which leads to loss of pore orientation and interruption 

of the EO-based healing process. Here, we included a 3D-printed polymeric support structure into the collagen guides 

to generate a hybrid scaffold with load bearing capabilities at tissue-level and favourable biological properties at cell-

level. 

  

Experimental Methods 

The support structure was designed to feature a small strut diameter of 500 µm and a high porosity (> 75%) not to 

hinder the bone regeneration process. Support structures were produced by selective laser sintering from polyamide 

12 (PA, commercial supplier). After immersing the support structures into a collagen dispersion, directional freezing 

and freeze-drying were applied to pattern the collagen into a highly aligned guiding structure (in cooperation with 

Matricel GmbH, Germany). Pore morphology and the connection between collagen guide and PA support were 

visualized by second harmonic imaging (SHI) and scanning electron microscopy (SEM). Mechanical compression 

tests were performed on support structures, collagen guides and hybrid scaffolds. Moreover, cell recruitment and 

organization was compared between collagen guides and hybrid scaffolds by in vitro cell culture, 

immunofluorescence and confocal microscopy. 

  

Results and Discussion 

Both SHI and SEM images revealed no impairment of the aligned, channel-like pore architecture of the collagen 

guide when incorporating the support structure. This result held true also when varying the collagen content between 

0.5 and 1.5 wt-%, thereby allowing a greater versatility in choosing the collagen content-dependent properties of the 

cell-material interface, such as stiffness. A physical interaction between collagen fibres and the rough surface of the 

sintered support structure indicated a good connection between the two materials. By integrating the support 

structure, the elastic modulus was considerably increased from 8.8 ± 1.2 kPa to 9.3 ± 1.0 MPa of pure collagen 

guides and hybrid scaffolds, respectively. The collagen content had no effect on the elastic modulus of the hybrid 

scaffolds, indicating that the local mechanical stiffness at the cell-level (controlled by collagen content) can be tuned 

independently from the stiffness at tissue-level (controlled by the support structure). While cell migration into and 

extracellular matrix formation inside hybrid scaffolds and pure collagen guides were comparable, the impairment of 
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pore orientation due to cell-force induced deformations and shrinkage was strongly reduced in hybrid scaffolds after 

14 days of cell culture. 

  

Conclusion 

Future work will focus on the development of hybrid scaffolds with a degradable polymeric support structure, to obtain 

a fully-resorbable device for the treatment of large bone defects. Moreover, the in vivo behaviour of hybrid scaffolds 

will be investigated. 
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Introduction 

Bone loss can occur as a result of various pathologies, traumas and injuries, and poor bone healing leads to 

functionally debilitating condition, loss of self-sufficiency, and deterioration in life quality. Given the increasing 

incidence of facial trauma and the emergence of new procedural techniques, advanced scaffolds are currently 

developed as substitutes for bone tissue engineering. 

  

Experimental Methods 

The present work aims at providing evidences that PCLU scaffolds are suitable biomaterials for supporting both in 

vitro and in vivo bone regeneration. For this purpose, in vitro studies were carried out to prove the potential of PCLU 

scaffolds to be colonized by various cells using direct static or dynamic seeding, as well as from outside to inside cell 

migration; to act as three-dimensional frameworks for cell proliferation; and to allow osteogenic differentiation of 

hMSC. At last, the in vivo osteogenic properties of PCLU scaffolds were also assessed in a rat femoral bone defect 

model, providing a standardized environment for studies of induction and remodeling of new bone. 

  

Results and Discussion 

In vitro assays demonstrated that PCLU scaffolds could be colonized by cells through direct cell seeding and cell 

migration from outside to scaffold inside. Moreover, PCLU scaffolds could provide a suitable environment for stem 

cells proliferation in a 3D spatial arrangement, and allowed osteogenic differentiation under appropriate induction. In 

vivo results revealed the osteogenic properties of PCLU scaffolds through a drilled-hole femoral bone defect repair 

improvement in rats. Using histology and microtomography analysis, we showed that PCLU scaffolds fit well the bone 

cavity and were eventually entrapped between the newly formed trabeculae. Finally, no sign of inflammation or 

rejection were noticed. 

  

Conclusion 

We developed a chemically cross-linked ε-caprolactone-based poly(ester-urethane-urea) (PCLU) scaffold with a 

multi-scale and interconnected porosity by a simple and controlled manufacturing process using an emulsion 

technique. In vitro experiments allowed concluding that PCLU scaffolds seemed to possess required osteoconductive 

properties for osteoprogenitor cell colonization and their further cell differentiation into mature osteoblasts. Thus, 

PCLU scaffolds seemed to act as three-dimensional frameworks to guide tissue formation.  In vivo experiments 

demonstrated the biocompatibility and the osteoconductive and osteoinductive properties of PCLU scaffolds resulting 

in a better bone reconstruction probably by the recruitment of osteoblastic progenitor cells, then their proliferation 
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and finally their differentiation into mature osteoblasts. The bioactivity of PCLU scaffolds may be related to its 

structure, with micropores allowing fluid circulation, leading to degradation of the biomaterial, and macropores acting 

as a scaffold for bone cells, thus allowing bone growth. The scaffold in vitro stability and in vivo degradation during 

the 30 days study were sufficient for the tissue regeneration. We envision that PCLU scaffolds can provide the 

clinicians with a substitute having appropriate characteristics for the treatment of bone defects. 
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Introduction 

A new type of ceramic scaffold has been designed and obtained within the sub-system dicalcium silicate (Ca2SiO4) 

- Nurse´A phase (7CaOP2O52SiO2). The selected composition was that corresponding to the eutectoid point 69 wt 

% dicalcium silicate-31 wt % tricalcium phosphtate [1]. The work examines the microstructure and in-vitro 

biocompatibility of ceramic scaffolds. 

  

Experimental Methods 

Polyurethane sponges with desired pore size and geometry were used as templates, which were impregnated via 

ceramic slurry, squeezed to remove the excess and dried for 1 day at room temperature. Sintering behavior, phase 

evolution and microstructural changes were analyzed by XRD, SEM-EDX, FTIR, and Hg porosimetry techniques. 

After physical characterization of the bioceramics, biocompatibility tests were carried out using adult human 

mesenchymal stem cells (ah-MSCs). Alamar Blue assay and FESEM images were performed in order to study the 

adhesion, morphology and proliferation of ah-MSCs. 

  

Results and Discussion 

The results of the scaffold obtained showed a biphasic calcium silicophosphate with a high porosity (95%) and an 

interconnected structure of macro (40% within 150-1µm) and micropores (5% within 250-4 nm). The morphology 

presents an irregular eutectoid microstructure of lamellae type composed of alternate layers of Nurse´A phase and 

dicalcium silicate. 

Ah-MSCs tests showed an increased in metabolic activity gradually, as well as an adequate morphology over the 

surface of the bioceramic. Cells covered the complete bioceramic surface heterogeneously, individually or in small 

groups, showing its characteristic cytoplasmic extensions (filopodia), in order to increase their adhesion. 

  

Conclusion 

By using the subsystem 7CaOP2O52SiO2-2CaO.SiO2, a biphasic 3D porous ceramic scaffold with chemical 

composition 31 wt.% TCP-69 wt.% C2S, and particular topography, which resemble the lamellar structure of the 

eutectoid composition (Fig 1 A), was created. In addition, cell in vitro tests showed a good biocompatibility of these 

bioceramics. For this reason, they could be considered useful and adequate scaffolds in regenerative medicine, 

although more in vitro experiments will be necessary to complete this study.  
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Fig. 1 SEM micrographs of (A) the scaffolds 

microstructure, and (B) ah-MSCs over the surface  
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Introduction 

Olea europaea is a plant known its high antioxidant capacity and responsible of many health benefits (e.g reduction 

of hypertension, prevention of cardiovascular problems, and suppression of different types of cancer and viral 

diseases) [1]. Poly (3-HydroxyButyrate-co-3-HydroxyValerate) (PHBHV) is natural polyester produced from 

renewable sources by a great variety of microorganisms. PHBHV is, in fact, a copolymer of the highly popular 

poly(hydroxybutyrate) which is largely tested as implantable biomaterial in medical studies and display excellent 

biocompatibility and biodegradation properties [2]. The purpose of this study was to prepare PHBHV fibers containing 

Olive Leaf Extract (OLE) using electrospinning method for the development of a novel scaffolds with healing and 

tissue regeneration capacity. 

  

Experimental Methods 

The characterization of OLE was performed by HPLC with a System Gold Solvent Delivery module (Pumps) 125, 

System Gold UV/VIS Detector 166, Detector set to 278 nm. The determination of total polyphenols (TP) was 

performed by Folin and Ciocalteau method (Ainsworth et al., 2007). PHBHV (Sigma-Aldrich code: 403121), was 

dissolved in a dichloromethane/methanol (10:1 w/w) mixture and OLE (3 wt %) was added to the solution and the 

solution was electrospun into fibers using a voltage of 30 kV, flow rate of 1 ml/min and humidity of 58% (Linari s.r.l., 

Pisa, Italy). Morphological properties of electrospun fibers were investigated using Scanning Electron Microscope 

(SEM). Human Caucasian Foreskin Fetal Fibroblasts (HFFF2) were cultured in Dulbecco’s Modified Eagle’s Medium 

(DMEM), Fetal Bovine Serum 10% (FBS), 2mM L-glutamine, 100 IU/ml penicillin, 100µg/ml streptomycin. The 

metabolic activity of the cells grown on the scaffolds was measured after 72 h using the AlamarBlue® test following 

the manufacturer’s instructions. The t-test was performed for statistic analysis. 

  

Results and Discussion 

The TP content obtained was ranging in 14.99-27.83 mg Gallic Acid Equivalent (GAE)/g due to seasonal differences. 

The analysis showed that major polyphenol component in OLE is Oleuropein, namely, 2.5 % w/w of OLE. SEM results 

showed that electrospun fibers have cylindrical symmetry and smooth surface (Figure 1 (a,b)). The presence of OLE 

inside the fiber did not significantly change the fiber diameter while led to the formation of a few beads in the 

PHBHV/OLE scaffold. Biological characterization showed that metabolic activity was (58.81% ± 1.68 %) for 

fibroblasts cultured on PHBHV scaffold, and (56.81% ±0.80%) for fibroblasts cultured on PHBHV/OLE scaffold, with 

no significant difference (p = n.s.) (Figure 2). 

  

Conclusion 

The results demonstrated the potential of the PHBHV/OLE scaffolds in healing and tissue regeneration. 
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Figure 1. 
SEM images of a) PHBHV and b) PHBHV /OLE 

scaffolds 

 

 

Figure 2.  
a) AlamarBlue cell viability. Merge 

immunofluorescence images of  HFFF2 Cells 

cultured on b) PHBHV scaffold and c) PHBHV /OLE 

scaffold. 
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Introduction 

Gelatin is widely studied in tissue engineering, regenerative medicine and drug delivery field mainly because of its 

excellent biocompatibility and accessibility. However, in order to improve mechanical stability of gelatin in aqueous 

environment, an additional crosslinking step is necessary. The conventional approaches for the crosslinking of gelatin 

often rely on various ways of chemical crosslinking which could leave toxic traces in the biomaterial or interfere with 

the cell adhesion cues on the peptide sequences. Here in, we employ electrospinning technique to fabricate fibrous 

gelatin scaffolds that are crosslinked with six-arm star-shaped poly(ethylene oxide-stat-propylene oxide) with NCO 

terminal groups (NCO-sP(EO-stat-PO)). The versatility of NCO-sP(EO-stat-PO was previously shown in studies such 

as specific bioactivation of synthetic bio-inert polymers[1] and crosslinking of hyaluronic acid[2].  Various ratios of 

NCO-sP(EO-stat-PO)/gelatin solution were prepared and their electrospinability were tested. The scaffolds were 

further characterized for e.g. mechanical endurance and stability in the aqueous conditions. The biocompatibility of 

the scaffolds was validated with in vitro cell studies by culturing Raw 264.7 cells. 

  

Experimental Methods 

Varying amount gelatin and NCO-sP(EO-stat-PO) were dissolved in 1,1,1,3,3,3-Hexafluoro-2-propanol (HFIP) and 

tetrahydrofuran, respectively and the two solutions were mixed to obtain homogenous spinning solutions. Thereon, 

fibrous NCO-sP(EO-stat-PO)/gelatin meshes were prepared by electrospinning. Electrospinability and the 

morphology of the fibers were visualized with SEM. Fibrous morphology of the scaffolds were also visualized after 

incubation with PBS. Weight loss and FTIR analysis complemented the SEM images for the analysis of the water 

stability of the scaffolds. Contact angle measurements highlighted the hydrophilicity changes on the scaffolds. 

Uniaxial tensile tests were applied on the scaffolds to observe mechanical features. For the biocompatibility assays, 

Raw 264.7 cells were cultured on the scaffolds. Briefly WST-8 and Pico green assays were used to analyze cell 

viability, activity and proliferation behavior. 

  

Results and Discussion 

Electrospinning of gelatin solution, prepared in HFIP can be directly spun into fibrous meshes. Electrospinning of 

NCO-sP(EO-stat-PO)/gelatin (weight ratios ranging from 3:2 to 1:10) blend also resulted in fibrous morphology with 

only the minor changes in fiber diameters. With increasing NCO-sP(EO-stat-PO) content, the hydrophilicity and the 

tensile strength of the scaffolds increased. After the incubation in PBS for 3 days, the scaffolds with high amount of 

NCO-sP(EO-stat-PO) preserved the fibrous morphology better then low NCO-sP(EO-stat-PO) containing scaffolds. 

This behavior was also supported with weight loss studies, indicating a higher weight loss with decreasing amount 

of NCO-sP(EO-stat-PO). FTIR studies suggested that weight loss could be mainly due to the washing away of the 

gelatin rather than NCO-sP(EO-stat-PO). On the other hand, regardless of the NCO-sP(EO-stat-PO)/gelatin ratio, 

the scaffolds were found biocompatible, evidenced by increasing DNA content and high metabolic activity of Raw 
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264.7 throughout the 7 days of culture. SEM images of the scaffolds further demonstrated that during the course of 

cell culture, the fibrous morphology of the scaffolds was preserved and the scaffolds supported the natural cell 

morphology, spreading and proliferation.(Fig. 1) 

  

Conclusion 

Here, we demonstrated the facile use of NCO-sP(EO-stat-PO as a crosslinker for gelatin. It was found that the stability 

of fibrous scaffolds were dependent on the amount of NCO-sP(EO-stat-PO which, regardless of the ratio, supported 

the cell adhesion and proliferation. Further studies on the use of gelatin/NCO-sP(EO-stat-PO fibers as a 

dexamethasone releasing scaffold for the immunomodulatory applications are ongoing. 
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Figure 1 
SEM images of NCO-sP(EO-stat-PO/gelatin 

scaffolds with varying blending ratios as 3:2, 

1:1 and 1:3 before and after 3 days PBS 

incubation and 3 days of in vitro cell culture 

studies with Raw 264.7 cells. 
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Introduction 

A large percentage of the population suffers from the consequences of joint cartilage defects. Because of the poor 

self-healing capacity of articular cartilage, new strategies to boost cartilage regeneration through biocompatible 

implantable constructs are needed. In order to fabricate a biomimetic graft that represents both the complex 

composition and biomechanical properties of native cartilage, a suitable biomaterial is needed. For this, cartilage-

derived extracellular matrix (ECM) may be a promising candidate. Due to its natural origin, donor-derived cartilage 

matrix already contains many proteins and other molecules such as type II collagen and proteoglycans, which are 

both important for the mechanical strength of articular cartilage. 

To use cartilage ECM for implantable constructs, the risk for an uncontrolled host immune response can be minimized 

by removing cellular content from the cartilage tissue. In this study, four decellularization methods are compared, in 

order to find a method that can effectively remove cellular content from articular cartilage tissue. Decellularized 

cartilage ECM (dECM) was characterized by defining its DNA levels, and assessing the content of sulphated 

glycosaminoglycan (sGAG), type II collagen, and lipid (types). 

  

Experimental Methods 

Articular cartilage derived from the stifle joints of 4 equine donors was treated with decellularization methods A, B, C 

or D (only one donor was used for method D). In method A, freeze-dried cartilage particles were treated with 

trypsin/EDTA, DNase and RNase, and Triton (Benders et al., 2014). In method B, first small cartilage slices went 

through six freeze-thaw cycles while being exposed to an osmotic shock. They were then similarly treated with trypsin 

(no EDTA), DNase and RNase, and Triton (Pati et al., 2014). Method C consisted solely of incubation in peracetic 

acid and freeze-drying (Huleihel et al., 2016), and method D consisted of supercritical CO2 treatment (You et al., 

2018). After decellularization, the DNA content in the cartilage samples were measured by using the quantitative 

assay PicoGreen®. Successful decellularization was considered a DNA concentration lower than 50 ng per mg dry 

weight cartilage. Collagen and sGAG content were respectively quantified by using the assays hydroxyproline and 

dimethylmethylene blue. Lipid content analyses were performed by using lipodomics. Quantitative data was 

supported by histological stainings for haematoxylin & eosin, Safranin-O and type II collagen. 

  

Results and Discussion 

This study shows that DNA levels were diminished significantly after decellularization of cartilage with all methods. 

Still, the decellularization threshold was only reached when using method A and B, but not C. This can be explained 

by the fact that both method A and B consist of several enzymatic, chemical, and detergent steps, while method C 

solely consists of a single step of peracetic acid incubation. Before, method C successfully decellularized soft tissue 

(Huleihel et al., 2016), but proves to be insufficient for articular cartilage decellularization. While method D also 

consists of a single treatment step, supercritical CO2 treatment lead to a strong loss of DNA. A larger samples size 
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is needed to confirm sufficient decellularization by this method. sGAG levels were almost completely lost when using 

method A and B, and strongly diminished when using method D. On the other hand, method C did not affect sGAG 

levels. Since (s)GAGs strongly influence the water content of cartilage, its reduction is considered an undesired side 

effect. Lipodomics data analyses revealed a strong loss of the total lipid content after decellularization with method 

A and B. For all samples, collagen levels remained stable. 

  

Conclusion 

Of the four decellularization methods that were compared in this study, method A and B were found to decellularize 

articular cartilage most effectively. Method D also showed promising results, that first needs to be confirmed by a 

larger sample size. Method C, on the contrary, did not sufficiently remove cellular content. This suggests that articular 

cartilage needs a thorough treatment to achieve sufficient cell removal. Samples that were properly decellularized 

were also subjected to a tremendous loss of sGAGs, and a decrease of total lipid content. In conclusion, this study 

presents at least two effective decellularization treatments to obtain dECM from donor-derived articular cartilage. 

This dECM can be further explored as a biomaterial, that can be used in the field of cartilage construct fabrication. 
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Histological representation of proteoglycans and 

type II collagen after decellularization 
Histological assessment of decellularized 

cartilage for proteoglycans in red (Safranin-O) 

and  collagen/cytoplasm in green (Fast Green) 

(A-C). Type II  collagen in brown (D-F). Scale 

bars represent 200 µm. 

 

DNA and GAG levels after decellularization 
(A) DNA levels in cartilage were significantly 

decreased after decellularization with method A-

D, but only sufficiently with A and B (<50 ng 

DNA/mg cartilage). (B) Sulfated GAG levels were 

lost in cartilage after treatment with method A, 

B, and D. (* represents p<0,05) 
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Introduction 

There are currently a large variety of vascular tissue engineering strategies utilized in the treatment of arterial 

disease1. These range from scaffold materials that mimic the native extracellular matrix (ECM) and promote ECM 

production to materials that aim to reduce inflammation, thrombogenicity, and promote angiogenesis1.The gold 

standard in the treatment of arterial disease is the use of transplanted materials such as the saphenous vein, 

mammary artery and full scale heart transplants2. However, the increasing shortage of available transplantations to 

combat vascular diseases has led to the advancement of vascular tissue engineering looking at synthetic 

alternatives3. While synthetic grafts do fill the void for people needing surgical treatment, they have much lower 

patency rates than their natural counterparts2. This is where vascular tissue engineering comes into play. Trying to 

find solutions that promote vascular regeneration leading to fully functional tissues is of crucial importance for the 

advancement of this field. Herein, we have looked at how the inclusion of native ECM and fiber diameter in 

electrospun polymer scaffolds affects HUVEC performance and angiogenesis. 

  

Experimental Methods 

Electrospun scaffolds were manufactured using different polymer and solvent combinations with the aim of achieving 

different fiber sizes. Briefly, 8% and 12% w/v polycaprolactone (PCL) solutions in HFIP; and 14% and 19% w/v PCL 

solutions in 5:1 chloroform:methanol were electrospun at 250 RPM mandrel speed, resulting in four randomly aligned 

PCL scaffold with different fiber diameters: small (S), medium (M), large (L) and extra-large (XL). 

Furthermore, ECM activated bioscaffolds were also manufactured using decellularized native bovine aorta, which 

was added to the electrospinning solution at PCL:ECM ratios of 97:3 and 88:12. Briefly, the aorta was decellularized 

using Sodium Dodecyl Sulfate (SDS) perfusion. Scaffolds were punched out (diameter = 10mm) and seeded with 

human umbilical vein endothelial cells (HUVECs). Various biochemical and biomechanical quantification methods 

were performed at time points of 1 day, 6 days and 12 days, including cell viability, RT-PCR and mechanical analysis. 

  

Results and Discussion 

Fiber diameter and pore width analysis showed that four unique architectures were created, with fibre diameters 

ranging from 1.64±0.18μm to 4.83±0.49μm (Figure 1A). We noted a deeper cellular infiltration in the XL scaffold 

compared to the three others (Figure 1B). Furthermore, relative increases in Cluster of Differentiation (CD31) and 

Vascular Endothelial Growth Factor(VEGF) gene expression were noted in the XL scaffold after 6 and 12 days (Figure 

1C+D). These results suggest that increasing fibre diameter and subsequently improving cellular infiltration 

influenced the angiogenic response of the seeded HUVECs. Furthermore, the inclusion of ECM into the scaffold 

resulted in altered mechanical properties: including decreased contact angle and increased ultimate tensile strength 

(Table 1). Additionally, cell survival was not affected by the incorporation of ECM, suggesting that native vascular 

ECMs can be used to modulate the mechanical properties of electrospun scaffolds without altering cellular 

performance. 
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Conclusion 

This systematic study has shown that altering the size of fibers/pores in electrospun PCL scaffolds influences the 

performance of HUVECs. We found that larger fibers lead to more cellular infiltration and increased the gene 

expression of CD31 and VEGF, suggesting an angiogenic response to the larger fibres. Furthermore, we have shown 

that native ECMs can be incorporated into the electrospun scaffolds to modulate its mechanical properties. 
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Table 1: 
Mechanical properties of the scaffolds. Data 

displayed ± 1 standard deviation. 

 

 

Figure 1: 
RT-PCR gene expression for A) VEGF and B) CD31. 

C) Representative SEM images of all four 

scaffolds and their fiber diameters.  D) Z-

stacks showing HUVEC infiltration in all four 

scaffolds. Green = Phalloidin (actin filaments), 

Blue = DAPI (cell nucleus). Data displayed ± 1 

SD. 
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Introduction 
Photodegradable hydrogels are promising platforms for cell culture that allow dynamic alteration of material 

properties and provide insight into how cells respond to physiological and pathological changes from their 

surroundings. Such models allow answering fundamental questions of live cell functions. These hydrogels enable 

control in space and time by either incorporating photocleavable crosslinkers or through photocoupling of pendant 

functionalities. For degradable gels, the physical or chemical cues initially present are subsequently regulated on 

demand. Reported examples mainly deal with the incorporation of photocleavable linkers by using well established 

o-nitrobenzyl chemistry. A major limitation of this group for realizing microenvironment changes in situ (i.e. in the 

presence of cells) with 3D resolution is its poor two-photon absorption cross-section, leading to cell photodamage 

and loss of function. Therefore, novel strategies towards two-photon cleavable hydrogels are still needed. 

In this work, o–nitrophenylpropyl family using the donor-acceptor biphenyl core was selected based on its highly 

efficient photophysical and photochemical properties under single and two-photon excitation. 

  

Experimental Methods 

1. Synthesis of bifunctional two-photon sensitive photo-removable protecting groups. 

2. Design, synthesis and property optimization of the 2D and 3D gels: Ligand density, porosity, rheological behavior, 

crosslinking kinetics, swelling and degradation will be studied. 

3. Fundamental studies of cell behavior in cell culture upon light-triggered exposure of particular ligands or 

alterations in the softness or hardness of their microenvironment. 

  

Results and Discussion 

Bifunctional two-photon sensitive photo-removable protecting groups (PRPGs) have been synthesized and the 

PRPGs showed good photochemical properties. 

  

Conclusion 

Synthesized photolytically degradable hydrogels which allow real-time manipulation of material properties and it is 

promising for more precise 3D resolution and reduced photodamage to cells in dynamic culture models. 
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Introduction 

3D porous scaffolds have gained increasing interest in tissue engineering due to their evident advantages in providing 

more accurately the actual microenvironment where cells reside in tissues. The construction of these scaffolds has 

many technical limitations when the electrospinning process is used.  A stainless-steel mesh can be used as a 

collector to overcome these difficulties1. Furthermore, bioreactors have proved to be crucial tools to initiate, maintain 

and direct cell cultures and tissue development in a three-dimensional environment2. In this study, cell behavior was 

experimentally investigated during culture in a 3D porous electrospun scaffold, using a bioreactor. 

  

Experimental Methods 

Poly-caprolactone pellets were dissolved in glacial Acetic Acid and MWCNTs in powder form were added in the PCL 

solution with a ratio of 0.5% wt. CNTs to the polymer weight. The electrospinning method was implemented to 

manufacture the porous composite scaffold. To fabricate a porous layer, a stainless-steel mesh was used as a 

receiver to replace the traditional collector. Repeating the above procedure, a porous scaffold was obtained by 

binding multiple layers. 

A bioreactor has been employed to perfuse culture medium directly through the pores of the 3D scaffold. MSCs were 

obtained from umbilical cord and were seeded in the scaffold through a by-pass tube of bioreactor. Different hours 

of culture (0.5 and 2), numbers of seeded cells (100.000 and 250.000) and flow rates (20 and 40 rpm) were 

investigated. The MTT reduction assay was used to investigate the viability. 

  

Results and Discussion 

Macroscopically, the required multilayered scaffold seems to have the desired mesh textured morphology (Fig.1A & 

1B). Figure 1C illustrates indicatively the cell distribution according to MTT assay. The number of cells, present into 

the scaffold after a certain culture time, is influenced by the seeded cell number, the culture time and the flow rate in 

a complicated manner. In the case of 30 minutes of culture, increased flow rate leads to increased present cell 

number. Reverse behavior was noticed for 120 min of culture. 

  

Conclusion 

The bioreactor experiments revealed that the flow rate and the time of dynamic culture have an important impact on 

the number of cells present into the scaffold. 
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Figure 1 
 A: One layer of the meshed scaffold, B: The 

electrospun meshed scaffold, C: MTT assay - Cell 

distribution on a 10- layer scaffold. 
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Introduction 
There is a growing need of synthetic bone grafts with enhanced osteogenic capacity for use in bone tissue 

engineering. In this study, bone regeneration capacity of meso-macroporous 3D-scaffolds based on a mesoporous 

bioactive glass (MBG) enriched with Zn2+ ions, osteostatin (OST) and/or human-mesenchymal stem cells (hMSCS) 

in New Zealand rabbit ulna is evaluated. The biocompatibility and optimum content of Zn2+ ions in the MBG as well 

as the optimum concentration of OST and hMSC were previously investigated and optimized in cell cultures [1,2]. 

This communication investigates which combination of the aforementioned components has a greater capacity of 

bone regeneration. 

  

Experimental Methods 

A mesopororous glass with composition 76%SiO2-15%CaO-4%P2O5-4%ZnO (in mo-l%) was synthesized by 

evaporation induced self-assembly method [2]. Then, 3D cylindrical macroporous scaffolds with dimensions 7 mm 

diameter and 15 mm length, which in this communication will be denoted “Bioceramic” (B) were obtained by rapid 

prototyping. B was characterized by N2 adsorption, XRD, FTIR, NMR, SEM and TEM and then loaded with OST to 

obtain B+O samples and decorated with hMSC, to obtain B+C samples following a procedure previously described 

[2]. A last group containing both components B+C+O was also obtained. 

32 New Zealand adult rabbits (4-5.5 kg) were intervened by causing a critical bone defect using an osteotomy and 

subtracting 15 mm in the third half diaphyseal ulna of a front leg [3]. Three groups were established: B+C (9 cases), 

B+O (8) and B+C+O (8) with follow-up times of 6 and 12 weeks. Moreover, 2 controls of B, one per time were 

investigated. Of the remaining rabbits, 2 were sacrificed by infection, 2 presented a complete fracture of forearm 

(ulna associated to radius fracture) and 1 died by unknown cause. After anesthetic induction with equipromacin, 

animals were anaesthetized with ketamine via intravenous and halothane 4% maintenance via inhalation with mask. 

Once slaughtered and after taking bone samples, the histological study was conducted [4]. Samples were preserved 

in ethanol of 96◦ for its fixation and preservation. Subsequently, samples were dehydrated by immersion in ethanol 

solutions of increased gradation (70◦, 80◦, 90◦ and 95◦) and included 15 d in liquid methyl methacrylate at 4 °C in 

stirring. Staining protocols used were trichrome of Goldner (TG) and Von Kossa (VK), which distinguish the osteoid 

of calcified bone as well as the morphology and distribution of the cells in the tissue. 

The microscopic images of the histological samples were captured using a Nikon digital camera Sight DS-smc 

coupled to a Nikon eclipse 90i optical microscope, and digitized directly by a MetaMorph Meta Imaging Series 6.1 

image capture program. 

  

 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1066 of 1893 

Results and Discussion 

Results obtained show that in the early stages, the bone formation processes are more activated-induced, but at 12 

weeks there is not ceramic material and the formation process is stopped. The bone surfaces show signs of 

remodeling, with zones with resorption marks and others covered by osteoid deposits in the B+O and B+O+C groups. 

The regenerated bone presents non-mineralized zones, just as the osteocytes are embedded in non-calcified 

cavities. In the created defect we find fibrous-collagen granulation tissue. And associated with it, a cellular 

component, more or less marked, composed of macrophages, plasma cells and giant cells. However, in the group 

of B + O in relation to the bone response, it seems that there is more bone reaction adjacent to the defect cavity, 

finding more active bone formation processes and a more mature bone. 

At 6 weeks, there is more reaction of bone adjacent to the defect cavity in the B+O group, finding more active bone 

formation processes creating new bone. Taking into account the factor of maturation of the connective tissue in the 

defect cavity, the B+C group appears presenting a further maturation of this tissue (See the Figure). 

At 12 weeks of evolution, and following the same trend of the results in shorter times, the group presenting processes 

of bone formation is the B+O one. In addition to showing a more uniform response, since the B+C+O group there are 

substantial differences between the cases, probably based on the less predictable response of cells as a signal for 

the osteoblastic progenitors differentiation. 

  

Conclusion 

The addition of OST or hMSCs improved the bone regeneration capability of B. When cells are added, a greater 

variability in the obtained results is obtained. Both at 6 and 12 weeks the group presenting processes of bone 

formation is the B+O one. With regard to the presence of material residues, in all groups they are few or they are 

absent implying the degradation of material at 12 weeks of implantation. 
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Introduction 

The rapid migration of mesenchymal stem cell / osteoblasts at the site of bone defects is an essential prerequisite 

for an efficient bone repair. Such recruitmenthas been typically achieved by delivery of various growth factors that 

enhance host cell recruitment, proliferation, and activation, or alternatively by physical guidance. Micro- or nanoscale 

topography of biomaterials has been shown to affect not only the apparent behaviors of the cells (e.g., the direction 

or speed of migration), but also their functions, such as their signaling and differentiation. Thus, bioactive and 

biomimetic-structured composite material(e.g. gelatine- and magnesium-based) represent an approach, which would 

lead to a low degradation rate directly after the implantation and during the early tissue-remodelling phase, followed 

by a higher degradation rate after tissue healing when mechanical integrity is not needed any more. Furthermore, 

additional biological effects could be induced by loading such a porous scaffold with functional biomolecules like 

osseoinductive growth factors and natural polyphenols to promote bone in-growth and skeletal healing while inhibiting 

bacteria adhesion and over-generation of reactive oxygen species. 

Natural biopolymers such as gelatine, chitosan, hyaluronic acid, alginate, etc. have been shown to be appropriate 

organic biomaterials, due to the lack of highly acidic degradation products as well as their bioactivity and 

osseointegration support, resulting in faster/improved biological interactions with the surrounding tissues. In 

particular, gelatine, obtained by a controlled denaturation and proteolysis of fibrous insoluble protein, collagen type 

I, the major constituent of bone extracellular matrix, shows a high potential. This is mainly due to its arginine–glycine–

aspartates sequences of amino acids – important in cellular recognition that may intensify the osteointegration, while 

reducing the adhesion of bacterial colonies. 

  

Experimental Methods 

In this frame, we prepared 3D scaffolds from differently formulated solutions using gelatine (to mimic the extracellular 

matrix of surrounding tissue) with/withoutintegrated bioactive moleculesas antimicrobial active chitosan,quarcetin(to 

bring also antioxidant properties, thus prevent infection), and bisphosphonatealendronate tostimulate osteoblast 

differentiation, be crosllinked in situduring the freeze-drying process using carbodiimide chemistry. The so prepared 

scaffolds were evaluated related to their morphological and mechanical, as well as their bioactivity and biological 

response by means of osteogenic differentiation using human mesenchymal stem cells. 
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Introduction 

Hydrogels and Bioinks are promising substances for realizing three dimensional structures for tissue engineering or 

organ-on-a-chip systems [1]. They may contain living cells and thus have to be deposited at suitable temperatures 

and renouncing cell damaging cross-linking or hardening processes which occur e.g. in many 3D printing approaches 

[2]. The viscosity of such hydrogel or bioink systems has to be precisely adjusted to allow cell migration, growth and 

forming of networks and at the same time avoiding cell immobilization or gravity-driven cell sinking due to unfavorable 

ratios between the traction forces of the cells and the stability of the hydrogel system. The overall low viscosity and 

high water content of the (hydro)gel-based materials results in very low strength, dimensional stability and geometric 

integrity [3]. 

Fiber-reinforced composites (FRC) are well established in multiple applications for lightweight construction, 

mechanical and civil engineering, transport and many more [4]. The overall mechanical strength of FRCs may exceed 

the strength of the matrix material manifold. Since the native structure of the four most important tissue types 

(connective and supporting tissue, nerve, muscle and epithelial tissue), from which organs such as bones, blood 

vessels, muscles, tendons and ligaments are formed, consists of fibrous constructs and thus can be reproduced 

biomimetically with textile structures with particularly high precision [5]. Three-dimensional, complex geometries with 

interconnecting pore spaces can be created with the help of pre-considered fiber layouts [6–8]. Based on these 

findings, a novel approach for the combination of hydrogels as matrix system and fiber-based systems as 

reinforcement structure is presented. 

  

Experimental Methods 

Multiple materials such as the biocompatible thermoplastics PCL or PES and the biopolymers chitosan or silk fibroin 

were processed into fibers with different demand-oriented properties by using spinning plants for melt-spinning and 

solution spinning. The fibers with adjustable properties were subsequently manufactured into multiple three-

dimensional structures by weaving, knitting, warp-knitting, braiding and fiber-based additive manufacturing 

processes. 

The complex fiber-based constructs were infiltrated with polysaccharide hydrogels to serve as reinforcing systems 

for 3D-hydrogel systems and were extensively investigated with regard to their mechanical behavior. 

  

Results and Discussion 

Unique fiber-based structures with specifically adapted geometries, pore-sizes and morphologies were realized and 

infiltrated with hydrogels. The mechanical behavior was tested under static and cyclic compression and tensile 

loading. 

In comparison to the hydrogels alone, the mechanical strength of the novel fiber reinforced 3D-hydrogel structures 

was increased manifold. Seeded cells align according to the fiber orientation within the structures that provide 

excellent overall conditions for cell adhesion and differentiation. 
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Conclusion 

A broad range of biocompatible materials can be processed into fibers via melt spinning and solution spinning. Due 

to the extraordinary ratio between surface and volume fiber-based structures are predestined for use in medical 

products by providing large functional surfaces for cell adhesion and interaction on interfaces. The developed textile 

scaffolds and implants exhibit an excellent strength and offer large, interconnected pore spaces for cells to migrate 

into the structures and for nutrients to supply the cells or metabolic waste to be removed, respectively. The fibers 

serve as guidance structure for cells according to their growth direction and also take up the mechanical loads. The 

wide range of textile technologies allows realizing patient-specific, load-adapted scaffolds and implants for 

regenerative medicine, mimicking the natural tissue that is to be supported or replaced. 

  

References 

[1] Caló, E.; Khutoryanskiy, V. V.: Biomedical applications of hydrogels: A review of patents and commercial products. 

In: European Polymer Journal 65 (2015), pp 252–267 

[2] Chimene, D.; Lennox, K. K.; Kaunas, R. R. et al: Advanced Bioinks for 3D Printing: A Materials Science 

Perspective. In: Annals of Biomedical Engineering 44 (2016) 6, pp 2090–2102 

[3] Ahmed, E. M.: Hydrogel: Preparation, characterization, and applications: A review. In: Journal of Advanced 

Research 6 (2015) 2, pp 105–121 

[4] Cherif, Ch.: Textile materials for lightweight constructions: Technologies - methods - materials - properties. 

Springer 2011 

[5] Wintermantel, E.; Ha, Suk-Woo: Medizintechnik - Life Science Engineering. Springer, 2009 

[6] Brünler, R.; Aibibu, D.; Wöltje, M. et al: In silico modeling of structural and porosity properties of additive 

manufactured implants for regenerative medicine. In: Materials Science and Engineering: C 76 (2017), pp 810–817 

[7] Brünler, R.; Hild, M.; Aibibu, D.; Cherif, C.: Fiber-based hybrid structures as scaffolds and implants for regenerative 

medicine. In: Koncar, V.: Smart Textiles and their Applications. Elsevier, 2016, pp 241–256 

[8] Aibibu, D.; Hild, M.; Wöltje, M.; Cherif, Ch.: Textile cell-free scaffolds for in situ tissue engineering applications. 

In: Journal of Materials Science: Materials in Medicine 27 (2016) 63 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1070 of 1893 

2:45 p.m. – 3:45 p.m. 

Hall 1 / Exhibition Area 

PS1-06 | Technologies 

 

 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1071 of 1893 

PS1-06-138 

Electrical stimulation system for in vitro culture of mouse osteoblastic 

cells (MC3T3-E1) 
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Introduction 

Electrical stimulation (ES) has been shown to promote healing and regeneration in skin, bone, muscle, and nerve 

tissues in clinical studies [1]. In last years, some studies applying electrical stimulation to influence in vitro cell 

behaviour associated with proliferation, differentiation, and migration were published [2,3]. In this work, different 

systems and conditions for in vitro electrical stimulation of mouse osteoblastic cells (MC3T3-E1) were designed, 

developed and studied. 

  

Experimental Methods 

Platinum wires electrodes and screen printed electrodes integrated in cell culture microtiter plates were the systems 

developed for this research: 

•  Platinum wires electrodes (Fig.1): electrical stimulation (ES) cell culture chamber consisted of L-shaped platinum 

electrodes, separated by a distance of 22 mm, and secured to the lid of 6-well cell culture plates and connected 

to an electrical power supply developed by TECNALIA. MC3T3-E1 were seeded in 6-well cell culture plates 

(TPP) and daily stimulation (1 h/d) for 7 days was carried out to investigate the effect on cell behaviour. 

•  Planar electrodes (Fig.2): first, a screening on PS surfaces selectively modified with different functional groups 

(amines, thiols, alquenes, chlorosulfonil, carboxylic and epoxies) were made and evaluated like a cell culture 

substrate. MC3T3-E1 cell viability on different chemically modified PS substrates was carried out. Non-cytotoxic 

screen printed planar electrodes on aminated PS were designed according to 24 wells microtiter plate design 

and developed. The electrodes were connected to electrical power supply (developed by TECNALIA), and after 

cells seeding, daily stimulation under biphasic pulse for 7 days (1 h/d) with three different currents (1, 10, 100 

mA) were evaluated to study the cell behaviour. 

  

Results and Discussion 

Platinum wires electrodes 

WST-1 assay was performed to compare viability and activity of electrically stimulated cells vs. non-stimulated 

controls. None of the cells exposed to ES DC or pulse showed signs of toxicity. At day 7, electrically stimulated 

MC3T3-E1 had approximately same percent increase in cell activity than controls. Moreover, according to the 

microscopy observation in, the typical morphology of MC3T3-E1 cultured was observed in all samples. Both ES mode 

(DC and pulse) were optimal for MC3T3-E1 in vitro stimulation. 

Planar electrodes 

Cell viability under biphasic pulse for 7 days (10 ms pulse duration, 1 Hz frequency, 1 h/d) with three different current 

(1, 10, 100 mA) was checked. The result indicated that the cell viability decreased with current increasing. 

Interestingly, cell viability under current of 1 mA stimulation did not decrease. Therefore, the novel planar electrode 

design could successfully use for ES in vitro, showing the highest cell viability when 1mA was applied. 
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Conclusion 

Electrical stimulation effect on MC3T3-E1 cells were evaluated, showing different cell behaviour under different 

conditions. On the other hand, an electrical stimulation system for in vitro cell culture microtiter plates was 

demonstrated, developing non-cytotoxic screen printed electrodes on cell adhesive functionalized PS substrate. 
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Figure1.  
Platinium wires electrical stimulation devices. 

A) details of platine wires integrated in cell 

culture system, B) diagram of theoretical 

direction of electric current, C) cell culture 

system with electrostimulation device. 

 

Figure 2. 
Screen printed electrodes for 24 well microtiter 

plates electrostimulation system. A) design of 

electrodes, B) non-cytotoxic screen printed 

electrodes surface, C) cell culture plate with 

screen printed electrode Surface attached, D) 

electrical stimulation device E) software to 

control stimulation conditions. 
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Introduction 

2-dimensional tissue culture has been used for over 75 years to study cells and their responses ex vivo. However, 

cells grown in 3-dimensional culture systems reproduce more successfully in vivo-like behaviors fo cells. Hollow fiber 

bioreactors are a 3D culture system that consist of fibers fixed into a module with cells seeded on the fibers and 

media delivered through the module1.To overcome many limitations that currently exist in bioreactor systems that 

could hinder their use as in vitro systems for neuronal cell culture, novel polycaprolactone (PCL)-Graphene hollow 

fibers with different porous sizes have been synthesized to be used in a cell culture bioreactor. 

  

Experimental Methods 

Polycaprolactone (PCL) and PCL- graphene hollow fibers were synthesized with and without graphene by phase 

inversion spinning process (Fig.1). The purpose of this study was to compare if the incorporated graphene would be 

beneficial for the cell culture expansion. To validate that the newly synthesized hollow fibers support cell adhesion 

and proliferation, experiments using astrocytes were conducted. Astrocytes were inoculated in the inner lumen of the 

hollow fibers and left for different time endpoints (1,3,7 and 14 d). Cells were inoculated at a density of 250000 

cells/ml in complete media and cell number adhesion was evaluated using WST-1 substrate, a colorimetric substrate 

for mitochondrial activity. The absorbance was measured at 450nm. All values were presented as mean ± standard 

deviation. Samples were run at least in triplicate. Statistical analyses were performed using the Student’s t-test and 

a p-value of less than 0.05 was considered significant. 

  

Results and Discussion 

Hollow fiber screening was done analyzing cell adhesion, cell proliferation and cell productivity. After 3, 7 and 14 

days of cultivation, cell number was determined by colorimetric method. Figure 2 shows a comparison between the 

final cell number and expansion levels obtained between PCL and PCL graphene fibers. Besides, in terms of cell 

productivity (cells/day), our culture system enables a continuos cell production during the 14 days, indicating that 

astrocytes can be produced inside these fibers.  

  

Conclusion 

The findings suggest that one of the synthesized fibers supports neuronal cell growth, enabling its use in a cell culture 

bioreactor. Thus, our results support further development with the PCL-graphene hollow fiber for neuronal cell 

bioreactors. 

  

References 

1.Storm MP, Sorrell I, Shipley R, Regan S, Luetchford KA, Sathish J, et al. Hollow Fiber Bioreactors for In Vivo -like 

Mammalian Tissue Culture. J Vis Exp (2016) e53431 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1074 of 1893 

2. Mizukami A, Soares M, Neto DA, Moreira F, Fernandes A, Feng Y, et al. A Fully-Closed and Automated Hollow 

Fiber Bioreactor for Clinical- Grade Manufacturing of Human Mesenchymal Stem / Stromal Cells. Stem Cell Rev 

Reports (2018) 14;141-143 

  

Acknowledgement 

The Project is supported by the Basque Government under the program ELKARTEK 2017 [KK-2017/00051] 

  

 

Cell proliferation in the hollow fibers 
Quantified astrocytes adhered to the surface of 

the fibers at different endpoints (1, 3, 7 and 

14d).. 

 

 

PCL-Graphene porous hollow fiber cross section 
Cross-sectional SEM images of PCL-Graphene 

hollow fibers prepared by phase inversion 

spinning process 
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Introduction 

Amyotrophic Lateral Sclerosis (ALS) is a fatal neurodegenerative disease characterized by progressive loss of the 

upper and lower motor neurons leading to muscle wasting, paralysis, respiratory failure and death typically within 3 

to 5 years after symptom onset. The majority (90%) of ALS cases occur sporadically (sALS) often without a known 

genetic etiology while the minority of cases (10%) show a clear familial history (fALS). A pathological characteristic 

of ALS (common to other neurodegenerative diseases; e.g. frontotemporal lobar degeneration, dementia with Lewy 

bodies, Alzheimer’s disease) is the presence of abnormal TAR DNA binding protein 43 (TDP 43) aggregates in the 

cytoplasm of neurons and glial cells. The role of TDP-43 as a neurotoxicity trigger has been largely investigated in 

vitro and in vivo [1] and TDP-43 dysfunctions have been associated with the impairment of numerous cellular 

processes, such as RNA biogenesis, protein aggregation, axonal transport, ubiquitin proteasome system (UPS), 

autophagy, and even mitochondrial bioenergetics. However, until now, the exact pathological mechanisms mediated 

by TDP-43 are far from being elucidated. In ALS, as in many other human diseases, animal models have so far failed 

to predict efficacy of novel therapeutic approaches and, up until now, most of ALS clinical trials have reported 

negative results, and no effective disease-modifying treatment is available on the market. In this respect, the 

development of alternative tools for studying the pathological mechanisms and test new drug candidates, as well as 

performing human validation assays, is of paramount importance. 

Organ-on-a-chip platforms [2,3] are microengineered systems that aim to replicate key units of living organs and 

organisms, and in particular to reproduce higher-order anatomical and functional features. Here we propose a 

microfabricated in vitro model for studying ALS pathological mechanisms where different neuronal populations, glial 

and skeletal muscle cells can grow and communicate in a perfusable environment, establishing a basic 3-unit 

functional motor circuit. This platform will unveil the role of TDP-43 expression/accumulation in each cell type and 

the subsequent effects on the cell-cell crosstalk will be evaluated. 

  

Experimental Methods 

Microfluidic multi-compartmentalized devices were fabricated by SU-8-based multi-level optical lithography and 

PDMS replica molding, displaying a series of microchannels that connect three different compartments (hosting three 

different cell types) and promote neurite elongation unidirectionally from one cell compartment to another one. This 

can be achieved either by few-micron wide straight or funnel-shaped microchannels. Several geometric features as 

well as microfluidic setups and coating materials were tested in order to obtain successful cell adhesion and culture 

conditions, and favor intercellular interactions. 
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Results and Discussion 

A family of microfabricated systems showing different perfusable compartments (500 µm wide, 6 mm long) with 

distinct inlets and outlets, but interconnected through a series of narrow microchannels (2.5-10 µm wide, 250 µm 

long), were proposed for hosting different cell types. While the microchannels were designed to allow cell-cell 

communication and unidirectional axonal formation from one cell compartment to the adjacent one, they were 

optimized to avoid any cell migration through them. 

We evaluated the contribution of different coating materials on the adhesion and growth of human neuronal cells 

(Fig.1). As hypothesized, cells showed differences in their response to the different substrates starting from their 

adhesion behaviour at 6 hours: they were partially attached in the presence of collagen and fibronectin while they 

were still round and in suspension on poly-lysine (PLL) and laminin. After one day, only cells grown on fibronectin 

showed a plastic dish-like morphology as described in literature, developing a cell monolayer, appearing flatter and 

more substrate-adhesive and showing longer cell processes. 

The present platform will be further utilized for more complex studies: 1) Human glial cells will be added to the system 

and the TDP-43 expression and localization will be investigated in the presence/absence of specific chemical stimuli, 

by means of immunohistochemistry and protein expression; 2) The motor circuit will be comleted by introducing a 

muscular cells component in the third cell compartment and the cell-cell interactions will be studied in depth. 

  

Conclusion 

We designed a robust microfabricated platform for studying the motor circuit components and the role of TDP-43 in 

ALS. 
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Fig. 1. 
Phase contrast microscopy images of neuronal 

cells grown on different cell substrates (scale 

bar: 200 µm). 
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Introduction 

Scaffolds for bone tissue engineering (BTE) have to satisfy a series of minimum requirements in order to induce 

proper tissue ingrowth and cell migration in the graft [1]. As a result, an adequate control on porosity, pore size and 

mechanical properties is fundamental. Additive manufacturing (AM) technologies offer the possibility to easily tailor 

graft properties by controlling both the design and the process parameters, as the object is built starting from a .stl 

file or a text script [2]. Focusing on bioactive glasses (BGs) and glass-ceramics for BTE, robocasting is considered 

one of the most powerful direct ink writing techniques for the processing of such materials [3]–[5].BGs and glass-

ceramics, in fact, are particularly appreciated due to their capability to chemically bond to the host tissue [6]. However, 

most of silicate based bioactive glasses with thermal properties adequate for particle sintering suffer from slow 

dissolution/reaction. This is even further of concerns since scaffolds have a lower surface area than particles typically 

used in bone regeneration.Compared to the traditional melt-quenching route, sol-gel process offers the possibility to 

obtain more reactive materials due to the formation of mesopores, which is intrinsic in the process itself [7].This study 

aims at comparing scaffolds produced by robocasting using sol-gel or melt-derived silicate-based with similar 

composition. 

  

Experimental Methods 

47.5B silicate glass, with composition 47.5SiO2-20CaO–2.5P2O5–10Na2O–10MgO-10K2O (mol.%), was produced by 

traditional melt-quenching route [8] and used as control system. For the synthesis of the equivalent sol-gel material, 

tetraethyl orthosilicate (TEOS) was hydrolyzed in the presence of 2 M HNO3 using a H2O-to-TEOS molar ratio of 20. 

Triethyl phosphate (TEP), Ca(NO3)2·4H20, Mg((NO)3)2·6H20, NaNO3 and KNO3 were then introduced inproper 

amounts as oxides precursors. The solution was stirred until a transparent and homogeneous sol was obtained. After 

gelation at room temperature for 72 h and ageing at 60 °C for 72 h in a sealed container, the gel was dried at 140° 

C for 48 h to allow the evaporation of the liquid phase. The thus obtained materials were both characterized by 

Differential Thermal Analysis (DTA) and X-ray Diffraction (XRD) to determine the thermal behavior and the presence 

of crystalline phases. For the production of the ink for robocasting, gel and glass particles were vigorously mixed with 

a binder Pluronic F-127 solution (25 wt.%) (35% particles – 65% F-127, wt.%). Due to the higher wettability of the 

gel, the procedures were adapted to properly extrude the materials through the nozzles (250 and 410 µm for the 

glass-based and the gel-based ink, respectively). Printing parameters were also adjusted according to the different 

rheological behavior of the inks.Scaffolds were dried at room temperature for 48 h and sintered at 625 °C for 1 h 

(Figure 1) on the basis of DTA and XRD results.Bioactivity test and ion release experiments were performed by 

soaking samples in Simulated Body Fluid (SBF) [9] for 6, 24, 48, 72, 168 and 336 h at 37 °C. The compressive 

strength of the scaffolds before and after in vitro tests was evaluated by crushing tests, and nitrogen adsorption 

experiments were performed to characterize the textural properties of sol-gel scaffolds. 
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Results and Discussion 

Melt-derived 47.5B glass is characterized by an exceptional bioactive potential in SBF and a wide sintering window 

[8] that allows highly densified struts to be obtained while preserving the amorphous nature of the system. 

The present study aimed at further improving the bioactivity of this glass by producing an equivalent sol-gel system, 

characterized by a higher superficial area and higher reactivity in SBF. It is known how textural properties are able 

to affect the apatite forming ability of the system by providing more reaction sites for the nucleation of the crystals, 

thanks to the presence of mesopores. Interestingly, sol-gel route was found to strongly affect the crystallization 

kinetics upon sintering, leading to the formation of a sol-gel ceramic, as confirmed by the presence of sharp peaks 

in the XRD spectra.The combined effect of textural properties and crystalline phases on the bioactivity and the 

mechanical response of this new material and the comparison to the original melt-derived 47.5B glass will be object 

of discussion.  

  

Conclusion 

Six-oxides sol-gel ceramic scaffolds were successfully produced for the first time by AM technology. Up to now, 

preliminary results confirmed the great potential of this material in BTE applications and further studies are currently 

ongoing. 
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Optical Microscope Imaging 
Grid-like 3D architecture of sintered melt-

derived 47.5B scaffolds (A) and sol-gel 47.5B 

scaffolds (B) produced by robocasting. 
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Introduction 

Hyaluronic acid (HA) has been studied as bioink for additive manufactuiring technologies. Usually, bioinks should be 

capable to be extruded through a thin needle, to retain a three dimensional (3D) structure, and to create a 

cytocompatible and suitable environment cells. However, its high solubility, high degradation rate and low mechanical 

properties limit its use for tissue engineering. Different chemical strategies and crosslinking methods have been 

pursued to endow HA with shear thinning behavior for extrusion and improve its mechanical properties [1]. In this 

study, HA was chemically modified and processed to produce 3D scaffolds by bioprinting. 

  

Experimental Methods 

HA (Mw=~340 kDa) was modified to graft photoactive polymerizable groups by reacting with methacrylic anhydride 

(ME) and maleic anhydride (MA) in order to obtain methacrylated hyaluronic acid (MEHA) and maleated hyaluronic 

acid (MAHA). The materials were investigated in terms of physico-chemical properties to assess the success of the 

functionalization. The bioprinting was performed using a modified extrusion-based 3D Bioprinter® system from 

MedPrin (MedPrin Regenerative Medical Technologies Co., Ltd, Guangzhou-China). MEHA and MAHA were 

dissolved in deionized water containing 2,3 butanedione as biocompatible photoinitiator. The morphology of the 

structures was investigated by scanning electron microscopy (SEM). Dynamic mechanical analysis was carried out 

to study mechanical properties of the scaffolds. The scaffolds were bioactivated using a biomimetic method [2]. The 

cell-material interaction was evaluated by using human mesenchymal stem cells (hMSC). The biocompatibility of 

scaffolds before and after SBF treatment was evaluated by Alamar blue assay. Furthermore, the effect of scaffolds 

on differentiation of hMSC through osteoblast phenotype was also investigated. Immunofluorescence analysis using 

confocal laser scanning microscopy (CLSM) was performed. 

  

Results and Discussion 

Nuclear magnetic resonance evidenced for MEHA two peaks (5.6 and 6.1 ppm) corresponding to the introduced 

methacrylate moieties, whilst for MAHA the peaks (5.9 and 6.6 ppm) were related to the vinylidene proton of the 

grafted maleic moiety. The materials were characterized by a degree of substitution ranging from 82.6% for MEHA 

to 87.5% for MAHA. 2,3 butanedione showed optimal photocrosslinking properties, considering the absorption peak 

and the final properties of the crosslinked materials. The structures were 3D printed and characterized. SEM analyses 

highlighted a well-organized structure with a fiber diameter of ~200 µm and a porosity of ~700 µm, as also considered 

in the CAD model. Furthermore, the scaffolds were able to retain their structure without collapse in the Z direction, 

with lateral pores clearly visible. Mechanical properties of MEHA scaffolds showed values of the storage modulus 

generally higher then MAHA scaffolds. The biomimetic treatment allowed the formation of hydroxyapatite nuclei 

(HAp) improving the nanoroughness and bioactivity. The effect of HAp coating on cell proliferation and differentiation 
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at different culture time was evaluated. The results demonstrated a difference of cell attachment and proliferation 

among MEHA and MAHA scaffolds. However, the presence of biomimetic coating improved cellular behavior in terms 

of cell attachment and differentiation. CLSM images demonstrated that cells initially adhered as agglomerates and 

then a spreading on the material surface was clearly observed. 

  

Conclusion 

The obtained results demonstrated the potential use of the MEHA and MAHA as bioinks for tissue engineering 

applications. In particular, 3D well-organized structures were produced by a modified 3D Bioprinter. To this aim, HA 

was first chemically modified and then its printability was suitably optimised. The MEHA and MAHA scaffolds showed 

enhanced mechanical, morphological as well as good biological properties. 
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Introduction 

Biopolymer-Mineral composite systems that can be both injected and bioprinted, have great potential for clinical 

applications in bone tissue engineering. The calcium phosphate ink systems used for 3D printing purposes can’t be 

used to suspend live cells as the solid and stiff matrix will destroy the cells while printing in addition to limiting diffusion 

of nutrients during culture (1). The present study aimed to develop a bone-mimetic system where hydroxyapatite 

(HA) particles are synthesized in situ in gelatin solution, by using gelatin fibers as a HA nucleation template thus 

developing a bone like gelatin-HA nanocomposite system. The hypothesis was that introduction of gelatin in the 

system will form a bone-like nanocomposite and allow the encapsulation of viable cells during bioprinting/ injecting. 

  

Experimental Methods 

10% gelatin solution was made in 0.3 M Na2HPO4 at 50℃. The volume was made up by slowly adding 0.5M CaCl2 

(pH 9.5) while stirring at 700 rpm to maintain a stoichiometric ratio for HA (and at 10X dilution- 0.03 M Na2HPO4/0.05M 

CaCl2). XRD, TEM and ATR-FTIR were performed to analyze the nanocomposite formation between HA and gelatin. 

Only gelatin and HA were taken as controls. AR500 (TA Instruments) rheometer was used to analyze the viscosity, 

printability and injectability. The measurements were performed using flat plate geometry (steel) (20 mm diameter) 

at 25 °C with 500μm of gap distance. The viscosity of the silk hollow microsphere in silk hydrogel system was 

determined by carrying out a stepped flow test (10–250 s−1, 1 Hz frequency) with increasing shear force rate. 

Oscillatory stress and strain sweep analysis were performed to establish the linear viscoelastic region for every 

sample. Subsequently, the storage modulus (G′) and loss modulus (G″) were determined by doing an oscillatory time 

sweep test for 10 min at a constant frequency of 1 Hz and 5% strain.  The recovery kinetics of network destruction 

was determined by employing a rheological method, which simulates the clinical injection procedure (i.e. single gel 

destruction upon extrusion through narrow syringes by high shear forces). Viscoelastic properties (G′ and G″) of 

gelatin-HA composites were measured in an oscillatory time sweep test as a function of time (1 Hz frequency, 1% 

strain, 5 min) before and after severely destructing the gel network (1 Hz frequency, 1000% strain, 1 min).  CELLINK 

BioX 3D bioprinter was used to print the gelatin-HA (0.5-0.3) composite crosslinked with 500U of tyrosinase enzyme 

per batch, in a 1×1×0.3 mm 4 layered structure with a 410 µm plastic nozzle at 12 mm/s speed and 200 kPa pressure. 

  

Results and Discussion 

TEM study demonstrated the formation of HA crystals in the gelatin network (Fig 1A) resulting in the formation of a 

tight composite structure while the SAED pattern (Fig 1B) confirmed the crystallinity of the composite. The XRD 

analysis demonstrated peak for 211 plane in gelatin-HA composite (.3-.5) confirming HA nucleation and crystal 

formation using gelatin as a template, while the diluted sample demonstrated no HA crystallization (Fig 1C). To our 

knowledge, this is the first report of in-solution mineralization of gelatin using gelatin polymer chains as a 

crystallization template. This results in homogenous mineralization; which is essential for printing process and mimics 

the ultrastructure of bone as a collagen-nanohydroxyapatite composite. The printability of the gelatin-HA composite 
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was demonstrated by higher elastic modulus (G’) as compared to the viscous modulus (G’’) that ensures shape 

retention following printing (Fig 1D). While the injectability test interestingly demonstrated an increase in the elastic 

modulus of the gelatin-HA composite, which further increased after network recovery (5 min) (Fig 1E). This increase 

in elastic modulus; may be due to shear induced packing of HA crystals. This indicated that the process of injection 

(high shear) can potentially enhance the mechanical properties of the grafted material. This could also result into 

alignment of HA crystals due to shear generated during the printing process through a narrow nozzle, which can 

potentially help in cellular alignment during 3D bioprinting. The homogeneity of gelatin-HA composite helped in 3D 

printing a 4 layered, self-supportive structure (Fig 1F). These results demonstrate that the in-solution mineralized 

gelatin-HA system can be used both for bioprinting and as an injectable bone graft; though the cellular viability and 

differentiation of cells after bio-printing needs to be studied. This system can be potentially clinically used for treating 

non-union fractures and collapsing femoral heads due to avascular necrosis. 

  

Conclusion 

The study demonstrated an in-solution mineralized gelatin-HA composite system which is both injectable and 

printable, with bone-mimetic nano-composite ultrastructure. This material system can be potentially used for restoring 

both the cellular and biomechanical functionality of degenerated bone tissue. 
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Figure 1 
A) TEM micrograph of gelatin HA nanocomposite 

and B) The corresponding SAED pattern. C) XRD 

pattern of gelatin-HA nanocomposites. D) 

Printability and E) Injectability test of 

gelatin-HA composite system. F) 3D printed 

scaffolds of gelatin-HA composite system. 
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Introduction 
Biomimetic materials have drawn more and more attentions in recent years. Lotus root, has special structure of many 

parallel channels through over itself. This structure significantly improves the contact area to external environment 

which effectively promoting air (CO2, O2) and moisture (H2O) exchange with external environment. Implantation of 

synthetic porous scaffolds into large bone defects, a major clinical challenge, is an expected approach for guiding 

and stimulating formation of new bone tissues. It is reasonable to speculate that materials with lotus root-like structure 

will have better osteogenic and angiogenic activities in the regeneration of large bone defects. 

  

Experimental Methods 

We fabricated the lotus root-like biomimetic materials with parallel multi-channels structure via a designed 3D printing 

strategy. We designed new printing nozzles with core/shell embedded structure (Fig. 1). We applied certain amounts 

of sodium alginate (2.0 wt%) and Pluronic F-127 polymer solution (e.g., 20 wt%) with the under-printed powders 

(ceramic/metal/polymer powders) to prepare the inks with suitable rheological characteristics and mechanical 

stability. To explore the functions of the biomimetic materials, we prepared biomimetic scaffolds with different 

numbers of channels: 1 channel-struts-packed scaffolds, 2 channel-struts-packed scaffolds, 3 channel-struts-packed 

scaffolds and 4 channel-struts-packed scaffolds (named as 1CSP, 2CSP, 3CSP and 4CSP scaffolds respectively). 

Traditional solid struts-packed (TSSP) scaffolds were prepared as a control. 

  

Results and Discussion 

We prepared the lotus root-like biomimetic materials with different raw materials like ceramics, metal and polymer. 

What’s more, their shape, packing pattern, porosity, mechanical property and the lotus root-like structure can be well 

controlled. As the optical microscopy and SEM images showing, all scaffolds are packed by struts (Ø1.5 mm) with 

different numbers of channels (Ø400-600 µm). We prepared three kinds of biomimetic scaffolds with different packing 

patterns (i.e. cross packing pattern, quartet close packing pattern and hexagonal close packing pattern) to control 

their porosity and compressive strength. Our results suggest that the lotus root-like biomimetic materials have 

significantly improved in vitro cell attachment and proliferation as well as in vivo osteogenesis and angiogenesis. The 

3D micro-CT images of calvarial defect’s surface showed that the bone defect in 3CSP group heals quite well, as 

compared to 1CSP and TSSP groups. Besides, Van Gieson’s staining results displayed that the newly formed bone 

tissue in the TSSP group was mainly detected in the periphery of the defects, while more newly formed bone was 

mainly detected in both the periphery and center of the bone defect in 1CSP and 3CSP groups. 

  

Conclusion 

Inspired by the root of the natural lotus plant, we successfully prepared the biomimetic materials with lotus root-like 

structure via a modified 3D printing strategy, which breaks the limitation of traditional 3D printing method. We are 

able to prepare the lotus root-like biomimetic materials with different raw materials including ceramics, metal and 
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polymer. What’s more, their shape, packing pattern, porosity, specific surface area, mechanical property and the 

lotus root-like structure (the size and number of hollow channels and the size of struts) can be well controlled. Our 

results suggest that the porosity and specific surface area could be distinctly improved in the biomimetic materials. 

Compared to traditional 3D printing materials, the lotus root-like biomimetic materials significantly improved in vitro 

BMSCs attachment and proliferation as well as in vivo osteogenesis and angiogenesis, indicating that the lotus root-

like biomimetic materials are more suitable for cell delivery and regeneration of large bone defects. 
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Fig. 1 
The feasible applications and fabrication of 

lotus root-like biomimetic materials. 
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Introduction 

Bioprinting is a suitable technique to generate living tissue. Therefore, the development of bioinks that support growth 

and organisation of cells as well as construct shape and stability is an active research field. Many bioinks are 

commercially available now. However, the 3D printing of cells is still challenging. Especially limited viability of cells 

during long printing time, cell sedimentation, and clumping of the ink make it difficult to successfully print biological 

structures. Bioprinting is a suitable technique to generate living tissue. Therefore, the development of bioinks that 

support growth and organisation of cells as well as construct shape and stability is an active research field. Many 

bioinks are commercially available now. However, the 3D printing of cells is still challenging. Especially limited viability 

of cells during long printing time, cell sedimentation, and clumping of the ink make it difficult to successfully print 

biological structures. 

  

Experimental Methods 

In this study, we compared a range of different hydrogel bioinks for their capacity to support cell viability in long 

printing processes and to prevent cell settlement in the cartridge. Each bioink was mixed with a MSCs or primary 

chondrocytes, and printed for a duration time of 30 min to 3 hours. Printed constructs were analyzed for cell number, 

cell viability and cytotoxic effects. Furthermore, printed cell-laden bioinks were cultured and the suitability for tissue 

engineering of cartilage was investigated using cartilage-specific markers. 

  

Results and Discussion 

We observed good printability of all bioinks tested, however significant differences concerning cell sedimentation and 

distribution of cells in the printed construct appeared. Especially, low viscose inks showed a dramatic change in cell 

numbers, as expected. In contrast, a bioink that contained an increased gelatine content provided constant cell 

numbers, but displayed impaired cell viability over time. By adding a small amount of fibrils using a neutralized 

collagen solution we were able to improve cell viability and to prevent sedimentation in the cartridge in several bioinks. 

Additionally, we observed differences in ability to support chondrogenic differentiation. Interestingly, we saw no 

significant difference with the use of a cartilage-specific ECM bioink compared to a standard ECM-based material. 

  

Conclusion 

The suitability of a bioink is not only dependent on printability and mechanical properties, but also on the duration 

time the construct needs until it is printed. Long printing times negatively affect cell sedimentation and viability in 

various bioinks. 
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Introduction 

It is hard to mimic the complex heterotypic 3-D architecture of tooth root scaffolds using the conventional techniques. 

3-D printing technologies has been proposed as an alternative to address this challenge for tissue regeneration 

engineering. Previous studies have suggested that treated dentin matrix (TDM) can release odontogenesis factors 

that play significant roles during tooth formation. In this investigation, we manufactured biomimetic scaffolds by 3-D 

printing for tooth root construction from hybrid of poly-ε-caprolactone (PCL) and TDM. 

  

Experimental Methods 

In this research, PCL solution and powdered TDM were used for synthesis of 3-D scaffolds. The scaffolds were 

manufactured by layer-by-layer deposition using extrusion 3-D printer. The macropores and microstructure of the 

scaffolds were examined by Scanning electron microscopy. The porosity of scaffolds was measured with a liquid 

displacement method. The compression strength of the scaffolds was tested by a universal testing machine. In order 

to illustrate the impact on cell viability and proliferation activity of scaffolds, dental follicle stem cells (DFCs) were 

cultured on scaffolds. The cell viability on the scaffolds was evaluated using a Live/Dead Cell Kit assay under 

fluorescence microscopy. Cell Cytotoxicity was analyzed with a Cell Counting Kit-8 (CCK-8) assay. To clarify the 

effect of TDM/PCL scaffolds on the expression of odontogenic differentiation related genes and proteins in DFCs, 

we studied several marker genes and proteins which were essential during odontogenesis. 

  

Results and Discussion 

We have optimized the printing parameters and the concentrations of the individual components of the scaffolds for 

print accuracy and proper porosity. Mechanical testing showed that the scaffolds were similar to natural tooth roots 

in compressive strength. Live/Dead staining revealed that most of seeded cells stayed alive on the scaffolds surface 

and inside. Moreover, CCK-8 assay demonstrated that scaffolds could support DFCs proliferation. TDM/PCL scaffold 

enhances the odontogenic differentiation potential of DFCs. TDM powders in the 3-D printed scaffold act as essential 

substrates to induce DFCs to undergo odontogenic differentiation. 

  

Conclusion 

The proposed novel scaffolds have demonstrable cytocompatibility and natural odontogenic capacity, which can be 

a used to reproducibly fabricate scaffolds with complex three-dimensional microarchitectures for regenerative 

dentistry in the future. 
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Introduction 

Optogenetics and the development of optical technologies for medical interventions are revolutionizing therapeutic 

treatments. Molecular strategies to regulate biological processes using light are in rapid development. For their 

implementation in the clinic, patient-friendly platforms to deliver light inside the body will be required. Using printable 

biomaterials, optical waveguides can be printed and flexibly integrated into implants or scaffolds for cell therapies, 

eventually directly at the operating room. The degradable optical waveguides will conduct light into implanted devices 

and remotely stimulate cellular functions in optogenetic approaches, change properties or trigger drug release in 

photoresponsive implants, or mediate photo-therapy. After application, the waveguides will be reabsorbed by the 

body. 

  

Experimental Methods 

The optical waveguides are prepared by printing. Microfibers are formed in desired geometries, to allow adaptation 

to the human body cavities and particular application. Thermoplastic polymers or reactive hydrogel mixtures are used 

for this purpose. After cooling or crosslinking, an optical waveguide is generated and eventually directly incorporated 

into the medical device. 

  

Results and Discussion 

A series of optical waveguides were successfully printed. Different structures were designed and manufactured to 

increase the light propagation in the waveguides. The light conductivity (with different wavelength) in the printed 

waveguide under different conditions (in the air, PBS and tissue) was characterized. The stability of materials was 

researched, which can be adjusted easily to adapt different application. Besides, some mechanical properties were 

characterized, which indicates the possibility to apply the waveguides in different tissue or organ. An application for 

optogenetic-driven drug delivery will be presented. 

  

Conclusion 

3D printing makes it easier to manufacture different structure of optical waveguides. The printed optical waveguides 

showed excellent light conductivity in no matter dry (air) or wet conditions (PBS and tissue). The application for 

optogenetic-driven drug delivery proves the practical function of printed waveguides, which can be adopted to 

conduct light to activate the photoresponsive implants. 

  

References 

1, Nizamoglu, Sedat, et al. "Bioabsorbable polymer optical waveguides for deep-tissue photomedicine." Nature 

communications 7 (2016): 10374. 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1091 of 1893 

2, Choi, Myunghwan, et al. "Light-guiding hydrogels for cell-based sensing and optogenetic synthesis in vivo." Nature 

photonics 7.12 (2013): 987. 

3, Xu, Peidi, et al. "Bioinspired microfibers with embedded perfusable helical channels." Advanced Materials 29.34 

(2017): 1701664. 

4, Parker, Sara T., et al. "Biocompatible silk printed optical waveguides." Advanced Materials 21.23 (2009): 2411-

2415. 

5, Choi, Myunghwan, et al. "Step‐index optical fiber made of biocompatible hydrogels." Advanced materials 27.27 

(2015): 4081-4086. 

6, Guo, Jingjing, et al. "Highly stretchable, strain sensing hydrogel optical fibers." Advanced materials 28.46 (2016): 

10244-10249. 

  

Acknowledgement 

The authors thank Peter Rogin for the help with characterizing light conductivity of waveguides. J.F. acknowledges 

the financial support from China Scholarship Council. 

  

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1092 of 1893 

PS1-07-148 

3D plotted composites consisting of a calcium phosphate bone cement 

and mesoporous bioactive glass allow tailoring of ion and growth 

factor release 

Richard F. Richter, Tilman Ahlfeld, Michael Gelinsky, Anja Lode 

University Hospital and Medical Faculty, Technische Universität Dresden, Centre for Translational Bone, Joint and 

Soft Tissue Research, Dresden, DE 

 
Introduction 

Calcium phosphate bone cements (CPC) and mesoporous bioactive glasses (MBG) are two well studied biomaterial 

groups widely under investigation on their applicability to treat bone defects. Recently, a MBG-CPC composite was 

developed in our group which showed promising results with respect to cell response in vitro and new bone formation 

in vivo (1,2). Unlike conventional powder/liquid cements, the used CPC is a hydrophobic carrier-liquid (cl) based 

paste; it maintains a good injectability until contact with aqueous environment that allows its application for extrusion-

based additive manufacturing techniques like 3D plotting opening up varied applications (3). However, until now the 

extrusion properties of the MBG-CPC composites have not been studied in detail. A higher amount of solid phase 

will impair the injectability, thus additional modifications are required to keep the original good properties. The aim of 

the present study was to adapt a composite prepared from a hydroxyapatite forming, cl-based CPC and mesoporous 

bioactive glass for the application in low temperature 3D plotting and to investigate plotted composites with regard to 

structural and mechanical properties as well as strontium ion release. 

  

Experimental Methods 

MBG particles (< 45 µm) were prepared as recently described (4). CPC was provided by INNOTERE GmbH, 

Germany. The extrusion properties of composites with different MBG concentrations were examined by measuring 

the mass flow through a plotting needle for different plotting pressures (100-500 kPa) and needle diameters (250-

610 µm). Setting characteristics in humidity of a MBG-CPC composite were studied by performing a Gilmore-needle-

test. Afterwards MBG-CPC scaffolds were plotted with an extrusion-based 3D plotter (Bioscaffolder 3.1, GeSiM mbH, 

Germany) and set in humidity. Porosity of plotted scaffolds was evaluated by helium pycnometry. Additionally, 

microstructure and mechanical properties were characterized by scanning electron microscopy and uniaxial 

compressive tests. Finally, MBG fabrication was modified by gradually substitution of calcium with strontium. MBG-

CPC scaffolds containing the same amount of MBG but with different MBG compositions (0, 5, 10 and 15 % Sr) were 

plotted and the release of calcium and strontium ions in PBS was investigated and compared to non-plotted bulk 

scaffolds. 

  

Results and Discussion 

MBG-CPC composites with the addition of up to 4 wt% MBG were extrudable without any further modification of the 

CPC. Through adjustment of the amount of cl used, composites with the addition of up to 10 wt% MBG were achieved 

without impairing the extrudability. Initial setting times were prolonged by the incorporation of MBG but after 3 days 

of setting no difference was found compared to MBG-free CPC. 

For plotted scaffolds with 8 wt% added MBG (Fig.1: 3D-plotted scaffold), it was found that the total porosity was 

slightly, but not significantly increased. Microstructure analysis indicated the formation of micro cracks along MBG 
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particles and mechanical tests showed lower compressive strength in comparison to pure CPC, although the Young’s 

modulus was not significantly altered. 

Regarding the release analysis, it was shown that the ion release is customizable by the use of different MBG 

compositions. For strontium ions released from 3D plotted structures, therapeutic but not cytotoxic levels were 

obtained. Additionally, a significant higher ion release was achieved from macroporous 3D plotted scaffolds in 

comparison to bulk scaffolds (Fig.2Ion release from MBG-CPC scaffolds) indicating the advantages of this fabrication 

method for release systems. 

  

Conclusion 

In this study we showed the development of a MBG-CPC composite applicable for 3D plotting. Furthermore the 

results of the ion release showed the high flexibility of this material system and suggest it as a promising platform for 

further enhancements such as the incorporation of growth factors (2,5) or anti-inflammatory agents. 
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Ion release from MBG-CPC scaffolds 
Accumulated release of Ca2+/Sr2+ from 8%-MBG-CPC 

scaffolds over 21 days (normalized to starting 

weight of the scaffolds) 

 

3D-plotted scaffold 
3D-plotted scaffold using an 8%-MBG-CPC 

composite, layer-to-layer orientation 90°, 

strand distance 1.2 mm 
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Alginate-Based Composite Bioinks for 3D Biofabrication 

Susanne Heid, Rainer Detsch, Aldo R. Boccaccini 

Friedrich-Alexander University Erlangen-Nuremberg, Institute of Biomaterials, Erlangen, DE 

 
Introduction 

Three-dimensional (3D) printed scaffolds based on hydrogels are attractive for applications in regenerative and 

personalized medicine [1]. Among these, alginate-based hydrogels are receiving increasing attention for 3D 

biofabrication due to their excellent biocompatibility and similarity to the extracellular matrix of native tissues in terms 

of mechanical and structural properties. [2] 

In this project, a novel composite bioink is going to be developed from pharmaceutical grade alginate, gelatin and 

inorganic particulate fillers for extrusion-based 3D printing to enhance the printability, shape fidelity, as well as to 

adjust the mechanical properties while sustaining a cell friendly environment. 

  

Experimental Methods 

Composite hydrogel compositions were designed on the basis of previously research outcomes by Leite et al [3]. 

Various amounts of bioactive inorganic fillers (BIF), between 0.1 wt% and 1.0 wt%, were incorporated into the ADA-

GEL (alginate dialdehyde combined with gelatin) bioink. The different composite hydrogel compositions were 

evaluated using extrusion-based 3D printing regarding their printability, printing accuracy and shape stability. FTIR 

measurements, as well as the determination of the crosslinking degree and ion and gelatin release studies were 

conducted to examine the bioink´s properties. A degradation study was performed by investigating the change in 

stiffness using nanoindentation measurements to evaluate the long-term stability of the hydrogel bioinks. In-vitro 

biocompatibility studies combined with fluorescence staining and cell viability assays were performed with NIH3T3 

fibroblast cells. 

  

Results and Discussion 

One of the most significant challenges in 3D biofabrication is the combination of appropriate mechanical properties 

and shape stability of the printed constructs with high cell viability after printing. ADA-GEL hydrogel scaffolds often 

show a low dimensional stability which makes the printing with this material challenging [4]. To overcome this 

limitation, ADA-GEL bioinks have been modified by incorporating inorganic fillers like bioactive glasses and their 

influence on the properties of the bioink has been examined. 

In this study, the effect of different amounts of bioactive fillers on the printability of ADA-GEL hydrogels was analyzed. 

It was observed that there was a better strand formation by enhancing the amount of BIF in the bioink, similarly to 

previous findings [3]. Nevertheless, more than 0.5 wt% BIF led to a non-uniform ink deposition, which hindered the 

printing of 3D structures in extrusion-based processes. 

Moreover, bivalent calcium ions, which are released from the BIF particles due to their surface reactivity, can 

strengthen the network of the hydrogel over time leading to a better stability after printing. This trend could be 

confirmed by nanoindentation measurements during incubation under cell culture conditions for 7 days. 

To understand the chemical mechanisms and to further characterize the composite hydrogel, FTIR measurements, 

ion and gelatin release studies were performed and the mechanical properties of the composite hydrogel were 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1095 of 1893 

examined. Furthermore, the degree of crosslinking between ADA and gelatin was evaluated by different assays. The 

outcomes were in good agreement with the printing and nanoindentation results. 

In-vitro cell studies showed promising results for the optimization of the new composite bioink for 3D biofabrication 

by investigating different key processing parameters. The complex interactions of the hydrogel matrix and the 

bioactive inclusions with cells during the printing process were studied. 

  

Conclusion 

A new family of composite bioinks composed of ADA-GEL and bioactive inorganic fillers was developed and its 

suitability for 3D biofabrication was shown. Further studies will focus on the assessment of the rheological properties 

as well as on the long-term evaluation of printed constructs with fibroblast and muscle cells. 
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Introduction 

3D printing (e.g. extrusion printing) has emerged as a fascinating technology which has great potential in addressing 

numerous challenges in tissue engineering and regenerative medicine. This technique provides desired structural 

features and ‘on-demand’ delivery of the printed products. The development of stable cell-free biomaterial-inks or 

cell-encapsulated bioinks is a major concern in 3D printing of scaffolds for tissue engineering applications. Therefore, 

the selection of the biomaterial-ink is one of the major challenges to prepare specific tissue-type (e.g. more 

sophisticated composition, components, and architecture). Polysaccharide hydrogel shows the great potential as 

artificial biomaterial in damaged tissue regeneration by demonstrating their properties similar to native extracellular 

matrix (ECM). In this study, multicomponent polysaccharide-inks were prepared and processed in desired designs 

by 3D printing and evaluated their structural, rheological, mechanical and biological properties. 

  

Experimental Methods 

First, carboxylated-cellulose nanocrystals (cCNCs) were prepared by oxidation method using ammonium persulfate. 

Then, printable cell-free biomaterial-inks composed of sodium alginate (SA)/xanthan gum (XG)-reinforced with 

cCNCs were designed and prepared. In this study, cCNCs and XG were incorporated in SA matrix and varied their 

contents to prepare cell-free biomaterial-inks that were further printed by direct-write 3D printing (i.e. extrusion 

printing). The composition components of were optimized for better rheology, printing accuracy and post-printing 

fidelity (before and after crosslinking), mechanical properties, and their cytocompatibility. 

  

Results and Discussion 

The incorporation of cCNCs and XG provide shear-thinning property to cell-free biomaterial-inks under applied shear-

forces while extruded-out via nozzle tip. The results showed good physical stability in the bulk and printed hydrogels. 

In addition, biomaterials-inks showed good in vitro cytocompatibility with human skin fibroblast cells on both bulk and 

printed hydrogels. 

  

Conclusion 

We developed cell-free biomaterial-inks composed of SA, XG, and cCNCs for 3D printing The results showed that 

prepared cell-free biomaterial-inks demonstrated good shape-fidelity of printed-structures with good resolution and 

in vitro cytocompatibility, Furthermore, the developed biomaterial-inks need to be cell-encapsulated to prepare 

printable bioinks without affecting cell viability while extrusion.         
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Introduction 

Drug induced liver injury (DILI) is one of the major reasons for drug withdrawal during the different phases of drug 

development.1 The economical as well as the ethical constraints increase along with more advanced phases.2 In the 

present research, an in vitro model will be developed to detect the hepatotoxicity of drugs prior to reaching the pre-

clinical phase. In order to develop this model, different gelatin-based hydrogel materials have been developed and 

compared after 3D printing into porous scaffolds. The scaffolds function as support for primary mice hepatocytes. 

  

Experimental Methods 

Three different gelatin-based hydrogels were developed: (i) Methacrylated gelatin (gelMA) was obtained as described 

earlier3. The material was already extensively characterized before with respect to mechanical and biological 

properties and therefore served as benchmark in the present work. (ii) Gelatin/oxidized dextran (dexox) hydrogel 

blends were developed, in which dextran was first oxidized with NaIO4 and subsequently crosslinked using a Schiff-

base amine-aldehyde click reaction. (iii) Gelatin-norbornene (gelNB)/thiolated dextran was the third hydrogel class 

applied, in which gelNB was developed as described previously4. The thiolated dextran was obtained by first 

synthesizing tosylated dextran, which was subsequently modified using potassium thioacetate followed by 

conversion into thiolated dextran after reaction with NaOH. The materials developed were subsequently 3D-printed 

into porous scaffolds with the same dimensions and were characterized for their physico-chemical properties. Next, 

in vitro biocompatibility experiments with primary hepatocytes and HepG2 were executed. Furthermore, the influence 

of several coating materials mimicking the natural extracellular matrix, has been assessed for their potential to 

support cell proliferation. The coating materials include animal-derived fibronectin, laminin, collagen, as well as 

human-derived coating materials isolated from the human placenta. The coating was applied on the gelatin-derived 

scaffolds via dipcoating. 

  

Results and Discussion 

Three different gelatin-based hydrogels were developed: (i) Methacrylated gelatin (gelMA) was obtained as described 

earlier3. The material was already extensively characterized before with respect to mechanical and biological 

properties and therefore served as benchmark in the present work. (ii) Gelatin/oxidized dextran (dexox) hydrogel 

blends were developed, in which dextran was first oxidized with NaIO4 and subsequently crosslinked using a Schiff-

base amine-aldehyde click reaction. (iii) Gelatin-norbornene (gelNB)/thiolated dextran was the third hydrogel class 

applied, in which gelNB was developed as described previously4. The thiolated dextran was obtained by first 

synthesizing tosylated dextran, which was subsequently modified using potassium thioacetate followed by 

conversion into thiolated dextran after reaction with NaOH. The materials developed were subsequently 3D-printed 
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into porous scaffolds with the same dimensions and were characterized for their physico-chemical properties. Next, 

in vitro biocompatibility experiments with primary hepatocytes and HepG2 were executed. Furthermore, the influence 

of several coating materials mimicking the natural extracellular matrix, has been assessed for their potential to 

support cell proliferation. The coating materials include animal-derived fibronectin, laminin, collagen, as well as 

human-derived coating materials isolated from the human placenta. The coating was applied on the gelatin-derived 

scaffolds via dipcoating. 

  

Conclusion 

The biological evaluation results obtained so far represent the evaluation of only one scaffold type during 7 days 

using HepG2 cells. Currently, the properties of the other scaffold materials (cfr. physico-chemical and biological) are 

being assessed and compared with the gelMA control scaffolds. Preliminary results look promising and will be 

presented at the meeting. 
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Introduction 

Bioprinting technology is advancing rapidly, yet, finding suitable bioprinting materials that meet both mechanical 

property and bio-compatibility remains a challenge. Although bioinks using synthetic polymers are easy to control in 

mechanical strength and provide high shape fidelity, they had been limited in clinical use due to lack of 

biocompatibility. It has been generally accepted that it is difficult to use FDA approved materials, such as collagen, 

hyaluronic acid (HA), and fibrin, without any modification for applications requiring high stiffness such as 3D 

bioprinting. We have designed bioinks composed of collagen, HA, and fibrin without any chemical substitution. We 

found the universal relationship between mechanical properties of bioinks and printability: high elastic modulus 

improve shape fidelity and extrusion is possible below the critical yield stress, supported by the machine 

learning.Bioprinting technology is advancing rapidly, yet, finding suitable bioprinting materials that meet both 

mechanical property and bio-compatibility remains a challenge. Although bioinks using synthetic polymers are easy 

to control in mechanical strength and provide high shape fidelity, they had been limited in clinical use due to lack of 

biocompatibility. It has been generally accepted that it is difficult to use FDA approved materials, such as collagen, 

hyaluronic acid (HA), and fibrin, without any modification for applications requiring high stiffness such as 3D 

bioprinting. We have designed bioinks composed of collagen, HA, and fibrin without any chemical substitution. We 

found the universal relationship between mechanical properties of bioinks and printability: high elastic modulus 

improve shape fidelity and extrusion is possible below the critical yield stress, supported by the machine learning. 

  

Experimental Methods 

To investigate the dominant rheological properties affecting the printing quality, we first randomized the formulation 

with various combinations of collagen, fibrin and HA. These initial formulations are derived from orthogonal design 

which is described in Table. 1. For machine learning analysis, we set the concentrations of each components as an 

Input parameter, their rheological parameters such as G’ and yield stress as an Output 1, and corresponding printing 

results such as shape fidelity and extrusion as an Output 2. 

  

Results and Discussion 

This study has significantly improved in practical use with the followed results. First, the bioink was composed of only 

FDA-approved materials and had no chemical treatment, so it was very practical for clinical application. In particular, 

non-immunogenic atelocollagen had a flexible gel structure, it was excellent in processability and provided adequate 

elasticity. Second, because the bioinks showed similar gel properties at both room temperature and physiological 

temperature, the printing could be performed at both temperature and the elasticity of the bioinks remained stable in 

vivo. These aspects help to facilitate use in clinical applications by reducing the restrictions on treatment room 

settings. Third, by defining the rheological properties that the printable ink with high shape fidelity should have, it has 

been possible to design and formulate new printable inks. Although the contribution of each composition to the 
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physical properties is not clear, the prediction equation (Fig. 1) can be provided by regression of the complex 

contribution of each component. Such approach is not limited to specific materials, so it can be a universal guideline 

for 3D printing research to develop FDA-approved inks by controlling only physical properties without further chemical 

treatment. Finally, the bioink has high biocompatibility so that cells can be applied. Fibroblasts were highly viable, 

easily migrated, and attached onto the high elastic collagen scaffold, as shown in figure 2. This is surprising 

improvement than the synthetic polymers such as PCL and PLA where hydrophobic surface should be treated to 

attach the cells. 

  

Conclusion 

This work demonstrates a comprehensive approach to acquire the printable bioinks with high shape fidelity for 3D 

printing from the selection of material to the design of ink formulation. Cells were settled stable within 3D construct 

and provided a foundation for tissue formation, promising the versatile applications for organ analogues or in vitro 

models. They will also provide a valuable predictive tool for designing the printable FDA-approved bioinks. 
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Orthogonal design of bioinks for machine 

learning 
Various formulation of nature-derived bioinks 

with FDA approved materials (collagen, 

hyaluronic acid, fibrin) and their rheological 

properties (G’ and yield stress) and printing 

quality (shape fidelity and nozzle clogging). 

 

Figure 1. Long-term stability and cellular 

compatibility of the printed constructs.  
a, The images are representative images of the 

whole constructs at progressing days of cell 

culture using human dermal Fibroblast 

(400,000cells/ml). b, The upper images are 

representative images of live / dead analysis 

showing living cells (green dots) and dead cells 

(red dots) in the hydrogel. The lower images 

show cell migration into the scaffold (indicated 

by white arrows) as the cell culture proceeds 
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Introduction 

Polyetheretherketone (PEEK) is a polyaromatic semi-crystalline thermoplastic polymer and has been used widely in 

clinical applications in the last few decades, including spinal implants, cranioplasty, dental implants, and implant-

supported bars [1–3]. However, PEEK has a bio-inert hydrophobic surface which makes it less favorable for cell 

adhesion and protein adsorption [4]. Therefore, surface modifications of this primarily inert polymer are imperative in 

order to enhance its osseointegration potential [5]. 

Technological advancements in additive manufacturing (AM), have made a significant leap in the last decade [6]. 

One of the AM technology which is gaining special interest from the medical sector for fabrication of PEEK patient-

specific implants (PSI) is Fused Filament Fabrication (FFF) [7]. The working principle of FFF is a fabrication of the 

implant in a “layer-by-layer” manner, and it is with this approach that complex geometries of an implant are easily 

fabricated [8]. In addition, FFF fabricated implants can be manufactured in various layer thicknesses, which thereby 

create a certain level of surface layer characteristics onto the implants’ surface [9]. Studies on how these surface 

characteristics generated by FFF 3D printing affect the bioactivity properties are still lacking. 

Hence, the objective of this study was to evaluate the influence of surface topography and roughness on the 

bioactivity of FFF 3D-printed PEEK. 

  

Experimental Methods 

PEEK disk samples (14 mm diameter, 2 mm thickness) were manufactured by an FFF printer (Apium P220) and 

medical grade PEEK filament (Evonik VESTAKEEP® i4 G resin) with a printing layer thickness of 200 microns. The 

samples were divided into three groups: untreated (n = 40), polished (n = 40), and sandblasted groups (n = 120). 

Samples in the sandblasted group were blasted with different alumina (Al2O3) grain sized particles resulting in three 

subgroups (50 µm, 120 µm, and 250 µm, n = 40 per subgroup) to get an increased level of roughness on the sample 

surfaces, respectively. The surface topography and roughness were characterized by scanning electron microscopy 

(SEM) and profilometry. SAOS-2 osteoblasts cell line was used for the biological tests. After seeding for one day, 

three days, and five days, cell proliferation and metabolic activity were determined by cell counting kit-8 (CCK-8) 

assay. 

  

Results and Discussion 

As shown in Figure 1, the untreated FFF 3D-printed PEEK sample surfaces indicated clear structures with peaks and 

valleys. After polishing, the printing features disappeared and resulted in a homogeneous and a smooth surface. The 
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sandblasted samples possessed a micrometer rough surface topography with homogeneous coverage of 

protuberances and cavities. The roughness measurement showed that when compared to polished and sandblasted 

groups, the untreated PEEK samples represented significantly higher average roughness (Ra) and root-mean-square 

roughness (Rq) values (Figure 2a). As for the biological test, the untreated PEEK represented a slightly faster 

metabolic activity after one-day incubation as compared to polished and sandblasted groups. Additionally, it was 

noted that as the culturing time increased, the cells on the untreated PEEK surfaces had a more rapid growth rate 

after the 3rd day and 5th day (≈ 2–3 times) as compared to the cells on polished and sandblasted group surfaces 

(Figure 2b). 

  

Conclusion 

1. High roughened surfaces printed by FFF with their specially printed surface features have improved bioactivity 

of PEEK samples, including cell metabolic activity and proliferation. 

2. FFF 3D-printed PEEK could be a possible candidate to be used in Cranio-maxillofacial and applied as an 

orthopedic and dental implant material in bone repair, bone reconstruction, and bone tissue engineering 

applications. 
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Ra and Rq roughness values of different groups 

(a). The data are presented as means ± standard 

deviations, * p < 0.05. U: untreated group; P: 

polished group; S (50): 50 µm sandblasted group; 

S (120): 120 µm sandblasted group; S (250): 250 

µm sandblasted group; relative cell 

proliferation rate (b). Metabolic activity: the 

optical density (OD) values at the 3rd and 5th 

day were normalized by 1st-day values. 

 

 

Figure 1 
SEM images of FFF 3D-printed PEEK sample 

surfaces in different groups: (a)–(c) untreated 

PEEK; (d)–(f) polished PEEK; (g)–(i) sandblasted 

PEEK (50 µm); (j)–(l) sandblasted PEEK (120 µm); 

(m)–(o) sandblasted PEEK (250 µm). 
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Introduction 

The clinical need for adipose soft tissue engineering such as mastectomy or traumatic injuries is in constant 

increase1. Unfortunately, in the case of breast cancer, current surgical reconstruction techniques present drawbacks 

such as morbidity of the donor site, capsular contracture or insufficient revascularization2. Tissue engineering 

chamber (TEC) using fat-flap from the patient’s own tissue could be a promising solution to restore large volume of 

mature and vascularized adipose tissue (AT)3,4. Bioabsorbable materials are good choices to generate TEC because 

they can be fully absorbed by the body in several weeks after AT reconstruction. These biomaterials can be 

processed by additive manufacturing techniques to improve the control of porosity and produce complex and 

personalized 3D structures compared to conventional processing methods. In this study, we investigated the effect 

of TEC processing on the mechanical and thermal properties of a medical grade PLGA; then we studied the in vitro 

cytotoxicity and degradation by inducing adipose tissue engineering on 3D constructs. 

  

Experimental Methods 

Medical grade PLGA 85:15 (Mw: 2,70E+05 g/mol) was used as raw material and TECs were manufactured with an 

FDM printer. The impact of different processing step (extrusion of filament, 3D printing, and Ethylene Oxide (EtO) 

sterilization) were evaluated by HPLC-GPC (molecular weigth) and DSC (crystallinity); cytotoxicity test was 

performed according to ISO 10993-5. In vitro degradation was also studied by inducing adipose tissue engineering 

on 3D constructs. The crystallinity as well as molar mass was studied at 3, 5, 7, 10, 12 and 14 weeks. In parallel, 

cells proliferation and differentiation were also investigated. All experiments were performed with at least three 

replicates and analysed with Anova-one-way test using p<0.05 as statistically significant criteria. 

  

Results and Discussion 

Extrusion and FDM printing lead to a 10%; and 18% drop in PLGA initial molecular weight, respectively. This result 

was quite predictable regarding the thermosensitive behaviour of this polymer. The degree of crystallinity decreases 

from 36% to 0,1% during the whole process leading to an amorphous 3D construct which is preferable for the 

complete degradation of the TEC. No cytotoxicity was observed at each step of the process including EtO sterilization 

step using fibroblast cells according to ISO 10993-5. PLGA degradation leads to a 23%±3% cell death at 10 weeks 

while it was 14%±2% for the control (p<0,005). After 7 weeks of in vitro degradation, the PLGA loss 20% of its 

molecular weight whereas no significant change in crystallinity was observed. 

  

Conclusion 

A medical grade PLGA TEC has been successfully fabricated via additive manufacturing technology. Post-in vitro 

analysis demonstrated that after 2 months the PLGA molecular weight loss was evaluated at 20%. An in vivo model 
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has been developed were a vascularized adipose flap is inserted into the TEC in the dorsal region of female rats. In 

vivo degradation of PLGA chambers will be further investigated. 
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Introduction 
Emerging technologies of additive manufacturing have introduced new possibilities in various domains. One of the 

key advantages of these technologies is shortening the production time of customized and application specific 

products. Moreover, it opened the doors for producing new complex designs that either were impossible or costly to 

produce. 

This study illustrates the possibility of manufacturing tools to produce samples for in vivo studies utilizing the flexibility 

in design and production using additive manufacturing. In this study, a mousemodel to study Ventilator-Associated 

Pneumonia (VAP) infection was selected [1]. This disease is one of the most common nosocomial infections, with 

high morbidity and mortality and current treatments don’t work as shown by the fact that 50% of the antibiotic usage 

in ICUs is due to VAP [2]. To tackle the problem, new materials and formulation are being explored such as coatings, 

drug loaded systems among others. Moreover, preclinical trials in animal models such as mice are vital, so human 

testing and clinical application of these new devices can follow. 

The test sample in this model is a tube similar with a human intravenous catheter that is placed in the main bronchus 

of a mouse. This small sample needs to present an inner and outer diameter of 0.60 and 1.00 mm and a length of 

around 3.00 mm. Simplifying the manufacturing process of test samples shortens the path to clinical application. 

Moreover, the optimization of the existing VAP model with the use of this personalized test samples will allow the 

study of new formulations to prevent and treat VAP infection. Such tools may help researches in the field of 

material/biomaterial sciences to easily produce samples with their developed formulations that can be used in this 

invivo model. 

  

Experimental Methods 

The nozzle design was based on principles illustrated in the literature for producing dies for the extrusion process 

[3]. CAD software (Creo Parametric 4.0) was used to produce an initial design of the nozzle. Then, verifications of 

the design were conducted using two simulation software programs. First, FloEFD v17.2 was used to simulate the 

fluid flow and estimate the pressure generated on the inside walls of the nozzle. The material used for the simulation 

was PLA. The fluid domain, boundary conditions and mesh size were defined. The simulation output was a 

measurement of the pressure on the inside walls of the nozzle. Afterward, the maximum internal pressure from the 

flow simulation was used as an input for structural integrity simulation. A finite element analysis was conducted using 

ANSYS v19 to simulate stresses generated in the nozzle. The inside surfaces were selected as the source of the 

pressure and the surface where the threading is located was set as a fixed support. The material used for this analysis 

was stainless steel which is predefined in the software library. Finally, the selected design was 3D printed in stainless 

steel by a commercial 3D printing service provider (i.materialise). The technology used to produce the nozzle was 

Three Dimensional Printing. In this technology, a binder sprayed on selected regions on a layer of fine metallic 

powder. This step is repeated layer after layer until the wanted geometry is produced. Afterward, the unbounded 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1108 of 1893 

particles are sprayed away. Finally, the produced output is sintered in an oven at a temperature of around 1300ºC 

[4].  

  

Results and Discussion 

The nozzle was produced using the additive manufacturing technique and had an outlet outer and inner diameter of 

1.02 mm and 0.58 mm respectively. The internal geometry of the nozzle was designed to ensure that the smallest 

area the material flows through is 0.28 mm2, which will assure sufficient flow of material. The nozzle was designed 

to be easily fitted with an M6 thread into a small screw extrusion set up mounted vertically in a way where the output 

side of the nozzle facing downward. This set up allow flexibility in testing different kind of polymeric material and 

mixtures. The output geometry of the extruded tube was highly dependent on the extrusion speed and temperature. 

It was noticed that, it is key to adjust the temperature to have a continuous flow of material without the need of high 

toque on the screw extruder. On the other hand, high temperatures cause the extruded tube to collapse and loose 

its shape. 

  

Conclusion 

This work provides a simple and quick solution for testing new materials and formulations developed for testing 

catheters in the VAP model. This nozzle was designed to be fitted on a mini screw extrusion system. However, 

adaptations can be simply conducted on this nozzle to allow it to be fitted on other extrusion systems. The concept 

of using such methodology in producing tools allow high flexibility in introducing modifications to the design and 

implementing these designs for producing test samples for in vivo models. 
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Process of producing the nozzle and testing 
The simulated model of the nozzle in both 

FlowEFD and ANSYS is displayed (left), The 

printed nozzle (middle) and the tube produced by 

the nozzle (right). 
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Introduction 

Selective laser melting (SLM) is promising technique that capable of producing macro- or micro-structure surfaces 

for implants. These surfaces could be modified to increase osseointegration, bone generation and biocompatibility 

which are assured for their clinical success. Our previous studies showed that Titanium implants prepared by SLM 

(SLM-Ti) treated with mixed acid and heat (MA-H) formed apatite in a simulated body fluid (SBF) within 1 day, and 

enhanced in vivo bone formation on their surfaces [1]. However, the effects of these treatments on cellular response 

in vitro kept unclear. In this study, MC3T3-E1 pre-osteoblasts were cultured on SLM-Ti discs treated with MA-H to 

evaluate the effects of applied treatments on apatite formation, cell viability and cell morphology. These parameters 

were compared to that on untreated Ti samples. The data about cell viability and morphology on SLM-Ti treated with 

mixed acid (MA) are also used for reference. 

  

Experimental Methods 

SLM-Ti disc supplied by Osaka Yakin Kogyo Co., Ltd. (Osaka, Japan) were activated by a mixture of 66.3% H2SO4 

and 10.3% HCl solutions. Afterwards, they were heated at 600 ºC for 1 h. The samples were immersed in SBF for 1 

day and observed apatite formation by SEM. For cell culture tests, MC3T3-E1 cells were cultivated on the samples 

at 37 oC, 5% CO2, in DMEM supplemented with 10% FBS, 1% penicillin and streptomycin. At 1, 3, and 7 days of 

incubation, the cell viability was evaluated by absorption of light 490nm in wavelength according to production of 

formazan after adding cell count reagent SF (Nacalai Tesque,inc., Kyoto, Japan).  After seeding 30 min, 1 h, 6 h and 

1 day, the cell morphology were observed under SEM after normal fixation process. 

  

Results and Discussion 

The surface of SLM-Ti disc exhibited particular morphology due to the material-derived particles (Fig. 1a). The 

increased surface roughness was observed after MA treatment by producing micro-meter roughness, which 

remained even after the heat treatment (Fig. 1b,c). When the treated samples were soaked in SBF, the surface of 

MA-H was covered by apatite while those of untreated and MA samples were not. 

In the cell attachment, even untreated surfaces showed activated cell morphology that was elongated and bridged 

the corners after incubation periods of 30 min, probably due to their roughened surface. This was in contrast with the 

round and flat morphology of cells attached on machined Ti plate [2]. The elongation was further increased by the 

MA and subsequent heat treatments, as shown in Fig 2. 

MA samples showed significantly higher cell viability as compared to untreated samples at 1 and 3 days with the rate 

is 275 % and 133 %, respectively. The positive effect was decreased after the heat treatment: the cell viability 

percentages are almost the same for MA-H and untreated samples. These results are inconsistent with the previous 

reports where the cell proliferation on machined Ti and Ti-6Al-4V alloy were decreased by an acid treatment, but 
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increased by the subsequent heat treatment [3,4]. This might be attributed to the highly roughened surface of SLM-

Ti. Further study will be needed to reveal the mechanism of cell proliferation on SLM-Ti subjected to MA and MA-H. 

However, it should be emphasized that both MA and MA-H samples in the present study showed no adverse effect 

on cell attachment and proliferation. Although the MA sample promotes cell attachment and proliferation, its 

contribution for bone-bonding would be limited because of lack of apatite formation. In contrast, the MA-H sample 

can tightly bind to living bone in short time because of its suitable morphology for cell attachment and high capacity 

for apatite formation. The bone bonding has been confirmed by animal experiment [1]. 

  

Conclusion 

In summary, the present study showed that the SLM-Ti treated with MA-H is not toxic with cells, and promising for 

next generation of orthopedic and dental implants because of its suitable morphology for cell attachment and high 

capacities for bone bonding as well as apatite formation. 
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Figure 1 
Surface morphology of SLM-Ti (a) Untreated, (b) 

MA and (c) MA-H 
 

Figure 2 
Morphology of MC3T3-E1 cells on SLM-Ti a) 

Untreated; b) MA and c) MA-H after various 

incubation periods. 
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Introduction 
Stereolithographic production of tissue engineering scaffolds allows the production of specifically designed lattice 

structures to control mechanical properties. The development of 3D printing processes for soft tissue implants is 

currently investigated for a heart valve.  Each year more than 30 000 patients undergo surgical treatment in order to 

treat heart valve diseases in Germany. Surgical treatment is often the only promising therapeutic option causing a 

high demand of heart valve replacements. [1] The architecture of native heart valve tissue is constituted by three 

layers, which are perfectly adapted to its biomechanical properties and function inside the heart. Valvular interstitial 

cells (VICs) are embedded within a structure enclosed by endothelial cells (EC) and extracellular matrix (ECM), which 

comprises collagen, elastin and glycosaminoglycans to sustain the structure. [2] Using highly resolved 

stereolithography offers the possibility to construct artificial scaffold structures with anisotropic mechanical properties 

mimicking the native heart valve tissue and laying the foundation for an optimal biohybrid implant. 

  

Experimental Methods 

Polymeric scaffold structures are produced with a custom made laser stereolithography setup. The laser source is a 

continuous, frequency quadrupled Nd:YAG prototype laser with a wavelength of λ = 266 nm from Toptica Photonics. 

A platform within a vat, containing a photo resin, is mounted on a linear motorized Z-axis from Thorlabs, for the 

construction of three dimensional objects. The laser spot is focused on the surface of the photo resin. The photo 

resin used is a biocompatible material system based on thiol‐ene click chemistry and is composed of 

trimethylolpropane tris(3-mercaptopropionate) (TMPMP) and poly(ethylene glycol) divinyl ether (PEG-DV). [3] 

The polymerization reaction is verified by ATR-FTIR spectroscopy, carried out on a Perkin‐Elmer Frontier‐MIR FTIR 

spectrometer. Mechanical characterization of the material and scaffold structures is investigated by tensile and 

compression testing on a Zwick Z100/TL3A testing machine. Torsional testing is performed using a Kinexus Lab+ 

from Malvern. 

  

Results and Discussion 

Line tests and window pane tests are recorded to define the process window for the processing of photo resin on the 

laser stereolithography printing setup. A minimum resolution of approximately 10 µm is achieved in line tests and a 

reproducible curing depth of approximately 50 µm is achieved in window pane tests. A full conversion of the thiol-

ene polymerization is confirmed by FTIR spectroscopy. 

For mechanical testing of 3D printed structures four out of twelve contemplable unit cells have been selected and 

identified as representative models for further investigation. Prior to the examination of unit cell based scaffold 

structures, solid material samples have been mechanically characterized. This procedure serves two purposes: on 

the one hand the pure mechanical properties from the material itself without structure are assessed; on the other 

hand standardized testing specifications for synthetic materials are adapted and established for additive 
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manufactured materials for biomedical applications. This step is necessary due to the fact, that there is currently no 

existing standardized testing specification for materials with the later purpose of an implant. 

Characterization of produced samples shows an elastic material with a higher withstanding against compression 

compared to tensile load. Furthermore, torsional testing shows constant material behavior under physiological 

conditions. 

  

Conclusion 

In this study we demonstrate a versatile process to produce tissue engineering scaffolds for soft tissue implants, 

where cells and surrounding tissue require a specific mechanical environment. This method provides a toolbox to 

alter and specifically address the mechanical properties by design beyond the mechanical properties of the material 

itself. The use of and combination of different unit cells as an element of design for scaffold structures makes this 

method easy to use. The effect of cultivation of cells in such scaffold structures and their influence on the mechanical 

properties of such a biohybrid materials remains to be investigated. 
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Introduction 

Nature derived polymers, and especially hydrogels such as collagen or gelatin are an attractive basis for bioinks for 

biofabrication applications due to their biocompatibility and biodegradability. Modification with photo-crosslinkable 

functionalities allows for light based processing. To this end, the use of thiol-norbornene photoclick hydrogels have 

the capacity to overcome limitations of chain-growth polymerization-based bioinks such as oxygen inhibition and 

heterogeneous network formation.  

  

Experimental Methods 

Two photon-polymerization (2PP)-based 3D printing is based on the simultaneous absorption of two photons from a 

femtosecond-pulsed laser leading to localized polymerization of photosensitive bioinks. 2PP enables both the 

fabrication of cell scaffolds and the encapsulation of cells inside photosensitive hydrogels in accordance to computer 

aided designs (CAD).  

  

Results and Discussion 

We report herein on the development of a biocompatible multicomponent system based on gelatin-norbornene, a 

small molecular weight thiolated crosslinker dithiothreitol and a cleavable biocompatible photoinitiator which has the 

capacity to enable direct cell encapsulation by printing cells into various designs while maintaining cell viability and 

proliferation. Direct cell encapsulation compared to cell seeding in prefabricated scaffolds provides high initial cell 

loading and uniform cell distribution. The properties of the hydrogel including stiffness, degradation and swelling can 

be fine-tuned by changing the concentrations of the components and/or light dose.  

  

Conclusion 

The increased lifetime of the constructs can allow the study of cell-cell interactions, creating a versatile platform for 

in vitro modelling and tissue engineering constructs to study the cell response in 3D. 
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Introduction 

RNA interference (RNAi) is a post-transcriptional gene regulatory mechanism, which is based on the cleavage of 

target mRNA strands to suppress gene expression. Since its discovery, RNAi has emerged as promising therapeutic 

treatment of diseases related with gene overexpressions like cancer and genetic or autoimmune disorders. Double-

stranded RNAs such as small interfering RNAs (siRNAs) are able to initiate this mechanism, thus they can reduce 

protein production in a sequence-specific manner. However, naked siRNAs are unstable in physiological 

environments and show poor intracellular uptake. For this reason, efficient and safe delivery vehicles are required, 

which protect the siRNAs and bring them to their site of action into the cytoplasm of a cell.[1-4] 

Our approach is to use nanoporous silica nanopartilces (NPSNPs) as delivery platform for siRNAs. In the past 

decade, NPSNPs have emerged as promising basis for designing tailored delivery systems for a variety of 

biomolecules (e.g. small molecule drugs, proteins or nucleic acids). Among other positive features, these NPSNPs 

exhibit large surface areas associated with large pore volumes and reactive silanol groups at the surface, which can 

easily be modified and functionalized. Moreover, NPSNPs are biocompatible and biodegradable.[2,4,5] 

  

Experimental Methods 

NPSNPs were prepared in a water/oil phase using polystyrene and CTAB as structure directing agents to build up 

the porous system.[6] After templateremoval, the particle surface was modified with different trialkoxysilanes by post-

grafting reaction to control siRNA uptake and release. Next, the loaded particles were capped with different lipids to 

protect the nucleic acids and to enhance cell uptake as well as the siRNA release into the cytoplasm. Finally, the 

cytotoxicity was ensured with an CellTiter-Blue® assay and the gene knockdown ability of the nanocarriers was 

investigated using siRNA against green fluorescent protein (GFP) in GFP-expressing cells. 

  

Results and Discussion 

The synthesized NPSNPs were approximately 80 nm in size and had a pore diameter of 7 nm. By modifying the 

surface, high loading amounts (up to 150 µg siRNA per mg NPSNP) were obtained and an appropriate release could 

be achieved. Cell uptake investigations with fluorescent labelled silica particles and siRNAs visualized a fast cellular 

uptake and the ability of our nanocarriers to release the siRNA into the cytoplasm. The cell viability tests indicate no 

significant cytotoxicity of our silica nanoparticles based vectors even when using high concentrations. In the end, the 

potential of our designed delivery platform was demonstrated with a successful knockdown of GFP-expression. 

  

Conclusion 

We could demonstrate that siRNA-loaded NPSNPs conjugated with a lipid-bilayer can provide a safe and efficient 

platform for the delivery of oligonucleotides into cells. 
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Introduction 

The use of nucleic acid-loaded polymeric nanosystems as cancer nanomedicinehas experimented an exponential 

increase, thus resulting in numerous publications in the last years. This is due to the multiple advantages that they 

bring associated, such as nucleic acids protection and site-directed therapies to increase therapeutic outcomes and 

reduce side effects simultaneously. In addition, they may possibly be useful to attack cancers by using different 

therapeutic approaches. However, the translation of basic research to clinical applications is still reduced, mainly due 

to the lack of actively-targeted, safe and efficient gene delivery vectors, especially when dealing with in vivodirect 

uses.  

  

Experimental Methods 

With the objective to circumvent these drawbacks and overpass the gap between research labs and clinicians, in our 

group, we created a library of oligopeptide end-modified poly(beta aminoesters) – OM-PBAE polymers, with proven 

capacity to encapsulate different kinds of oligonucleotides(i.e. plasmids, mRNA, siRNA) by co-incubation and 

electrostatic binding into discrete nanometric particles (sizes around 150 – 180 nm) with a tunable surface charge 

(from anionic to cationic).  

  

Results and Discussion 

We demonstrated their in vitrosafety profile, by viability studies, and cell-type selective transfection, using a reporter 

gene, as a function of the specific polymer composition taken into account not only the added targeting moiety, but 

also the specific oligopeptide combination and the backbone structure and polymer combination. Selecting the most 

appropriate polymer, we were able to demonstrate OM-PBAE polyplexes reduced toxicity and higher efficiency in 

permissive but also restrictive cell cultures; i.e. immune and cancer cells, as compared to commercial transfection 

agents. Examples of concrete in vitroachievements are found in gene therapy: the enhancement of selective tumor 

cells apoptosis, thanks to the encapsulation of siRNA codifying for oncogenes that suppress their replicative capacity. 

Also, in cell therapy, where mesenchymal stem cells, usually refractory to transfection, were transfected while 

maintaining their undifferentiated state. In vivo, they have also demonstrated a promising performance, namely for 

gene therapy of gliomas and also for cancer immunotherapeutic purposes, thanks to their preferential targeting and 

transfection of antigen presenting cells, as demonstrated by biodistribution studies, which makes them useful as 

mRNA vaccines to re-awaken the anti-tumoral immunity. Therefore, our aimhere is to demonstrate the versatility and 

adequacy of our biomaterials, the OM-PBAE polymer library as promising novel antitumor strategies, which could 

eliminate tumors by attacking different tumor survival mechanisms.  
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Conclusion 

Since current medical guidelines recommend the combination of more than a single therapeutic approach, due to 

most cancers heterogeneous manifestation, we hypothesize that future therapies will have a multifocal purpose, to 

end up with all tumor cell populations. Thus, in a near future, the use of OM-PBAE nanoparticles to create a combined 

therapeutic strategy; i.e. knocking an oncogene with tumor-targeted nanoparticles and re-awakening the dendritic 

cells to make them present tumor associated antigens to re-activate the cytotoxic T lymphocytes, could improve the 

safety, efficacy, selectivity and potency of current available treatments, thus, OM-PBAE nanoparticles could 

represent a turning point in near future cancer treatments and patients quality of life. 
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Introduction 

Polysaccharides are biodegradable, biocompatible and non-toxic biopolymers derived from renewable sources 

showing great potential for several biomedical applications, such as the prevention and treatment of staphylococcal 

infections. A strategy to treat these infections is the use of polysaccharides in antimicrobial therapy. Polysaccharide 

based in situ-forming hydrogels are able to improve the efficacy of the loaded drug(s) by overcoming different 

drawbacks like: burst effect, high systemic toxicity, side effects and fast degradation [1,2]. In this work we investigated 

the efficacy of anionic polysaccharidic hydrogels as vancomycin stabilizers. The newly biocompatible and 

biodegradable designed formulations could be potentially used as enhancers of drug structural stability overcoming 

its degradation pathways. 

  

Experimental Methods 

Hyaluronic acid, alginic acid, propylene glycol alginate, xanthan gum and dextran (as control) were used as anionic 

polysaccharides, while vancomycin was selected as a cationic drug. Polysaccharide-vancomycin solutions containing 

a fixed amount of polysaccharide (5mg/mL) and polysaccharide-vancomycin hydrogels at gel-point concentrations 

were formulated in aqueous media at pH 7.4 and pH 9 (i.e. vancomycin isoelectric point). Chemical stability tests of 

polysaccharide/antibiotic solutions and hydrogels were performed for 22 days by HPLC-DAD-MS. Placebo hydrogels 

and drug-loaded systems were characterized by rheological analysis at 37°C, to evaluate the presence of ionic 

complexes between negatively charged polysaccharides and the positive charges of the drug. Vancomycin release 

studies were conducted at 37°C upon addition of PBS (pH 7.4) on top of the gels. The antimicrobial activity of the 

complexes was tested against Staphylococcus aureus at 106CFU/mL after 24,48 and 72 hours via microdilution 

method and by contact susceptibility tests. 

  

Results and Discussion 

The chemical stability of the drug can be achieved by physical encapsulation of the drug into the hydrogel networks 

at physiological conditions. The polysaccharidic solutions with ±24% of drug stability (Figure 1a) and polysaccharidic 

hydrogels with ±40% of drug stability (Figure 1b) are able to preserve the vancomycin native structure compared with 

drug solution. The results show that not all polymers were able to stabilize the drug to the same extent. Vancomycin 

stability is governed not only by physical network encapsulation, but also by ionic interaction between drug and 

polysaccharidic matrix thanks to self-assembling ionic complexes composition. To validate this hypothesis, stability 

studies were also performed at pH 9, when vancomycin is uncharged. As depicted in Figure 2, ionic bonds are 

essential to promote the improvement of vancomycin stability. In addition, the formation of complexes affects 

rheological characteristics of the systems. More in detail, the presence of the peptide confers to hyaluronic acid and 

propylene glycol alginate formulations the transition from an entangled solution to a gel-like rheological behaviour. 
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Otherwise, unloaded xanthan gum formulations displays a gel-like rheological behaviour and, when loaded with 

vancomycin, an evident increase of both viscoelastic moduli was detected. Regarding alginic acid, no significant 

changes, between unloaded and loaded gels, were observed. Release tests were performed for 70 hours before the 

beginning of hydrogel degradation process. Figure 1c shows different release kinetics according to the nature of the 

polymer. A 60% of vancomycin release is achieved within three days for all formulations. Antimicrobials susceptibility 

tests show a significant bacteria reduction compared to the vancomycin in solution, and only hyaluronic acid fails to 

stop bacterial growth. In particular, xanthan gum reaches the ±91.5% of bacteria reduction until 24h and a zone of 

inhibition of ±24mm, promoting as best candidate. 

  

Conclusion 

Vancomycin-polysaccharidic hydrogels are able to preserve the structural stability of the drug enhancing its 

antimicrobial activity in physiological environment thanks to the physical encapsulation and self-assembling ionic 

complexes configuration. Furthermore, these designed formulations could be used as functional coating in the 

treatment of wound infections and in the prevention of implant-associated infections. 
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Figure 2. 
Comparison of vancomycin decay at pH 7.4 (ionic 

interaction) and pH 9.0 (vancomycin isoelectric 

point) complexed with polysaccharide solutions. 

 

 

Figure 1. 
Chemical stability of native vancomycin at pH 

7.4 loaded into (a) polysaccharidic solutions 

and (b) polysaccharidic hydrogels; (c) 

cumulative release of vancomycin in PBS pH 7.4, 

37°C. 
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Introduction 

Bacteria associate with most organisms and afford key information on host systems.[1] Detection of bacteria in 

biofluids supports the clinical diagnosis and guides the medical treatment, e.g., for infections.[2] To date, bacteria 

induced infections affect ≈10 millions of people globally with an increase of ≈32% per year,[3] which urgently calls for 

novel diagnostic tools for early detection and precise medication. Compared to conventional proteomic[4] and 

genomic[5] approaches for detection of bacteria, metabolic analysis is more distal for real case application, but very 

difficult due to the high complexity of biosystems and low abundance of metabolites.[6] In parallel to detection, 

inhibition of bacteria is not only required in clinics, but is also a daily issue for health care.[7] Therefore, there is an 

urgent need to develop an advanced tool toward metabolic analysis of bacteria for diagnostics and bacteria inhibition. 

Noble metal materials own unique surface plasmonics and elemental chemistry,[8] for defined bioanalysis[9] and 

targeted biotoxicity,[10] respectively. For bioanalysis, noble metals and their hybrids afford surface plasmon 

resonance for spectrometric applications, e.g., mass spectrometry.[11] Particularly, high-performance assays have 

been established based on core–shell structured noble metal hybrids, owing to the higher yield of hot carriers over 

bulk materials.[12] For biotoxicity, antibacterial effects by noble metals such as silver are widely applied in hospitals 

and daily life.[13] Notably, new inhibition mechanisms of bacteria by noble metals remain to be explored for high 

antibacterial capability, which can be decided by the tailored material structures. Furthermore, development of a dual 

functional material is challenging and in demand, engaging advanced applications for both bioanalysis and biotoxicity. 

  

Experimental Methods 

We prepared the magnetic silver nanoshells (MPs@SiO2@Ag) by the layer-by-layer assembling approach (Figure 

1). First, MPs as core materials were synthesized by solvothermal method. For the MPs@SiO2, silica was modified 

onto the surface of MPs through a controlled sol–gel method. For the MPs@SiO2@Ag, silver nanoshells were 

decorated by repeating reaction cycles on the surface of MPs@SiO2. To investigate inhibition of bacteria by the MPs, 

MPs@SiO2, and MPs@SiO2@Ag, we applied the E. coli from countless bacterial and recorded the bacterial viability 

by measuring OD values at 600 nm in triplicates (Figure 2). To verify the antibacterial activity of the MPs@SiO2@Ag, 

metabolites extraction was obtained by MALDI MS assisted by MPs@SiO2@Ag nanocomposties.We prepared the 

magnetic silver nanoshells (MPs@SiO2@Ag) by the layer-by-layer assembling approach (Figure 1). First, MPs as 

core materials were synthesized by solvothermal method. For the MPs@SiO2, silica was modified onto the surface 

of MPs through a controlled sol–gel method. For the MPs@SiO2@Ag, silver nanoshells were decorated by repeating 

reaction cycles on the surface of MPs@SiO2. To investigate inhibition of bacteria by the MPs, MPs@SiO2, and 

MPs@SiO2@Ag, we applied the E. coli from countless bacterial and recorded the bacterial viability by measuring 

OD values at 600 nm in triplicates (Figure 2). To verify the antibacterial activity of the MPs@SiO2@Ag, metabolites 

extraction was obtained by MALDI MS assisted by MPs@SiO2@Ag nanocomposties. 
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Results and Discussion 

We designed magnetic silver nanoshells as a multifunctional platform for detection and inhibition of bacteria. The 

optimized magnetic silver nanoshells can be utilized as matrix enabling direct laser desorption/ionization mass 

spectrometry (LDI MS) based metabolic analysis of bacteria (approximately ten Escherichia coli (E. coli) per 

microliter), in serum (Figure 2a/b/c). Then we monitored serum infection process from 0 to 10 h by statistics toward 

clinical classification (Figure 2d/e/f). Moreover, magnetic silver nanoshells facilitated surface adhesion on bacteria 

due to nanoscale surface roughness, and thus displayed long-term antibacterial effects. We also studied metabolism 

of bacteria with metabolic biomarkers identified during inhibition. Our work not only guided the design of material 

based approaches for bioanalysis and biotoxicity, but also contributed to bacteria-related diagnosis and new 

metabolomic insights for antibacterial applications. 

  

Conclusion 

We developed the MPs@SiO2@Ag with rational designed structural parameters as a dual-functional platform, 

bridging metabolism analysis and bacterial toxicity. For metabolism analysis, we performed direct LDI MS for fast 

detection and early diagnosis toward bacterial induced infection and related classification. For bacterial toxicity, we 

achieved long term bacteria inhibition and explored the antibacterial process by metabolic analysis. 
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Figure 1. Preparation and characterizations of 

magnetic silver nano shells. 
SEM image of Bare MPs (a i),  MP @SiO2 ( b i), 

MP@SiO2@Ag ( c i); TEM images of  Bare MPs (a 

ii), MP @SiO2 (b ii), MP@SiO2@Ag ( c iii); SAED 

of  Bare MPs & insert image- HRTEM (a iii), MP 

@SiO2 (b iii), MP@SiO2@Ag & insert image- HRTEM 

(c iii); d) Elemental mapping images of  MP (i), 

SiO2 (ii), Ag (iii). 

 

Figure 2. Detection and inhibition of bacteria 

on a dual-functional silver platform. 
a) Mass spectrum of control serum b) Mass 

spectrum of metabolite detection from spiked 

bacteria; c) OPLS-DA result of spiked bacterial 

metabolites at different incubation time (0-10 

h, label with 0hr~10hr in figures); d) OD 

results of antibacterial effect of magnetic 

silver nanoshells towards E.Coli (5 days); e) 

Digital images of toxic effect of magnetic 

silver nanoshells against E.Coli; f) SEM images 

of antibacterial effect of magnetic silver 

nanoshells (i. control; ii. Silver nanoshells 

attached with bacteria at 6 h; iii- Observation 

of bacterial damage by Ag nano shells at 48 h. 
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Introduction 

Titanium (Ti) and its alloys are widely used as metallic biomaterials based on their good mechanical properties and 

biocompatibility. Infections caused by the formation of biofilms on the surface of biomaterials is a major cause of 

failure in implant surgeries. Biofilms can weaken the bactericidal effect of antibiotics due to the presence of a wide 

variety of bacteria and extracellular polysaccharide. Preventing bacterial invasion is necessary for the success of 

surgical implantations. Therefore, the inhibition of biofilm formation on the surface of the implants is crucial. The initial 

stage of biofilm formation involves bacterial adhesion. Preventing adhesion and the subsequent bacterial growth are 

important in the control of biofilm formation on implant surfaces. In this study, micro-arc oxidation (MAO) was used 

to incorporate the desirable antibacterial elements into the resulting surface oxide layer. A Ti surface was modified 

by MAO treatment with various antibacterial elements, including silver (Ag), copper (Cu), zinc (Zn), and gallium (Ga) 

ions. The antibacterial property of the MAO-treated Ti was evaluated by monitoring bacterial adhesion. 

  

Experimental Methods 

The MAO modification of the Ti surface used an electrolyte solution comprising 100 mM calcium glycerophosphate 

and 150 mM calcium acetate. Silver nitrate, copper chloride dehydrate, zinc chloride, or gallium chloride at a 

maximum concentration of 2.5 mM was added to the electrolyte solution. A positive voltage with a constant current 

density was applied for 10 min. After MAO treatment, samples were thoroughly rinsed in ultra-pure water for 3 min. 

The surface characterization was done by scanning electron microscopy and X-ray photoelectron spectroscopy 

(XPS). The ion release behavior into the physiological saline overlying the surface was evaluated by inductively 

coupled plasma atomic emission spectroscopy. Bacterial adhesion was examined using Escherichia coli (E. coli) and 

Staphylococcus aureus (S. aureus) according to the standard ISO22196 test method. 

  

Results and Discussion 

Surface characterization confirmed the formation of the porous oxide layers using the customized electrolytes 

containing the antibacterial elements. In addition to C, O, P, Ca, and Ti, the antibacterial elements (Ag, Cu, Zn, and 

Ga ions) were also detected in the XPS analyses. Figure 1 depicts the quantified release of the antibacterial elements 

as ions into physiological saline during the 28-day immersion. The release of Ag, Zn, and Ga ions was detected. In 

terms of the quantity of ions released, the order was Ga > Ag > Zn > Cu. Cu ion was presumably released but was 

less than the detection limit. Figure 2 shows the results of bacterial adhesion test. Bacterial adhesion on the MAO-

treated Ti surface modified with Ag and Cu ions was inhibited. Ag-incorporated samples likely displayed a strong 

antibacterial effect due to the release of Ag ion. The Cu-incorporated sample showed the same efficacy due to the 
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contact-killing mechanism. The results indicate the potential value of MAO treatment in generating antibacterial 

implant surfaces. 

  

Conclusion 

In this study, A Ti surface was modified by MAO treatment with various antibacterial elements, including Ag, Cu, Zn, 

and Ga ions. The antibacterial property of the MAO-treated Ti was evaluated by monitoring bacterial adhesion. As 

the results, MAO treatment could incorporate the antibacterial elements into the porous oxide layer. In terms of the 

quantity of ions released from the sample, the order was Ga > Ag > Zn > Cu. Bacterial adhesion on the MAO-treated 

Ti surface modified with Ag and Cu ions was inhibited. It is hoped that the findings that have been presented in this 

paper will contribute to a better understanding of the new insights for relevant investigations and biomedical 

applications. 
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Figure 2 Results of bacterial adhesion test. 

 

 

Figure 1 The release amount of each 

antibacterial ion into physiological saline for 

28-d immersion. 
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Introduction 

Blindness due to corneal ulcers represent 5% of all cases worldwide. 1,2 These ulcers are caused by a range of 

conditions from autoimmune diseases to infections such as fungal and bacterial keratitis. 3   Bacterial keratitis is often 

contracted through the improper use of contact lenses and treatment regimens often include broad spectrum 

antibiotic drops, and sometimes the application of a bandage lens to protect the wound. 4 This method of delivery of 

the drug however is not efficacious as less than 7% of the active agent reaches the site of injury due to the method 

of administration.  Moreover, in recent years, there has been a drive to reduce the use of antibiotics owing to the 

growing epidemic of antimicrobial resistance.  

Nitric oxide (NO) acts as an antimicrobial agent by interacting with simultaneously produced reactive oxygen species 

such as hydrogen peroxide (H2O2) and superoxide (O2
− ) to generate  reactive nitrogen species such as peroxynitrite 

(OONO−), S-nitrosothiols (RSNO), nitrogen dioxide (NO2), dinitrogen trioxide (N2O3), and dinitrogen tetroxide 

(N2O4).5,6   It has been shown that these reactive intermediates target DNA, causing deamination, oxidative damage, 

strand breaks, and other DNA alterations.  Moreover, NO is effective against both planktonic bacteria and biofilms,7 

the latter of which are more difficult to treat due to a protective exopolysaccharide matrix that resists penetration of 

immune cells and antibiotics.8   

Compounds containing the diazeniumdiolate [N(O)=NO]- functional group have shown great potential in a variety of 

medical applications requiring the controlled and sustained release of NO 9    Described herein are environmentally 

friendly methods to develop NO donor contact lenses capable of releasing a controlled and sustained dose of NO to 

target biofilms on infected wounds.  

  

Experimental Methods 

In this work poly-ε-lysine (pεK) is cross-linked with bis-carboxy fatty acids and functionalised with diazeniumdiolate 

to produce nitric oxide releasing hydrogel contact lens bandages with a high water content and excellent 

transparency.   The mechanical properties of the gels are tailored by altering the density of the polymer, the molecular 

length of the cross-linker and the cross-linking density.  The chemical properties of the gels were determined using 

X-ray photoelectron spectroscopy, Fourier transform infrared spectroscopy and UV vis spectroscopy.  The NO 

payload released was determined using a chemiluminescent NO detector.  The antimicrobial efficacy of the gels 

against Staphylococcus aureus and Pseudomonas aeruginosa was determined after 4 and 24 hr incubation and an 

indirect cytotoxicity assay was carried out over the period of 8 days to determine if released NO negatively affected 

a human corneal epithelial cell line (HCE-T cells).   

  

Results and Discussion 

NO release from the functionalised contact lens bandages was evaluated at varying pHs in three different 

solutions; buffer, cell culture media and nutrient broth. The gels demonstrated a burst release at pH 4, and a lower 

and more sustained release profile at physiological pH 's (pH 7).  The antimicrobial efficacy of the contact lenses was 
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observed as reduction colony forming units of Staphylococcus aureus and Pseudomonas aeruginosa using a 

bactericidal assay.  A 3 -4 log reduction in Staphylococcus aureus and up to 1 log reduction with Pseudomonas 

aeruginosa was observed after incubation with the NO releasing gels  The indirect cytotoxicity assay demonstrated 

that released NO did not negatively affect a human corneal epithelial cell line (HCE-T cells).    

  

Conclusion 

The fabrication and functionalisation of nitric oxide (NO) releasing contact lens gel bandages is reported.  The contact 

lens gels exhibit excellent optical and mechanical properties and can release NO under physiological conditions.  The 

gels displayed excellent antimicrobial activity against two of the most common pathogens associated with bacterial 

keratitis- Staphylococcus aureus and Pseudomonas aeruginosa and did not exhibit significant cytotoxicity against a 

human corneal epithelial cell line.  These contact lens gels could be a promising alternative to current antibiotic 

eyedrop treatments, that are often inefficient and laborious. The use of NO would not contribute to the growing 

epidemic of antimicrobial resistance and as the delivery of the treatment is direct to the site of infection, less 

treatments would be required which would ultimately improve patient compliance.  
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Figure 1 
Reaction scheme detailing diazeniumdiolate 

functionalisation of PƐK gels. A) PƐK gel 

crosslinked with nonanedioic acid using EDC/NHS 

ester chemistry. B) Diazeniumdiolate 

functionalised gels.  Diazeniumdiolate formed by 

reacting with NO gas at 5 bar for 72 hrs in the 

presence of NaOH. 

 

Figure 2 
 Bactericidal assay (in LB broth) showing the 

CFU/ml following 4 or 24 hr incubation with S. 

aureus (A & B) and P. aeruginosa (C & 

D).  Control= bacteria only; CG= control gel; 

PG= penicillin functionalised gel; NO= nitric 

oxide releasing gel  
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Introduction 

Wound healing is a complex process with many factors that can delay healing. Pro-angiogenic and anti-bacterial 

effects are both desirable for fast wound healing process after the implantation of a biomaterial into the body as 

complications such as infections, bad integration and chronic inflammation are common problems. Utilization of short 

chain length polypeptides and modified natural polymers provides a strong means to design 3D biomaterial 

architectures with controlled physicochemical properties and also desired multiple biological activities. There is an 

urgent need for multifunctional formulations that can address biomaterial related complications simultaneously in a 

manner similar to the structures of extracellular matrix. In this study, we developed substrates composed of ECM 

components (gelatin, HA) and synthetic peptides where interactions between the coating components induced by 

modification of one component Hyaluronic acid with pendant aldehyde groups (HA-Ald) creates an environment that 

enables incorporation of an antimicrobial/angiogenic peptide sequence (chain length controlled polyarginine (PAR) 

through transient interactions. [1] Gelatin and an HA-Ald can interact via formation of a covalent imine bond –CH=N- 

between aldehyde moieties of HA and amino groups of gelatin. [2] 

  

Experimental Methods 

A spin coated interpenetrating network of gelatin and Hyaluronic acid-Aldehyde derivative was developed for 

controlled release of poly(arginine) (PAR). In order to improve the stability of the film, gelatin was enzymatically 

crosslinked with microbial transglutaminase to enable the formation of amide bond within gelatin structure. 

  

Results and Discussion 

The designed composite system gives distinct biological activities while addition of hyaluronic acid component with 

a pendant aldehyde group enables a transient interaction with the other two components of the system (gelatin and 

PAR). Such multifunctional structure can provide a superior interface between implanted biomaterials and host 

tissues without the necessary trade-offs with the currently available systems. Nanoplasmon measurements 

demonstrated a significantly higher loading of PAR in structures containing HA-Ald with longer retention of PAR in 

the structure. The presence of PAR not only rendered the film a contact-killing surface for bacteria [3, 4] but also 

made it pro-angiogenic (Fig. 1) as demonstrated by increased cell-cell contacts and VEGF gene expression and 

secretion by Human vascular endothelial cells. This multifunctional formulation can be used for tissue engineering 

scaffold development where it can enact on several problems simultaneously. 

  

Conclusion 

Herein, we proposed a spin coated, interpenetrating network of gelatin and HA-Aldehyde derivative containing 

poly(arginine) in order to prevent the implant-related infections and also to promote implant integration via improved 
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angiogenesis. The system harnesses the interactions between its components to achieve multiple biological functions 

inherent to the used bioactive molecules. This system easy to produce and can be used in future for coating of any 

kind of implantable device where there is a need for angiogenesis and a risk of infection. 
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Confocal images. 
Confocal images with DAPI (blue) and PECAM-1 

(green) staining after 7 days of HUVEC cells 

seeded on Gel (A), Gel + PAR (B), Gel/HA-Ald (C) 

and Gel/HA-Ald + PAR (D). 
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Introduction 

The rise of multidrug-resistant pathogens and the dearth of novel antibiotic development urgently need breakthrough 

strategies that go beyond classical antibiotic mechanism to fight this approaching human health cataclysm. There is 

an increasing demand for successful infection treatment through innovative therapy solutions. Herein, inspired by the 

metabolism cascade of pathogens and the clearance of infection by host immune system, a new three-step strategy 

is reported to achieve the combination therapy for biomaterials-centered infections through the use of cobalt doped 

TiO2 semiconductor (TiO2:Co). 

  

Experimental Methods 

The samples were prepared using a plasma electrolytic oxidation method. The pristine sample was undoped TiO2 

coating (TiO2:Co-0), while a series of Co-doped TiO2 coatings (TiO2:Co-0.5, TiO2:Co-1, TiO2:Co-2, TiO2:Co-4) were 

acquired by tuning Co dopant concentration. Surface morphologies of the samples were determined by scanning 

electron microscopy (SEM). Crystal structures of the samples were characterized by the X-ray diffraction. X-ray 

photoelectron spectroscopy (XPS) that is a surface-sensitive characterization technique was utilized to determine 

the surface chemistry. UV−Vis reflectance spectra of the samples were recorded to determine the band gap. 

Ultraviolet photoelectron spectroscopy (UPS) was employed to determine the VB maximum and work function. The 

in vitro antibacterial properties of doped samples were explored and the in vivo anti-infection performances were 

tested on a femoral osteomyelitis model. Furthermore, studies with innate immune cells (macrophages and 

neutrophils) were conducted to explore whether they could be involved in eradicating bacteria. 

  

Results and Discussion 

Band-structure-tunable TiO2:Co can serve as the extracellular electron acceptors, and interfere with the electron and 

proton transfer, and energy metabolism to effectively restrain the bacterial biofilm formation, which is further beneficial 

for the phagocytosing and killing of bacteria by innate immune cells (macrophages and neutrophils) through the 

“divide-and-conquer tactics” since on this occasion impaired biofilms cannot adequately protect bacteria from 

phagocytes. Lastly, the released Co2+ ions from TiO2:Co can generate the proinflammatory microenvironment, and 

potentiate the antibacterial capability of innate immune cells, which are demonstrated by the boosted polarization of 

M1 macrophages, secretion of inflammatory cytokines, and phagocytic ability of phagocytes. Through the infection 

combination therapy, the amounts of bacteria on the biomaterial implant and infected tissue can be significantly 

decreased. This design concept can be applied to develop other antibacterial biomaterials, and hold great promise 

for advanced biomaterial-based anti-infection therapy. 

  

Conclusion 

An alarming and persistent rise in the antibiotic resistance among many important pathogenic bacterial species poses 

one of the greatest contemporary challenges to public health. Whereas most of the previous work developing 
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antibacterial biomaterials is solely focused on inhibiting bacterial biofilm formation, herein, we demonstrate a new 

design concept of “infection combination therapy” for biomaterials-centered bacterial infections. This concept is 

achieved by a three-step tactics: (1) Band-structure-tailorable TiO2 semiconductor through cobalt doping can act as 

the extracellular electron acceptors to interrupt the bacterial electron transfer (discharge process) and proton transfer 

(hydrogenation process), jeopardize the energy metabolism causing bacteria starvation, and thereby suppress 

bacterial biofilm formation (bacteria starvation therapy). (2) Innate immune cells (including macrophages and 

neutrophils) can effectively phagocytose and kill the biofilm-formation-blocked bacteria using the divide-and-conquer 

strategy. (3) Released cobalt ions can create a proinflammatory local environment and potentiate the phagocytosing 

and killing of bacteria by the innate immune cells (infection immunotherapy). This concept of infection combination 

therapy can contribute to the advanced design of biomaterials for antibacterial treatment. We anticipate this novel 

design concept can be extended to developing other antibacterial biomaterials and find wide applications in the 

advanced therapy of biomaterial-based bacterial infections. 
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Schematic diagram 
Schematic diagram for elucidating the mechanism 

of band-structure-tailorable TiO2 semiconductor 

coating to thwart bacterial biofilm formation 

through acting as the extracellular electron 

acceptors.  
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Introduction 

Silver nanoclusters (AgNC) are luminescent hybrid nanoparticles with photophysical properties like quantum dots, 

but with a very small size and without the toxicity associated to heavy atoms. AgNC present interesting electronic, 

mechanical, magnetic, optical, chemical and antimicrobial properties which makes them useful as new therapeutic 

systems whithout neglecting their antibacterial and antimicrobial properties. However, these nanostructures tend to 

oxidize and aggregate irreversibly losing some of these properties. 

The aim of this work is the synthesis in aqueous media of fluorescent antimicrobial AgNC, with photothermal 

properties. For this purpose chitosan, a natural macromolecule, was used as multifunctionalized ligand providing a 

continuous coverture and additional properties associated to its chemical structure. 

  

Experimental Methods 

AgNC synthesis: luminescent AgNC were functionalized with chitosan (multi-amino polymer) photochemically using 

a photoreactor irradiation source with light emission centered at 365 nm which generate a power of 29 W/m2.  The 

experimental conditions were optimized varying photoinitiator concentration, incident light (wavelength, intensity and 

irradiation time), concentration of silver precursor and concentration of chitosan. Reactions were prepared in the dark 

by adding all starting reagents: the photoinitiator (Irgacure 2959®, I-2959), the silver salt as precursor (silver 

trifluoroacetate, CF3COOAg) and the chitosan polymer as ligand. Equimolecular concentration of Ag/I-2959/amine 

groups was maintained at 2 mM and 5 mM, using THF:H2O 50:50 as solvent. Solutions were exposed to UVA 

irradiation at the photoreactor. The reaction evolution was monitored by UV/Vis spectroscopy at the Ag plasmon 

absorption band (437 nm) and fluorescence spectroscopy of the emission signal (520 nm) in the front-face mode. 

Particle size distribution was determined by dynamic light scattering (DLS) and morphology characterization was 

performed by sTEM and CryoTEM. 

Photothermal characterization: suspensions containing different concentrations of AgNC were placed into 

polystyrene cuvettes and exposed to laser light of 808 nm emitting at 44 mW/mm2 and 37°C. Temperature changes 

were monitored by IR thermography using a Testo 875-2i thermal imaging camera. The temperature of the hottest 

point on the surface of the cuvette was monitored every 60 s during 5 minutes. 

The effect of AgNC on Escherichia colias cell model was studied. Minimal inhibitory concentration (MIC) was 

determined after 24 hours. 

  

Results and Discussion 

The formation of hybrid AgNC was achieved in aqueous medium both in the presence and absence of oxygen, which 

makes the process very versatile. The reaction kinetics were very reproducible in all irradiation times and chitosan 

concentration assays. However, the reactions carried out under inert atmosphere were faster and more efficient. The 
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obtained AgNC were fluorescent in water, increasing the emission band as the irradiation time increases. Those 

AgNC obtained under inert atmosphere presented a more intense emission band. No photophysical changes were 

observed over time. 

Size distribution of the nanohybrids were monomodal with a hydrodynamic diameter around 10 nm, which correlates 

with sTEM and cryoTEM images. Spherical morphology with absence of large aggregates was confirmed (Figure 1). 

Photothermal capacity of AgNC increased with irradiation time reaching the highest DT, about 25°C over 37°C, with 

those samples irradiated for 8 minutes. 

E. coli viability was reduced as a function of the concentration of AgNC. Minimal inhibitory concentration (MIC) was 

0.15-0.22 mg/mL of polymer. 

  

Conclusion 

Stable, monodisperse and well-defined AgNP were obtained in suspension using chitosan as template and 

multifunctional amino ligand using a photochemical method. Nanostructuration was achieved in aqueous medium in 

a one-step effective route. The AgNP formation was monitored by the appearance of the plasmon absorption band 

(around 440 nm) and was optimized as a function of the precursor’s concentration, irradiation time and in the 

presence or absence of oxygen. AgNP transduce NIR photon energy very effectively being ΔT 24°C achieved for the 

formulation synthesized in inert atmosphere and long irradiation time. AgNPs presented antimicrobial properties in 

the range of silver particles with remarkable photophysical properties associated to its nanostructure. 
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Figure 1. sTEM images of AgNC  
Figure 1. sTEM images of AgNC obtained under 

nitrogen atmosphere and 1mg /mL of chitosan 
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Introduction 

Infections associated with bacterial colonisation around implants and scaffolds are significant clinical problems in 

orthopaedics. Epidemiological studies suggest between 2-5 % of all the implant related procedures will be further 

complicated due to post-operative infections [1]. Although the systemic delivery of antibiotics is common practice for 

treating these conditions, the potential risk of antibiotic resistance is a growing concern and the effectiveness of their 

long-term use is disputable [2]. To tackle this problem, we aim to design and fabricate scaffolds for localised delivery 

of antibacterial agents which will prevent the occurrence of infections and accelerate healing and remodelling of hard 

tissue. Nanoparticles (NPs) are emerging as novel antibacterial agents and have proven their effectiveness for 

treating infectious diseases [3] as due to their large surface area to volume ratio they are able to exhibit special 

properties which their bulk counterparts do not. Although the exact antibacterial mechanisms are not clear and 

differentiate depending on the bacteria strain, it has been reported factors such as size, shape, surface charge and 

surface area to volume ratio affect the antibacterial potential of nanoparticles [4]. 

Nanoparticle size is an important aspect to consider in relation to biological functions as they need to be comparable 

to (i) small biological molecules (1-10 nm), (ii) viruses (10-100 nm) and (iii) be able to attack biological entities without 

changing their functions. In the present work, cerium oxide nanoparticles (Ce4+ and Ce3+) have been selected due to 

their reported antibacterial potential and the potential to enhance vascularisation [5]. During the synthesis of the 

nanoparticles it was observed that the drying method (i.e. freeze drying or furnace drying) significantly affected the 

physicochemical properties, size, shape and potentially the Ce4+ to Ce3+ ratio. Therefore, the main objective of this 

work is to compare the properties of three types of cerium oxide NPs (i.e. Type-A freeze dried, Type-B furnace dried 

and Type-C commercial NPs) and investigate their effectiveness against common bacteria strains 

(e.g.Staphylococcus epidermidis). After determining the IC50 for each NP type, we incorporated the NPs into 

chitosan scaffolds to investigate ex vivo release rate over a period of two weeks 

  

Experimental Methods 

Cerium oxide nanoparticles were formed using a hydroxide mediated approach. A 0.3 M aqueous solution of sodium 

hydroxide was added dropwise to 0.1 M aqueous cerium nitrate hexahydrate solution at 25 °C. The mixture was left 

under continuous stirring for 24 hrs. The nanoparticles were collected by filtration and washed several times with 

distilled water and ethanol. Type-A NPs were subsequently frozen at -80 °C for 24 hrs and then placed into a freeze 

drier for 24 hrs. Type-B NPs followed the same procedure however; after the nanoparticles were filtered and washed 

they were placed into a furnace at 80 °C for 24 hrs to dry. Simultaneous Thermal Analysis was used to determine 

the optimal calcination temperature for furnace dried NPs. For the characterization of all materials, X-ray Diffraction, 

Transmission Electron Microscopy, Fourier Transform Infrared Spectroscopy, Ultraviolet Spectroscopy and Raman 

Spectroscopy were utilised. 
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Results and Discussion 

Type A and B cerium oxide NPs were successfully fabricated with particle sizes from 4-8 nm and 15-20 nm 

respectively. X-Ray powder diffraction (fig.1) and Transmission Electron Microscopy were used to verify the formation 

of the cerium oxide nanoparticles. Electron Loss Spectroscopy was used to confirm the presence of both Ce3+ and 

Ce4+ ions shown in fig. 2.  

  

Conclusion 

Cerium oxide NPs incorporated with chitosan has the potential to reduce prevalence of bacteria during 

orthopaedic/bone implantation. Furthermore, chitosan offers more advantageous properties compared to other 

biopolymers in terms of acting as a drug release delivery system, in addition to remaining stable with regards to size 

and shape during cell culture procedures. We confirm that the drying method affected the size, shape and Ce3+ and 

Ce4+ ion ratio, furthermore the antibacterial potential of the NPs is currently being investigated. 
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Results 
Fig.1. X-ray diffractometer spectrum of cerium 

oxide NPs, 2θ scanning range was 20° to 80° at a 

scan 

 

Results 
Fig.2. EELs analysis of Type-A nanoparticles 
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Introduction 

Synthesis and applications of metallic nanoparticles have gained considerable attention in recent years due to their 

unique physicochemical and biological properties. Silver nanoparticles (AgNPs) and silver chloride (AgCl) 

nanoparticles have been extensively explored in the field of nanomedicine due to their applications in cancer 

treatment, drug delivery and antimicrobial effects. Indeed, nanocomposites composed by AgCl/Ag are known to have 

antibacterial activity. Among the methods to synthesize silver-based nanocomposites, biogenic methods have 

gaining considerable attention in recent years as an environment friendly approach and the possibility to synthesize 

the nanoparticles at ambient pressure and temperature, in the absence of organic solvents.In this work, AgCl/Ag 

nanocomposites were biogenically synthesized by using exopolysaccharide derived from the bacteria Arthrobacter 

sp. from Antarctic. The obtained nanoparticles were characterized by different tecnhiques and their antibacterial and 

cytotoxicity effects were evaluated. 

  

Experimental Methods 

AgCl/Ag NPs were synthesized by supernatant of Arthrobacter sp, which is rich in exopolysaccharides. The 

exopolysaccharides act as reducing agent of Ag+ to Ag0 (leading the formation of AgCl/Ag NPs) and in the stabilization 

of the obtained nanocomposite, protecting it from degradation and aggregation. The obtained nanocomposite was 

characterized by several techniques, including UV-Vis spectroscopy (UV-Vis), X-ray diffraction (XRD), X-ray 

photoelectron spectroscopy (XPS), Fourier transformed infrared spectroscopy (FTIR), energy dispersive X-ray 

spectroscopy (EDS), atomic force microscopy (AFM), dynamic light scattering (DLS) measurements and nanoparticle 

Tracking Analysis (NTA). In addition, the antibacterial activity of the biosynthesized nanocomposite was evaluated 

against gram-positive Staphylococcus aureus ATCC 29213 and Enterococcus faecalis ATCC 3229 and gram-

negative Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC 13803, and the multidrug-resistant (MDR) 

Pseudomonas aeruginosa KP 37. Furthermore, the cytotoxicity of AgCl/Ag NPs was assessed against the fibroblast-

like epithelial cells (Vero) by using the 3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide (MTT) reduction 

assay. 

  

Results and Discussion 

The formation of AgCl/Ag NPs was confirmed by the detection of plasmonic surface resonance band at 405 nm, 

indicating the successful formation of metallic silver NPs. In addition, XRD analysis and Rietveld refinement 

demonstrated the formation of AgCl/Ag nanocomposite, mainly formed by AgCl. XPS and EDS analyses revealed 
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the presence of oxygen, carbon, chlorine and silver. FTIR was used to evaluate the presence of possible 

biomolecules on the surface of nanoparticles and the results demonstrated the presence of biomolecules such as 

polysaccharides on the surface of AgCl/Ag NPs, derived from the supernatant of Arthrobacter sp, these 

polysaccharides might act in the formation and stabilization of AgCl/Ag NPs in an aqueous medium. AFM results 

demonstrated the formation of quasi-spherical nanoparticles with size at solid state at 16.26 ± 0.32 nm. DLS and 

NTA measurements show a hydrodynamic size at 40 nm and a concentration of 26 x 106 particles/mL with a moderate 

polydispersity index and a negative zeta potential due to the presence of the exopolysaccharides on the nanoparticle 

surface. Furthermore, the biogenically synthesized AgCl/Ag NPs demonstrated a potent antibacterial activity against 

all tested bacterial strains. The experiments revealed a high sensitivity of S. aureus to AgCl/Ag NPs, with minimum 

inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values of 62.5 µg/mL. Similar, E. coli 

and the MDR P. aeruginosa bacterial strains have MIC value of 62.5 µg/mL. AgCl/Ag NPs demonstrated a 

concentration-dependent toxicity to Vero cells. Interestingly, AgCl/Ag NPs were not toxic to Vero cells at 

concentrations required for antibacterial effects. 

  

Conclusion 

This study demonstrated the successful biosynthesis of AgCl/Ag NPs by a biological route, by using the supernatant 

of Arthrobacter sp, a non-pathogenic bacteria strain from Antarctica. The obtained nanocomposite was characterized 

by several techniques that demonstrated the formation of quasi-spherical nanoparticles at nanoscale coated with 

biomolecules, such as exopolysaccharides. The biogenically synthesized AgCl/Ag NPs showed potent antibacterial 

activity with no significant toxicity against healthy cell line (Vero). The obtained nanomaterial might find important 

biomedical applications in the combat of pathogenic bacteria with low cytotoxicity to healthy cells. 
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Introduction 

Among the biomaterials used in bone tissue engineering, the bioglass stands out due to its high bioactivity. In 

physiological environment, the bioglass present the formation of a superficial carbonated hydroxyapatite layer by 

ionic exchange reactions, enabling it to bond with soft and hard bone tissue1. In addition to its bioactivity, many 

bioglass formulations present antibacterial properties against a large range of bacteria, inhibiting its proliferation 

during the treatment2,3.  

The first bioactive glass formulation was developed by Larry Hench, in 19694, called Bioglass® 45S5. Although 

several studies have tried to develop new formulations, the Bioglass® 45S5 still remains as the golden standard to 

bone regeneration due to its capability to bond with soft tissue a few hours after implanted. 

In order to treat the bone defects, a big field of research in the bone tissue engineering studies the production of 

scaffolds5. Those scaffolds are highly porous structures that act as support for cells proliferation. The production of 

Bioglass® 45S5 scaffolds allows the application of the bioglass directly in the bone defect region, being an effective 

way to promote bone regeneration and treat bone diseases. 

However, due to the presence of high temperatures during most of the scaffold production, the bioglass exhibits the 

crystallization of its structure, resulting in a glass-ceramic scaffold. With its crystallization, the bioglass loses most of 

its antibacterial properties, what can lead to tissue infection during the scaffold implantation. 

Aiming to produce antibacterial Bioglass-based glass-ceramic scaffold, this work proposes the incorporation of 

antibacterial nanoparticles on the scaffold. We used silver nanoparticles, well known for its high antibacterial 

properties, and bioglass-based scaffolds produced by the foam replication technique. 

  

Experimental Methods 

Bioglass® 45S5 was produced using the melting-quenching technique, melting the precursor oxides (45wt.% of SiO2, 

24.5wt.% of CaO, 24.5wt.% of Na2O and 6wt.% of PO4) at 1350°C for 20min. The bioglass was milled in a ball mill 

for 24h, using zirconia balls and isopropyl alcohol. The powder obtained was analyzed by XRD to evaluate if the 

glass presented amorphous structure. 

            The scaffolds were produced using the foam replication technique with a 50ppi (pores per inch) polyurethane 

foam. In order to improve the mechanical properties of the scaffold, we realized two impregnations. First the foam 

was soaked in a 45wt.% bioglass slurry and sintered at 950°C for 3h. Then, the scaffolds obtained were soaked in a 

10wt.% bioglass slurry and sintered at 950°C for 3h. The scaffolds were analyzed by SEM to evaluate the porous 

morphology and by XRD to evaluate the glass crystallization. The silver nanoparticles were incorporated using 

ultrasonic stirring for 1h. The solution absorbance was measured before and after this procedure to evaluate the 

incorporation, once the absorbance is directly proportional to a solution concentration by the Lambert-Beer law. 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1144 of 1893 

            Scaffolds samples with and without silver nanoparticles were autoclaved at 100°C in deionized water. The 

samples were incubated in P. aeruginosa culture (500μL of Mueller Hinton solution and 500μL of P. aeruginosa, 

gram negative - 106cells/mL) at 37°C for 24h. After the incubation, 10μL of the culture were dropped in a Petri dish 

containing 15mL of BHI solution followed by the incubation at 37°C for 48h to evaluate the bacteria growth. 

  

Results and Discussion 

The scaffolds presented geometrical porosity of 87,95 ± 1,59% and an interconnected porous structure. During the 

scaffold production, the bioglass crystalized in two different phases, a main phase of calcium sodium silicate 

(Na6Ca3Si6O18), and a secondary phase of calcium phosphate and sodium (NaCaPO4). 

             Before the silver nanoparticles incorporation, the bulk solution presented an absorbance peak of 0,929 at 

429 nm. After 1h under stirring in contact with the scaffold, the solution absorbance decreases to 0,017 at 429nm, 

indicating that the silver nanoparticles were successfully incorporated to the scaffold. 

In the antibacterial test, the scaffold with silver nanoparticles successfully inhibited Pseudomonas growth, while the 

scaffold without the nanoparticles did not. Therefore, the silver nanoparticles incorporation was able to promote the 

antibacterial propriety on the scaffold against P. aeruginosa. 

  

Conclusion 

The use of the ultrasonic stirring showed to be an effective way to incorporate silver nanoparticles on the bioglass-

based scaffold. This led to the promotion of antibacterial properties in the scaffold, that successfully inhibited the 

growth of Pseudomonas. More studies are required to understand the interaction between the scaffold and the silver 

nanoparticle. 
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Introduction 

Gellan gum hydrogels functionalized with alkaline phosphatase were enzymatically mineralized with phosphates in 

mineralization medium containing calcium (Ca) and zinc (Zn) to improve their suitability as biomaterials for bone 

regeneration. 

The aims of the study were to endow mineralized hydrogels with antibacterial activity by incorporation of Zn in the 

inorganic phase, and to investigate the effect of Zn incorporation on the amount and type of mineral formed, the 

compressive modulus of the mineralized hydrogels and on their ability to support adhesion and growth of MC3T3-E1 

osteoblast-like cells. 

  

Experimental Methods 

Mineralization medium contained glycerophosphate (0.05 m) and three different molar Ca:Zn ratios, 0.05:0, 0.04:0.01 

and 0.025:0.025 (all mol/dm3), hereafter referred to as A, B and C, respectively. 

  

Results and Discussion 

SEM (Figure 1), FTIR, SAED and TEM analysis revealed that incubation for 14 days caused the formation of 

predominantly amorphous mineral phases in sample groups A, B and C. 

The presence of Zn in sample groups B and C was associated with a drop in the amount of mineral formed and a 

smaller mineral deposit morphology, as observed by SEM. ICP–OES revealed that Zn was preferentially incorporated 

into mineral compared to Ca. Mechanical testing revealed a decrease in compressive modulus in sample group C. 

Sample groups B and C, but not A, showed antibacterial activity against biofilm-forming,methicillin-resistant 

Staphylococcus aureus (Figure 2). All sample groups supported cel lgrowth. Zn incorporation increased the viable 

cell number. The highest values were seen on sample group C.  

  

Conclusion 

In conclusion, the sample group containing the most Zn, i.e. group C, appears to be the most promising 
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Figure 2. 
Antibacterial testing of GG hydrogel discs 

incubated in mineralization media A, B and C for 

14 days. Non-incubated, ALP-free, hydrogel discs 

were also examined (GG). Measurements performed 

in the absence of hydrogel samples served as 

controls. Values are expressed as percentage of 

colony-forming units (CFU) of methicillin-

resistant S. aureus Mu50 relative to controls: 

(top) results obtained using ’uninfected wound 

model’ involving incubation of a silicone disc 

together with 104 CFU and 1, 3 or 6 samples in 

growth medium for 24 h; (bottom) results 

obtained using ’infected wound model’ involving 

pre-incubation of 10 6 CFU on a silicone disc 

with one sample for 1 or 4 h, followed by 

transfer of the sample to growth medium for 23 

or 20 h, respectively; *significant differences, 

*p < 0.05, **p < 0.01, ***p < 0.001; A1, 

relative to sample group A, one disc; BF, biofilm 

formation 

 

Figure 1 
SEM images of GG hydrogels containing 2.5 mg/ml 

ALP incubated for 14 days in mineralization 

media A (left), B (centre) and C (right); scale 

bar = 1 μm in all cases 
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Introduction 

For many years calcium phosphates (CaPs), due to numerous advantages such as high biocompatibility with bone 

tissue and osteoconductive abilities, are often used in orthopedic surgery and dentistry [1, 2]. Surgical operation 

carries a potential risk of bacterial infection inside operated location, which in turn may lead to systemic infection. In 

order to prevent progress of infection, appropriate antibiotic therapy is used, where medications are administered 

intravenously or orally. However, bone tissue is characterized by weak vascularity, what requires high dosages of 

antibiotics. It may results in serious adverse effects and destruction of natural microbiota of human body. 

Thanks to calcium phosphates’ ability to easy adsorption many of drug substances, it could be used as carrier for 

antibiotics or ions with antibacterial properties, what may be the best solution for aforementioned problem [3, 4]. 

Following work is focused on synthesis of several types of CaPs doped with such ions (silver ions and gallium ions). 

  

Experimental Methods 

Studies were focused on synthesis of following CaPs: hydroxyapatites, brushites, α-tricalcium phosphates and β-

tricalcium phosphates by using two methods: wet precipitation method and solid-state (dry) method. In total, about 

25 materials were obtained, every doped with different amount of silver, gallium or both ions. Following 

physicochemical methods were used to investigate the obtained materials: Powder X-ray Diffraction (PXRD), Solid-

state Nuclear Magnetic Resonance (ssNMR), Fourier Transform Infrared Spectroscopy (FTIR) and Transmission 

Electron Microscope (TEM). In addition, biological study to determine cytotoxicity (on mammalian cell line BALB/c 

3T3) and antibacterial properties (on bacteria Pseudomonas fluorescens using disk diffusion test) of synthesized 

materials were performed. 

  

Results and Discussion 

Physicochemical experiments such as PXRD, ssNMR and FTIR allowed to identify the obtained powders. Materials 

in the form of nanocrystal and microcrystal were obtained using wet and dry method, respectively (TEM). PXRD 

diffractograms confirmed high crystallinity of the samples obtained by dry method. ICP-OES analysis determined that 

amount of doped silver and gallium ions was, in most cases, close to estimated content. 

Cytotoxicity tests exhibited that almost all the synthesized biomaterials were non-cytotoxic. Only the samples with 

the highest concentrations of doped ions were cytotoxic. In addition, antibacterial (disc diffusion) test demonstrated 

occurrence of zones of bacterial growth inhibition. 
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Conclusion 

In following work about 25 calcium phosphates doped with silver or gallium ions (or both) were synthesized. Their 

identity and chemical structure were confirmed thanks to various physicochemical studies. The obtained results will 

allow to produce biphasic materials and then porous ceramics in order to obtain biomaterials with antibacterial 

activity. 
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Nanocrystals of hydroxyapatite 
TEM image of nanocrystals of the synthesized 

hydroxyapatite doped with gallium ions. 

 

Disc Diffusion Test 
Result of disc diffusion test for one of 

synthesized hydroxyapatites doped with gallium 

ions. On photo there is visible zone of 

inhibition of bacterial growth. 
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Introduction 
Silica-containing nanomaterials have been utilized in various biomedical applications, such as hard tissue 

regeneration, biochemistry, bioimaging, and biosensing. Due to their high residual glassy phase and enhanced 

hardness values they can improve the mechanical properties of various implantable scaffolds and biomaterials. The 

use of trace elements found in the human body, such as Ca, Mg and Cu, could improve the performance of such 

materials in the physiological environment, as their controlled release could affect positively the interaction with living 

bone and the behavior of human cells [1,2]. Moreover, they play a significant role in osteogenesis and angiogenesis, 

while attaining antibacterial potential and blood compatibility [3,4]. Smaller size of nano-scale bioceramics improves 

both mechanical properties and apatite-formation ability due to the increased nucleation sites provided [5]. The aim 

of this study was the synthesis of silica-based nanobioceramic glasses and the evaluation of the effect of the 

composition of nanoparticles on apatite forming ability, antimicrobial properties and hemolytic activity. 

  

Experimental Methods 

The synthesis of silica-based bioactive glasses (BGs), SiO2 (BG), SiO2CaO (60 and 40%mol respectively) (BG1), 

SiO2CaOMgO (60, 30 and 10%mol respectively) (BG2) and SiO2CaOMgO doped with CuO (60, 30, 7.5 and 2.5%mol 

respectively) (BG3), was achived by the Stober-based sol–gel method. All BGs were produced by the hydrolysis of 

TEOS in a mixture of d.d. H2O, ethanol and HNO3. Ca, Mg, Cu were added as nitrate salts while ammonia solution 

was inserted dropwise under stirring and ultrasonic bath [6]. 

Apatite forming ability was conducted in c-SBF, with 1.5mg/mL ratio, for 1 and 5 days under renewal conditions [6]. 

The characterization of the samples was determined by Fourier transform infrared spectroscopy (FTIR). The 

antimicrobial properties on seven bacterial strains and hemolytic properties at body (37oC) were also evaluated. 

  

Results and Discussion 

The apatite forming ability of BGs revealed the formation of apatite after 24 h of immersion excluding BG, revealing 

that silica-doped BGs provide enhanced apatite-forming ability compared to pure silica glasses. 

BG completely inhibited the three Gram-positive bacteria (Listeria monocytogenes Scott A, Bacillus cereus and 

Staphylococcus aureus ATCC 6538). The growth rates of the three Enterobacteria (Escherichia coli O157:H7 NCTC 

12079 and the two Salmonellaenterica serovars Typhimurium and Enteritidis) was reduced to <50%. Only the growth 

of Pseudomonas aeruginosa was not significantly reduced. BG1 and BG2 caused a significant but slight inhibition of 

the growth of Salmonella Enteritidis PT4 and B. cereus respectively, but had no significant effect on the growth of 

the other bacteria. A small but significant (P<0.05) decrease in growth rate in the presence of BG3 was observed for 

B. cereus, St. aureus, and Ps. aeruginosa, but the growth rates of L. monocytogenes, E. coli and two serotypes of 

Sal. enterica were not affected. 
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Τhe haemolytic activity of BGs presented in Figure 1, revealed that BG and BG1 induced dose-dependent hemolysis 

on red blood cell (RBC) after the first 24 hours of incubation starting to damage erythrocytes from 0.25mg/ml till the 

highest tested concentration. 

The synthesis of BG2 with the addition of MgO in the system of SiO2CaO seems to present a protective effect in 

erythrocytes in compare with the other BGs. Cu doping in BG2 system (sample BG3) presented similar hemolytic 

activity with BG2. All dosages of BG2 and BG3 below 0.5 mg/ml can be considered as non-hemolytic concentrations. 

Hence, from our results, it is apparent that magnesium and copper doped nanomaterials in the SiO2CaO system are 

safe for blood-contacting applications. 

  

Conclusion 

Silica-doped BGs provided enhanced apatite forming ability and hemocompatibility compared to pure silica glasses. 

Mg and Cu doping in SiO2CaO improved the hemolytic activity of BGs. On the other hand, BG provided better 

antibacterial properties compared to the rest BGs.Depending on the desired application, ion doping can result in 

materials with tailored properties. Further experimental work is in progress to ensure the optimum conditions for the 

synthesis of hemocompatible BGs that could combine apatite-forming ability and antibacterial properties for bone 

tissue engineering applications. 
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Fig. 1 
The released hemoglobin through measuring the 

absorbance of the supernatant at 541 nm and the 

percentage of the released hemoglobin after 

treatment for 24 hours of BGs (*p < 0.05, **p < 

0.001 compared with control). 
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Introduction 

Polylactide (PLA) is a versatile biocompatible polymer derived completely for renewable resources (1) and initially 

applied in biomedical applications such as bioresorbable suture (2), drug delivery system (3). Like polyolefins such 

as polypropylene, polyethylene, PLA was normally utilized as itself because it consisted less functional groups where 

only at the chain ends. Therefore, the purpose of this study was to add functional groups onto PLA film surface with 

having specific function of antibacterial activity. 

  

Experimental Methods 

PLA film was prepared by compression molding and preactivated its surface with sodium hydroxide solution. In order 

to functionalize PLA for specific function of antibacterial activity. The activated PLA film was further modified with 

chitosan by coupling reaction. The chitosan modified PLA film was evaluated for its antibacterial activity against E. 

coli and S. aureus. 

  

Results and Discussion 

PLA is a hydrolysable polyester. After surface preactivation of PLA film with sodium hydroxide, PLA film surface 

would be partially hydrolyzed to expose functional groups of carboxylic and hydroxyl groups, then be further modified 

with chitosan. Since chitosan was well known of having antibacterial property. However, chitosan modified PLA film 

did not exhibit antibacterial activity in dry state because the amino groups of chitosan could not be protonated. 

Besides, owing to its own amino groups, chitosan could form metal complex. The incorporation of metal ions onto 

chitosan modified PLA film exhibited antibacterial activity against E. coli and S. aureus. 

  

Conclusion 

Surface modification of PLA film with chitosan together with metal ions incorporation enhance PLA film into specific 

function of antibacterial activity. 
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Introduction 

Medical device-associated infections are a major health threat, representing about half of all hospital-acquired 

infections. Current strategies to prevent this problem, based on device coatings with antimicrobial (antibiotics, 

antiseptics) compounds have proven to be insufficient, often toxic and can even promote bacterial resistance [1]. 

Herein, we report the development of an infection preventive coating (CyanoCoating) produced with an extracellular 

polymer (RPS) released by the marine cyanobacterium Cyanothece sp. 

  

Experimental Methods 

In this sense, Cyanothece growth was promoted in the optimized conditions for increased polymer production [2], 

and then the biopolymer was extracted, purified and processed to be applied as a coating (CyanoCoating). The 

medical grade polyurethane Pellethane 2363 80 AE (PU) was used as control since it is the most successful used 

biomaterial in blood contacting devices, namely intravascular catheters. Firstly, as a proof of concept, the coatings 

were developed on gold substrates due to its suitability for surface characterization techniques. RPS and PU linkage 

to gold substrates was promoted using a polydopamine (pDA) layer that works as a linker. Coating deposition was 

them obtained by spincoating of either RPS solution (0.5% w/v) or PU solution (0.1% w/v). 

Samples were characterized using ellipsometry, water contact angle measurements, Infrared reflection absorption 

spectroscopy, scanning electron microscopy (SEM) and electrokinetic analyzer. After, different international ISO 

standards were applied to assess the anti-adhesiveness efficacy against Gram-positive and Gram-negative bacteria 

(ISO 22196) (also at the presence of human plasma proteins), thrombogenicity – platelets adhesion and activation 

(ISO 10993-4) and biocompatibility using L929 fibroblasts cell line (ISO 10993-5) of the CyanoCoating. Also, protein 

adsorption studies were conducted using quartz crystal microbalance with dissipation to better understand the 

mechanism underlying the anti-adhesive effect. Then, envisaging future industrial application, CyanoCoating was 

applied directly onto PU sheets. For the linkage of RPS polymer to PU, two industrial techniques (atmospheric plasma 

surface activation and ozone surface activation) were compared against the previous lab-level strategy 

(polymerization of dopamine). After surface activation, the RPS solution was spin-coated on top of activated PU 

sheets. The obtained coatings were characterized (contact angle, SEM) and anti-adhesive performance of 

CyanoCoating was re-evaluated. 

  

Results and Discussion 

Gold-based CyanoCoating exhibited a smooth topography, 17±2 nm thickness and 17±2º as water contact angle 

(highly hydrophilic). Non-cytotoxic CyanoCoating prevented adhesion of all bacteria tested (≤90%) and also platelets 

(<87%) without inducing platelet activation in comparison with the control polyurethane (Pellethane 2363 80 AE) 

even in the presence of plasma proteins. The significant reduction in protein adsorption (<77%) also confirm its anti-
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adhesive properties [3]. Importantly, other surface activation techniques were successful in the PU-based 

CyanoCoating establishment, with strong bacterial reduction (<90%). 

  

Conclusion 

CyanoCoating is a promising anti-adhesive coating capable of preventing medical device associated-infections 

without inducing thrombus formation in blood-contacting applications. 
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Introduction 

Nanostructure on titanium and its alloys represent bioactive surface which enhances the process of osseointegration. 

Nanotubes are created by anodic oxidation in fluorides containing solutions. This modification enables a faster and 

more stable connection between the implant and the surrounding bone. It also shows the ability of photoactivity and 

last but not least, nanostructure could be used as a substrate for another substance, for example, antibacterial or 

bioactive agents. Bacterial attachment is considered to be a serious problem which leads to the formation of biofilm. 

The suppression of the planktonic lifestyle of bacteria does not mean that the biofilm formation is also limited. The 

aim of this work is monitoring of biofilm formation process via electrochemistry. 

  

Experimental Methods 

The nanostructured surface on Ti6Al4V alloy was prepared [1]. Metallic nanoparticles, for example, silver, belong 

among antibacterial agents. It could be deposited via electrochemistry. This setup consisted of 1 s cathodic pulses 

at -0.4 mA/cm2 from KNO3 and AgNO3 electrolyte [2]. Silver nanoparticles could be reduced during the photoreduction 

process while the silver salt solution AgNO3 is irradiated by the UV light for 10 minutes [3]. Also, the deposition of 

apatite formation precursors (CaP) could be done by electrochemistry. Ca-P compounds deposition on the titanium 

surfaces were done by potentiostat polarisation at -0.85 mA/cm2 in a solution containing Ca(NO3)2 and 

(NH4)2HPO4[4]. Similarly, this modification could be enriched by silver and promote antibacterial activity. The surface 

was characterized by SEM, EDS, XPS, and electrochemically. The antibacterial activity was measured against 

indicator bacterial strains E. coli and S. aureus. 

  

Results and Discussion 

Surfaces with Ag and CaP were prepared. Electrochemically anchored silver was localized inside the cavities which 

allowed gradual silver releasing. Silver was present inside cavities for a longer period. Another method was 

described, where the silver nanoparticles were deposited by the combination of the ultrasonication and photo-

reduction. The entire volume of individual nanotubes was filled by silver nanoparticles. Antibacterial efficiency 

decreased with Ag concentration when the silver nanoparticles were depleted at both tested sets of samples. As a 

result, these surfaces showed excellent antibacterial ability against E. coli and S. aureus bacterial strains. Also, 

bioactive CaP deposits were uniformly distributed through the entire surface. Conversely, silver was directed primarily 

into etched cavities in the Ti6Al4V nanostructured surface. All above-mentioned modifications had an impact on the 

surface characteristics such as wettability which is closely related to the subsequent cell and bacterial adherence. A 

method for online motoring of bacterial attachment has been developed. The measurement of open circuit potential, 

polarisation resistance, and electrochemical impedance spectroscopy showed the sensitivity of electrochemical 
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quantities to the detection of bacterial biofilm formation. Obtain statements were also proven by electron microscopy 

observation (Fig. 1). 

  

Conclusion 

These modifications could be used as multifunctional surfaces with a variety of usage in the biomaterials field. 

Electrochemical tests gave an insight into time dependencies of biofilm formation. 
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Fig. 1.  
In-situ biofilm testing, a sample with 

electrochemically anchored silver and the time 

dependency of open circuit potential (OCP) and 

polarisation resistance (Rp) in agar-based media 

with S. aureus (notated as SA) and without 

bacteria. 
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Introduction 

Every surgical procedure is accompanied by a risk of bacterial infections especially in transplantations of bone 

allografts for regeneration of lost tissue in dental and orthopedic applications. One particular challenge is the 

population of bioimplant surfaces with biofilm-forming bacteria, which are less prone to antibiotic treatment (1). The 

loading of bone allografts with antibiotic agents demonstrates a promising approach to overcome this issue. In the 

present study the pharmacokinetic properties of several antibiotics incorporated into allografts were analyzed in 

vitro and in vivo. 

  

Experimental Methods 

Freeze-dried bone allograft (FDBA) blocks (C+TBA, Krems, Austria) were rehydrated in antibiotic solutions of either 

Clindamycin, Gentamycin, Rifampicin, Vancomycin and a mixture of Vancomycin and Rifampicin for biofilm treatment 

for 10 minutes in a 1:1 proportion. The in vitro concentration of remaining antibiotics was assessed every 24 hours 

for up to 10 days. For analysis of the in vivo release of the antibiotic-loaded blocks were implanted using the tibial 

implantation model in 30 rabbits. The allografts were explanted at day 1 and 3 and the remaining amounts of the 

antibiotics were analyzed using microbiological methods. 

  

Results and Discussion 

Antibiotics are easily incorporated into FDBA blocks and especially within the first 3 days high concentrations were 

released both in vitro and in vivo. 

  

Conclusion 

The use of FDBA as carriers of antibiotic agents bares great potential in clinical application by eliminating systemic 

antibiotic-related side effects, minimizing risks of antibiotic resistance formation, providing advantages for eukaryotic 

cells for faster surface population and consequently minimizing the risk of surgical site infections. 
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Introduction 

Chronic wounds, like pressure or diabetic ulcers, are injuries that present a hampered healing process, with 

increasing incidence in our current society due to several factors as high prevalence of diabetes and cardiovascular 

disease. Currently, the development of wound dressings based on biomaterials is one of the main strategies in their 

treatment. This approach favours the healing process by promoting the formation of new tissue while dealing with 

frequent complications like excessive exudate and presence of infection. 

Bio-based aerogels are nanostructured materials, usually obtained by drying of gels from polysaccharides and 

proteins with supercritical CO2 (scCO2), that present optimal textural properties (high porosity and large surface area), 

allowing them to absorb large amounts of wound exudates and to load and release bioactive agents efficiently [1,2]. 

Chitosan is a biopolymer with outstanding properties for drug loading and tissue regeneration, besides its 

biocompatibility and biodegradability [3]. 

In this work, vancomycin-loaded chitosan aerogel particles for the treatment and prevention of chronic wound 

infection were produced using the jet cutting technique followed by drying with scCO2. 

  

Experimental Methods 

In the jet cutting technique (JetCutter®), a solution of 2 wt.% chitosan with or without vancomycin (10 wt.% with 

respect to the chitosan) in acetic acid 1 v/v % was extruded through a nozzle by compressed air (2.5 bar). The liquid 

jet was then cut by a rotating disk with small wires and spherical droplets dropped into a solution mixture of ethanol 

and ammonia (gelation bath) to form the gel particles. Nozzle diameter, cutting disk velocity and number of wires 

were the processing parameters to modulate the particle size and feasibility of particle production. After changing the 

solvent to absolute EtOH, the gel particles were dried for 3h at a constant flow of scCO2 (120 bar, 40 ºC) to obtain 

aerogel microparticles. 

Morphology of the aerogels was studied by scanning electron microscopy and the particle size distribution by dynamic 

image analysis. The textural properties were determined by nitrogen adsorption-desorption tests and helium 

picnometry. 

The liquid sorption capability was performed by a gravimetric method after immersion of the aerogels in PBS pH 7.4. 

Vancomycin content in the aerogels was determined by UV/Vis spectrophotometry after dissolution of the particles 

in HCl 0.1M, and the release was carried out by suspension of the particles in PBS pH 7.4 medium (37 ºC) and 

measurements by UV/Vis. The cytocompatibility of the microspheres was tested by a cell proliferation assay using 

mouse fibroblasts. 

  

 

 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1159 of 1893 

Results and Discussion 

Jet cutting is a technique especially suitable to process microparticles from highly viscous solutions. This technique 

permitted to obtain particles with diameters in the 700-1100 μm range. Particles processed with the 500 μm nozzle 

diameter at a velocity of 4000 rpm of the cutting disk showed the narrowest particle size distribution and the spheres 

presented a spherical, homogeneous appearance (Fig. 1), so these conditions were used for the loading of 

vancomycin. The aerogels presented high porosity (96%) and large surface area (200m2/g), with average pore 

diameters in the mesopore range (20 nm). These outstanding textural properties allowed the particles to absorb up 

to 9 times their weight in PBS. 

The loading yield of vancomycin in the final aerogels was 25%, achieving a final vancomycin content of 22.4 μg/mg 

of particle. The drug release in PBS was fast, being almost 90% of the drug released during the first 30 min. The cell 

viability was higher than 80% after 48 h, so the particles presented good cytocompatibility. 

  

Conclusion 

Vancomycin-loaded chitosan aerogel particles obtained by the jet cutting technique were spherical, homogeneous 

and with a narrow particle size distribution. The remarkable textural properties of the aerogels resulted in a high water 

sorption capability and vancomycin loading. Vancomycin release from the aerogels was fast, rapidly achieving 

effective antibiotic concentrations above the Minimum Inhibitory Concentration (MIC) for most susceptible bacteria 

that can favour the healing process of chronic wounds. The antimicrobial capability is currently under evaluation. 
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Fig. 1. SEM image of the particles produced by 

the jet cutting technique. 
Fig. 1 shows a SEM image of the particles 

produced by the JetCutter® using a nozzle 

diameter and a velocity of the cutting disk of 

500 μm and 4000 rpm, respectively, in an 

ethanol/ammonia gelation bath. 
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Introduction 

Collagen laminates with osteoinductive and antimicrobial properties can be useful biomaterials which allow a better 

treatment of slow healing bone fractures. In order to prevent bacterial contamination and the risk of complications 

during fracture healing, the targeted release of antimicrobials like vancomycin is highly necessary. A tailor-made 

modification of the microstructure of collagen is therefore an elegant way to achieve specific compound release. A 

very important step lies in the detailed characterization of collagen sheets before and after modification regarding 

their microstructure and compound release rate. To accomplish collagen modification, photodynamic protein 

crosslinking is used. It allows the adjustment of the crosslinking degree and thus modifying compound release and 

mechanical properties of collagen sheets [1,2,3]. 

In this work, three different types of collagen sheets were characterized before and after photodynamic protein 

crosslinking regarding their degree of swelling, vancomycin release, mechanical properties and biological effects. 

Hereby we evaluate their suitability as carrier materials for antimicrobial substances used after trauma. 

  

Experimental Methods 

Experiments were performed on various collagen sheets which differ in layer thickness and structural properties. The 

degree of swelling was measured for crosslinked and non-crosslinked collagen after incubation in buffer for several 

hours at 37 °C. For compound release evaluation, collagen sheets were loaded with vancomycin for 2 hours. The 

release of vancomycin into vancomycin-free buffer was then determined through absorption measurements and 

HPLC. In order to characterize mechanical properties, the thickness of collagen sheets was investigated through 

rheometric measurements. 

For the biological evaluation of vancomycin, the effect of vancomycin on the proliferation of staphylococcus aureus 

was determined. 

  

Results and Discussion 

Incubation of collagen sheets (1: Collagen Bio Sheet, Viscofan; 2: Collagen-Sponge, Atellokollagen; 3: Non-

perforated Collagen Sample, Collagen-Solutions) in buffer results in a significant increase of weight compared to the 

dry mass. With one exception, crosslinked collagen shows a minor degree of swelling than non-crosslinked collagen, 

as expected. (Fig. 1A). The thickness was measured for collagen samples 1 and 3 during dry state (Fig. 1B). 

Measurements of vancomycin release into buffer show an increasing vancomycin concentration throughout time. For 

analysis of vancomycin release via HPLC it is important to be able to separate vancomycin from collagen. Figure 1C 

shows an HPLC chromatogram of a collagen-vancomycin sample. 
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Conclusion 

In this study, three kinds of collagen sheets were analyzed regarding their degree of swelling, vancomycin release, 

mechanical properties and biological effects. It was shown, that structural differences resulted in various degrees of 

swelling and compound release. It was shown, that photodynamic crosslinking of collagen sheets has an impact on 

the degree of swelling and thus presents the first steps in creating a new method for targeted release of compounds 

which assist healing of bone fractures. 
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Figure 1: 
A) Measurement of the swelling-degree in buffer 

for 2 hours before and after crosslinking. B) 

Thickness measurements via rheometer using 

forces of 0.25 N and 1 N. C) Chromatogram of 

collagen (48 min, 220 nm) and vancomycin (40 

min, 280 nm). D) Measurement of compound release 

from vancomycin-loaded collagen sheets into 

vancomycin-free buffer. 
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Introduction 

Diabetic foot infections are very serious, disabling and their treatment is complex and expensive. Despite significant 

medical and surgical progress, these infections remain a public health problem. Researches are focus to develop 

local delivery system to overcome the poor penetration at the infected site. The local administration increases the 

amount of antibiotics directly in the wound without toxic effect for the body. In this context we developed a lyophilized 

hydrogel, i.e. sponge based on two polysaccharides. Chitosan (CHT), a cationic polymer and polymer of cyclodextrins 

(PCDs), an anionic polymer obtained by a cross linking reaction between CDs and citric acid (1)(2). The objective is 

to evaluate the impact of CHT:PCD ratio on the rheological properties, structure, drug loading and drug release with 

two antibiotics to have a large spectrum of action on bacteria. 

  

Experimental Methods 

The two powders (<125µm), were co-milled in different ratio CHT:PCDs (3:0 (control), 3:1, 3:3, 3:5 and 3:7 (w/v%)), 

then suspended in distilled water and acidified with acetic acid to obtain a hydrogel characterized by rheology 

(MCR301, Anton Paar). Sponges were obtained by freeze-drying (Alpha 1-2 Plus, Christ) (0,06 mBar, -55 °C) and a 

thermal treatment (TT (140°C, 90 min) was applied to stabilize the sponge. Microstructure, swelling and degradation 

of sponge (with and without TT) were analyzed by SEM (S4700, Hitachi), humid weight gain and dry mass loss. 

Cytotoxicity was evaluated by the indirect method using AlamarBlue® assay according to ISO 10993-5 with 

osteoblast cells (MC3T3). Finally, sponges were impregnated in ciprofloxacin (CIP), in rifampicin (RFP) and 

combination of two antibiotics. Drug release profile was evaluated in PBS in a dynamic condition (USP4, Sotax) at 5 

mL/min in PBS (pH7.4, 37°C). The antibacterial activity was determined against S. aureus and E. coli using a diffusion 

test (Kirby Bauer). Statistical test was performed by Statplus software (version Build 6.7.1.0/Core v6.2.02). Data were 

analyzed using one-way ANOVA and Tukey methods. The difference was regarded to be statistically significant for 

values of P-value < 0.05. 

  

Results and Discussion 

Rheological analysis revealed an immediate gelation of all CHT:PCDs ratio (G’>G” at the beginning of the test). 

Nevertheless, 3:1 and 3:3 ratios were more reproducible and exhibited better viscoelastic properties compare to 3:0 

and 3:5 ratios. Moreover, after lyophilization, the sponge without PCD was not stable and cannot be use for this 

application. A high porous architecture of sponges was observed by SEM, favorable for biological fluid circulation 

and drug sorption/release without impact of TT. Interestingly, TT improved the stability of sponges, swelling properties 

and drug sorption. The drug sorption is directly linked to the sponges swelling properties. Indeed, a high sorption 

capacity is related to a high swelling rate. Clearly, the swelling ratio decrease with the increase of PCD in the 

formulation; thus, the ratio 3:1 TT showed the best drug sorption and the more sustained CIP and RFP release 

compared to other sponge. In the same way, a prolonged antibacterial activity against Staphylococcus aureus and 
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Escherichia coli was obtained for up to 48 hours for this sponge loaded with CIP, RFP or combination of both 

antibiotics. Finally, no cytotoxicity was observed for all sponges with survival rate >70%. 

  

Conclusion 

The 3:1 TT sponges have very interesting drug sorption with the slowest and most favorable drug release. A strong 

and prolonged antibacterial activity was also observed up to 48 hours with a good reproductibility. Finally, 3:1 TT 

ratio is an interesting potential in the treatment of diabetic foot with a significant amount of antibiotics loading while 

maintaining an optimal swelling rate and a good antibacterial activity with CIP and RFP. 
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Introduction 

Nitric oxide (NO) is an endogenously synthesized molecule which can mediate numerous physiological processes 

[1,2]. In the meanwhile, exogenously, NO exerts vasodilator, tumoricidal and antibacterial effect but its usefulness is 

limited due to high reactivity, amount dependency and unavailability of the carrier that can efficiently encapsulate the 

gas[3,4]. In response to the needs for such bioactive gas in therapy, we prepared NO conserving platforms of 

graphene oxide (GO) and its composite with fluorinated poly (ethylene glycol) (F-PEG) by non-covalent 

functionalization. 

  

Experimental Methods 

Graphene oxide were prepared using the modified Hummers method from graphite flake and were non-covalently 

functionalized with F-PEG, F-PEG@GO composites. Characterization was done using transmission electron 

microscope (TEM), dynamic light scattering techniques (DLS), Fourier transform infrared absorption 

spectrophotometer (FT-IR), ultraviolet-(UV)/visible absorption spectrophotometer, Raman scattering spectrometer, 

thermogravimetric analysis (TGA), X-ray diffractometer (XRD), Brunauer–Emmett–Teller (BET) and X-ray 

photoelectron spectrometer(XPS).The amount of NO loaded was determined by using Griess assay method. The 

antibacterial test was done based on the standard agar disk-diffusion method. 

  

Results and Discussion 

The shape and size of GO and F-PEG@GO confirmed from transmission electron microscope and dynamic light 

scattering technique were sheet measured 207 and 250 nm, respectively. Coexistence of GO and F-PEG in a 

composite was confirmed from Fourier transform infrared absorption (FTIR) spectra, Raman scattering spectra, 

thermogravimetric analysis, and X-ray diffraction (XRD). The doping amount of NO in GO and F-PEG@GO were 

analyzed using Griess assay methods. The conserved NO gas was more for F-PEG@GO than for GO and decreased 

with time due to either the oxidation of NO to NO2 or the release of NO from the carrier. The conservation of NO gas 

on carrier was related to the surface area of the carrier and confirmed by FTIR spectra, XRD and XPS. The anti-

bacterial effect of NO gas from doped GO and F-PEG@GO were examined against Escherichia coli and 

Staphylococcus aureus. 

  

Conclusion 

NO gas preserved in F-PEG@GO exerted higher anti-bacteria effect than GO and more effective against S. 

aureus than E. coli. Thus, the F-PEG-coated GO composite was effective for NO gas conservation and anti-bacterial 

effect superior to GO. 
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Introduction 

Based on the very limited intrinsic self-regeneration capability of cardiomyocytes, acute or chronic damage to the 

heart muscle, e.g. caused by a myocardial infarction, can lead  to scar formation, the loss of contraction ability, and, 

potentially, to heart failure. Restricted therapies and the lack of donor organs demand new cardiac tissue engineering 

(CTE) strategies like the cardiac patch approach1. Electrospinning has evolved as a suitable processing technique 

due to its ability to closely mimic the highly branched myocardial structure2. In order to imitate the polysaccharide 

component and structural properties of the cardiac extracellular matrix, this study focuses on a blend of collagen 

(Col) and hyaluronic acid (HA). Additionally, polyaniline (PANi), a conductive polymer, was added to the mixture to 

provide electrical conductivity of the fiber mat. Fiber mats made from PANi and gelatin showed already good results 

in previous studies3,4. 

  

Experimental Methods 

Different weight percentages of polyaniline emeraldine base (Mw 65MDa, Sigma-Aldrich) and camphorsulfonic acid 

(CSA, Sigma-Aldrich) (1:1 weight ratio) were dispersed in dimethylsulfoxide (≥99.5 %, Carl Roth) and stirred for 24 

h. Collagen (type I, Symatese) and HA (Mw 1.0-1.5 kDa, Lifecore Biomedical) (9:1 ratio) were dissolved in formic 

acid (≥98 %, Sigma-Aldrich) and stirred for 1 h. Col/HA and PANi/CSA solutions were combined in 9:1 and 7:3 ratios 

15 min prior to electrospinning. Electrospinning parameters were optimized to an applied voltage of 16 kV, a flow 

rate of 0.05 mL/h and a tip-target distance of 10 cm. Fibers were randomly collected on a mandrel with 500 rpm. The 

fiber mats were crosslinked in 25 % aqueous glutaraldehyde (50 % EM grade, Polysciences) vapor for 72 h. The 

morphology (SEM), chemical (ATR-FTIR), mechanical and electrical properties of the fiber mats were investigated. 

In vitro studies with cardiomyocytes of 3 days-old rat pups were conducted and cytocompatibility, beating behavior 

and intercellular communications were examined. 

  

Results and Discussion 

All Col/HA/PANi blends showed homogenous defect-free fibrous morphologies with fiber diameters ranging between 

120 and 340 nm. The increasing PANi content and thereby increasing solution conductivity led to a decreasing fiber 

diameter, whereas the fiber alignment increased. FTIR analysis confirmed the presence of collagen, HA, and PANi 

in the fibrous scaffolds. Ultimate tensile strength and failure strain increased with increasing PANi content before it 

decreased finally; the Young's modulus decreased constantly with increasing PANi volume.The electrical conductivity 

also significantly increased with increasing PANi amount up to 2 ± 0.5 mS/cm. Cytocompatibility assays after 48h 

revealed a slight decrease of cardiomyocyte viability in fiber mats containing PANi/CSA; however, cardiomyocytes 

showed no significant difference in beating rates for the different compositions. The fibrous scaffold with the highest 

PANi content revealed a significant increase in contraction amplitude compared to the other compositions. Also a 

significant increase in connexin43 was observed for the fibers with the highest PANi volume. 
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Conclusion 

After optimization of solution and electrospinning parameters, homogenous Col/HA/PANi fiber mats were 

successfully fabricated. The fiber mat with the highest PANi content showed the best cell results despite being the 

most brittle. However, all reported results meet the requirements for a patch applicable in cardiac tissue engineering. 
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A 3D printed polymeric stent for heart valve fabrication 
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Introduction 

The heart valve diseases are very common and the valve replacement therapy is the standard treatment for severe 

symptomatic conditions. Polymeric heart valve prosthesis could offer an optimal solution for a heart valve substitute 

because they could address the limitations associated with commercially available mechanical and biological valves 

[1]. Polymeric valve are characterized by the presence of the stent, a support structure for the leaflets allowing their 

deformation under pulsatile flow condition. Medical grade segmented polyurethanes for its excellent biostability and 

hemocompatibility properties have been successfully applied in pre-clinical models for various cardiovascular devices 

fabrication [2-3]. In this study, a polyurethane based material, the CarboSil (DSM Biomedical B.V., Netherlands) was 

the polymeric material taken into account. CarboSil with different hardness were employed for the stent 3D printing. 

  

Experimental Methods 

The stent was drawn with a free CAD software and its shape was optimized for the fabrication of a polymeric aortic 

valve prosthesis with a geometry similar to native three-leaflets aortic valve. The stent has an internal diameter of 

20.5 mm, a thickness of 1 mm and height of 21 mm. CarboSil filaments, featuring hardness of 90A and 55D, were 

fabricated by a filament extruder Felfil Evo (Felfil Srl, Turin, Italy) based on a hot melt extrusion (HME) technology. 

The filaments with diameter of 1.75 ± 0.05 mm were employed for the 3D printing. The stent was printed using a 

Sharebot Q (Sharebot Srl, Nibionno, Italy) based on Fused Deposition Modeling (FDM) technology and equipped 

with a nozzle of 0.4 mm. The extrusion temperature was set at 210 °C and 215 °C for CarboSil 90A and 55D, 

respectively. Different printing parameters was considered as the printing speed (200, 300 and 500 mm/min) and the 

layer thickness (0.100, 0.200 and 0.300 mm). Stent samples were evaluated qualitatively using a stereo-microscope 

and by mechanical test, the parallel compression test (crush test) on the stent and the bending tests on stent cusps, 

to evaluate the influence of printing parameters on mechanical stent behaviour. 

  

Results and Discussion 

The qualitative comparison between the CAD model and the printed samples allowed to define the parameters 

combination that enable to print samples with acceptable accuracy for both CarboSil hardness. The printed samples 

that best fit with the CAD model and showed acceptable accuracy have been printed for both CarboSil materials with: 

i) layer thickness of 0.200 mm and 0.300 mm; ii) printing speed of 300 mm/min. These samples have been 

mechanically characterized showing that the maximum force measured is highest for samples made of CarboSil 55D 

because of its highest hardness and for samples with a layer thickness of 0.300 mm. 

  

Conclusion 

The polymeric valve stent was fabricated with acceptable accuracy for both considered CarboSil hardness. The 

printing speed affects the accuracy of stent while the layer thickness of printed polymer influences the stent 

mechanical properties. The stent printed in CarboSil 55D with printing speed of 300 mm/min, layer thickness of 0.200 
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mm and extrusion temperature of 215°C has mechanical properties similar to biological commercial solutions actually 

used in clinical application [5]. This stent should be used for the fabrication of a polymeric heart valve. 
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Figure 1. 
Stent fabrication 

 

 

Figure 2. 
Stent characterization 
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Introduction 

Cardiovascular diseases, especially in form of myocardial infarction, are the leading cause of death worldwide. 

Undersupply of oxygen and nutrients induces the formation of scar tissue, leading to infarct region thinning and 

consecutively to congestive heart failure [1]. Consequently, finding new ways to support regeneration of the damaged 

heart is of great importance. One alternative is the development of cardiac patches with the major purpose to deliver 

healthy cells to the infarcted tissue. For this application, cardiac patches must fulfil specific mechanical, chemical and 

physical requirements. In this work, bi-component cardiac patches were investigated regarding their layer adhesion 

to achieve these demands. 

  

Experimental Methods 

To mimic mechanical properties of the human heart, a porous film was prepared using poly(glycerol) sebacate (PGS) 

[2]. Gelatin fibers were fabricated by electrospinning using 20 wt.% gelatin in formic acid. Electrospinning parameters 

were set to 15kV, 25°C, 40% rel. humidity and a nozzle-collector distance of 11 cm was used. As-spun fibers were 

attached to the PGS patch either via direct spinning on top of the patch or via combining the patch with an as-spun 

fiber mat using gelatin as glue. All bi-component patches were cross-linked in an aqueous 25 wt% glutaraldehyde 

(GTA) vapor for 72h. 

Morphological (SEM), chemical (FTIR) and biomechanical (modified adhesion test) characterizations were carried 

out to study the properties of the different produced patches. Furthermore, an in vitro degradation test in 37°C warm 

PBS up to 28 days was done to investigate a change in the layer adhesion. 

  

Results and Discussion 

Images of scanning electron microscopy showed that glued gelatin fiber mats adapted to the rough surface of the 

porous PGS substrate with a strong adhesion. In contrast, directly electrospun fibers showed poor adhesion and only 

few fibers were attached to the PGS substrate. After 14 days of in vitro degradation, FTIR analyses confirmed the 

absence of gelatin on those samples. Force-displacement curves, generated via a modified adhesion test, showed 

that combining as-spun fiber mats with porous PGS patches led to excellent material adhesion before and after 

exposure to PBS for up to 28 days. 

  

Conclusion 

Bi-component cardiac patches with an improved layer adhesion were successfully manufactured. It could be shown, 

that attaching electrospun fiber mats with gelatin as glue on top of porous PGS patches hold excellent adhesion 

properties even after 28 days of degradation in 37°C warm PBS. Cell biology studies are being carried out to assess 

the suitability of those patches to support the attachment and beating of cardiomyocytes. 
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Simulation-based development of novel heart valve prostheses 

Ronny Brünler, Philipp Schegner, Dilbar Aibibu, Gerald Hoffmann, Chokri Cherif 

TU Dresden, Institute of Textile Machinery and High Performance Material Technology, Dresden, DE 

 
Introduction 

About 325,000 heart valve replacements are conducted annually worldwide. Today there are two types of prostheses 

available for replacement: mechanical and biological valves. One of the advantages of mechanical valves is their 

almost unlimited durability. However, the main disadvantage is the lifelong anticoagulation therapy that the patient 

must undergo. A further disadvantage of mechanical valves is that the patient can hear the sounds caused by the 

mechanical closing of the valve. Hence, the trend is towards biological prostheses, which advantages are the 

elimination of anticoagulant follow-up treatment, the imperceptible valve closure sound and the possibility of minimally 

invasive implantation, for example in the context of TAVI. 

However, disadvantages of biological valves are their limited shelf life, so that after 15 years there is 30 - 60% chance 

of reoperation due to degeneration and calcification. For the production of biological heart valves, pig or bovine heart 

bags are cleaned, stretched in shape and placed in glutaraldehyde for disinfection for at least 24 hours. After checking 

the quality and thickness of the material, a laser cutter is used to cut six thumbnail-sized shaped pieces per heart 

valve exactly according to the cutting plan. These are then sewn together by hand with over 1,000 stitches each to 

form a biological heart valve. Sometimes a single stitch has to be planned for minutes under the magnifying glass or 

even under the microscope. The production of such a heart valve requires about 20 hours of manual work. A single 

false stitch can turn the entire heart valve into rejects. The costly manual production triples the costs of biological 

heart valves compared to mechanical valves. 

The aim of the work presented here is the development of a simulation-based technology for the integral production 

of complex seamless textile tube structures with valve functions, which is exemplified by a heart valve prosthesis for 

minimally invasive use. The valve is integrated in situ during the weaving process without the need for additional 

components. 

  

Experimental Methods 

For the development of integrally manufactured, complex, seamless tubular structures with valve function in fully 

textile design, all relevant manufacturing, flow and mechanical requirements as well as values for impermeabilty, the 

valve switching cycle, the continuous load capacity, the closing tightness of the valve as well as the requirements of 

a minimally invasive operation were recorded and defined. Furthermore, the geometric properties as well as the 

mechanical properties of the heart valve prosthesis were determined. 

Based on the required properties, a basic weave was developed, consisting of a tubular fabric with integrated folds 

that serve as valves. The basic structure of the heart valve consists of a tube projected into plane, which is 

manufactured as a two-layer fabric with circumferential fibres, thus ensuring high radial strength and dimensional 

accuracy. 

The Jacquard bobbin shuttle ribbon weaving machine has been technically and constructively upgraded and adapted 

for the processing of very fine threads. In particular, a special yarn frame for medical applications was developed and 

implemented so that impermeable fabrics can be produced. 
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Results and Discussion 

Based on the geometric design of structural-mechanical parameters, a geometric model for heart valves was created. 

The deformation of the valve was determined on the basis of a deformation simulation in connection with a flow 

analysis and from this the valve design was derived. Deformation simulations of the tubular structure and deformation 

simulations of the valve were carried out on the basis of the geometry models and the material characteristics. 

On the basis of the geometry models developed and the simulations carried out, a novel weaving technology for the 

integral production of seamless tube structures with defined valve functions for the realization of fiber-based and 

flow-optimized heart valve prostheses is being developed. 

  

Conclusion 

Textile implants offer an excellent solution because they combine the advantages of biological heart valves (minimally 

invasive and short drug-induced coagulation inhibition) with those of mechanical heart valves (life-long durability). 

The novel textile heart valve prostheses offer excellent prerequisites for the realization of valve prostheses that are 

precisely adapted to the anatomical vascular situation, can be placed minimally invasively in the heart, do not require 

lifelong after-treatment with anticoagulants, can be used for patients of all ages due to their lifelong durability and 

can be manufactured with a high degree of reproducibility and quality to save time and money. 
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Genipin cross-linked extracellular matrix hydrogels developed for 
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Introduction 

Extracellular matrix (ECM) scaffolds prepared by tissue decellularization preserve the composition, mechanical 

integrity, and biological activity of the native ECM suggesting that the molecular composition of these materials is an 

active factor in remodeling events. ECM scaffolds can be prepared in the form of an injectable hydrogel, which 

enables the non-invasive application. In our previous work, we prepared ECM hydrogel derived from human umbilical 

cord tissue (UC-ECM) and crosslinked it by genipin to improve mechanical stability and endurance to enzymatic 

degradation. The aim of this study is to further investigate biocompatibility and neurotrophic potential genipin 

crosslinked UC-ECM hydrogel in vivo and in vitro. 

  

Experimental Methods 

ECM hydrogel was prepared by the decellularization of the human umbilical cord and crosslinked by 0.5-5 mM 

genipin. The gel was characterized in terms of the crosslinking degree, rheometry, and enzymatic degradation by 

collagenase. The biocompatibility of crosslinked ECM hydrogels was evaluated by measurement of viability and 

proliferation of human mesenchymal stem cells (MSCs). The gel contraction was measured in 3D MSC culture. The 

neurotrophic properties of the crosslinked hydrogels were assessed using dorsal root ganglion (DRG) dissociated 

culture. To prove crosslinked ECM hydrogel stability in vivo, the hydrogel was injected into the rat brain cortical 

ischemic lesion to evaluate its retention within the lesion as well as the reaction of the host macrophages/microglia. 

  

Results and Discussion 

Crosslinking in a concentration of 1mM improved the stability of the UC-ECM hydrogel and did not show any changes 

in MSC proliferation as well as axonal sprouting of DRG neurons when compared to uncrosslinked ECM hydrogel. If 

crosslinked in situ, genipin prolonged the retention of the ECM/G hydrogel within the cortical ischemic lesion without 

any adverse or proinflammatory effects in the host tissue. 

  

Conclusion 

Genipin crosslinking has a significant effect on ECM matrix stabilization and in a concentration 1 mM is biocompatible 

in vitro as well as in vivo. 
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Calcium signalling as a key factor in developing implants for peripheral 
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Introduction 

The formation of correct neural circuits during development or regeneration is dependent on the ability of growing 

axons to accurately locate their targets [1]. The accurate path is sensed by growth cones, which detect distributions 

of molecular guidance cues in the extracellular environment. Chemotaxis based on both growth cones’ detection and 

response to concentration gradients of appropriate cues is regarded as a key mechanism for guidance. 

Calcium ions take part in growth cone turning as well as outgrowth [2]. Binding of the appropriate guidance cue to 

receptors on the growth cone can trigger the influx of calcium into the cytoplasm from calcium stores in the 

endoplasmic reticulum by activation of ryanodine receptors or inositol-1,4,5-triphophate receptors, or from 

extracellular sources via voltage-dependent calcium channels [3] and transient receptor potential (TRP) calcium 

channels [4]. Blocking calcium entry through membrane-bound or ryanodine channels can stop the guidance 

response, or even change a normally attractive turning response to a guidance cue to repulsion [1, 5]. 

  

Experimental Methods 

In this study, we developed implants releasing calcium ions in a controlled manner. The implants are intended for 

peripheral nerve regeneration. The structure of implants is made of naturally derived mimetics of 

glycosaminoglycans. Moreover, it is hydrogelic and contains reservoirs of calcium ions. Three structures with different 

concentration of calcium ions are incubated in a phosphate buffered solution (PBS, pH 7.4) and in phosphate-

buffered solution (PBS, pH 7.4) containing lysozyme (enzyme responsible for degradation of mimetics of 

glycosaminoglycans in living organism) for specified periods of 1, 7, 14, 21, 28, and 56 days under continuous 

shaking. Subsequently, samples are evaluated by different physicochemical methods in order to determine the 

release rate which allows on the optimal regeneration of dorsal root ganglia (DRG).  

  

Results and Discussion 

The developed implants allows controlling the calcium release rate, the crucial component influencing axonal 

regeneration. 

  

Conclusion 

As the presented method allows obtaining implants controlling the calcium release rate, thus it can be regarded as a 

new approach which opens a new path in treatment of patients suffering from the injury of peripheral nervous tissue. 
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Introduction 

Injuries to  the  peripheral nervous system (PNS ) are  a challenging  clinical problem with an 

incidence  rate  of  300.000  new  cases  each  year  in  Europe[1]. One of the current tissue engineering approaches 

for PNS regeneration is fabrication of hollow, solid, artificial nerve guide conduits (NGCs) constructed from polymers. 

Such NGCs should be able to mimic the nerve-ECM (extra cellular matrix)[2] and should have excellent mechanical 

and physical properties as well as surface chemical cues[3]. In order to gain the above-mentioned properties the 

tubes should consist of 1) aligned fibers in the inner side to direct and guide the axons towards the targets and 2) 

random fibers at the outer side to enhance the mechanical properties and the transportation of nutrients through  this 

porous layer[4]. Non-thermal plasma treatment is found to be the most desirable strategy to modify the nanofibers’ 

surfaces by incorporation of functional groups and by preserving their nanostructure[5]. This modification increases 

the cell adhesion by improvement of the wettability of the nanofibrous scaffolds[6].  

  

Experimental Methods 

In this research, a mixture of poly-caprolactone (PCL) and poly lactic-co-glycolic acid (PLGA) in ratio of (24:2) is 

dissolved in a bi-solvent system consisting of tetrahydrofuran and dimethylformamide (6:4) to fabricate nanofibrous 

NGCs using a newly designed two-pole air gap electrospinning collector. In the next step, both inner and outer side 

of the NGCs are modified by a hollow cathode (HC) discharge plasma sustained in argon. Furthermore, 

pheochromocytoma (PC12) cell interactions (i.e. adhesion, migration and etc.) are examined by live/dead staining to 

examine the potential of these tubular scaffolds for peripheral nerve regeneration. 

  

Results and Discussion 

Scanning electron microscopy (SEM), tensile test, water contact angle measurements and X-ray photoelectron 

spectroscopy (XPS) analysis are used to study the morphology, mechanical properties, wettability and chemical 

characteristics of the tubes before and after plasma treatment, respectively. SEM shows that the fibers are ideally 

formed: aligned in the inner side of the conduits and randomly at the outer part. Moreover, HC discharge plasma 

increases the hydrophilicity of the conduits by adding oxygen-containing groups on the surface. No changes in their 

nano-morphology or damage are observed. Moreover, the tubular nanofibers indicate good cell adhesion without any 

cytotoxicity effect for PC12 cells. 

  

Conclusion 

Results show that these plasma-modified electrospun NGCs have a great potential to be applied for peripheral nerve 

regeneration. 
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Introduction 

Peripheral nerve damage due to accidents, tumour resections, compressions or contusions results in total or partial 

loss of motor, sensory and vegetative functions, resulting in activity restriction or permanent disability.[1,2] This study 

investigated the potential of nanodiamond-gelatin nanocomposite electrospun meshes as conduits for peripheral 

nerve regeneration. 

  

Experimental Methods 

The nanocomposite fibers were obtained through electrospinning of 0.5 or 1% w/v nanodiamond particles (NDPs) in 

fish gelatin (FG) with a final concentration of 50% w/v. Electrospinning was performed in controlled environment 

(Climate-Controlled EC-CLI, IME Technologies). The resulting meshes were crosslinked with glutaraldehyde, 

extensively washed using ethanol baths, and finally double distilled water. Advanced morpho- and microstructural 

characterization of the fibrous scaffolds (before and after crosslinking) has been performed. The morphological and 

geometrical characteristics of the nanofibers, as well as the distribution of the nanoparticles into the scaffolds were 

determined by scanning electron microscopy (in ETD and BSED modes) and transmission electron microscopy 

(TEM) (Fig. 1).  

Adipose stem cells were seeded onto the fibrous scaffolds and cultured up to 7 days, in static culture. The quantitative 

evaluation of the viability and proliferation was performed by MTT, quantitative evaluation of the cytotoxicity by LDH, 

and the qualitative investigation of biocompatibility by Live/Dead assay. 

  

Results and Discussion 

At 2 days post-seeding, the cellular viability improved with the increase of NDPs content. After 7 days, a clear 

dependence of the increase in proliferated cells number is observed at higher NDPs amount (Fig. 1). 

  

Conclusion 

This study shows the potential of gelatin – NDPs fibrous scaffolds to be used for the fabrication of peripheral nerve 

conduits. 
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Figure 1 
A, B – SEM micrographs revealing the homogeneous 

fibers and the distribution of the NDPs in the 

fibers; C, D – TEM micrographs showing NDPs 

dispersed in the nanofibers; last 2 columns– 

effect of the NDPs concentration on the 

proliferation of the adipose stem cells after 2, 

and respectively 7 days of seeding.   
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PS1-12-190 

Development of a novel weaving technology for the integral production 

of complex individual stent grafts 

Ronny Brünler, Philipp Schegner, Dilbar Aibibu, Gerald Hoffmann, Chokri Cherif 

TU Dresden, Institute of Textile Machinery and High Performance Material Technology, Dresden, DE 

 
Introduction 

The pathological enlargement of the aorta (aortic aneurysm) is a life-threatening cardiovascular disease with an 

incidence of 29 cases per 100,000 inhabitants. Endovascular stent grafts which consist of a vascular prosthesis with 

an internal or external stent are used for the treatment of these pathologies. The stent grafts are applied for lining 

and bridging the weakened aortic segment. 

The disadvantage of specially manufactured, patient-adapted stent grafts with complex structural design featuring 

branches, recesses and windows are their long production time and the resulting high costs (approx. 35,000 € per 

custom-made stent graft) due to the current manual manufacturing method used. The sewing of the stent on the 

vascular prosthesis, the sewing of the branches as well as the fitting of windows are currently carried out by hand 

and are very labor-intensive and time-consuming. In addition, the quality of the implant depends directly on the person 

working on it, which can lead to different strengths of the sutures for attaching the stents and thus to different behavior 

during the unfolding of the stent graft in the aorta and negatively influence the success of the therapy. 

The focus of the work presented here is the development of a CAD-supported, integral manufacturing technology for 

the production of complex patient-specific stent grafts in reproducible quality via textile technologies. This flexible 

technology is designed to provide solutions for the integration of approved shape memory materials (Nitinol) with no 

need for additional manual fabrication. 

  

Experimental Methods 

For the necessary processes image analysis and export of the vessel data, corresponding software modules were 

developed in Python. Within the framework of the processes, the images (slices) are first extracted from the CT 

container files (DICOM files) and converted into a numerically evaluable format. The data collected from all slices 

are calculated and exported as follows: the diameter of the main vessel, the length to the bifurcation, positions and 

diameters of windows and branches and the diameters of the left and right secondary vessels. These data are 

processed into parameterized models using various algorithms for export to the CAD software SolidWorks. 

Additionally, a VBA macro was developed, which allows simple parameter changes by user input as well as a 

selection between different predefined configurations. 

For the conversion into machine readable data, the complex, individual 3D structure is flattened to a surface with 

simultaneous marking of different structural zones with respect to tubular zones, branches, windows and zones for 

the integral insertion for stent rings. The contours are automatically adapted to the desired pore sizes or densities, 

respectively. 

  

Results and Discussion 

All individual software modules have been combined to form a continuous process chain and along with the machine 

modifications an integral production of highly complex patient-specific graft structures with integrated stent rings was 

realized. 
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The analysis of the technology parameters, material properties, process parameters and implant properties show 

that the stent grafts have very homogenous mesh densities and grammage in all sections and that the mesh structure 

is therefore homogeneous in the different areas realized. 

The flexible technology offers solutions for the integration of stents in the form of metallic wires without additional 

manual assembly such as cutting and suturing. It also provides solutions for the automated production of branches 

in different diameters and tapered structures as well as for individual customization with high productivity. 

  

Conclusion 

The development of a unique manufacturing technology enables the manufacture of complex implants based on 

textile yarns and wires at reduced manufacturing costs. These implants are suitable for stent grafts because the 

manufacturing technology enables the production of complex and individual geometries. Automated production 

avoids manual work, and thus avoids quality defects. Instead, it guarantees shorter production times and thus cost-

efficient production and high process stability. 
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PS1-12-191 

Quercitrin functionalized nanostructured titanium surfaces for the 

improvement of cardiovascular stents. 
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Introduction 

In cardiovascular stents, the prevention of thrombosis and restenosis is key to prevent a new obstruction of the 

vessel. Stent surface is directly exposed to the patient’s tissues; thus, its modification is being explored in order to 

improve the tissue response. One strategy is the formation of nanostructures or the functionalization with active 

biomolecules. 

The main objective of this research was the development of quercitrin functionalized nanostructured titanium (Ti) 

surfaces that promote endothelial tissue regeneration and decrease platelet adhesion with potential application in 

cardiovascular stents.   

  

Experimental Methods 

Mirror polished titanium discs, c.p. grade IV, 6.2 mm diameter and 2 mm height were used in this study. 

Nanostructured Ti surfaces were developed by electrochemical anodization and functionalized with quercitrin. All 

surfaces were characterized by atomic force microscopy, scanning electronic microscope and contact angle analysis 

and quercitrin content was analyzed using a DPBA staining. Primary human umbilical cord endothelial cells (HUVEC) 

were used to test cell adhesion, cytotoxicity and metabolic activity. Platelet adhesion and hemolysis rate were also 

analyzed. Staphylococcus epidermidis CECT4184 was used to test bacterial adhesion at 30 minutes. 

  

Results and Discussion 

Functionalization with quercitrin did not affect surface topography or nanostructure size and contact angle was lower 

in quercitrin functionalized surfaces (TiQR and NNQR). No differences were found in HUVEC adhesion but metabolic 

activity was lower in nanostructured surfaces compared to Ti and TiQR which could be explained by a higher cell 

differentiation. All surfaces showed cytotoxicity levels lower than 30% and very low hemolysis rate. In addition, 

platelet adhesion was lower in NN surfaces compared to Ti but no effect was found after functionalization with 

quercitrin. Staphylococcus epidermidis adhesion at 30 minutes was lower on TiQR surfaces compared to Ti. 

  

Conclusion 

Our results suggest that NN structuration of Ti surfaces has a great potential to be used for stent coatings and that 

the combination with quercitrin functionalization could reduce the risk of bacterial adhesion. 
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PS1-12-192 

Polyurethane-based fibrous mats for vascular grafting: The effects of 

structure and polydopamine coating on endothelialization. 
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Introduction 

The implantation of small-diameter vascular grafts is needed in a number of conditions, including coronary artery 

disease, peripheral vascular disease, but also the surgery of vascular trauma, aneurysms, plastic reconstruction, and 

organ transplantation. Attempts at synthetic small diameter grafts, which are used for large diameter vessel 

replacement, have been plagued with failure due to thrombosis, intimal hyperplasia and calcification. Recently, smart-

design approach based on incorporation of biological cues to enhance endothelialization, either prior to or upon 

implantation, has been proposed. The aim of this project is to develop smart vascular grafts, which support rapid 

endothelialization, while reducing the risk of thrombogenic process. 

  

Experimental Methods 

Fibrous mats were prepared using medical grade polyurethane (PU, ChronoFlex C75A and C75D), and solution blow 

spinning technique. The mats were produced to achieve the thickness of 200 μm. Human umbilical vein endothelial 

cells (HUVECs) were seeded on the mats and their growth was observed on day 1, day 3 and day 7. Metabolic 

activity of the cells was measured using WST-8 assay and F-actin was visualized to evaluate the morphology of 

HUVECs. In some experiments, C75D samples modified with polydopamine (PDA) were used. The modification was 

carried out in an aqueous solution with the addition of an oxidizing agent. After coating, samples were washed, dried 

and sterilized prior to the use in cell culture experiments. 

  

Results and Discussion 

The produced C75A mats had mean fiber diameter of about 250 nm, pore size of 2 µm and ca 60-65% porosity. The 

fiber diameter of C75D was about 200 nm, with pore size of 3 µm and porosity over 80%. HUVECs cultured on C75A 

samples showed overall lower metabolic activity as compared with cells grown on C75D mats. Analyzing the cell 

number, denser cell coverage was initially observed on C75A as compared with C75D, but it was followed by a 

marked decrease on day 3 and day 7. There was no major difference in cell number on C75D between day 1 and 

day 3, but the number of HUVECs was increased on day 7. Based on these results, we selected CD75D for further 

modifications using PDA. Compared to unmodified samples, increased numbers of HUVECs were found on PDA-

coated mats after 7 days of culture. 

  

Conclusion 

Endothelial cell growth was improved on C75D PU fibers as compared with less porous C75A mats. Coating with 

PDA further improved endothelialization. Studies on hemocompatibility of these promising substrates are currently 

ongoing. 
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Tissue-engineered vascular constructs procurement by modifications 

of static cell seeding method  
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Introduction 

Currently in the field of vascular tissue engineering there are different approaches  to seed a tubular scaffold with an 

appropriate cell type. The choice of particular technique for scaffold seeding depends on scaffold’s nature and 

composition (decellularized / synthetic / composite), cells type to be used (autologous ECs and SMCs from vessel 

biopsies or allogenic MSCs) and the method of cell suspension application (static or dynamic) to the scaffold’s 

surface. For decellularized tubular scaffolds dynamic seeding may not be feasible since one should consider 

small  (10-25 µm in mean diameter) pores throughout decellularized scaffold thickness and high hydrodynamic 

resistance of decellularized as well as native tissue[1,2]. These circumstances significantly hinders cells distribution 

and proliferation within the decellularized matrix in comparison with highporous synthetic scaffold. On the hand, static 

seeding approach for decellularized scaffolds is often criticized since its low efficiency and reproducibility[1], but some 

ways to improve static seeding outcomes can be suggested. For example scaffold can be coated with biocompatible 

polymer  (fibrin, collagen etc.) or rotational culture can be used to improve cell distribution and nutrition. Hence static 

scaffold seeding need to be modified to obtain decellularized scaffolds with seeded cells.    

Aim: to improve the outcomes of static seeding for decellularized vascular scaffolds  by embedding  cell suspension 

in fibrin glue or coating whole scaffold surface with collagen I. 

  

Experimental Methods 

Decellularized vascular scaffolds (n=2)  were obtained by perfusion with enzymatic (0.2 mg/ml of DNase I and 0.04 

mg/ml of RNase), hypo-and hypertonic salt solutions in a customized tubular glass chamber placed in a flow 

bioreactor. Decellularization quality was evaluated by histological studies of deparaffinized and rehydrated tissue 

sections, immunohistochemical (IHC) reactions with primary antibodies to type I collagen and collagen IV of basal 

membranes. Additionally, removal of nuclear remnants and chromatin was assessed by  staining of frozen tissue 

sections. Afterwards scaffolds were thoroughly rinsed with PBS and 0,5% antibiotic – antimycotic solution at 370C to 

remove residual traces of detergents.   

The internal  volume of the scaffolds was calculated as 800 µl, while scaffolds surface was 6,28 cm2. Both the 

scaffolds were seeded and cultured in the same manner, except for coating. For the first one, the cell suspension of 

umbilical cord hMSCs (0,7*106 cells/800 µl) was divided into two parts: one was  pre - mixed with human thrombin in 

4:1 ratio and injected into the lumen of the scaffold, and right after the scaffold’s volume was adjusted to 800 µl by 

fibrinogen. Second part of suspension was injected into formed fibrin glue. In contast, the second scaffold was coated 

with collagen I solution by immersion (500 mkg/ml) and statically seeded with umbilical hMSCs suspension of the 

same density. Tnen each scaffold  was placed  into a  Petri dish filled with full MesenCult medium and transferred to 

a CO2 incubator at +370C, 5%CO2 for 1 hour. Further the scaffolds were  introduced into customized rotated tubular 

chamber by means of two sliding cannulas built into the chamber walls. Seeded scaffolds along with the chamber 

rotated around the longitudinal axis for 6 hours at 10 rpm/min. The culture was continued for 7 days without rotation 
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but with medium perfusion around scaffolds walls, The medium was replaced every 48 hours. At days 2,3,4,5 a small 

outer fragments  were removed from both scaffolds for staining with DAPI to evaluate cell migration and distribution 

within fibrin glue. 

At day 8 both scaffolds were analyzed for cellularity by hematoxylin - eosin staining and IHC for Ki67 expressioin. 

  

Results and Discussion 

The obtained decellularized scaffolds were characterized by the absence of visible nuclei in hematoxylin – eosin 

stained specimens as well as slightly  homogenized elastic fibers. On the other hand in DAPI stained preparations 

some residual chromatin were observable but estimated genomic DNA quantity  were 40 ng/mg  of dried tissue slice. 

The IHC reaction for collagen I and IV was observed for both the scaffolds suggesting that both the scaffolds retained 

their ECM. Rotation with a small number of revolutions led to a uniform deposition of cells on the inner surface of 

both scaffolds.  Seeding of MSCs into the collagen – coated scaffold was less effective compared with embedding 

cells in fibrin glue that was confirmed by IHC with primary antihuman antibodies to Ki67, as well as 

immunofluorescence with DAPI. 

  

Conclusion 

We suggested approach to improve the poor outcomes of  static cell seeding of decellularized scaffolds by mean of 

embedding cell suspension in fibrin glue and subsequent dynamic culture of obtained decellularized scaffold – fibrin 

seeded composite. This approach is attractive for potential clinical use since thrombin and fibrinogen could be easily 

obtained from autologous plasma. 
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Introduction 

Cardiovascular diseases still remain one of the leading causes of mortality and morbidity across the world. Current 

surgical interventions applied in treatment of cardiovascular diseases comprise angioplasty, stent usage and bypass 

grafts. Autologous grafts, allografts, xenografts and artificial grafts have been widely used in bypass grafting of 

diseased native blood vessels Synthetic grafts are used successfully in large diameter vessels (>6 mm) because of 

higher flow that washes the inner layer of vessels and prevention of the accumulation of blood components (platelets, 

proteins, etc.) that forms occlusion. However, these grafts are not convenient for small diameter bypassing because 

of immune system concerns triggered by thrombus, neointimal hyperplasia or plaque formation. Although natural 

grafts can be thought as best option for treatment of small diameter vessels problems, lack of tissue donors limits 

the usage of autografts and allografts. Similarly, xenografts are not preferred because of immunological concerns. 

(1,2) Using tissue engineering to fabricate vascular scaffold can be a good alternative comparing to the existing ones 

as a treatment method. In this strategy, different methods such as freeze drying, solvent casting, 3D printing, 

thermally induced phase separation and electrospinning can be utilized for scaffold preparation. Embryonic stem 

cells, induced pluripotent stem cells or patient-derived autologous cells can also be incorporated to the scaffold 

structure. To improve blood compatibility and enhance endothelization process, scaffold can be modified with heparin 

or VEGF. (3,4) 

Here, we suggested a bilayered vascular graft composed of alginate and polycaprolactone with different texture and 

morphology. By this way, we tried to mimic mechanical and structural features of the natural blood vessels. We have 

applied thermally induced phase separation (TIPS) and electrospinning for the preparation of the layered scaffold 

structure. 

  

Experimental Methods 

First, we produced inner layer of the scaffold by thermally induced phase separation of alginate. To do this, alginate 

solution was poured into a cylindrical mold and the mold was placed at -20°C. Tubular scaffold was removed from 

mold after thawing and ethanol was used for the extraction process. Following this, the scaffold was washed with 

distilled water and dried by lyophilization. For the outer layer,PCl dissolved in methanol/chloroform solvent mixture 

was electrospun onto the cylindrical alginate scaffold. Products were characterized by morphologically and 

structurally via SEM and FTIR techniques. They were also characterized mechanically by tensile testing 

measurement. As an in vitro test, MTT assay was performed for the cytotoxicity of the materials towards HUVECs. 

Scaffold were investigated in terms of degradation in stimulated body fluids for about 6 weeks. 

  

Results and Discussion 

In this work, hybrid vascular grafts were developed using TIPS and electrospinning as a bilayered scaffold for 

vascular tissue engineering. According to the SEM analyses, inner layer possessed an interconnected porous 

structure supporting endothelial cell attachment, while homogeneous nanofibers made of PCL were obtained as outer 
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layer. The hybrid scaffold showed comparable mechanical strength with the native vessel. Minimum toxicity was 

observed towards endothelial cells according to the MTT assay results. It was also shown that these scaffolds allowed 

cell attachment and proliferation which will help the further endothelization process. 

  

Conclusion 

In this study, bilayered vascular scaffolds were prepared successfully via TIPS and electrospinning for use in small 

diameter vessel graft applications. They showed better endothelial cell attachment and mechanical characteristics. 

Therefore, the obtained products have a great potential to be used as a scaffold for vascular tissue engineering for 

long term applications. 
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Coating for Cardiovascular Stent Modification 
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Introduction 

The prevalence and mortality of cardiovascular diseases(CVD) continue to increase, accounting for more than 40% 

of the population's disease deaths.Although drug-eluting stents have been used in clinical practice, drug-eluting 

stents have problems with late thrombosis and late restenosis, which could threaten the life of patients.Therefore, it 

is of great significance to develop a stent coating which has excellent antithrombotic effect and regulates the 

remodeling of neovascularization.Based on the nonspecific adhesion of proteins during the start-up phase of material 

/ blood contact, a novel superhydrophilic coating was constructed to selectively regulate the growth of endothelial 

cells and smooth muscle cells. Meanwhile the comprehensive performance in cardiovascular stent environment was 

studied systematically. 

  

Experimental Methods 

Multifunctional superhydrophilic coating was deposited on substrates by polyphenol polymerization. The wettability 

of coating was tested by contact angle equipment. FITC-BSA and FITC-labelled Human Fg adsorption experiment 

was used to detected the anti-fouling property of the polyphenol coating. Meanwhile, the biocompatibility of the 

coating on blood cells and vascular cells was studied by cell tests.Finally, the antirestenosis of the coating was 

confirmed by in vivo implantation of stainless steel stents. 

  

Results and Discussion 

The main data were shown in Figure A. The result of water contact angle shows that the contact angle of coating is 

less than 5 °, so the coating has superhydrophilicity. Once the superhydrophilicity material was implanted, the water 

film formed on the surface, which can effectively impedance the adhesion of nonspecific proteins[1]. The result of 

protein adsorption showed that the polyphenol superhydrophilic coating could effectively resist the nonspecific 

adhesion of the protein. From the results of dynamic whole blood and macrophage adhesion we found that the 

polyphenol superhydrophilic coating could significantly inhibit the adhesion and activation of blood cells and 

macrophages (MA). Through the culture of vascular cells, it was found that the superhydrophilic coating could 

effectively inhibit the adhesion and proliferation of smooth muscle cells (SMC), and it was friendly to endothelial cells 

(EC).The coating was deposited on the surface of the stent and implanted into the abdominal aorta of the New 

Zealand white rabbits (3~3.5 kg) for 1 month. Compared with the control group, the coating could signiTheficantly 

inhibit the restenosis of the stent. 

  

Conclusion 

Therefore, the polyphenol superhydrophilic coating has excellent anti-protein nonspecific adhesion, anticoagulation, 

anti-inflammation, promoting endothelium and inhibiting stent restenosis. 
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Figure 1. 
(A) water contact angle and protein adsorption 

of coating; (B) the cytocompatibility of 

superhydrophilic coating; (C) 316l bare stent 

and polyphenol coated stent implanted for 1 

month 
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Introduction 

Atopic dermatitis is a skin disease affecting people all over the word independently from the age. Transepidermal 

water loss, dry skin and pruritus are characteristic symptoms of eczema. Moisturizers and textile - based therapy are 

often used as non-invasive treatment [1,2]. The nanofiber - based patches can be produced via electrospinning to 

generate highly porous mats applicable for skin treatment [3]. Among many polymers used poly(vinyl butyral-co-vinyl 

alcohol-co-vinyl acetate) (PVB), which has good elasticity and optical transparency, was not investigated for medical 

applications in the form of electrospun fibers. Therefore, the goal of this study was electrospinning of PVB and 

verifying the biocompatibility of PVB fibers with fibroblasts for further application in skin treatment. 

  

Experimental Methods 

Materials 

PVB (Mw 70,000-100,000 and Mw 170,000-250,000, Sigma Aldrich, UK) was dissolved in methanol, N,N-

dimethyloformamide (DMF) and dimethyl sulfoxide (DMSO) mixed in ratio 5:4:1 to the final concentration of 10%. 

Fibers were electrospun (IME Technologies, The Netherlands) with controlled 

T = 25 °C and H = 40 %. High voltage was applied at 16-18 kV to the stainless steel needle with the inner diameter 

of 0.8 mm, set at the 15 cm to the collecting electrode. Flow rate of polymer solution was 2.0 ml·h-1. 

Characterization of electrospun fibers 

The fibers morphology was analyzed with scanning electron microscope (SEM), after samples were spotted with 

gold. Fiber diameter was measured using imageJ software (version 1.51 s, USA) and the average value was 

calculated from the 100 measurements on SEM images. Contact angle on electrospun PVB fibers was measured 

with deionized water. Pictures of water droplets were taken with Canon EOS 700D camera with EF-S 60 mm f/2.8 

Macro USM zoom lens, after 3 seconds from placing the 3 µl droplets on the mats. The contact angle was measured 

using MB-Ruler (version 5.3, Germany) and the mean value of contact angle was calculated as average from 10 

droplets. 

Cell culture 

Cells (NIH 3T3 murine cell line) were seeded on sterilized (UV light) PVB scaffolds at concentration 2×104 cells per 

sample and incubated at 37 °C, atmosphere with a concentration of 5% CO2 and approximately H = 90%. Cell 

proliferation and cytotoxicity tests (Alamar Blue, Thermo Fisher Scientific, USA; LDH, Roche Diagnostic GmbH, USA) 

were performed. Cell morphology was analyzed using SEM. 

  

Results and Discussion 

PVB fibers obtained during electrospinning were smooth and without beads as shown in Fig.1. Fiber diameter 

increased with the molecular weight of PVB, from 335 nm to 1 µm. Analysis of contact angle showed hydrophobic 
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character of the PVB mats. LDH assay confirmed no cytotoxic effect of PVB on NIH 3T3 cells after 3 days of 

incubation. Additionally, cell proliferation within 7 days was proved by viability. 

  

Conclusion 

PVB fibers were successfully obtained during electrospinning process. Fiber diameter was controlled via molecular 

weight of polymer, that further affected the wetting properties of produced PVB mats. The LDH and proliferation study 

confirmed the biocompatibility of mats showing the possibility to use the electrospun PVB patches in skin treatments. 
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Fig.1 Fiber diameter analysis of electrospun PVB 

fibers with Mw= 70,000-100,000  
a) SEM micrograph b) fiber diameter histogram 

with the average Df=335 ±86 nm. 
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Introduction 

Graphene oxide (GO) is a material that presents biological, chemical, physical and mechanical properties [1] that 

endorse its application in the biomedical area, and it can be used as a loading platform to load small molecules such 

as antibodies andproteins. Also, an application of this material is its capacity to be covalently functionalized with 

biocompatible and biodegradable polymers as the gelatin, to develop tridimensional structures such as aerogels, 

which are colloidal materials similar to gels where the liquid component is changed by gas [2].  On the other hand, 

the presence of GO in these aerogels can induce obvious effects of cytotoxicity, which is dependent on their 

concentration and surface chemistry [3] . Thus, it is necessary to determinate the citoxicity of these materials. In this 

work, OG-G aerogels were synthesized with the aim to evaluate their in vitro cytotoxicity in cellular models of human 

dermal fibroblast. 

  

Experimental Methods 

The synthesis of the GO-G aerogels was carried out at different pH conditions and GO-G ratio [1] by reaction assisted 

microwave at conditions of 30 minutes and power 800 W. The reaction temperature was controlled in all the 

experiments, since the gelatin can be denatured by temperature changes [4]. The synthesized aerogels were 

evaluated by in vitro cytotoxicity assays in cellular models of human dermal fibroblast. These cells were cultured in 

essential minimal medium at different doses and added into 96-well plates (dose up to 110 µg aerogel/mL medium 

culture). After 24 hours of incubation at 37°C, cell viability (v.c) was determined by a test kit and evaluated based in 

the relation between the absorbance test and the control absorbance, according to the equation:v.c=100*absorbance 

test / absorbance control  [5]. These determinations were repeated three times in all experiments. 

  

Results and Discussion 

The chemical modifications induced by covalent functionalization between GO-G and the exposure to heat treatment 

produced variations in physicochemical properties of the aerogels synthesized, such as the pore size, volume pore 

and surface charge; according to the reaction conditions used. These modifications were evaluated based on the 

toxicity level of these materials. In this case, the cytotoxicity assays in the synthesized aerogels reported cell viability 

values greater at 85% in all materials, demonstrating that they are not cytotoxic, independently of the conditions in 

which were synthesized. 

  

Conclusion 

It was possible to develop aerogels based on GO-G by reactions assisted microwave in short reaction time at different 

synthesis conditions, where the resultant materials shown to be non-toxic at GO doses analyzed, which supports 

their possible use in the biomedical area. 
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Introduction 

Within dentistry additive manufacturing is most often used to produce implants and dental prostheses. Besides saving 

material and generating complicated shapes, the biggest advantage is the high freedom of design, whereby implants 

can be adapted to patient’s individual anatomy. In the context of a combined orthodontic-surgical treatment of patients 

with dento-skeletal deformities, titanium plates are widely used in different areas of application. In the current 

literature different surface roughness of fracture fixation plates are described to be advantageous for osteosynthesis, 

but a complete bony integration should be avoided as it can complicate removal. Roughness values of standard 

titanium osteosynthesis plates are usually in the range of Ra 0.4-0.8 µm. However, values <0.2 µm greatly facilitate 

their removal and are described as ideal. Inversely, at the soft tissue side of the plates cell adhesion is desired and 

thus roughness values of 0.2-2 µm are to be favoured. 

In the present study, individual bone plates with different surface roughness have been generated by 3D printing and 

have been rated in-vitro regarding their surface quality. The aim of this study was to test whether the clinical approved 

material properties of titanium have been changed due to the manufacturing process compromising its clinical 

application. 

  

Experimental Methods 

As specimens 2 mm thick titanium discs with a diameter of 5 mm and 10 mm, respectively, were produced by selective 

laser melting (SLM). Different surface roughness was achieved by sandblasting followed by barrel finishing, 

electropolishing or a combination of the two later. For evaluation of the biocompatibility and cell adhesion specimens 

were incubated together with mouse fibroblasts L929, osteosarcoma cells Saos-2, human primary gingival fibroblast 

as well as human gingival epithelial cells. The biocompatibility was assessed by CytoTox-Glo™ Cytotoxicity Assay 

and CellTiter-Glo® Luminescent Cell Viability Assay (Promega). The morphology of the cells as well as their adhesion 

properties to the titanium discs were analysed by light and scanning electron microscopy. 

  

Results and Discussion 

After 3D printing of the titanium discs different surface roughness values within the effective roughness spectrum (Ra 

0.2‐2 µm) could be obtained by distinct finishing treatment. Six samples groups of different roughness were tested. 

Concerning the biocompatibility the different groups did not show any significant differences. However, a difference 

in cell adhesion could be observed. 

  

Conclusion 

Bone plates with different surface quality generated by 3D printing are suitable for clinical use and are in line with the 

requirements for medical devices according to ISO 10993-5. 
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Introduction 

Extracorporeal membrane oxygenation is crucial for treatment of acute or chronic lung diseases. In recent years, 

there have been many improvements in gas-exchange properties and haemocompatibility, but there is still no long-

term solution available. The foreign body reaction of blood in contact with the membranes and tubes leads to 

activation of coagulation, complement system and inflammatory reactions. Competitive plasma protein adsorption 

within the first minutes mainly determines the reaction towards the material and thus the fate of the oxygenators. We 

therefore set out to investigate the time and flow dependent plasma protein adsorption on oxygenator membranes in 

order to find a long-term solution. With the use of the highly sophisticated bottom-up proteomics, analyses of more 

than 500 proteins at the same time are possible. This tool enables us to elucidate the complex time-dependent 

interaction of plasma proteins with oxygenator membranes. 

  

Experimental Methods 

Miniature oxygenator devices were built from PVC tubing and polycarbonate connectors. Hollow-fiber membranes 

(PMP, PET) were rolled to fit into the miniature devices. The circuit with tubings and miniature oxygenators were 

filled with human whole blood and blood was pumped (roller pumps) through the heated circuit for 1 min till up to 6 

h. Afterwards, hemocompatibility parameters were investigated as well as the used oxygenator membranes washed, 

and proteins desorbed. The resulting protein solutions were digested and analyzed via Orbitrap mass spectrometry. 

  

Results and Discussion 

Protein adsorption started immediately after contact with blood. There were approximately 1600 proteins of interest 

detected in total. After comparison of the identified features those proteins were ordered as a dendogram tree. The 

formed clusters contained closely related protein complexes, proteins involved in the same pathways and had specific 

expression profiles over the time. One of the prominent biological processes was degranulation of platelets. The 

comparison between different membrane types is currently ongoing. 

  

Conclusion 

With the identification of the time-dependent plasma adsorption of proteins, we will be able to predict suitable protein 

layers in the equilibrium state that steer the reaction towards better hemocompatibility and lower coagulation 

activation. This will pave the way for the development of new coatings for oxygenator membranes to prevent 

oxygenator thrombosis and inflammatory reactions. 
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Introduction 

We have previously shown that 3D porous scaffolds comprising of 40:60% chitosan/gelatin (CS/Gel) crosslinked with 

0.1% v/v glutaraldehyde, promote the survival, proliferation and osteogenic differentiation of human bone marrow 

mesenchymal stem cells (hBM-MSCs) [1]. The aim of this study is to evaluate the production and composition of 

extracellular matrix (ECM) derived from hBM-MSCs following osteogenic differentiation when cultured within CS/Gel 

scaffolds. The results were compared to hBM-MSC cultures in tissue culture polystyrene (TCPS) controls.  

  

Experimental Methods 

Human (h)BM-MSCs were isolated from BM aspirates of healthy donors (n=6) after informed consent. The cells 

were ex vivoexpanded until passage (P)-2, phenotypically characterized by flow cytometry and differentiated towards 

adipocytes and osteoblasts. Differentiation was assessed by specific mRNA gene expression and immunostaining. 

P2 hBM-MSCs were seeded on CS/Gel scaffolds and induced towards osteoblasts. We then assessed (a) hBM-

MSCs adhesion potential by scanning electron microscopy, (b) their osteogenic potential by mRNA expression 

of RUNX-2, DLX-5, OSCand ALPusing real time-RT PCR, (c) the expression of ECM related genes using a PCR 

array and (d) the endogenous expression of osteopontin, osteocalcin and collagen type I A1 proteins using confocal 

laser fluorescence microscopy (CLFM).  

  

Results and Discussion 

hBM-MSCs were expanded successfully and fulfilled the minimal criteria for MSC definition (spindle-shape 

morphology, expression of CD90, CD105, CD29, CD73, lack of CD45, CD14, CD34 and ability to differentiate into 

adipocytes and osteocytes). Cultured hBM-MSCs on CS/Gel scaffolds showed strong adhesion potential and 

displayed increased osteogenic capacity as shown by the increased expression of ALPand OSCat days 7 and 14 

compared to the TCPS cultures and the increased expression of RUNX2and DLX5time course during the 

differentiation. PCR array analysis showed differential expression of ECM-related genes between hBM-MSC cultures 

differentiated towards osteoblasts in CS/Gel scaffolds and TCPS controls. Specifically, we found 

increased MMP1, MMP3, MMP9-13, MMP16, and VTNand decreased COL1A1COL5A1, SPP1, THBS1-2, TIMP1-

3 mRNA expression in CS/Gel scaffolds compared to TCPS. CLFM images showed collagen type I A1 and 

osteopontin production in both CS/Gel scaffolds and TCPS; osteocalcin, as a late marker of osteogenic 

differentiation, was identified at low levels in both CS/Gel scaffold and TCPS. 

  

Conclusion 

We have evaluated for the first time the ECM production by hBM-MSCs cultured on 40:60% CS/Gel scaffolds 

providing additional evidence that this biomaterial supports osteogenesis. Our results present a promising strategy 

using hBM-MSCs within CS/Gel scaffolds for bone regeneration. 
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Introduction 

Relatively strong positive control compounds, such as zinc diethyldithiocarbamate (ZDEC), and zinc 

dibutyldithiocarbamate (ZDBC), are commonly used to test medical devices for in vitro cytotoxicity. However, they 

are not suitable for testing relatively weak cytotoxic compounds. Thus, we established a new series of positive control 

compounds that can be used to classify a wide range of cytotoxic compounds. The cytotoxicity of 

acrylate/methacrylates, phosphite triesters, phosphate triesters, 4-hydroxybenzoates, used in medical devices and 

healthcare products, were evaluated using the series. 

  

Experimental Methods 

A series of positive control compounds, comprising 1,3-Diethyl-2-thiourea (DETU), 1,3-dibutyl-2-thiourea (DBTU), 

ZDEC, and ZDBC, was used to evaluate the cytotoxicity of seven acrylate/methacrylates, seven phosphite triesters, 

six phosphate triesters, seven 4-hydroxybenzoates, and 4-hydroxybenzoic acid, using a colony formation assay. The 

assay was conducted using V79 Chinese hamster lung fibroblasts (JCRB 0603) that were maintained in Eagle's 

minimal essential medium, which was supplemented with 10% fetal bovine serum in a CO2 incubator (37°C). Forty 

to fifty V79 cells were seeded into 24-well plates and maintained in culture for 24 h to start growing in a logarithmic 

phase. They were then exposed to the positive control compounds and test compounds over a range of 

concentrations. They were incubated for six days to make colonies large enough to count. Colonies were fixed with 

10% (v/v) formaldehyde solution, stained with 4% (v/v) Giemsa solution, and counted. The cytotoxic potential of each 

compound was expressed as the concentration at which the relative plating efficiency was reduced to 50% (IC50). 

The IC50 values for the tested compounds were then compared to those calculated for the four positive control 

compounds. 

  

Results and Discussion 

The IC50 values of four positive control compounds were distributed in the order of 10-1 to 102 µg/mL (Fig. 1), and 

were used to classify the cytotoxicity of test compounds as ‘Very Severe’, ‘Severe’, ‘Moderate’, ‘Mild’, or ‘None/Slight’. 

Specifically, the cytotoxicity of two phosphite triesters, five phosphate triesters, and four 4-hydroxybenzoates was 

found to be Moderate, whereas that of three phosphite triesters, one phosphate triester, and three 4-

hydroxybenzoates was shown to be Mild. The remaining two phosphite triesters, and 4-hydroxybenzoic acid were 

classified as incurring None/Slight cytotoxicity. Thus, the analyzed positive control series was successfully employed 

to classify the cytotoxicity of a wide range of compounds into five groups. 

  

Conclusion 

Our series of positive control compounds was useful for classification of cytotoxicity of a wide range of compounds. 
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Fig. 1.  Plating efficiencies of four positive 

control compounds. 
Forty to fifty V79 cells were seeded into 24-

well plates and maintained in culture for 24 h. 

They were then exposed to DETU, DBTU, ZDEC, and 

ZDBC, and incubated for six days. Colonies were 

fixed with 10% (v/v) formaldehyde solution, 

stained with 4% (v/v) Giemsa solution, and 

counted. 
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Introduction 

Cell adhesion or proliferation as well as the biocompatibility of the nanocomposites is usually boosted by the addition 

of signalling molecules, e.g. growth factors.1,2 Despite the beneficial properties of growth factors, practical 

applications are limited due to their high price and low stability both in vitro and in vivo. Biogenic polyphosphate 

(PolyP), naturally occurring linear polymer commonly accumulated in bone cells (stimulating the bone regeneration 

by appropriate activation of osteoblasts) could be used as an inexpensive alternative to biomolecular signalling 

molecules in bone regeneration.3 In this work, the effectivity of PolyPs and basic fibroblast growth factors (FGF-2s) 

in promoting the integration of porous hybrid ceramic/biopolymeric nanocomposite with the intended use in lateral 

lumbar spinal fusion was compared. 

  

Experimental Methods 

Hybrid nanocomposite was composed of two phases – ceramic and biopolymeric. The porous ceramic core of the 

nanocomposite was prepared by direct foaming of polymerizable ceramic suspension followed by sintering. The 

ceramic core was further modified by a biopolymeric mixture of protein and polysaccharides creating 3D porous 

sponge-like coating. Bioactivity of both FGF-2s-coated and PolyPs-coated nanohybrid composites was evaluated 

both in vitro on human mesenchymal stem cells or in vivo on Large White Pig animal model. 

  

Results and Discussion 

Morphology analysis using scanning microscopy (SEM) and biodegradation studies revealed information in 

understanding the bioactive role of PolyPs in prepared nanocomposite. In vitro testing showed a positive effect of 

both PolyPs and FGF-2s on cellular adhesion and proliferation compared to nonmodified materials. Compared to 

bone autograft, nanocomposites with bioactive additives accomplished excellent spinal fusion with higher resistance 

to stress during dynamic mechanical testing. 

  

Conclusion 

Positive effect of both bioactive substances on the increase of the material’s biocompatibility was observed. 

Therefore, PolyPs could be used as an easily obtainable substituent or complement to growth factors in bone 

regeneration applications. 
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Polyphosphate microspheres on biopolymeric fibre 
SEM image displaying biopolymeric fibres coated 

with PolyP microspheres. The microspheres 

adhered without the need of fixation. 
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Introduction 

The aim of the study was to evaluate biocompatibility by in vitro methods of a bio-electronic implant intended for 

therapeutics delivery secreted by confined genetically engineered cells upon stimulation by light.1,2 The implant was 

sterilized by ethylene oxide, therefore biocompatibility assessment is a part of validation of materials and 

components, including electronics towards following in vivo functionality testing. 

  

Experimental Methods 

Knowing the properties of polymeric materials comprising the implant, the complexity of its design and the presence 

of sensitive components and subsystems (Fig. 1), the ethylene oxide method was selected and applied for its 

sterilization. In order to evaluate the biocompatibility of the components and the entire implant against human 

fibroblast cells (PCS-201-012™ ATCC) in vitro test recommended by the ISO 10993 – as for ‘permanent implant 

contacting with tissue’ – were carried out using XTT test, Live/Dead Viability Cytotoxicity method, 2D-DIGE 

electrophoresis following changes in the proteome of the cells, and alternatively with irritation assay using alive skin 

cells model ex vivo. 

  

Results and Discussion 

Sterilization with ethylene oxide (EO) is often used for polymers and combined materials. Because this method does 

not require temperature rise and can be applied to optics and electronics, it has been chosen for the optogenetic 

implant. The biocompatibility of the main materials after processing, and the subcomponents after manufacturing that 

are included in the device, and the whole implant were examined by several in vitro methods. The cytotoxicity and 

viability showed not toxic effects towards fibroblast. The test to evaluate changes in cells proteome and the potential 

irritation effects are ongoing. 

  

Conclusion 

The biocompatibility tests results will verify whether the materials and components comprising the complex 

bioelectronic device for therapeutic purposes, combined with the method of ethylene oxide sterilization, are safe and 

can be apply in animal trials and in further clinical studies. 
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Fig 1. A concept of wireless-powered cell-based 

implant for therapeutic delivery 1. 
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Introduction 

Biopolymers such as hyaluronan (HA) present advantageous starting points for developing novel materials for 

medicine. Since natural HA is highly soluble, chemical modification is required to produce solid forms suitable for 

implants. We prepared insoluble free-standing films from hyaluronan by introducing hydrophobic side groups that 

formed non-covalent crosslinks. The films were homogeneous and sufficiently strong yet flexible even when wet. We 

evaluated safety and biodegradability of the films both in-vitro and in-vivo in mice. 

  

Experimental Methods 

Free-standing films from lauroyl HA [1] were prepared by solution casting from diluted water-alcohol solution in a 

custom-built drying cell at 50 °C. Film thickness, dry mass, content of residual organic solvent, mechanical properties, 

swelling and enzymatic degradation were measured. We further compared material properties before and after 

sterilisation with ethylenoxide. In-vitro cytotoxicity was examined on 3T3 cells. Film samples (15 × 15 mm) were then 

implanted into abdominal cavity of C57Bl/6J mice to evaluate their safety and biodegradability (five animals per 

group). 

  

Results and Discussion 

The prepared lauroyl HA films (Fig. 1) were non-porous, with thickness deviations lower than 20 % (for a 16 µm thick 

film). Flexibility of the film enabled easy manipulation and repeated folding without cracking. Film swelling ratio in 

phosphate buffer and enzymatic degradation rate could be tuned by the degree of lauroyl substitution (DS) in a wide 

range (Fig. 2). Extracts of the films were not cytotoxic for 3TC cells. None of the mice showed signs of complications 

caused by material implantation and macroscopic evaluation of the peritoneum did not reveal any organ changes or 

other adverse effects. After 10 days, the films with lowest tested DS (11.8 %) were completely degraded in-vivo. After 

the longest implantation time of 28 days, the films with DS ≤ 31.7 % were completely degraded, while for DS = 39.3 

%, gel-like film residua were still present in all 5 animals. 

  

Conclusion 

We prepared free-standing films from lauroyl derivatives of hyaluronan by a simple one-step solution casting method, 

without using any crosslinking agents, activators, plasticizers or toxic solvents. The films are homogeneous, 

mechanically strong and flexible. Their properties, such as swelling and degradation rate, can be tailored by the 

degree of hyaluronan substitution. Importantly, the film properties do not change dramatically upon sterilization by 

ethylenoxide. The safety and biodegradability of the films were verified in-vitro and in-vivo on mice, with good 

agreement of the in-vitro and in-vivo data. These results suggest that the lauroyl HA films are suitable for applications 

in medicine, e.g., as resorbable implants. 
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Fig. 2. Film swelling and degradation. 
Film swelling in phosphate buffer and film 

degradation rate (in-vitro enzymatic assay) as 

functions of lauroyl degree of substitution 

(DS). 

 

 

Fig. 1. Lauroyl-hyaluronan film. 
Free-standing lauroyl-HA film (11x16 cm, 

thickness 16 µm) with the chemical formula of 

the material seen through the film. Inset: 

Scanning electron microscope image of film 

cross-section. 
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Introduction 

Undesired host tissue-material interactions like an adverse foreign body response, acute inflammation and fibrotic 

encapsulation often result after implantation of biomaterials. For clinical applications, biomaterials have to be highly 

biocompatible. Thus, attenuation of the above-mentioned obstacles and desired functionality of biomaterials 

regarding drug release or management of cell performance can be ensured. 

 

Objectives 

Focus of the study is on the relation between structural features of injectable starPEG-based hydrogels and evoked 

biological effects. In particular, inflammatory and angiogenic processes in material-surrounding tissue were objects 

of examination. 

  

Experimental Methods 

Four different physical hydrogels were examined regarding their degradation profiles and cellular responses at host 

tissue-material interface. Lead structure concept is based upon an repetitive lysin-alanine ((KA)5) peptide sequence, 

starPEG and the oligosaccharide dextran sulfate ((KA)5-DS). Further, modified hydrogels containing either an 

additional matrix metalloproteinase (MMP) cleavage site ((KA)5-MMPiw-DS) or other variations in the peptide 

sequence and oligosaccharide like a D‐amino acid motif ((ka)5-DS) and sulfated hyaluronic acid ((KA)5‐sHA) were 

examined. Hydrogels were subcutaneously injected (50 µl) in immunocompetent nude SKH1-Elite mice. Magnetic 

resonance imaging (MRI) was used to analyze hydrogel degradation and inguinal lymph node size, indicating 

inflammatory reactions. In vivo activation of MMPs around injected hydrogels was followed by a specific fluorescence 

probe (MMPSense 645) and optical imaging during initial investigation period. Additionally, immunohistochemical 

stainings of typical angiogenesis (VEGF, CD31) and inflammation (COX-2, CD68) markers on cryosectioned tissue 

preparations were used to determine biocompatibility of analyzed hydrogels. Quantification of immunohistochemistry 

was performed with Fiji ImageJ software utilizing the color threshold plugin. 

  

Results and Discussion 

Comparing all four investigated starPEG-based hydrogels, (KA)5-sHA hydrogel displayed fastest degradation in vivo. 

(KA)5‐DS and (KA)5‐MMPiw-DS hydrogels were gradually slower degraded during study period of 85 days. In 

contrast, volume of (ka)5-DS hydrogel remained unchanged (Fig. 1). Further, inguinal lymph node sizes of all animals, 

independently of injected hydrogel composition, were comparable to the untreated control group suggesting a 

suitable biocompatibility. (KA)5-sHA hydrogel induced significantly raised MMP activation during investigation period 

(Fig. 2). In addition, immunohistochemistry displayed raised VEGF expression around (KA)5-sHA hydrogel as well 
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as macrophage invasion into all hydrogels. Surrounding tissues displayed also basal expression of inflammation and 

angiogenesis markers, like COX-2 or CD31. 

  

Conclusion 

Definite degradation profiles depending on structural composition of the investigated injectable starPEG-based 

hydrogels were demonstrated. According to lymph node measurements and immunohistochemical stainings, a 

normal biological, but not an adverse inflammatory response to these non-covalent hydrogels occurred in surrounding 

tissues. Particularly, one derivative, the (KA)5‐sHA hydrogel, displayed pro-angiogenic effects. This offers potential 

applications, e.g. in the field of tissue regeneration. 
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Fig. 1: Representative axial MRI images. 
Subcutaneous injected hydrogels show clear 

structure-dependent degradation profiles over 

time. 

 

Fig. 2: MMP activity in material surroundings. 
Determination of MMP activity around injected 

hydrogels by optical imaging (n = 5-8; Mean ± 

SEM; * | ° p < 0.05, two-way ANOVA, Bonferroni 

post hoc test). 
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Introduction 

Wastepaper can be used as a valuable source of cellulose for the isolation of cellulose nanocrystals for biomaterials 

applications. In this studycellulose nanowhiskers (CNWs) were extracted from wastepaper powder (WPP) via 

hydrolyze method by phosphoric acid to reach a cost-effective and environmentally friendly Nanoparticle. 

  

Experimental Methods 

The isolated CNW with a dimension of 5-10 nanometers in diameter and a 50-200 nanometers (Fig. 1A) in length 

were used as reinforcement agent in poly (ε-caprolactone) (PCL) bio-composites in different weight percentages (0, 

0.1, 0.5, and 1 wt %) through solvent casting method. The physiochemical properties of the PCL/CNW bio-

composites such as morphology, mechanical and thermal properties were evaluated by  FT-IR, optical microscopy, 

SEM, TEM, DSC, TGA, and the biodegradability and hydrophilicity of PCL/CNWs were investigated by contact angle 

analysis and degradation tests.   

  

Results and Discussion 

Maximum strength recorded at 0.1% CNW loading, and then it slowly decreased which might have been provoked 

by the aggregation of a small amount of CNWs at the high content level. The highest modulus was 5 MPa that 

observed at bio-composites containing 1% CNWs while the elongation at break reduced from 190% (PCL-0.1%) to 

115% (PCL-1%) in comparison with the neat PCL (205%). The crystallinity (Xc) was increased from 24.31 to 25.44% 

with increasing the loading of the CNWs from 0.1 to 1 wt%. However, for all the PCL/CNW bio-composites the 

crystallinity (xc) of neat PCL ( Xc (%): 41.5) was higher. The contact angle decreased from 80.4° to 69.1° with 

increasing of the CNW loading (Fig 1B), which could be due to the role of CNWs in increasing the hydrophilicity of 

the bio-composites, in addition  rate of the degradation of the bio-composites increased (Fig 1B) due to the more 

hydrophilic nature of cellulose compared to the PCL and the sample with 1 % of CNWs had the highest degradation 

after 48 days. PCL-1% also showed the highest water uptake of 26.08 % after 12 hours. Thermal analysis indicated 

that with increasing of the CNW the melting temperature remained constant (64 °C) and the remaining mass from 

the degradation results decreased from 89.2% (PCL-0 %) to 84.8 % (PCL-1%).   

  

Conclusion 

In conclusion, the presence of the CNWs in PCL matrix enhanced the thermal and mechanical properties of the 

nanocomposites and the PCL/CNWs film nanocomposite can be a promising biodegradable nanocomposite for 

biomaterials applications.   

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1217 of 1893 

 

Figure 1B 
(a) Contact angel of film nanocomposites; (b) 

Water absorption of PCL/PCCNWs over a period of 

time; Remaining mass of samples: (c) After 

incubation in SBF solution at 37 °C and (d) 

After degradation in 1 mol.l−1 NaOH solution at 

60◦C for different periods of time. 

 

 

Figure 1A 
(a) SEM image of cellulose microfibers from 

wastepaper (WPP); (b) Optical microscopic image 

of cellulose microfibers (WPP). Scale bar 

indicates 200 µm; (c),(d) TEM image of cellulose 

nanowhiskers (CNWs) extracted from WPP via 

phosphoric acid hydrolysis protocol. 
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Introduction 

Biodegradable filaments, from materials such as polyglycolic acid (PGA) and polylactic acid (PLA), are used 

commercially in medicine for sutures, osteosynthesis and drug delivery systems as well as for meshes and tissue 

engineering scaffolds. In vivo hydrolytic degradation of PGA and PLA results in release of degradation products, 

which can cause local acidosis, inflammatory reactions and dramatic clinical complications, which make a second 

operation for implant removal necessary. Therefore, filaments with a pH-neutral degradation are desired. 

Incorporation of additives (e.g. tricalcium phosphate, calcium hydroxide, calcium carbonate) into PGA filaments failed 

due to insufficient buffering capacity or instabilities in the spinning process [1]. A promising alternative are amine 

based microgels because of their high proton binding capacity and high biocompatibility. These pH-responsive 

colloidal polymer networks are heat sensitive and therefore have to be incorporated into filaments using solution 

spinning (e.g. dry or wet spinning). Recently, incorporation of microgels into dry spun filaments was successfully 

demonstrated [2, 3]. However, the fibers exhibited low tensile strength, which may result from the kidney shaped 

cross section that is characteristic for dry spun filaments. To overcome this deficit this study evaluates the feasibility 

of the wet spinning process for microgel incorporation. 

  

Experimental Methods 

Spinning dope of 15-20 wt% PLA in chloroform were prepared. The quantity of incorporated microgels was varied 

between 0 and 10 wt% in respect to the mass of PLA. The spinning dope was extruded using a gear pump wet 

spinning machine from DIENES (Mülheim, Germany). Different spinnerets were tested for extrusion of monofilaments 

and multifilaments (bore count between 50 and 150). Examined non-solvents were isopropanol and ethanol. 

Mechanical characteristics were evaluated by tensile testing based on DIN EN ISO 5079 under standardised climate 

conditions according to DIN EN ISO 139. Additionally, the morphology was examined by light microscopy. 

Furthermore, the incorporated quantity of microgels in the fibre was determined by TGA measurements. The 

degradation behavior of the filaments was evaluated by static degradation test in sterile water at 37 °C and elevated 

temperatures. 

  

Results and Discussion 

Using the described wet spinning process, the tensile strength of the filaments was more than doubled in respect to 

the dry spinning process. Furthermore, it was possible to produce filaments with a round filament cross section. 

Incorporation of 7 wt% microgels was successful. Tensile strength of filaments with incorporated microgels of up to 

14,9 cN/tex was achieved. The effect of microgel incorporation on fiber morphology is small, however a significant 

decrease in tensile strength of the filaments was noted. Production of a braided structure from the multifilaments was 

possible. A buffering effect by the incorporated microgels on pH was observed in static degradation studies. 
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Conclusion 

Wet spinning showed to be a promising alternative solution spinning process for the incorporation of microgels into 

PLA filaments. The process yielded filaments with factor two improved tensile strength compared to dry spinning. 

Furthermore, it was shown that the buffering function of the pH-responsive microgels is preserved in the process. 
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Introduction 

Customized biomaterial could be an important step stone towards more individual approach in medical therapy. 

Additive manufacturing processes are highly adaptable and allow the use of a variety of materials and material 

combinations including biomaterials. In order to make optimal use of biomaterials, it is not only necessary to maintain 

flexibility in shaping and manufacturing, but also to evaluate the optimal material properties for each individual 

application. 

  

Experimental Methods 

The possible applications of Optical coherence tomography (OCT) for characterization of biological 3D printing of 

different hydrogel and polymer materials will be explored. OCT is a method based on white light interferometry. 

Originally OCT was developed for ophthalmology. OCT is a non-destructive, non-contact and easy-to-integrate 

optical method. Therefore, it can be applied to study transparent and semitransparent tissues with high speed and 

high lateral resolution up to 1 µm. Also for non-transparent material high-resolution surface images can be generated. 

Internally backscattered light contains information about position and size of the interacting feature. In other words: 

this 3D imaging method OCT is an ideal approach for detection of a variety of superficial and subsurface defects, 

material characterization, and process monitoring tasks. 

  

Results and Discussion 

Fraunhofer IKTS develops application-specific OCT systems for ceramic, polymer and organic material testing. A 

special attention is dedicated to quality control of single components as well as to process evaluation. Various 

practical examples include a laboratory setup for on-line detection of splinter in glass bottles and a failure finding 

device for thin planar ceramics. Based on the experience of Fraunhofer IKTS in the field of monitoring various 3D 

printing processes with OCT, a laboratory setup for a regenHU bioprinter was set up. 

  

Conclusion 

OCT can provide important structural information for the material characterization and development. In this paper an 

OCT study on ceramic bone replacement structures will be presented. 
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Introduction 

Surface chemical modification plays an important role in regulating cellular behavior, in vitro. Recent studies showed 

that functional groups on biomaterial surfaces regulate cellular adhesion, migration, proliferation and differentiation 

[1,2]. Self-assembled molecules (SAMs) form organized structures and with these molecules, desired surface 

properties can be easily generated. 

In the present study, we aimed to prepare polydimethylsiloxane (PDMS) substrates in natural myocardium-like 

stiffness range [3] and investigate the effect of their surface modifications with SAMs, having two functional end 

groups (-CH3 and –NH2) and different wettability properties, on cardiac differentiation of murine induced pluripotent 

stem cells (mIPS, TαP4). 

  

Experimental Methods 

PDMS (Sylgard 184, DOWSIL) substrates were prepared with different ratios of silicone elastomer base and curing 

agent (10:1 – 70:1) and spin coated (Brewer Science, CEE 200X) on glass slides. Substrates were cured for a week 

at 60°C. Young’s moduli of substrates were characterized with nanoindentation (Optics 11). 

Next, hydroxyl groups were created on substrate surfaces by using oxygen plasma treatment (Nordson March 

Plasma Systems) for 1 min, followed by dipping into 1% concentrations of either 3-Aminopropoyl triethoxy silane 

(APTES, Sigma) for -NH2 end groups or Trimethoxy (octadecyl) silane for –CH3 end groups. Characterizations of 

these modified substrates were done by water contact angle measurements (WCA) and X-Ray ray photoelectron 

spectroscopy analysis (XPS, Thermo Scientific K-Alpha). 

mIPS cells were cultured and differentiated into cardiomyoctes on native and SAMs modified PDMS substrates by 

using a previously published protocol [4]. Cell viability (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide, 

MTT) and Western Blot (Bio-Rad) analysis were performed. 

  

Results and Discussion 

According to nanoindentation results with different silicone elastomer base crosslinker concentrations of PDMS, the 

ratio of 50:1 was found to be in natural myocardium-like stiffness range with a Young’s modulus of 26.42 ± 6 kPa.  

In low resolution XPS survey spectra of all unmodified and modified PDMS, four characteristic peaks were found as 

O1s, C1s, Si2s and Si2p at 533, 286, 155 and 104 eV, respectively. -CH3 functionalization of PDMS substrates lead 

to a remarkable increase in the carbon peak, due to high carbon content of the molecule, whereas N1s peak appeared 

after modifications with APTES at 401 eV. WCA analysis showed hydrophobic nature of native and –CH3 modified 

PDMS (104.1±5 and 112.7±5, respectively) and hydrophilic properties of –NH2 modified PDMS (61.9±4). 
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MTT analysis of mIPS cells on these substrates showed no statistical difference between SAMs modified PDMS. 

Both modified substrates showed higher viability when compared to native PDMS (p<0.05). Western blot analysis 

results were given in Fig.1 on day 12 of differentiation. Similar to viability analysis, both functional end groups 

enhanced cardiac differentiation significantly, when compared to native PDMS. Cardiac marker Troponin-T (Sc-

20025) expressions were higher in hydrophilic -NH2 groups. 

  

Conclusion 

Conventional SAMs modified PDMS substrates in myocardium-like stiffness range were confirmed to be nontoxic to 

mIPS cells and also these modifications enhanced cardiac differentiation of mIPS cells on PDMS substrates. 
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Western blot analysis results. 
a.p<0,05 significantly different from PDMS; 
b.p<0,01 significantly different from PDMS. 
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Introduction 

Orthodontic brackets are associated with enamel demineralization and gingival inflammation, because a complex 

bracket design provides additional sites for bacterial colonization and difficulties in oral hygiene procedure1. Many 

studies have specific bacterial adhesion to various orthodontic brackets, but few studies have evaluated the 

interaction of bracket materials with biofilm composition 2-5. According to previous studies, rougher surface and higher 

wettability promote bacterial adhesion and biofilm formation 6. Surface wettability is calculated by measuring contact 

angles and a lower contact angle indicates higher surface wettability and higher interfacial tension, meaning that the 

surface has more attractive force 3,6. The aim of this in vitro study was to analyze the difference in adhesion of 

cariogenic bacteria (Streptococcus mutans [Sm]) and periodontopathic bacteria (Porphyromonas gingivalis [Pg]) to 

bracket materials using surface roughness and surface wettability. 

  

Experimental Methods 

The sample compromised disc-shaped specimens of three different bracket materials (monocrystalline alumina 

[MCA], stainless steel [SS], polycarbonate [PC]) and hydroxyapatite [HA] (n = 24 per each group). Before biofilm 

experiments, surface roughness and wettability were determined from all the materials using confocal laser scanning 

microscopy and measuring the water contact angle, respectively. Unstimulated whole saliva of a healthy adult 

volunteer was used as inoculum to produce multi-species biofilms, which was grown on the surface of samples. The 

amounts of Sm, Pg, and total bacteria were determined at day 1 (T1) and day 4 (T2) using real-time polymerase 

chain reaction. The adhesion ratio of Sm and Pg were calculated by the ratio of Sm and Pg to total bacteria, 

respectively. Repeated measures analysis of variance was used to analyze time-related differences in bacterial 

adhesion ratios with respect to bracket material. Differences in surface roughness and wettability were analyzed by 

the Kruskal–Wallis test. 

  

Results and Discussion 

Material type significantly influenced the bacterial adhesion ratios. The order of adhesion ratio of Sm, from highest 

to lowest, was HA, MCA, PC, and SS (Table 1). Difference in the adhesion ratio of Sm may be explained by surface 

properties of the materials. HA demonstrated the roughest surface and smallest water contact angle, which may 

explain the highest adhesion ratio of Sm to HA. Although MCA showed the smoothest surface, the smallest contact 

angle may induce the higher adhesion ratio of Sm to MCA than to other materials. The smoother surface and higher 

contact angle of SS may explain the lowest adhesion ratio of Sm to its surface. The larger contact angle than SS and 

smaller contact angle than MCA may explain higher adhesion ratio of Sm to PC than SS and lower adhesion ratio of 

Sm to PC than MCA. However, surface properties did not properly explain the adhesion ratio of Pg to the materials. 

The adhesion ratio of Pg was highest on MCA and lowest on SS. The adhesion ratio of Pg was not significantly 

higher on HA that had the roughest surface and smallest contact angle. This may be because surface properties may 
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have a less significant effect on the adhesion of the later colonizer (Pg) than the early colonizer (Sm). Partly, the 

aerobic condition in this study may interfere interaction of Pg to underlying materials. Interestingly, adhesion ratio of 

Sm was not significantly influenced by the incubation time. 

  

Conclusion 

Considering the highest adhesions ratios of Sm and Pg to MCA, the use of brackets which were made of MCA, 

should be carefully considered in orthodontic patients with poor oral hygiene. 
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Table 1. Bacterial adhesion ratios with respect 

to material type and incubation time 

 

 

 

Table 2. Surface roughness and wettability of 

materials used in this study 

 

 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1226 of 1893 

PS1-14-211 

Surface functionalisation of magnetic nanoparticles by ß-amyloid 1-42 

peptide (Aß42)-specific aptamers as a concentration tool in early 

diagnosis of Alzheimer’s disease. 

Cheryl M. Collins1, Valeria Perugini1, Manuel González Gómez2, Yolanda Piñeiro2, José Rivas2, Matteo 

Santin1 

1University of Brighton, Centre for Regenerative Medicine and Devices (CRMD), School of Pharmacy & 

Biomolecular Sciences, Brighton, GB; 2Universidade de Santiago de Compostela, Departmento de Física Aplicada, 

Campus Vida, Santiago de Compostela, ES 

 
Introduction 

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder, which is predominantly characterised by the 

deposition of insoluble ß-amyloids (Aß) in the brain. AD had an estimated cost to the global economy in 2015 of 

$817.9 billion, which is projected to rise to $2 trillion by 20301 thus there is an unmet clinical need for earlier diagnosis 

and treatment, which could result in decreased morbidity and mortality. Current biomarker diagnostic tools for patients 

presenting with cognitive decline include brain MRI and PET scans and ELISA of biomarkers in cerebrospinal fluid 

(CSF), e.g. Aß analyses. Quantitative data of Aß42 obtained by ELISA are limited by sensitivity thresholds in the pg/ml 

range. 

Short peptides (KLVFF) have been shown to inhibit Aß formation and aggregation both in vivo and in vitro2 by binding 

to residues 16-20 of Aß thus could be utilised as peptide aptamers in both diagnostics and drug administration. 

The linear peptides can be integrated onto hyperbranched molecular structures called dendrons to increase aptamer 

capacity, stability and increased sensitivity of Aß detection. 

Silica magnetic nanoparticles (MNPs) (Fe3O4@SiO2) have been functionalised with both the linear peptide KLVFF 

with glycine spacer (GGKLVFF) and a 3rd generation dendrimeric ε-polylysine modified with 16 linear KLVFF peptides 

(Rgen3K(KLVFF)16) as described previously3. This work aims to use the Rgen3K(KLVFF)16-functionalised MNPs as 

a concentration tool for ELISA and biosensors in early diagnosis of AD. 

  

Experimental Methods 

Third generation ε-polylysine dendrons with an arginine root (Rgen3K) were designed to expose on the uppermost 

branching generation sixteen linear KLVFF peptides. Rgen3K(KLVFF)16 were synthesised using microwave based 

solid phase peptide synthesis (Biotage, UK) on TentaGel™ S-NH2 resin and characterised with mass spectrometry 

and HPLC. 

Rgen3K(KLVFF)16 dendrons were grafted onto single-core Fe3O4@SiO2 MNPs using carbodiimide chemistry and 

characterised using Fourier-transform infrared spectroscopy (FTIR). Non-functionalised MNPs were used as a 

control. 

MNPs were treated with a dispersant solution to reduce aggregation that is commonly seen with MNPs. Both control 

and (KLVFF)16-functionalised MNPs were incubated in 100 µl of 1 pg/ml Aß42. The MNPs were assayed in a human 

Aß42 Quantikine ELISA (R&D Systems, UK) and the optical density (OD) was measured at 450 nm. 
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Results and Discussion 

Single-core Fe3O4@SiO2 MNPs were successfully functionalised with Rgen3K(KLVFF)16 as confirmed by FTIR (see 

figures). 

After assaying MNPs incubated in 1 pg/ml Aß42 using ELISA all samples had OD values above the standard curve. 

The samples were diluted 1 in 10 to bring the OD values within the assay range. The (KLVFF)16-functionalised MNPs 

showed a 4-fold increase in OD compared to the control MNPs indicating the Rgen3K(KLVFF)16 dendron captured 

the Aß42. 

The ELISA kit used has a sensitivity of 4.7 pg/ml, however (KLVFF)16-functionalised MNPs were capable of detecting 

Aß42 at lower concentrations by concentrating the samples due to the hyperbranched dendrons exposing multiple 

KLVFF aptamers. 

  

Conclusion 

The present work shows that single-core Fe3O4@SiO2 MNPs functionalised with Rgen3K(KLVFF)16 have the ability 

to concentrate Aß42 in samples. Such a concentration step will enable a considerable increase in the sensitivity of 

ELISAs for detection of AD biomarkers with potential for earlier diagnosis than current methods. 
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Introduction 

   Amaranth is red synthetic food colorant that is permitted to use as a food additive. However, excessive consumption 

of amaranth can cause health effects such as nausea, vomiting, dizziness. Therefore, the well-defined method for 

amaranth detection is needed to test amaranth level in food. Electrochemical method is a strong alternative technique 

due to its high sensitivity, less time consumption and low cost. Moreover, it is possible to detect amaranth with 

electrochemical method because it contains azo group (-N=N-) that can be reduced at the electrode. Although, SPCE 

has benefits in low cost and disposable electrode but it exhibits low sensitivity when compares with glassy carbon, 

gold or platinum electrode. Therefore, it needs to be modified to improve its performance. 

   This research present modification of SPCE with rGO and methionine. The strategy of improvement is based on 

large surface area of rGO and catalytic effect of methionine. The modified SPCE was used to evaluate amaranth 

level by CV. 

  

Experimental Methods 

   Reduced graphene oxide was prepared by glucose reduction as described in previous report [1]. Then, rGO was 

modified on SPCE by drop casting. Firstly, 1 mg of prepared rGO was dispersed in 1 mL of 30%ethanol and sonicated 

for 30 minutes. Then, 3 µL of well-dispersed rGO was dropped directly on the surface of SPCE. The rGO modified 

SPCE was dried in desiccator for 2 hours. Then, the rGO modified SPCE was immersed in pH 7.0 PBS solution 

synergistic containing 2.5 mM of methionine and CV from -0.6 to 2.0 V at scan rate 100 mV/s for 3 cycles. Poly-L-

methionine was modified on rGO/SPCE by electrochemical polymerization. After that, the rGO-methionine/SPCE 

was rinsed with DI water and dried overnight in desiccator. 

  

Results and Discussion 

   The electrochemical behavior of amaranth was tested on modified electrode comparing with bare SPCE to 

investigate performance of modified sensor. The 50 µM of amaranth was tested by cyclic voltammetry and acetate 

buffer pH 4.0 was used as electrolyte. The anodic peak of amaranth was observed on both of bare and modified 

SPCE at potential 0.83 and 0.81 V, respectively. However, bare SPCE demonstrated small anodic peak indicating 

weak electrochemical response of amaranth on bare electrode, while the modified SPCE dramatically enhanced 

electrochemical response of amaranth as illustrated in Fig.1. The rGO film can help to promote large surface area 

and increase the electron transfer rate on electrode[2]. Moreover, the conductive poly-amino acid layer has a good 

catalytic effect due to its active groups, such as amino group and carboxyl group[3]. Therefore, the higher current 

response on modified SPCE was the synergistic effect of rGO and poly-methionine film on SPCE. 
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   Performance of modified sensor for amaranth detection was investigated by CV as shown in Fig.2. The results 

demonstrated that modified sensor exhibited linear range at amaranth concentration ranging from 1 to 100 μM (inset) 

and limit of detection was obtained at 213 nM. 

  

Conclusion 

   This research presents modification of SPCE with rGO and poly-methionine layer to improve performance of SPCE 

for amaranth detection. The obtained sensor exhibited extreme current response when compared with bare SPCE 

and demonstrated wide linear range with low detection limit. Thus, this sensor can be a good alternative for amaranth 

detection. 
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Electrochemical behavior 
Fig.2 Comparison of cyclic voltammograms of 50 

μM amaranth on bare GCE (black) and rGO-

methionine modified SPCE (red) in acetate buffer 

pH 4.0 containing 0.1M KCl. 

 

Performance of the biosensor 
Fig.3 Comparison of cyclic voltammograms  at 

different concentration of amaranth. The inset 

represents linear relationship between  current 

response and amaranth concentration 
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Introduction 

Total knee arthroplasty is a common surgical procedure, which is designed to restore painless mobility of the knee 

joint in case of degenerative lesions. However, the implantation of a total joint endoprosthesis is a very invasive 

procedure. The insertion of a joint spacer with viscoelastic properties could be a less invasive intermediate step 

before implantation of a total knee joint. For this purpose, various polyurethane spacer materials were examined 

regarding to their biomechanical suitability. Therefore, adequate tribological characterization and analysis of the 

abrasive wear particles from the spacer implant are essential for its preclinical testing. 

  

Experimental Methods 

A conceivable polymer for this use is polyurethane (PU), which is used for different medical applications, such as 

catheter materials or coatings for artificial blood vessels. Therefore, several polycarbonate urethanes materials with 

different compositions were produced by Kutuzova et al. (2017, 2018) and provided for present biomedical 

investigations. 

The mechanical loading of the samples was implemented in a rolling-sliding test bench (Goebel et al., 2012, see 

figure 1) with adapted axial force in accordance with ISO 14243-1 over one million gait cycles. The test bench enables 

testing of new materials for artificial knee joints on prototypes with simple geometry. The alternating force was applied 

with a cylindrical articulating pulley made of aluminum titanate, which should simulate the osteoarthritic femur condyle 

with complete cartilage abrasion. The lubricant (bovine calf serum (Biochrom GmbH, with 20 g/l protein concentration, 

5.85 g/l EDTA, 1.85 g/l sodium azide)) with a temperature of 37 ± 2°C was changed every 0.5 million cycles. While 

the test medium was changed, the samples were cleaned and measured gravimetrically in accordance to ISO 14243-

2 to determine wear rate of the polymer material. After wear testing, the samples were examined optically with a laser 

scanning microscope to determine the wear mechanisms on the sample surfaces. 

  

Results and Discussion 

Two commercially available polyurethane materials (kTPCU and kTPU) and two new developed polyurethanes 

(KSZ6 and KSZ9) were tested in the rolling-sliding test bench. Testing of one commercially available kTPU material 

had to abort prematurely due to complete abrasion of the specimen. The three other materials completed the test 

over 1 million cycles entirely. The lowest wear rate of 0.29 ± 0.03 mg per million cycles was achieved with the 

commercially available material kTPCU. The wear rate of KSZ6 and KSZ9 was about two times higher than the wear 

rate of kTPCU (0.52 ± 0.17 mg und 0.55 ± 0.04 mg per million cycles; see figure 2). All materials showed a nearly 

linear wear rate. KSZ6 tended to increased fluid intake. Due to high loading in the rolling-sliding test bench all PU 

materials showed a macroscopically high worn articulated surfaces. 
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Conclusion 

In rolling-sliding test bench the comparison of different polymer materials with regard to their tribological properties 

could be realized. All tested PU materials showed a wear rate of several mg per million cycles. In order to validate 

the amount of wear, further tests are planned with polyethylene material, which is used as the standard bearing 

material in the artificial knee joint. The matching of the polyethylene wear rate with data from standard knee wear 

simulator tests according to ISO 14243 could allow classification of the wear rate derived from the rolling sliding test 

bench. Furthermore, microscopic comparison of abrasive wear particles made of polyurethane and polyethylene can 

also provide information about the suitability of polyurethane as a knee spacer material. 
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Figure 1 
Rolling sliding test bench with two stations 

without lubricant (a), one complete station (b) 

and one test chamber with specimen and lubricant 

(c) 

 

Figure 2 
Total wear rates of the four different 

polyurethane materials tested in rolling sliding 

test bench 
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Introduction 

Oesophageal cancers are the 13th most common form of cancer in the UK but rank as the 7th most occurring form of 

cancer death, due to difficulties in early diagnoses. 40% of cases concern in people over 75 years old with a growing 

incidence rate in younger age groups and with a 5-year survival rate of 15% [1]. 

Current treatments involve chemo-radiotherapy or surgical resection of the oesophagus. If patients are not suitable 

for surgery then oesophageal stenting is used as a palliative treatment, mostly using metallic stents that cannot be 

removed once placed, and that can cause serious complications [2]. Each of these methods has a significant impact 

on the patient’s quality of life, and researchers are looking at biodegradable polymers as a way of improving the 

treatments for patients [2]. 

The purpose of this research is to investigate the mechanical and drug-delivery properties required of a fully 

biodegradable polymeric oesophageal stent by using advanced characterisation and computational modelling. The 

models will allow many materials to be tested in a short space of time to identify the best characteristics and materials 

for the application, providing important information for the development of biodegradable, drug-encapsulated 

oesophageal stents. 

  

Experimental Methods 

Poly(lactide-co-glycolide) (PLGA) is used as a model material due to its tunable mechanical and degradation 

properties, and because of the breadth of its use in drug delivery and medical applications [3]. Solutions of 16.3 wt% 

PLGA 50:50 in 1-Methyl-2-pyrrolidone (NMP) with a chemotherapy drug for oesophageal cancers, 5-Fluorouracil (1.8 

wt%) are prepared for wet-spinning hollow fibres, which will be used as a model structure to compare with 

computational models. Rheological characterisation of the polymer solutions is performed using a Bohlin Rheometer 

to determine the spinning parameters. The fibres are used in degradation, drug encapsulation and drug release 

studies, using UV-Vis spectroscopy and HPLC-UV-Vis to determine component concentrations. Mechanical testing 

and Scanning Electron Microscopy (SEM) are performed to determine mechanical properties, and cross-sectional 

and surface morphology. 

Computational Fluid Dynamics and Finite Element Analysis have been used to investigate the response and flow of 

Newtonian and power-law fluids, and Bingham plastics through the stent as a result of deformation of the stent. Drug-

delivery profiles for 5-Fluorouracil are also developed. 

  

Results and Discussion 

Rheological studies show that the polymer solutions are Newtonian fluids (Fig. 1A) and that the target viscosity for 

spinning hollow fibres is between 0.6 – 1.1 Pa s. This information is important for the hollow fibre spinning process. 

SEM imaging (Fig. 1B) of PLGA 50:50 shows highly porous internal structures, with pores between 1-20 μm in size. 

The CFD models assume a dense polymer layer in the solid domain, with an axis-symmetrical cylindrical geometry. 

A continuous fluid domain is defined in the centre of the cylinder. Fig. 2A shows the fluid pressure profiles of the 
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different types of fluid at the mid-point of the stent, and Fig. 2B shows the stress in the polymeric wall, and the 

subsequent impact of the fluid when the peristaltic wave is at the mid-point of the stent. The polymer resists the 

pressure exerted by the oesophagus during peristalsis, found in literature to be 13 - 20 kPa [4]. The impact of the 

type of fluid showed flow and pressure profiles similar to those found in literature [5]. 

The force applied, F [N m-2] to the stent surface was described by: 

F = F0 e-0.5 ((z - (z0 + v0 t)) / w)^2 (1) 

where F0 [N m-2] is the maximum load, z [m] is the axial position, z0 [m] is the initial axial position, v0 [m s-1] is the 

wave velocity, t [s] is the time, and w [m] is the nominal wave width. 

The fluids were defined by their constitutive equations: 

Newtonian: τ = μ γ (2) 

Power Law: τ = K γn (3) 

Bingham-Papanastasiou: τ = τ0 (1 - e-mγ) + μp γ (4) 

where τ [Pa] is the shear stress, μ [Pa s] is the dynamic viscosity, γ̇ [s-1] is the shear rate, μp [Pa s] is the plastic 

viscosity, K [Pa sn] is the consistency constant, n [-] is the flow index, m [s] is the Papanastasiou index,and τ0 [Pa] is 

the yield stress. 

  

Conclusion 

This work has developed a method of relating the rheological properties of polymer solutions to the key hollow fibre 

spinning parameters, which has identified a suitable operating range for the fluid viscosity. Other experiments are 

currently ongoing which will complement the modelling work and also provide important input information. 

The CFD modelling has helped to develop an understanding of the impact of the applied peristaltic force from the 

oesophagus on a stent, and the resulting flow profiles of various fluids. The mechanical properties of biodegradable 

polymers used in structural supports, such as stents, need to be investigated further and these models will be able 

to test a variety of materials in a short space of time to identify the most suitable materials to use. 
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Figure 2 - CFD fluid pressure and flow profiles, 

and solid stress profile. 
A - Pressure profiles of the fluids at the axis 

of symmetry along the length of the stent when 

the peristaltic wave is at the mid-point of the 

stent; B - Wall stress (colour scale) and fluid 

streamlines of a Newtonian fluid when the force 

is at the mid-point of the stent. 

 

 

Figure 1 - Rheology of polymer solutions and 

morphology of polymer samples. 
A - Elastic (G’), Viscous (G’’) and Complex (G*) 

moduli for a PLGA 50:50 solution in NMP, before 

wet-spinning; B – SEM image of a PLGA sample, 

with pore size range 1-20 μm. 
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Introduction 

Collagen is the most abundant structural protein in the vertebrate body. Natural crosslinks, caused by enzymes, 

prevent the dissolving of the collagen tissue. However, when using collagen as a medical product, crosslinks need 

to be introduced to regulate the resorption in the body and to stabilize the structure of the collagen scaffolds or 

membranes. The most favored crosslinkers are carbodiimides, like 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide 

(EDC), and aldehydes, like glutaraldehyde (GDA). An alternative to chemical treatment is the physical crosslinking 

by dehydrothermal (DHT) treatment. Those crosslinking processes represent two different groups, the zero-length 

crosslinking by direct coupling of amino and carboxyl groups (DHT and EDC), and crosslinking via a linker, the 

aldehyde bridge (GDA). 

Within these two different groups, the properties of the collagen material might be different as well. This work aims 

to reveal the changes in the collagen material, caused by different crosslinkers. These created effects were correlated 

with the cell behavior of three different cell types. 

  

Experimental Methods 

The investigated samples are collagen sheet, consisting of fibrillated acid soluble collagen. The collagen sheets were 

crosslinked with either EDC or GDA at different concentrations, to modify the mechanical properties. In the case of 

DHT, different temperatures (60 – 120°C) in a vacuum were applied to alter the mechanical properties. To investigate 

these differences in the structure and the mechanical behavior, atomic-force microscopy (AFM), in particular, the 

atomic-force spectroscopy (AFS) is used. With AFS the local morphological and mechanical properties of the 

collagen material are obtained in one single measurement run.   

Furthermore, the use of a stress-strain module gives insights into the macroscopic behavior of the collagen material. 

The combination of these techniques points to a fascinating behavior in dependency on the crosslinker. To correlate 

the mechanical and structural properties with the cell behavior of three different cell types (endothelial cells, 

fibroblasts, and chondrocytes), we performed in vitro cell experiments on adhesion, and proliferation. 

  

Results and Discussion 

Collagen materials, crosslinked with GDA, show an increase in the Young’s modulus (measured by AFM), but no 

increase in the strain (measured by stress-strain module) compared to non-crosslinked collagen materials. In 

contrast, crosslinking with EDC or DHT induces an increase in the Young’s modulus, while the strain decreases. 

Additionally, GDA crosslinking causes a higher surface roughness of the collagen material, while the roughness 

decreases, when crosslinked with EDC or DHT. These effects are dependent on the crosslinker concentration as 

well. The mechanical changes of the collagen sheet did not affect the adhesion or proliferation of HUVECs and 

fibroblasts. Only the structural differences show an influence of cell behavior. 
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Conclusion 

The present work identified, the effects of different crosslinking mechanisms on the mechanical and structural 

properties of collagen materials. The selection of a specific crosslinker can help to improve cell growth by adjusting 

the structure of the surface and the mechanical properties of a collagen material according to the cell type used. 
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Introduction 

Fibronectin (Fn) is one of the main components in the nanofibrous extracellular matrix and is involved in complex 

mechanobiological interactions of cell adhesion [1]. However, the ability of fibronectin to arrange into a fibrillar 

network in vivo is still not fully understood. In 2005 Schwarzbauer et al [2] introduced a model for the in vivo 

fibrillogenesis of fibronectin, which has since been recognized as a universal model. In this model, individual Fn type 

III modules and the C-terminal interchain domain are very exposed. Recently, Raoufi et al presented an in vitro 

method to induce fibrillogenesis of fibronectin by extrusion through nanoporous ceramic membranes [3]. In order to 

investigate the potential of ceramic materials as initiators for in vitro fibrillogenesis, we have investigated the 

interaction of individual Fn type III modules with ceramic surfaces in silico. 

  

Experimental Methods 

The adhesive properties of individual five Fn type III modules, the highly flexible connectivity region as well as a 

newly introduced structural model for the Fn interchain domain [4] with two different ceramic surfaces (SiO2 [5] and 

Al2O3 [6]) were investigated using classical molecular dynamics simulations. The charge density of the material 

surfaces was adjusted according to the physiological pH value. 

First, orientation - dependent adhesion forces on alumina and silica surface models were determined for all modules 

using the AMBER program package. Subsequently, the module orientations, which yielded maximum force peaks 

during interaction with the respective ceramic surfaces, were used as initial configuration for longer dynamic 

simulations with the GROMACS code to determine thermodynamically stable adsorption configurations. 

  

Results and Discussion 

Depending on their orientation towards the different ceramic surfaces, all modules exhibited repulsive and attractive 

interactions. The resulting maximum interaction forces of individual module orientations varied significantly between 

values from 0.3 nN to 1 nN per module for the various ceramic surfaces.  However, other Fn modules showed 

approximately the same maximum forces for both materials surfaces. In particular, for the FN interchain domain we 

found the absolute highest difference of the interaction forces with more than 1 nN on the alumina surface whereas 

silica surfaces only yielded maximum interaction forces of about 0.35 nN. Consequently, the different fibronectin 

modules exhibited different preferred orientations on the ceramic materials. In particular, this led to varying 

accessibility of the RGD domain in 10 Fn III (see Figure 1), which is important for integrin-mediated cell adhesion. In 

addition to the maximum force peak, however, the modules and their orientations are also disputed with regard to 

their thermodynamic equilibrium adsorption forces and their accessibility to the material surface. 
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Conclusion 

In summary, our results facilitate a basic understanding of material-driven fibrillogenesis of fibronectin in vitro. In 

future experimental studies the findings of our in silico studies will be highly relevant for tailoring ceramic biomaterial 

surfaces to control cell adhesion. 
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Figure 1: 10 Fn III module on ceramic materials 

surfaces 
The 10 Fn III module with the labelled cell 

adhesion sequence RGD on two different ceramic 

material surfaces (left) aluminium oxide and 

(right) silicon oxide are shown. The 

orientations shown correspond to the 

configuration that yielded the highest 

interaction force. While 10 Fn III with a beta 

sheet lies flat on silica and the RGD sequence 

appears executed to the surface, the RGD 

sequence on alumina points directly into the 

solution phase. 
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Introduction 

Stiffness gradient hydrogels are a useful platform for studying mechanical interactions between cells and their 

surrounding environments. 

  

Experimental Methods 

Here, we developed linear stiffness gradient hydrogels by controlling the polymerization of gelatin methacryloyl 

(GelMA) via differential UV penetration with a gradient photomask. Based on previous observations, a stiffness 

gradient GelMA hydrogel was created ranging from ~ 4 to 13 kPa over 15 mm (0.68 kPa/mm), covering the range of 

physiological tissue stiffness from fat to muscle, thereby allowing us to study stem cell mechanosensation and 

differentiation. 

  

Results and Discussion 

Adipose-derived stem cells on these gradient hydrogels showed no durotaxis, which allowed for the screening of 

mechanomarker expression without confounding directed migration effects. In terms of morphological markers, cell 

aspect ratio showed clear positive correlation to the underlying substrate stiffness, while no significant correlation 

was found in cell size, nuclear size, or nuclear aspect ratio. Conversely, expression of mechanomarkers (i.e. Lamin 

A, YAP, and MRTFa) all showed a highly significant correlation to stiffness, which could be disrupted via inhibition of 

non-muscle myosin or Rho/ROCK signalling. Furthermore, we showed that cells plated on stiffer regions became 

stiffer themselves, and that stem cells showed stiffness-dependent differentiation to fat or muscle as has previously 

been reported in the literature. 

  

Conclusion 

Stiffness gradient GelMA hydrogels provide a platform to screen stem cell mechanotransduction, differentiation, and 

migration over a wide range of physiological tissue stiffness values in one sample. In this study, shallow gradient 

hydrogels fabricated via UV polymerization through a gradient photomask enable screening of both phenotypic and 

genotypic changes in ASCs at high-resolution. While this study employed only one gradient strength (0.68 kPa/mm) 

due to the fact that it did not induce durotaxis, variations of this platform with simple modification to the gradient 

photomask or hydrogel components can enable a diverse range of stiffness gradients for various applications in cell 

biology. The nature of GelMA also has the potential of generating a gradient in 3D after cell encapsulation.   
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Introduction 

Today's implant research faces the challenge of improving both the biocompatibility and reproducibility of implants. 

The goal is to move away from laboratory scale to automated solutions that also allow for patient-specific 

individualization. Biohybrid implants, for example, consisting of a technical component and a patient-specific 

component, are suitable for this purpose. The aim of the project is the development of a biohybrid heart valve based 

on a fibrin-gel matrix with textile reinforcement. The focus is in particular the development of a functional tool-box for 

fibrin-based hydrogels and the analysis of the direct cell/biomaterial interactions as well as the long-term behaviour 

of cells in the biohybrid implant. In concrete terms, this means that new biohybrid hydrogels from fibrinogen and 

poly(N-vinylcaprolactam) copolymers will be developed first. Here, special attention is paid to controllable mechanical 

properties, variable morphology and controllable degradation behaviour. Human stem cells are cultured on the 

hydrogel surface as well as inside the hydrogel so that the compatibility of the gel with regard to viability, proliferation, 

apoptosis and necrosis behaviour and cytotoxicity can be analyzed. The influence of hydrogel properties on stem 

cell differentiation with respect to adipogenic, osteogenic, chondrogenic and in particular myogenic differentiation 

(see Figure 1), as well as matrix remodeling and vascularization will be investigated and bioinformatic analyses of 

long-term behaviour will be used for data visualization. 

  

Experimental Methods 

The myogenic differentiation of human stem cells, for example, is initially carried out over 21 days on cell culture 

plates and, after successful establishment of specific markers, transferred to the hydrogels. The differentiation of 

human stem cells into muscle cells is induced by the addition of specific growth factors such as TGF-β1 and BMP4. 

Special attention is paid to the clear distinction between the contractile and the synthetic phenotype of smooth muscle 

cells. For the later application of the heart valve only muscle cells of the contractile phenotype are required, therefore 

a targeted differentiation is of great importance. 

The analysis is performed by RT-PCR, immunofluorescence and scanning electron microscopy, with particular 

emphasis on the expression of the markers smooth muscle myosin heavy chain, myocardin, vinculin, smoothelin and 

N-cadherin, which are considered as late markers for smooth muscle cells of the contractile phenotype. 

In order to obtain the best possible composition of the hydrogel for the respective application, the individual 

parameters such as fibrinogen concentration, thrombin concentration, type of copolymer and buffer were tested 

against each other in different concentrations and characteristics. The respective morphology of the hydrogels was 

examined by scanning electron microscopy (see Figure 2), while the specific cell behaviour on the gels was analyzed 

by FDA/PI staining. 
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Results and Discussion 

Initial experiments have shown that the use of copolymers can alter the properties of the gels, so that faster cross-

linking of the hydrogel takes place. Long-term stable hydrogels, which support the proliferation behaviour of human 

stem cells, have been developed so that the myogenic differentiation of the cells on the gels can be achieved in a 

subsequent step. 

  

Conclusion 

Future experiments are designed to unravel specific parameters measurable in vitro to predict implant behaviour 

after transplantation in vivo. 
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Exemplary scanning electron microscope views of 

two hydrogels with different buffer composition 
The figure shows the morphological composition of 

two fibrin hydrogels with GBSH5 buffer or PBS 

buffer and the copolymer GMA 8118 which is 

glycidyl methacrylate with a molecular weight of 

8118 g/mol. 

 

 

Project outline with experimental procedure of 

the cell differentiation and biomaterial 

interaction 
After the establishment of a protocol for long-

term stable fibrin-based hydrogels in 

combination with copolymers, human stem cells 

are seeded on the surface and differentiated 

into smooth muscle cells. 
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Introduction 

Ceramic biomaterials are used for clinical applications as bone grafts to reconstruct bone tissue in defects. Both 

bone-forming osteoblasts and bone-resorbing osteoclasts play prominent roles in bone formation surrounding the 

implanted ceramic biomaterials. We designed the osteocyte-stimulating biomaterials by electrical charges1. Although 

osteoblasts become trapped within mineralized bone as osteocytes and are responsible for maintenance of the bone 

matrix, there are few studies on the interaction between the osteocytes and ceramic biomaterials. In the present 

study, the interactions of osteocytes with osteoblasts and osteoclasts through the cell-to-cell communications on 

ceramic biomaterials were investigated. 

  

Experimental Methods 

Osteocyte-osteoblast culture: Osteoblast-like cells (MC3T3-E1) were labeled by simultaneously calcein and Dil. 

Labeled cells were dropped onto confluent unlabeled osteocyte-like cells2 (MLO-Y4, kindly gifted from Prof. 

Bonewald) on hydroxyapatite (HA) samples with or without the electrical polarization. After the incubation, cells were 

observed by a fluorescence microscope. 

Osteocyte-osteoclast culture3: Osteocyte-like cells were co-cultured with bone marrow cells (BMC) isolated from 

mouse femurs (C57Bl/6J, male, 10-week-old) on the synthesized carbonate-substituted hydroxyapatite (CA) with or 

without the electrical polarization. The fixed cells were stained for tartrate-resistant acid phosphatase (TRAP). The 

cells adhered to the samples were stained with rhodamine- phalloidin and Hoechst. After removing the cells, the 

resorption pits were observed using scanning electron microscope and quantified using laser microscope. 

  

Results and Discussion 

The MLO-Y4 cells having connections with MC3T3-E1 cells were visualized with calcein got through from osteoblasts 

into osteocytes via gap junction. Since the Dil does not get through the gap junction, MC3T3-E1 cells were positive 

for both calcein and Dil. The number of the MLO-Y4 cells positively stained for calcein was larger on the HA with 

electrical polarization than that on the conventional HA. This result show that the electrical stimulation has effects on 

the osteoblast-to-osteocyte communication. 

The giant cells with multiple nuclei were formed both on the synthesized CA after a co-culture of MLO-Y4 with BMC. 

These cells were positively stained for TRAP. Actin rings, which are specific markers for activated osteoclasts to 

resorb the substrata, were formed in osteoclasts on the CA. As a result, the resorption pits were formed on CA. The 

formation of actin rings and resorption pits were enhanced on the CA with electrical polarization. This result show 

that the electrical stimulation has effects on the osteoclast-to-osteocyte communication. The enhanced differentiation 

and activation of osteoclasts on the CA can be explained by the effects of the electrical polarization of the substratum, 

the cell-to-cell interactions formed and the secretion of differentiation factors from the MLO-Y4 cells. 
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Conclusion 

These results suggest that the electrical stimulation has effects on the osteocytes-osteoblasts and osteocytes-

osteoclasts communications. 
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Osteoclast morphology 
Multinuclear giant cells were formed on CA after 

co-culture of osteocyte-like cells with bone 

marrow cells without any differentiation 

factors. 
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Introduction 

Bone morphogenetic proteins (BMPs) are growth factors with a strong osteoinductive potential and are frequently 

applied in the treatment of large bone defects to foster the healing outcome. Biomaterials are mostly regarded as 

delivery platforms via which the release of BMPs can be controlled [1]. However, while effects of extrinsic mechanical 

load are described in vitro and in vivo [2,3], little is known about how intrinsic biomaterial properties affect the cellular 

response to endogenous BMP as well as BMP stimulation. With this study, we aim to identify biomaterial parameters 

that favor an enhanced cellular response towards BMP. An improved understanding could allow an optimized and 

more specific use of BMPs in clinical applications in order to overcome currently occurring side effects. 

  

Experimental Methods 

Macroporous scaffolds were fabricated from porcine collagen by directional freezing and freeze-drying in cooperation 

with Matricel GmbH, Herzogenrath, Germany. As a second material platform, 2D polyacrylamide (PAA) gels were 

produced at varying stiffness by modulating the monomeric acrylamide content. Human fetal osteoblasts (hFOBs) 

were selected, as they are a frequently used cell line to study BMP-responsiveness. Cellular behavior inside scaffolds 

was analyzed by confocal imaging for cytoskeleton (actin), cell adhesion (phospho-Paxilin), Lamin A and YAP as 

well-known stiffness-responsive markers. Cell response to BMP2 stimulation was analyzed both by gene expression 

(qPCR) and by western blotting of phosphorylated Smad (pSmad). 

  

Results and Discussion 

In accordance with previous reports [4], hFOBs showed a reduced BMP response on very soft (<2kPa) compared to 

stiffer (>10kPa) 2D PAA gels which correlated with reduced attachment and a more round morphology. Intriguingly, 

we observed that cells exhibited an enhanced BMP response when seeded inside soft 3D macroporous collagen 

scaffolds (<1kPa) compared to stiffer scaffolds (4kPa and 34kPa). Confocal microscopy revealed that cells were 

equally spreading and proliferating in all materials. Most strikingly, we found that cells on soft matrix showed 

increased numbers of focal adhesions and higher levels of phospho-myosin light chain (pMLC). Furthermore, levels 

of Lamin A were enhanced on soft matrix. YAP showed high nuclear accumulation across all stiffness ranges in 3D. 

Time-lapse microscopy in 3D revealed that cells were equally migratory inside all collagen scaffolds. Most 

interestingly, cellular traction exerted during movement induced a strong deformation of the underlying biomaterial 

selectively in the softest scaffold. In contrast to that, little to no movement was detected for stiffer biomaterials. We 

observed an inverse stiffness dependency of hFOB behavior cultured on 2D substrates compared to a macroporous 

3D environment. This was not solely limited to BMP signaling response but was also found consistently in various 

stiffness-responsive markers such as pMLC, Lamin A and YAP. Together, these observations suggest that cells 

cultivated on soft 3D scaffolds adopt features that are usually associated with a stiffer 2D environment. A factor that 

might contribute to this behavior could be the observed dynamic cell-material interaction occurring inside the 3D 
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biomaterial: while 2D substrates such as PAA gels permit only a very limited mechanical interaction of the cells 

through the material, there is a direct mechanical communication between cells in soft macroporous environments. 

  

Conclusion 

Our data further support previous reports of a long-range collective mechano-sensation inside macroporous collagen 

scaffolds [5], which implies mechanical communication via the underlying scaffold. This renders a highly dynamic 

environment forcing cells to constantly adapt and respond to transmitted signals that we found to hold beneficial 

effects for growth factor signaling such as BMPs. Together, these findings highlight how cell-material interactions 

can modulate response to growth factors in a regenerative setting. 
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Introduction 

Extracellular matrix (ECM) is known to support cells structurally and biochemically and to provide micro-environments 

for cell differentiation. As an artificial ECM, nano-fibrous engineered matrix can modulate the differentiation. However, 

the underlying mechanisms remain to be elucidated yet. 

Bone morphogenetic proteins (BMPs) is the key regulator of BMP-dependent signaling for osteoblast differentiation. 

BMPs bind to receptors and induce Smad-dependent or non-dependent signaling in myoblasts. This signaling 

promotes osteogenic transcription factors, such as Runx2, osterix, and osteocalin, finally, induces osteoblast 

differentiation and maturation. 

We studied for the potentials of trans-differentiation of myoblasts on nano-fibrous matrix 

  

Experimental Methods 

A polystyrene fiber (PSF) matrix was prepared by electrospinning. The PSF matrix fixed on cell culture dish was 

immersed in 70% ethanol for a day and then distilled water for 8h to remove any residual. The C2C12 myoblasts 

cultured on PSF sheet  was differentiated in osteogenic condition for 4 days. After 4 days for osteoblast 

differentiation, we assessed the variation of proteins and gene expressions related with osteoblast differentiation by 

Western blot analysis, qPCR, and ELISA. Also, we evaluated osteoblast differentiation of myoblasts cultured on 

matrix by alkaline phosphatase (ALP) activity.  

  

Results and Discussion 

The myoblasts cultured on PSF exhibited osteoblast phenotypes; increased ALP activity and expressions of Runx2, 

osterix, and osteocalcin. Interestingly, the cells on PSF expressed BMP2 highly, confirmed by qPCRs, Western blot 

analysis, and ELISA. Phosphorylation of Smad1/5/8 in BMP-induced intracellular signaling was increased in the cell 

on PSF. 

We demonstrate that C2C12 myoblasts grown on an electrospun polystyrene fiber matrix (PSF) can be trans-

differentiated to osteoblast phenotypes through up-regulated BMP2 expression and its signaling. 

  

Conclusion 

Taken together, these results demonstrate the nanofibrous engineered matrix supports trans-differentiation of 

myoblasts to osteoblasts by enhancing BMP-dependent signaling. 
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Introduction 

Even though significant advances have been achieved during the last decades, osteoarthritis (OA) remains a disease 

with no cure. Mesenchymal stromal cells (MSCs) are currently being tested in several regenerative medicine 

approaches, however, during chondrogenic stimulation, a stable hyaline-like cartilage phenotype cannot be obtained, 

as differentiation seems to resemble an endochondral ossification developmental program, forming a transient-like 

tissue. Kartogenin (KGN) is a small molecule recently described, promoting both reparative and protective effects, 

hampering the hypertrophic effects of chondrogenesis.1 The aim of this study is to evaluate the chondrogenic effect 

of kartogenin on an immortalized cell line obtained from bone marrow-derived MSCs (3a6), using a pellet three 

dimensional conventional model and gold-standard transforming growth factor 3 (TGF-β3), as positive reference. 

  

Experimental Methods 

3a6 cells, originally obtained from a 61-year old Asian woman bone marrow, was cultured under pellet culture system 

with basal (DMEM, low glucose) or commercial chondrogenic medium, supplemented with 10 ng/ml TGF-β3 

(Prospec) or 100nM KGN (SIGMA) for 3, 7, 14 and 21 days. Total RNA was isolated and real-time quantitative 

reverse transcription-polymerase chain reaction (RT-qPCR) was performed, using custom-made primers for runt-

related transcription factor 1 (RUNX1), proteoglycan 4 (PRG4), cartilage intermediate layer protein (CILP), collagens 

type-II (COL2A1), -X (COL10A1) and -I (COL1A1), using RPL13A as housekeeping. Proteoglycans and zonal 

markers protein synthesis was evaluated by safranin-O (SO) staining and lubricin/PRG4 and CILP 

immunohistochemical analysis (both 1:500), respectively. The experiment was performed in triplicate and differences 

judged using one-way ANOVA with Bonferroni’s corrections, considering p<0.05 significantly different. 

  

Results and Discussion 

The molecular analysis of KGN- and TGF-β3-chondrogenic induced 3a6 pellets is depicted in figure 1A. For zonal 

markers expression, we observed a significant downregulation in PRG4 with time, concomitant with an upregulation 

of CILP, for TGF-β3-induced cells, after 14 days. KGN-induced cells expressed a similar tendency for PRG4 although 

CILP expression was not detected. Nonetheless, PRG4 and CILP were found on the protein level (Figure 1B) for 

both conditions, depicting a higher protein accumulation during intermediate times (14 days). The studied zonal 

markers were found heterogeneously distributed, for KGN-induced pellets, being more intense in pellet’s bulk. This 

difference is further supported by proteoglycans SO staining, with an earlier formation of a more mature tissue for 

KGN- than TGF-β3-induced pellets (Figure 1C). No expression was found for the main hyaline-like cartilage collagen 
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(COL2A1), for anytime point. RUNX1 was practically unaltered in TGF-β3-induced cells and even though an 

upregulation, at day 21, for KGN-induced cells was observed, this was not significant. For hypertrophic markers, 

RUNX2 was upregulated at 14 days, in TGF-β3- whilst in KGN-induced cells, its expression seems to be delayed, 

although no significant differences were found. In both conditions, COL10A1 was very low, until 21 days. COL1A1 

presented a significant upregulation at 14 days for TGF-β3- whilst in KGN-induced cells, expression was 

progressively upregulated with time, but not significant. 

  

Conclusion 

This is the first study to report the chondrogenic effect of kartogenin on 3a6 immortalized human bone marrow MSCs 

line. On the molecular level, no significant differences were found between KGN- and TGF-β3 chondroinduction, 

although transition into a hypertrophic phenotype seems to be delayed. On the protein level, zonal markers and 

proteoglycan synthesis were found improved by kartogenin after 14 days. 
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Figure 1 
A. mRNA expression of 3a6 cell pellets after 

TGF-β3 or KGN chondrogenic induction at 3, 7, 14 

and 21 days. Symbols *, X and + indicate p<0.05. 

B. Lubricin and CILP protein synthesis in TGF-

β3- and KGN-chondrogenic induced cell pellets, 

after 14 days. C. Safranin-O staining of TGF-β3- 

and KGN-chondrogenic induced cell pellets, after 

14 days. 
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Introduction 

Previous studies have found that dental follicle stem cells (DFCs) combined with TDM implanted into alveolar fossa 

can form dentin, cementum and periodontal ligament-like tissue. However, the ability formation of periodontal 

ligament is relative low and bone adhesion often occurred. Thus, how to improve the differentiation ability of 

periodontal ligament in DFC is one of the scientific problems to be solved. BMSCs are the main resource of stem 

cells for many pathological injuries, but their therapeutic effect is not satisfactory in practice. This may be related to 

the oxidative stress (OS) environment in which stem cells live. Therefore, it is necessary to improve the response of 

cells to hypoxia. Pretreatment BMSC with antioxidants was proposed to reduce the production of reactive oxygen 

species (ROS) in hypoxic environment, thereby inhibiting apoptosis and other adverse effects. DFCs have many 

biological similarities with bone marrow mesenchymal stem cells (BMSCs). Therefore, it is a crucial step to enhance 

the antioxidant capacity of DFCs as much as possible to promote cell survival, differentiation and even vascular 

regeneration in tooth regeneration. 

  

Experimental Methods 

The mandibles of SD rats were harvested from natal-post 3 days, 5 days, 7 days, 9 days, 11 days, 13days and 15 

days and stained with HE and HNE immunohistochemistry.DFCs were isolated and cultured from natal-post 5 days’ 

rats and its biological properties were identified; 25um H2O2 was used to culture the DFCs for 24 hours to cause the 

OS of the cells; 2mM antioxidant of N-Acetyl-cysteine (NAC) was used to control OS. The experiment was divided 

into three groups as blank group (DFCs), control group (H2O2 +DFCs+ NAC) and experimental group (H2O2 +DFCs). 

DFCs compound TDM were planted to the mandible of the 10-weeks years-old rats as the bio-engineered tooth root. 

  

Results and Discussion 

There was no obvious oxidative stress in normal root tissues, which indicated that the oxidative stress level of DFCs 

was low in physiological condition. When planted in the mandible of rats, the oxidative stress level of bio-engineered 

tooth root increased significantly in the first three days, but can be decreased by NAC. The ability of periodontal 

ligament formation of the control group was significantly higher than that of the experimental group. 

  

Conclusion 

NAC can control OS and thus promote the ability of periodontal ligament formation in the bio-engineered tooth root. 

  

References 

1. Weihua Guo, Yong He, Xiaojun Zhang, Wei Lu, Chunmei Wang, Hua yu, Yuan Liu, Yuan Li, Yalei Zhou, JingZhou, 

Manjing Zhang, Zhihong Deng, Yan Jin.The use of dentin matrix scaffold and dental follicle cells for dentin 

regeneration. Biomaterials,2009;30(35):6708-6723. 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1253 of 1893 

2. Rui Li, Weihua Guo, Bo Yang, Lijuan Guo, Lei Sheng, Gang Chen, Ye Li, Qing Zou, Dan Xie, Xiaoxue An, Yali 

Chen, Weidong Tian. Human treated dentin matrix as a natural scaffold for complete human dentin tissue 

regeneration. Biomaterials, 2011;32(20):4525-4538. 

3. Watanabe Jun, Yamada Masahiro, Niibe Kunimichi, Zhang Maolin, Kondo Takeru, Ishibashi Minoru, Egusa 

Hiroshi. Preconditioning of bone marrow-derived mesenchymal stem cells with N- Acetyl-L-cysteine enhances bone 

regeneration via reinforced resistance to oxidative stress. Biomaterials,2018,185:25-38. 

4. Hinz, B. Formation and function of the myofibroblast during tissue repair. J. Investig. Dermatol. 2007, 127, 526–

537. 

5. Malda J, Rouwkema J, Martens D.E, le Comte E.P, Kooy, F.K.; Tramper J, van Blitterswijk CA, Riesle, J. Oxygen 

gradients in tissue-engineered PEGT/PBT cartilaginous constructs: Measurement and modeling. Biotechnol. Bioeng. 

2004, 86, 9–18. 

6. Kellner K, Liebsch G, Klimant I, Wolfbeis O.S, Blunk T, Schulz M.B, Göpferich A. Determination of oxygen gradients 

in engineered tissue using a fluorescent sensor. Biotechnol. Bioeng. 2002, 80, 73–83.   

7. Radisic M, Malda J, Epping E, Geng W, Langer R, Vunjak-Novakovic G. Oxygen gradients correlate with cell 

density and cell viability in engineered cardiac tissue. Biotechnol. Bioeng. 2006, 93, 332–343. 

8. Griffith C.K, George S.C. The effect of hypoxia on in vitro prevascularization of a thick soft tissue. Tissue Eng. Part 

A 2009, 15, 2423–2434. 

9. Anderson, J. Biological responses to materials. Annu. Rev. Mater. Res. 2001, 31, 81–110. 

10. Carrier R.L, Rupnick M, Langer R, Schoen F.J, Freed L.E, Vunjak-Novakovic G. Perfusion improves tissue 

architecture of engineered cardiac muscle. Tissue Eng. 2002, 8, 175–188. 

11.Zhu WG, Li S, Lin LQ, Yan H, Fu T, Zhu JH. Vascular oxidative stress increases dendritic cell adhesion and 

transmigration induced by homocysteine. Cell Immunol,2009;254(2):1 1 0—1 1 6. 

12.Song H, Song BW, Cha MJ, Choi JG, H Wang KC. Modification of mesenchymal stem cells for cardiac 

regeneration. Expert Opin Biol Ther, 2010;10(3):309-319. 

13. Xu J, Woods CR, Mora AL, et al. Prevention of endotoxin induced systemic response by bone marrow derived 

mesenchymal stem cells in mice. Am J Physiol Lung Cell Mol Physiol, 2007;293(1):L131-L141. 

14. Gupta N, Su X, Popov B, et al. Intrapulmonary delivery of bone marrow derived mesenchymal stem cells improves 

survival and attenuates endotoxin induced acute lung injury in mice. J Immunol,2007;179(3):1855-1863. 

  

Acknowledgement 

This study was supported by the National Key R&D Program of China (grant number 2017YFA0104800), National 

Natural Science Foundation of China (grant number 31771062, 31470947), and the Key Research and Development 

Program of Sichuan Province (2017SZ0031), 

  

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1254 of 1893 

PS1-15-224 

Electrospun Nanofiber Polycaprolactone Scaffolds Expand Breast 

Cancer Stem Cell Niche of Triple Negative Breast Cancer Cell Models 

Marc Rabionet1,2, Sabina Couto-Ovejero1,2, Emma Polonio-Alcalá1,2, Santiago Ruiz-Martínez2, Xavier 

Gallardo1,2, David Angelats1,2,3, Sònia Palomeras2, Joaquim Ciurana1, Teresa Puig2 

1Product, Process and Production Engineering Research Group (GREP) - University of Girona, Department of 

Mechanical Engineering and Industrial Construction, Girona, ES; 2New Therapeutic Targets Laboratory 

(TargetsLab) - University of Girona, Department of Medical Sciences, Girona, ES; 3Università degli Studi di 

Brescia, Department of Mechanical and Industrial Engineering, Brescia, IT 

 
Introduction 

Breast cancer stem cells (BCSCs) represent a rare tumor subpopulation which displays self-renewal ability, 

tumorigenesis, and resistance to radio- and chemotherapy [1]. Moreover, they present the capability to grow in 

suspension forming spheres and exhibit an enlarged activity of the aldehyde dehydrogenase (ALDH) enzyme [2,3]. 

Due to these aforementioned characteristics, BCSC population is related to tumor initiation and relapse. This fact 

gains importance in some specific cancer types with a high recurrence rate, such as the triple negative breast cancer 

(TNBC) [4]. Moreover, TNBC is characterized by the absence of breast cancer molecular biomarkers amplification, 

so chemotherapy, radiotherapy, and surgery remain as the only treatments. The elevated relapse rate and the lack 

of a targeted therapy highlight the need to find new therapeutic options for TNBC. Targeting BCSC population could 

represent a novel approach for TNBC treatments. However, the study of BCSCs encounters difficulties since 

standard two-dimensional (2D) in vitroculture is proven to induce BCSCs differentiation, losing stem features and 

converting them to non-stem cancer cells [5,6]. 

Interestingly, nanofibrous scaffolds have emerged as an alternative option for three-dimensional (3D) in vitroculture. 

Scaffolds, which are composed by a network of filaments mostly made by synthetic materials, mimic the physiological 

surrounding of cells and the structure of the native extracellular matrix (ECM) [7]. Within scaffolds, cells can establish 

interactions with adjacent cells and also with polymeric filaments, adopting a more elongated morphology when 

compared with monolayer 2D culture, where cells are flattened. Previous investigations demonstrated that 3D cell 

culture maintained and expanded BCSC niche compared with monolayer culture [8,9]. Therefore, scaffolds 

fabrication and 3D culture of TNBC cells are proposed in the present work in order to study BCSC subset. 

  

Experimental Methods 

Poly(ε-caprolactone) (PCL) and electrospinning were chosen as biopolymer and technology to manufacture the 

scaffolds, respectively. PCL was dissolved into acetone andcharged at a high voltage. Polymer solution was pulled 

onto a plate and solvent was evaporated, collecting random nanofibers. In this manner, resultant structure mimicked 

the ECM fibrous nature and cells could adopt a more in vivomorphology. Two different PCL concentrations, 7.5 and 

15% PCL w/v, were tested. Both resulting scaffolds were characterized through scanning electron microscopy (SEM) 

to analyze microstructure and porosity. Afterwards, two TNBC cell models, MDA-MB-231 (mesenchymal-like 

subtype) and MDA-MB-468 (basal-like), were cultured on 7.5 and 15% PCL scaffolds. Cell morphology and 

proliferation were analyzed by fluorescence microscopy and MTT assay, respectively. A possible enrichment in stem 

features was verified with the mammosphere forming assay, the quantification of ALDH activity with ALDEFLUOR 

kit, and the chemoresistance assay. 
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Results and Discussion 

Scaffolds from 7.5% PCL solution presented non-filamented material known as beads and displayed smaller fiber 

diametres compared to the 15% PCL meshes. Interestingly, TNBC cells cultured in 15% PCL scaffolds showed higher 

cell proliferation rate and cell elongation than the other culture supports. Regarding stemness features, both cell lines 

presented higher mammosphere forming ability and ALDH activity after 3D cell culture, indicating an expansion of 

BCSCs abilities. Moreover, TNBC cells possessed higher cell survival in scaffolds when treated with the 

chemoagents doxorubicin and paclitaxel compared to monolayer cultured cells. 

Presented results evidence the powerful capacity of electrospinning technology and PCL regarding nanofibers 

fabrication. Moreover, 15% PCL electrospun meshes are proposed as suitable tools to culture TNBC cells and 

maintain the differentiation state of the BCSCs niche. 

  

Conclusion 

Therefore, 3D cell culture with PCL scaffolds could be useful to study BCSCs population and may trigger the study 

and development of new specific treatments against this malignant subpopulation, useful for diseases with no 

targeted therapies such as TNBC. 
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Introduction 

The extracellular matrix (ECM) is a highly dynamic network constantly remodelled by a fine-tuned protein formation 

and degradation balance. Matrix metalloproteinases (MMPs) are responsible for ECM degradation. Their activity is 

controlled by tissue inhibitors of metalloproteinases (TIMPs) and glycosaminoglycans (GAG). Here, we investigated 

the molecular interplay of MMP2 with different glycosaminoglycan derivatives (GAG) (chondroitin sulfate, hyaluronan 

(HA), sulfated hyaluronan (SH) and heparin (HE)) and the impact of GAG on MMP2/TIMP3 complex formation. 

  

Experimental Methods 

The experiments were performed with human bone marrow stromal cells (hBMSC). GAG derivatives were from 

INNOVENT e. V. (SH, CS, HA) and commercially acquired (HE). MMP2 enzyme activity was determined with a 

fluorogenic peptide substrate.  MMP2 and TIMP3 levels were analysed with ELISA, Western blot and 

immunofluorescence staining. Comparative modelling, molecular docking, and dynamics simulations were applied 

for in silico-experiments. 

  

Results and Discussion 

Sulfated hyaluronan (SH) and heparin (HE) led to a decrease of MMP2 activity and increased TIMP3 release. 

Analysing hBMSC morphology, it was seen that only SH supported the alignment of MMP2 and TIMP3 in fibrillar-like 

structures in the extracellular space, which, based on our molecular models, would be due to a stabilisation of the 

interactions between MMP2-hemopexin domain and TIMP3-C-terminal tail. Dependent on the temporal sequential 

order in which the final ternary complex was formed, our models indicated that SH and HA can affect TIMP3-induced 

MMP2 inhibition through precluding or supporting their interactions, respectively. 

  

Conclusion 

Our combined experimental and theoretical approach provides valuable new insights on how GAG interfere with 

MMP2 activity and MMP2/TIMP3 complex formation. The obtained results evidence GAG as promising molecules 

for fine-balanced intervention of ECM remodelling, in particular as former studies showed that GAG-modified 

biomaterials promote osteogenic differentiation of hBMSC [1-3]. 
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Introduction 

Adult mesenchymal stem cells (MSCs) are multipotent, being capable of differentiating into bone, adipose, cartilage 

tissue, muscle and others[1]. Mechanical stimulation is necessary for osteogenic differentiation[2]. Synthetic stem cell 

niches have been developed in vitroto precisely investigate how stem cell behavior is regulated. Hydrogels, with 

versatile properties and various applications, are one of the best choices as scaffolds of stem cell research. In this 

study, a tunable and inexpensive hydrogel was adopted to culture MSCs. The hydrogel is made of gelatin and 

crosslinked by genipin solution. Gelatin hydrogels crosslinked by genipin are non-toxic and generate a wide range of 

stiffness[3]. Hydrogels of different stiffness were used to culture MSCs in osteogenic differentiation medium (ODM). 

The mechanical properties of cells were measured by AFM. Results showed a promising use of gelatin hydrogel in 

cell differentiation study. 

  

Experimental Methods 

Gelatin hydrogels were prepared with type A, porcine gelatin powder dissolved in genipin solution at 40℃ under 

moderate stirring. Gelatin concentrations of 3% and 6% (w/w) were made for this study. The bulk mechanical 

properties of hydrogels were measured by compressive using an Instron 3442 device with the following settings 

parameters: 3 mm/min and 20% strain while the nanoscale mechanical properties were measured by AFM. MSCs 

sourced bone marrow were used at passage 4 and seeded in a density of 5000 cells/cm2. MSCs were cultured on 

petri dish (PD), 3% or 6% gelatin hydrogel in ODM for 3 days. The Young’s modulus of MSCs at Day 3 were assessed 

via AFM. A pyramidal silicon nitride tip, with a cantilever spring constant of ~0.03 N/m was used to scan the cells. At 

least 10 cells for each condition were tested. 

  

Results and Discussion 

The bulk mechanical property of 3% and 6% gelatin hydrogel was 20.91kPa and 42.32kPa respectively (Fig 1). The 

Young’s modulus of gelatin hydrogel showed a positive relationship with gelatin concentration. This can be explained 

by increased gelatin concentration was accompanied by more polymer entanglement and increased density of 

covalent crosslinking in the hydrogels. The nanoscale mechanical property determined by AFM was 3.23kPa and 

27.71kPa respectively. Both kinds of hydrogel in bulk and nanoscale level demonstrated they were in physiological 

stiffness range and ideal for stem cell differentiation research. 

MSCs cultured on the softest hydrogel attained the lowest Young’s modulus (1.55kPa) while cells in PD were the 

highest (3.04kPa) in Young’s modulus (Fig.2). The result showed a positive relationship between the stiffness of cell 

and the static mechanical environment they experienced at day 3. Moreover, the Young’s modulus of MSCs cultured 

in PD in basal medium (data not shown) was 1.66kPa. Therefore, the chemical and mechanical cues both effect on 

MSCs stiffness and there was a positive feedback of MSC’s stiffness to different gelatin hydrogel stiffness at early 

osteogenic differentiation stage.   
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Conclusion 

Previous studies have demonstrated broad applications of gelatin hydrogel crosslinked by genipin solution in nerve 

and skeletal muscle regeneration, cartilage and bone repair, which shows the excellent biocompatibility of gelatin in 

cell culture and tissue engineering[3]. This kind of hydrogel has a varied stiffness range controlled by different 

concentrations of gelatin. Their Young’s modulus was from several kPa to tens of kPa, which is similar toin 

vivoenvironment and ideal for in vitro cell culture. In our study, the gelatin hydrogels stiffness, as well as the medium, 

influenced the MSCs stiffness at a very early stage. Our study showed a promising application of gelatin hydrogel in 

stem cell research and the effects of gelatin hydrogel on MSCs in longer period will be studied afterwards. 
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Figure 1 The mechanical properties of gelatin 

hydrogels 

 

 

Figure 2 Young’s modulus of MSCs on different 

substrates at Day 3 
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Introduction 

The natural cellular environment is a complex interplay of extracellular matrix (ECM) components such as 

glycosaminoglycans (GAGs) and proteoglycans, soluble factors and cell-cell interactions. Current matrices that 

facilitate in vitro culture of stem cells are either poorly defined ECM extracts or single component polymers that lack 

the natural complexity. We have developed new matrices that incorporate GAGs and biofunctional peptides allowing 

the versatile presentation of essential cues of the natural ECM. These matrices are based on a non-covalent hydrogel 

system and are both chemically defined and modular enabling a bottom up development of complexity. 

  

Experimental Methods 

We utilized the hydrogel system in a surface coating protocol and developed a systematic biomaterial screening 

platform technology. With this tool we screened for optimal conditions for adhesion and growth of a variety of stem 

cells. Selected matrices were tested for maintenance of stemness and guided differentiation. 

  

Results and Discussion 

First, we screened for serum-free expansion of mesenchymal stromal cells (MSCs) and discovered potent biomaterial 

compositions that also provided enhanced osteogenic differentiation. We further studied the proliferation of induced 

pluripotent stem cells (iPSC) and identified another unique functional composition to maintain iPSC growth for up to 

30 days while preserving their differentiation capacity. Interestingly, these compositions did not support neuronal 

differentiation. Under neuronal induction conditions, the maturating neurons switched their biomatrix preferences. 

This indicated that expanding stem cells interactions with their environment is different from that of developing 

neurons. Furthermore, analysis of the differentiation efficiency of primary neuronal precursor cells provided evidence 

that the incorporated GAGs provide enhanced neuron development. 

  

Conclusion 

In summary, our combinatorial biomatrix screening technology facilitates the identification of optimal environments 

for expansion and differentiation of stem cells. In addition to a library of biofunctional peptides, our biomatrix is also 

composed of GAGs, which are essential components of the natural ECM yet poorly interrogated in current biomaterial 

research. Therewith, we provide a powerful tool to study cell-material interactions and enables the development of 

defined cell culture protocols for stem cell research, drug-development and cell therapy applications. 
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Biomaterial screening to identify functional 

coatings for serum-free culture of MSC 
A) The developed hydrogel system is composed of 

2 classes of polymers, biofunctional peptides 

that are conjugated to starPEG and 

glycosaminoglycans (GAG). By simple mixing, 

these molecules form a non-covalent matrix, 

which can be employed in a surface coating 

protocol. B) A well plate was coated with 96 

different combinations of 4 GAG molecules and 24 

peptides. C) MSC, cultured in serum-free media, 

showed differential adhesion and growth within 3 

days of expansion on the provided coatings. 
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Introduction 

Mesenchymal stem cells (MSCs) have high potential to extend options of regenerative medicine. However, effective 

cultivation of these cells is critical point for their study or application. Massive expansion and induction of optimal 

conditions for MSCs successful culturing and maintenance of their “stemness” stability still remains a major challenge 

in the field of tissue engineering. One of the key factors for successful cell culturing is the presence of serum that is 

critical for short-term and long-term sustaining and expansion of cells in in vitro conditions (1,2).  In general, fetal 

bovine serum (FBS) is often considered as a universal standard component of majority of cultivation media. It 

provides key factors for in vitro successful cultivation of cells such as growth factors, vitamins, lipids, hormones and 

various proteins participating in adhesion, growth, proliferation or migration of wide spectra of cells. However,  FBS 

as typical serum „representative“ has lot of disadvantages especially in field of human medicine – e.g. variable 

composition, xenogenous origin, high risk of various contaminations and unethical way of its acquirement are 

indisputable. For all of these negative reasons, there is a great effort to replace FBS by other alternatives (3). 

  

Experimental Methods 

Metabolic activity, rate of cell expansion, differentiation capability, colony forming units (CFU-F), mitochondrial status 

or doubling time of MSCs cultivated in presence of different medium supplements were analysed. Also, light or 

confocal microscopy and flow cytometry were used for characterization of cells. 

  

Results and Discussion 

Effectivity of MSCs culturing in cultivation medium supplemented with several alternatives of FBS - human serum, 

human platelet lysate or human platelet releasate - was a focus of this study.  As a result, marked differences and 

significant impact of different serum-replacements on metabolic activity, rate of cell expansion, differentiation 

capability, colony forming units (CFU-F), mitochondrial status or doubling time of MSCs were determined. 

Furthermore, the data also highlight the topic of serum inactivation, which is often neglected in practice with FBS 

culturing. As the data show, heat-modification of FBS can significantly change metabolic activity as well as CFU-F 

rate of MSCs.  In other words, heat-modification of serum can markedly affect cell behaviour and thus, it should be 

taken into account in results interpretation and simultaneously, results derived from non-inactivated and inactivated 

serum conditions shouldn't be compared to each other. 

  

Conclusion 

In summary, there are fields of research where cells are often used as a mere tool for characterisation and evaluation 

of developed material or its surface. Thus, there is no strong emphasis on cell culturing conditions or it is not in 

marked interest of researchers in these fields. However, our results point out how much the type of sera (such 
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essential component for cell cultivation) or its modification can affect cell behaviour before and during experiments 

and thus, how urgent is the transition from application of FBS to human serum alternatives in future of routine 

research practise and biomaterial or regenerative medicine. 

  

References 

(1) Verdanova M, Sauerova P, Hempel U, Kalbacova MH. Initial cell adhesion of three cell types in the presence and 

absence of serum proteins. Histochem Cell Biol 2017:1–16. doi:10.1007/s00418-017-1571-7. 

(2) Fang C-Y, Wu C-C, Fang C-L, Chen W-Y, Chen C-L. Long-term growth comparison studies of FBS and FBS 

alternatives in six head and neck cell lines. PLOS ONE 2017;12:e0178960. doi:10.1371/journal.pone.0178960. 

(3) Valk J van der, Bieback K, Buta C, Cochrane B, Dirks WG, Fu J, et al. Fetal bovine serum (FBS): Past – present 

– future. ALTEX - Altern Anim Exp 2018;35:99–118. doi:10.14573/altex.1705101. 

  

Acknowledgement 

This study was supported by project NV19-08-00144,  PROGRES Q26 provided by Charles University and NPU 

LO1503-BIOMEDIC. 

  

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1264 of 1893 

PS1-15-229 

High-throughput screening of micro-topographical chips for the control 

of stem cell fate 

Raveena Bhondi1, Lucy Di Silvio1, Lorenzo Veschini1, Patrick Mesquida2 

1King's College London, Centre for Oral, Clinical and Translational Sciences, London, GB; 2King's College London, 

Department of Physics, London, GB 

 
Introduction 

The cell-material interface is a potent regulator of cell behaviour and is governed by chemistry, stiffness and 

topography. There is evidence demonstrating that substrates with patterned topographies are able to direct stem cell 

fate. Understanding the effect of physical features is an important consideration in the manufacture of novel 

biomaterials for tissue engineering applications. Using high throughput screening platforms allows the rapid 

evaluation of combinatorial material properties that influence stem cell behaviour and allows evaluation of cell 

morphology, spreading and differentiation in an unbiased manner. The aim of this study was to determine the effect 

of a micro-topographical library on mesenchymal stem cell (MSC) behaviour by assessment of morphology and 

differentiation, using high-content microscopy and a novel image analysis pipeline. 

  

Experimental Methods 

Polydimethylsiloxane (PDMS) chips containing an array of micro-patterns that differed in spacing, orientation and 

aspect ratio were fabricated. The effect of functionalising the patterns with collagen monomers was evaluated by 

comparing substrates that had been reverse micro-contact printed, completely coated with collagen or not 

functionalised. In order to identify the effect of different patterns and their ability to induce different MSC 

morphologies, cells were seeded onto the micro-patterns for 48 hours and stained with Phalloidin for cytoskeletal 

actin filaments andHoechst to stain nuclei. The cells were then imaged using a high throughput/high content imaging 

system (Perkin Elmer Operetta CLS) and analysed using an image analysis pipeline developed in-house.  Time-

course experiments were conducted in order to identify those topographies capable of inducing MSC differentiation 

towards the osteogenic lineage. Cells were fixed at 48 hours, 7 days, 14 days and 21 days. They were then stained 

as above for cytoskeletal structures and a panel of differentiation markers associated with different stages of 

osteogenic lineage commitment; Runx2, Osterix, Alkaline Phosphatase and Osteocalcin. The cells were then imaged 

and analysed using the high-content imaging system and pipeline. 

  

Results and Discussion 

A range of patterns were found to distinctly affect the morphology of MSCs as observed in Figure 1. The 

functionalisation of the patterns was also found to effect cellular behaviour – largely in terms of cell attachment. 

These findings demonstrated that the MSCs were responsive to the micro-topographical library, with changes 

observed in the orientation and cytoskeletal organization of the cells. Our screening platform, which used an imaging 

system and analysis pipeline was able to identify the modulation of morphologies on the different topographies. The 

preliminary time-course experiments showed that biophysical properties of the microenvironment, in this case, micro-

topography was able to modulate differentiation and self-renewal ability.  Further work is ongoing in order to confirm 

these preliminary findings. 
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Conclusion 

Cell-substrate interaction is integral to the design of tissue engineered scaffolds and implants. This micro-fabrication 

and screening platform provides a novel approach for the control of substrate topography able to modulate stem cell 

behaviour. We are currently using this platform to identify patterns capable of inducing MSC differentiation towards 

the osteogenic lineage. 
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The varying MSC morphologies observed following 

seeding on different micro-topographies 
Figure 1. Primary human bone marrow derived 

mesenchymal stem cells seeded onto the micro-

topographical patterns for 48 hours. Stained 

with Hoechst and Phalloidin. A – Control (no 

patterning present), B – Cells on pattern of 

dashes, C – Cells on pattern of dots, D – Cells 

on a pattern of grooves. 
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Introduction 

The tissues that cells inhabit in vivo are dynamic and dissipative environments, where rapid and adaptive processes 

drive the interactions between cells and extracellular matrices (ECMs). However, most synthetic material systems 

designed up to now to promote the healing of damaged tissues employ static environments, mechanically designed 

to mimic solely the elastic properties of the native tissue. The viscous behaviour of the substrate, which is an intrinsic 

property of physiological cell surroundings, is traditionally ignored. Using interfaces with varying viscosity based on 

supported lipid bilayers (SLBs), we previously demonstrated that cells sense this material property using the same 

mechanotransductive mechanism, the molecular clutch, that they use to sense purely elastic materials (1). Seminal 

studies also confirmed that the viscous component of hydrogels contribute to mechanotransduction, and that this 

dynamic material property can be tailored to promote cell growth and differentiation (2). 

In this work, we address the role of viscous interactions in controlling stem cell fate, designing materials that exploit 

these dissipative interactions to promote cell differentiation and, ultimately, tissue repair. The dissipative interactions 

between cells and their surroundings are triggered, at a molecular level, by the mobility of the molecules that make 

up the extracellular matrix. Hence, here we make use of substrates with a tuneable dynamic display of ligands 

(including cell-matrix adhesion peptides, e.g. RGD, and cell-cell contact motifs, e.g. HAVDI) to study stem cell 

response to these dissipative interactions. In particular, functionalised SLBs with varying mobility and hydrogels with 

constant storage modulus and varying loss modulus are used to investigate the effect of dissipation at the interface 

and in bulk materials, respectively. This will ultimately elucidate stem cell mechanosensing of viscosity and its role in 

the adhesive cross-talk between integrins and cadherins, and will instruct the design of optimised microenvironments 

for tissue repair. 

  

Experimental Methods 

Supported lipid bilayers with varying mobility and hence viscosity were prepared by following the vesicle fusion 

method. DOPC and DPPC were used as lipids as they present a fluid and gel phase respectively at cell culture 

conditions, and glass was used as a non-mobile control interface. Polyacrylamide hydrogels were prepared using 

different ratios of acrylamide and N,N'-methylenebisacrylamide to obtain gels with equivalent storage modulus and 

varying loss modulus. All materials were functionalised with varying ratios of RGD and HAVDI. Human mesenchymal 

stem cells (hMSCs) were cultured on these substrates and parameters such as cell adhesion, protein translocation 

or expression of transcription factors were investigated via AFM, immunostaining and in-cell western. 

  

Results and Discussion 

On purely viscous surfaces based on SLBs, an increase in cell area and cell adhesion, quantified via focal adhesion 

staining and measurement of its strength via single cell force spectroscopy, was observed when the viscosity of the 

surface and the amount of RGD increased (Figure 1A). On the other hand, when HAVDI was added, cell spreading 

was reduced on both surfaces (Figure 1B). Changes in the location of mechanosensitive proteins (i.e. YAP) were 

observed, with increased YAP translocation to the cell nucleus at increasing viscosity (Figure 2). The addition of 
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HAVDI instead hindered YAP translocation, revealing an altered sensing of viscosity (Figure 2B, left). This interplay 

between viscosity and ligand presentation provoked further changes in the expression of transcription factors, e.g. 

chondrogenic, by hMSCs. Indeed, SOX9 expression was increased on mobile surfaces compared to control glass, 

and the addition of HAVDI further enhanced early chondrogenesis (Figure 2B, right). Modulation of bulk viscosity in 

hydrogels was also observed to affect the response of MSCs, with cell area decreasing at increasing loss modulus, 

and circularity increasing when HAVDI was added on the more viscous substrates. 

  

Conclusion 

Our findings reveal that surface and bulk viscosity affect stem cell response and are able to regulate the differentiation 

of MSCs. Moreover, when cell-cell interactions are activated, MSCs present an altered sensing of the physical cues 

of the environment, viscosity in this case, which mediates changes in the cell mechanotransductive response and, 

eventually, in cell fate. Ultimately, understanding cell response to viscous interactions will allow us to exploit them for 

the design of optimised microenvironments that regulate stem cell fate for use in tissue engineering. 
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Figure 2. Viscosity controls mechanotransduction 

and cell differentiation.  
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A) Representative images of YAP staining on DOPC 

and DPPC with 0.2% mol RGD without or with 

addition of HAVDI, after 1 day of culture. Scale 

bar is 50 µm. B) Effect of viscosity on YAP 

translocation after 1 day of culture, measured 

via analysis of the immunofluorescence staining 

images (left), and on SOX9 expression after 5 

days of culture, measured via In-Cell Western 

(right). RGD concentration is maintained at 0.2% 

mol, whilst HAVDI is added at either 0.02% mol 

or 2% mol. 

 

 

Figure 1. Viscosity controls cell adhesion.  
A) Cell area (left) and FA length (right) after 

24 hours of culture on DOPC and DPPC at varying 

RGD concentration (0.02-10 mol%). B) Effect of 

HAVDI (0.02-10 mol%) on cell spreading. 
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Biocompatibility of an non-resorbable PTFE membrane for Guided 
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Introduction 

In dentistry, resorbable and non-resorbable membranes can be employed for GBR-/GTR (Guided Bone-/Guided 

Tissue Regeneration) therapy. Thereby, the use of non-resorbable membranes like polytetrafluoroethylene (PTFE) 

is indicated for the treatment of large, non-self-containing bone defects, or multi-walled defects in the case of vertical 

augmentations. Thereby, less is known about the molecular basis of the foreign body response to PTFE membranes. 

In this study, the biocompatibility and inflammatory tissue response of a non-resorbable PTFE membrane was 

investigated. 

  

Experimental Methods 

dPTFE (Permamem®, botiss biomaterials, Germany) as experimental and collagen-based membranes (Jason®, 

botiss biomaterials, Germany) as control group were examined using scanning electron microcopy (SEM). In total, 

n=20 BALB/c mice were uniformly divided in two groups and membranes were subcutaneously implanted over 10 

and 30 days. After explanation, histopathological and histomorphometrical methods as well as immunohistochemical 

anaylsis of M1- and M2-macrophages were employed. 

  

Results and Discussion 

Over all time points, dPTFE membranes retain their structural integrity. Histopathologically, both membranes show 

a decreasing inflammatory tissue response over time (Fig.1). Immunohistochemical analysis revealed that the PTFE 

membranes showed a slightly increased imflammatory response in comparison with collagen membranes, which was 

insignificant over all time points. 

  

Conclusion 

Results indicate that the analyzed dPTFE membrane is not fully bioinert, but its biocompatibility is comparable to 

collagen-based membranes. Based on its optimal biocompatibility, the novel dPTFE barrier membrane may optimally 

support bone healing within the context of guided bone regeneration (GBR). 
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Comparison of the M1-/M2-tissue reaction 
Results of the histomorphometrical analysis of 

the M1 and M2 macrophages within the 

implantation beds f both materials (*/· p < 0.05 

and ··p < 0.01). 
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Introduction 

Inflammatory bowel disease (IBD) is a chronic, remitting and relapsing inflammatory disease of the gastrointestinal 

tract characterized by inflammation and mucosal tissue damage and is associated with significant morbidity. Clinical 

and epidemiological evidence suggests that IBD is a systemic disorder that can affect almost every organ. Renal 

manifestations and complications in patients with IBD are not rare, and numerous clinical studies have reported that 

4-23% of IBD patients experience renal disease such as tubulointerstitial nephritis, nephrolithiasis, and 

glomerulonephritis, which eventually induce renal disease. The appropriate experimental animal model of IBD-

associated renal disease thus has clinical importance for related studies, including pathological mechanisms, 

prevention and treatment strategies for IBD. Dextran sodium sulfate (DSS) is a water-soluble sulfated 

polysaccharide. Oral administration of DSS to trigger acute colitis has been widely used in experimental animal 

models for preclinical studies of IBD, because the pathophysiology resembles human ulcerative colitis. In this study, 

we investigated glomerular structural changes focusing on specific types of glomerular collagens and GFB-related 

proteins after DSS administration, to demonstrate the coexistence of glomerular structural changes and IBD in a 

DSS-induced colitis mouse model. This study should help establish an experimental animal model for further 

elucidation of the clinical-pathological mechanisms of IBD-associated renal disease. 

  

Experimental Methods 

Acute colitis was induced by administering 3.5% DSS in Slc:ICR strain mice for eight days. Histological changes to 

glomeruli were examined by periodic acid-Schiff (PAS) and Masson’s trichrome staining. Expressions of glomerular 

collagens and GFB-related proteins were analyzed by immunofluorescent staining and Western blot analysis. 

  

Results and Discussion 

DSS-colitis mice showed an elevated disease activity index (DAI), colon shortening, massive cellular infiltration, and 

colon damage, confirming that DSS-colitis mice can be used as an IBD animal model. On the other hand, PAS 

staining revealed increasing deposition of glycoprotein matrix in GBM and mesangium, and Masson’s trichome 

staining revealed collagen deposition was markedly increased around the glomerulus and Bowman’s capsules in 

DSS-colitis mice. Such matrix and collagen depositions in glomeruli were also found in glomerular impairment, 

implicating excess extracellular matrix production as a factor in glomerular disease. Interestingly, we observed 

significant changes in glomerular collagens, including a decrease in type IV collagen, and an increment in type I and 

type V collagens, suggested that DSS administration could cause these collagens changes, which may lead to 

glomerular structure damage. Moreover, declined glomerular filtration barrier (GFB)-related proteins expressions 

were detected, including synaptopodin, podocalyxin, nephrin and VE-cadherin. These proteins have been suggested 

to represent important biomarkers of podocyte deficiency, and collagen changes might lead to structural damage to 
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podocytes such as a loss of polarity and detachment from the glomerular basement membrane, as well as loss of 

endothelial cell junctions, eventually causing renal disease. Loss of the podocyte cytoskeletal proteins synaptopodin 

and podocalyxin and the slit diaphragms protein nephrin, as well as the defective endothelial cells adherens junction 

protein (VE-cadherin) which may be associated with podocyte damage. These findings are important for further 

elucidation of the clinical pathological mechanisms underlying IBD-associated renal disease. 

  

Conclusion 

In conclusion, this study used the DSS-induced colitis mouse model, a very common experimental model of colitis, 

to clarify changes in glomerular collagens and GFB-related proteins after DSS administration. These findings on 

glomerular structural change in experimental mice with DSS-induced colitis should lead to novel uses of the animal 

model for further investigations into IBD-associated renal disease. 
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Introduction 

It is well-known that peri-implantitis directly results in the implant loose or lost,which regards as the main cause of 

treatment failure.Various methods including local delivery antibiotics,periodontal basic treatment and so on used in 

clinic can produce successful outcomes,however, there was no strong evidence to suggest the a long-

term effective treatment intervention for peri-implantitis.With further study, its pathogenesis have more recognition 

that the inefficient cervical seal of implant is irresistible to bacterial infections.So controlling gingival infection around 

implant is deemed as an efficient strategy.The antibacterial modifications of implant transgingival materials has been 

paid more attention in recent years. Without antibiotic abuse and serious cytotoxicity, silver(Ag) has strong 

bactericidal ability. In this study ,we incorporated silver into the hydroxyapatite(HA) coatings,which is regard as an 

effective bio-compatibility and bio-activity to hard and soft tissue,on the micron/submicron/nano-morphology titanium 

surface to obtain Titania ring with nano silver hydroxyapatite coating. Afterwards,we implant this modified ring into 

the normal transgingival region of beagle to observe its cervical seal ability. 

  

Experimental Methods 

Fristly, We obtained the micron/submicron/nano- morphology by adopting the anodic oxidation treatment with the 

alkali heat treatment on the titanium surface. Next, we employed electrochemical deposition to co-deposit HA and 

Ag simultaneously. A series of the surface characterization-canning  electron  microscopy  (SEM),  X-

ray  diffraction  (XRD),  Energy  Dispersive Spectroscopy (EDS) ,roughness test ,contact angle test and antibacterial 

activity of Porphyromonas gingivalis- was used to characterize the morphology, composition and antibacterial ability 

of the composite coatings to screen out the optimal specimen in vitro. Finally, Canine bilateral first maxillary premolars 

was carefully installed the optimal Titania ring after anesthesia.  The results was obtained after 2 months 

postimplantation. 

  

Results and Discussion 

After heat treatment,a network structure composed of globular-like HA with Ag nano-dots uniformly distributing on 

the surface of Titania ring. [Ca2+= 5.0 mmol/1], [PO4
3-=3.0 mmol/1],[Ag+= 5.0 mmol/1] pH: 4.0,constant voltage =5V, 

and the deposition time=2h  were the optium experimental conditions,which exhibited favorable hydrophilic 

property,appropriate surface roughness and the distinct bacteriostasis and serve as in vivo transgingival 

implant.However,the tooth with it exerted obvious gingival recession as time passed,and its bacteriostatic ability only 

exited around its surface. On the basis of these results,we ascribe the failure to lack matrix calcification of cervical 

mesenchymal cells and free nano-Ag.Though the HA can provide the adherent site,its surface cannot anchor the 

cervical mesenchymal cells tightly without matrix calcification. 
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Conclusion 

A series of cervical regeneration in normal teeth shows that nano-HA/Ag-Ti has obvious bacteriostatic ability only 

around its surface but not reconstruct the cervical seal efficiently. The other strategy to promote the collective 

migration and matrix calcification of cervical mesenchymal cells in transgingival region may be  more sensible . 
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Introduction 

Every implant causes diverse acute and chronic inflammatory reactions. Different immune cells like macrophages 

and T lymphocytes are involved in this response. Furthermore, a role of mast cells in the acute inflammatory 

responses to implanted biomaterials has been described [1]. In a number of previous own studies, we examined 

mast cells as part of a differentiated morphometric analysis of the local inflammatory response after implantation [2-

4]. However, apart from one study [2] we did not observe a time dependent change for the mast cell number or a 

difference between different implant series. Thus, the present study aimed at a simultaneous immunohistochemical 

examination of mast cells and histamine in peri-implant tissue samples, from Titanium plates coated with a phospholid 

aimed at molecular membrane mimicry, to examine a histamine staining as an alternative or extension to mast cell 

detection. 

  

Experimental Methods 

Titanium plates (5×5×1 mm) with four different surfaces were used for implantation: Ti-P – Ti plates coated via non-

covalent adsorption with 2-oleoyl-1-palmitoylsn-glycero-3-phosphoethanolamin (POPE); Ti-O/P – Ti plates coated 

with the linker molecule octadecylphosphonic acid (OPA) followed by attachment of POPE via Langmuir-Blodgett 

technique; Ti-O – Ti plates coated with OPA only; Ti – uncoated Ti plates. One sample from each series (Ti-P, Ti-O, 

Ti-O/P, Ti) was simultaneously implanted into the neck musculature of 15 male Lewis rats (age ca. 100 days). Tissue 

samples containing the implants were retrieved after 7, 14 and 56 days. After freezing with laboratory freezer spray 

and careful removal of the Ti plates, the remaining tissue pockets were filled with embedding medium (CryomatrixTM) 

and the tissue samples were immediately shock frozen. Tissue sections with a thickness of 5 µm prepared with a 

cryotome were stained with monoclonal antibodies for mast cells and histamine (both from Abcam) and the alkaline 

phosphatase anti-alkaline phosphatase method. The number of positively stained cells per mm2 tissue section was 

determined by by digital image analysis using the ImageJ software. 

  

Results and Discussion 

The Ti-P and the Ti-O/P samples caused a higher number of mast cells in the peri-implant tissue than the uncoated 

Ti control samples on day 7 Furthermore, the number of mast cells declined to day 56 for the Ti-P samples, but did 

not change over time for the Ti-O/P, Ti-O or Ti samples. In contrast, the number of histamine+ cells increased from 

day 7 to day 56 for the Ti-O, Ti-O/P and Ti but not for the Ti-P samples. Ti-O samples had a lower number of 

histamine+ cells than the Ti on day 14 and day 56, and the Ti-O/P and also than the Ti on day 56. The ratio of 

histamine+ cells/mast cells increased from day 7 to day 56 for all four implant series, from lower than 20% on day 7 

to about 60% on day 56 for the Ti controls with the strongest increase and the highest ratio at the end of the study. 
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Conclusion 

The number of histamine+ cells and correspondingly the ratio of histamine+ cells/mast cells demonstrated differences 

between sample series with comparable number of mast cells. An interpretation could be that a higher ratio indicates 

a lower level of degranulation and histamine release. The release of histamine to stimulate local inflammation is 

known to be the hallmark of mast cell action and their main function. Thus, the number of histamine+ cells and 

especially the ratio of histamine+ cells/mast cells might be a more meaningful marker of mast cell activity in the 

context of biomaterial-related inflammation than the number of mast cells alone. 
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Introduction 
Scaffolds play an important role in the regeneration of defect bone tissue [1-2]. In recent years, composite scaffolds 

composed of hydroxyapatite (HA) and polymers have become the hot topic in bone tissue engineering [3-5]. 

However, people always pursue that the scaffold can be completely degraded and disappeared during or after bone 

reconstruction, but ignore the impact of scaffold degradation on the osteogenic behavior. There is still lack of in-depth 

understanding and long-term study on such impact. 

  

Experimental Methods 

To explore the correlation between bone regeneration and scaffold degradation, three kinds of scaffolds including 

stable n-HA/PA66 scaffold, slowly degraded n-HA/PCL scaffold and rapidly degraded n-HA/PLGA scaffold were 

prepared via solvent evaporation and salt particle leaching. The weight ratio of n-HA to the polymer was set at 

3:7. For animal experiments, the three scaffolds of n-HA/PA66, n-HA/PCL and n-HA/PLGA were cut into cylinders (6 

mm in diameter, 5 mm in length) and implanted into the bone defects of rabbit femoral condyles. Samples were 

harvested with surrounding tissues at 1, 3, 6, and 12 months postoperation. The osteogenic behaviors were 

evaluated via micro-CT and histological analysis. 

  

Results and Discussion 

After XRD and FTIR analyses which demonstrate their composition, the morphology of the three scaffolds were 

observed by SEM as shown in Figure 1. The three scaffolds exhibit a porous structure similar to the 

natural cancellous bone, with a macropore size from 250 μm to 550 μm. There are also a lot of micropores less than 

100 μm present on the walls of macropores. Figure 2A shows the micro-CT 3D reconstructed new bone images in 

the three scaffolds at different implantation time. It can be seen that only few bone matrixes are formed in all three 

scaffolds at 1 month, and more bone matrixes can be observed in the subsequent months. At 3 month, the n-

HA/PLGA scaffold holds relatively the highest bone volume (BV/TV), and the n-HA/PCL scaffold has the 

lowest bone volume. Unexpectedly, the bone volume of n-HA/PLGA scaffold obviously decreases at 6 month and 

lower than the n-HA/PA66 and n-HA/PCL scaffolds. At 12 months, the n-HA/PA66 scaffold and n-

HA/PCL scaffold still display superior bone reconstruction than the n-HA/PLGA scaffold. The bone volume (BV/TV) of 

the stable n-HA/PA66 scaffold and the slowly degraded n-HA/PCL scaffold can steadily increase with the implantation 

time. The histological sections of the three scaffolds after implantation for 1, 3, 6, and 12 months are shown 

in Figure 2B. For n-HA/PLGA scaffold, the scaffold started to deform at 1 month, and the scaffold had lost its 

integrality due to partial degradation at 3 months. At 6 months, the scaffold has almost completely degraded, leaving 

only a few small debris. There were no stable osseointegration formed at the scaffold-bone interface although new 

bone could form in the pores of the scaffold. A fibrous tissue layer was observed in the early stages of 

implantation which might be due to the inflammatory reaction caused by the acidic degradation products of PLGA. 

For n-HA/PA66 and n-HA/PCL scaffolds, both scaffolds could maintain their morphology through the entire 

implantation period, and could form osteointegration with new bone after 3 month. However, there was a certain 
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degree of fibrous tissue layers at some bone-implant interface of n-HA/PA66 scaffold, and no obvious osteoblast-like 

cells were found at the interface between the n-HA/PA66 and the bone in the early stages of implantation, while good 

osseointegration could form between n-HA/PCL scaffold and the new bone, and some osteoblasts neatly arranged 

at the bone boundary near the scaffold pore walls. There was no fibrous tissue layer was observed on the n-HA/PCL 

scaffold, even at early stage. 

  

Conclusion 

The results suggest that the rapid degradation of PLGA or its degradation products will seriously affect the new bone 

reconstruction at later period. The slow degradation of PCL seems no obvious influence on new bone reconstruction. 

When comparing the n-HA/PA66 with n-HA/PCL, the latter should be preferably recommended due to its degradation 

property (although very slow) . Regardless of excessive time, PCL can eventually degrade and disappear in the body, 

different from the non-degradable PA66 matrix. Anyway, a relatively stable scaffold surface (or bone-scaffold 

interface) is crucial for high-quality bone reconstruction. 
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Figure 1. SEM micrographs of n-HA/PA66 (A1,A2), 

n-HA/PCL (B1,B2), n-HA/PLGA  (C1,C2) scaffolds. 

 

 

Figure 2. The micro-CT reconstructed images (A) 

and the histological images (B) of  new bone 

tissue. 
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Introduction 

Bone is a highly dynamic tissue, which continually undergoes remodeling in order to adapt to the exerted mechanical 

loads. Osteocytes direct strain-driven remodeling by sensing the strains and communicating with bone-resorbing 

cells (the osteoclasts) and bone-forming cells (the osteoblasts). Osteocyte density varies with age, anatomical 

location, and disease. Quantification is most often performed in 2D, using either histology or backscattered electron 

scanning electron microscopy (BSE-SEM), but does not represent the three-dimensional (3D) environment. Lab-

based X-ray micro-computed tomography (micro-CT) is a common method for evaluating bone microstructure in 3D. 

However, determining volumetric osteocyte densities is time-consuming – requiring ≈28 h to scan one mm3 of bone 

at an appropriate spatial resolution [1]. Long scanning times are impractical for routine large-scale studies. Scanning 

times may be considerably reduced through the use of high brilliance synchrotron radiation [2-4], however, access 

to such facilities is generally very limited. Therefore, development of simpler methods and predictive models of 3D 

osteocyte densities is necessary. Here, we explore if a regular benchtop microCT system is robust enough for 

accurate quantification of osteocytes, particularly in growing anatomical sites such as the skull suture where the 

presence of Sharpey’s fibers, chondrocytes, and woven bone pose challenges to accurate identification of 

osteocytes. For this purpose, sequential imaging and validation with 2D SEM is performed (Figure 1). 

  

Experimental Methods 

Rat skull bone biopsies were obtained using a trephine drill, fixed in formalin, dehydrated and resin embedded. Using 

a Skyscan 1172 (Bruker Micro-CT), the samples were scanned at a resolution of 0.94 µm, operating at 49kV and 

200 µA. A 0.5 mm Al filter was used to block low energy X-rays. Reconstruction, visualization, and analyses were 

performed in the Skyscan software suite (NRecon, DataViewer, CTAn). After micro-CT scanning, the resin embedded 

blocks were bisected by sawing and the surface was polished for BSE-SEM imaging (Quanta 200 environmental 

SEM, FEI company, The Netherlands), operated at 20 kV accelerating voltage and low vacuum (0.6 bar water vapor 

pressure). 

  

Results and Discussion 

In the micro-CT dataset, the slice that corresponds to the surface imaged using BSE-SEM is identified and used for 

alignment. A systematic approach is used for thresholding and image processing to refine the segmentation process 

and subsequent quantification of osteocyte lacunae and blood vessels. For image segmentation, a set of parameters 

is used which best match osteocyte and blood vessel quantification by BSE-SEM. 
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Conclusion 

Preliminary data (Figure 2) demonstrates the feasibility of this approach. 
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Figure 1: 
Schematic figure showing the study set-up 

 

 

Figure 2: 
Preliminary results of detection of osteocyte 

lacunae in bone and validation with SEM imaging. 
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Introduction 

A hip stem fracture, due to metallurgic problems, was a specific complication well known in the past. Better quality 

stainless steel reduced this problem. In the nineteen-seventies, the concept of head-neck modularity was introduced 

to provide more intra-operative surgical options. Modularity also led to new problems at the trunnion (head-neck 

junction), such as wear and corrosion between the head-neck interface (trunnionosis), fractures of the head-neck 

junction and gross trunnion failures. The problem of corrosion was not recognized, neither seen as a major problem, 

during a long time. However, new studies show that up to 3% of all total hip reoperations are performed because of 

trunnionosis. The exact pathology is unknown, but most likely micromotions between the head and the taper causes 

disruption of the oxide film, leading toa bio-tribocorrosion phenomenon called mechanically assisted crevice corrosion 

(MACC). Loss of material by corrosion could lead to a trunnion fatigue fracture. Fractures of the trunnion are less 

frequent and little literature is available on these fractures. A combination of corrosion, implant factors, surgical 

technique factors and patient factors most likely is the explanation. 

The purpose of our study was to identify potential risk factors for the development of trunnion fractures, as well as 

providing future treatment recommendations in primary hip arthroplasty and hip reoperations to prevent damage of 

the trunnion and trunnion fractures. 

  

Experimental Methods 

A detailed report of two trunnion fractures in one type of hip stem (Mallory Head) is presented, including scanning 

electron microscopy (SEM) and Energy Dispersive X-ray spectroscopy (EDS) analysis. Thereby, a systematic review 

of the available literature was performed following the PRISMA guidelines to identify studies on trunnion fractures in 

Pubmed, Web of Science and Embase. Methodological quality of the included studies was evaluated using a critical 

appraisal instrument. 

  

Results and Discussion 

SEM and EDS analysis were done. SEM analysis demonstrated a typical fatigue fracture with the fatigue fracture 

originated at the neck surface with standard fatigue marks perpendicular to the crack propagation. SEM analysis of 

the head side showed a small notch at the surface of the neck that seemed to be the starting point of the fatigue 

crack. High magnification SEM analysis revealed several specific fatigue fracture features, such as the presence of 

fatigue striations close to and away from the crack origin, secondary cracks and the presence of the dimple like 

patterns which characterize the final overloaded fracture. The elemental analysis of the femoral stem performed by 

EDS indicted that the alloy has a chemical composition close to Ti6Al4V (Ti 90.33wt%, Al 5.69wt% V 3.98wt%). 

The systematic review included 24 eligible studies. The included patients had a mean age of 65 years (range 31y - 

91y, median 67y), a mean weight of 94kg (range 70kg – 129kg, median 91kg) and a mean BMI of 31kg/m2 (range 

24kg/m2– 47kg/m2, median 30kg/m2). Neck fractures occurred on average 8 years (range 1y – 24y, median 6y) after 
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hip stem placement. Male gender, high body weight and obesity were identified as risk factors. Thereby, damage to 

the trunnion during reoperation surgery, is likely to be an important risk factor for fractures. On average, all patients 

were relatively young at the moment of primary total hip arthroplasty. Two groups of neck fractures were identified: 

head-neck (trunnion) fractures and neck-shoulder (base of the neck) fractures. Corrosion and the use of long skirted 

femoral heads were frequently reported in head-neck fractures, whereas 69% of the neck-shoulder fractures were 

associated with specific metal or implant design features. 

  

Conclusion 

In conclusion, several potential and preventable risk factors were identified, leading to specific recommendations for 

future hip arthroplasty. 
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Introduction 

Over 50 years, it is known that the temperature rises during the drilling process. The critical temperature was shown 

to be 47 °C. After exceeding the critical temperature for more than one minute, irreversible damage to the bone tissue 

can occur including bone resorption, fibrosis and implant failure. External factors (e.g. drill speed, freed rate or 

irrigation), internal factors (e.g. design of the drill bit or drill bit diameter) and patient individual factors (e.g. bone 

mineral density) can influence the temperature rise in the bone during the drilling process. Studies show inconsistent 

results how external and drill specific parameters influence the temperature rise in the bone during drilling. Therefore, 

a standardized and valid test bench to test medical drills should be implemented to generate consistent results, 

reduce animal experiments and increase the safety for patients. 

  

Experimental Methods 

A test bench to evaluate the temperature rise during the drilling process was constructed. It included a set-up for the 

drilling process with an automatic setting of different drilling parameters (drilling speed, freed rate and torque), a 

thermographic camera to detect changes in the bone temperature as well as a automated device to set all drilling 

parameters and receive the measurement parameters. The temperature rise in pig ribs were measured using different 

settings of the parameters drilling speed, feed rate, torque an duration of the drilling process. 

  

Results and Discussion 

The test bench for the evaluation was successfully implemented and the temperature could be detected via 

thermographic cameras (see figure 1 A-C). Drilling speed, feed rate and torque had a major impact on the 

temperature rise in the bone, whereas the duration had a minor impact. The thermal conductivity of the bone could 

be determined to accurately measure the temperature. The position of the drill bit in the bone (corticalis or spongiosa) 

could be detected precisely by the use of the thermographic camera. 

  

Conclusion 

The test bench is a valuable tool for the evaluation of the temperature rise in the bone during the drilling process ex 

vivo. For further improvements and validation, more parameters (e.g. irrigation or drill bit specific parameters) should 

be evaluated and the results should be correlated with in vivo data. 
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Ex vivo-test bench 
Test bench to evaluate the temperature rise 

during the drilling process (red square) with a 

thermography camera (lower left) and a laptop 

for the parameter set-up and receipt of the 

measurement results. (B) Thermographic image of 

a swine rip during the drilling process. A 

temperature rise over 47 °C is shown in red. The 

bone is located between the dotted lines. (C) 

Thermographic image with measuring windows (in 

yellow) along the drilling canal. 
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Cartilage mimicking coatings to increase the life-span of bearing 

surfaces in joint prosthesis 

Laura Sánchez-Abella, Iraida Loinaz, Hans-Jürgen Grande, Damien Dupin 

CIDETEC, Biomaterials Unit, Donostia-San Sebastián, ES 

 
Introduction 

The application of total hip arthroplasty (THA) has benefited millions of patients who suffer from severe hip joint 

diseases. In 2011, approximately 1.6 million THAs were conducted in 27 of the 34 member countries in the 

Organization for Economic Cooperation and Development (OECD).1 However, approximately 10–15% of patients 

still require revision surgery every year, and the number of hip revision surgeries has recently risen. Even if it is a 

well-established procedure with low rates of revision, aseptic loosening remains as the principal cause of revision. 

For long-term implantations submicron particles are generated in vivo due to the inherent wear of the prosthesis. 

When this occurs, macrophages undergo phagocytosis and secretion of bone resorptive cytokines inducing 

osteolysis, hence loosening of the implanted prosthesis. Therefore, new technologies are required to reduce the wear 

of the bearing materials and hence increase the life-spam of the prosthesis. 

Our strategy focuses on surface modification of the bearing materials with a hydrophilic coating based on cross-

linked water-soluble (meth)acrylic monomers to improve their tribological behaviour. 

  

Experimental Methods 

Hip simulator test. The tests were conducted on a simulator from Endolab (Thansau/Rosenheim, Deutschland, type 

C6/2-07, SN 0905, Figure 1). This is a servo hydraulic hip- and spine simulator fulfilling the requirements of ISO 

14242-1.2 The applied load and rotation simulate the conditions while walking (see Figure 2). After each 500’000 

cycles, the test chambers were taken apart, cleaned, filled with fresh test liquid, reassembled and installed in another 

measuring station of the hip simulator. The weighing was done after each 500’000 cycles. This part of the test lasted 

3 MC. For the remaining 2M cycles abrasive aluminium particles were added directly between the cup and the head 

of the prosthesis. The same information was recorded every 500,000 cycle. 

  

Results and Discussion 

The coatings based on covalently attached hydrogel are biocompatible, with high swelling capacity and antifouling 

properties, mimicking the properties of natural cartilage, i.e. wear resistance with permanent hydrated layer that 

prevents prosthesis damage. However, there are only a few reports on the mechanical and tribological characteristics 

of this type of coatings. 

Clear beneficial advantages of this coating have been demonstrated in different conditions and different materials, 

such as UHMWPE, PEEK, CrCo, Stainless steel, ZTA and Alumina. Using routine tribological experiments, the wear 

for UHMWPE substrate was decreased by 75% against alumina, ZTA and stainless steel. For PEEK-CFR substrate 

coated, the amount of material lost against ZTA and CrCo was at least 40% lower. 

Experiments on hip simulator allowed ZTA femoral heads and UHMWPE cups to be validated with a decrease of 

80% of loss material (Figure 1). Further experiments on hip simulator adding abrasive particles (1 micron sized 

aluminium particles) during 3 million cycles, on a total of 6 million, showed a wear decreased of around 55% 

compared to uncoated UHMWPE and XLPE. 
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Conclusion 

In conclusion, CIDETEC‘s hydrogel coating technology is versatile and can be adapted to protect a large range of 

surfaces, even in abrasive conditions. 
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Figure 1 
Evolution of the wear with prostehesis coated 

with a hydrogel layer. 
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Introduction 

Medical tubings in plasticized polyvinylchloride (PVC) are widely used for the infusion of medications but are known 

to cause content-container interactions (drug sorption(1,2) and plasticizer release(3)). Drug sorption is responsible 

for a loss of active pharmaceutical ingredient (API) or excipients and results in a potential risk of not administering 

the correct dose to the patient. The aim of this study was to assess the sorption phenomena between two drugs 

(cyclosporine and isosorbide dinitrate) and three coextruded alternative materials to a reference plasticized PVC 

intravenous (IV) infusion tubing: coextruded tubings were respectively of PVC coextruded with an inner layer of 

polymer (thermoplastic or thermoplastic elastomer). 

  

Experimental Methods 

Marketed medications of cyclosporine (SANDIMMUM®) and isosorbide dinitrate (RISORDAN®) were used at the 

respective concentrations of 0.5 mg/mL and 1 mg/mL after dilution in 0.9% sodium chloride. The interaction of the 

drugs was studied with four extension sets: a reference monolayered PVC and three PVC coextruded with 

polyethylene (PE), polyurethane (PU) and Styrene-EthyleneButadiene-Styrene (SEBS). The potential loss of API due 

to the sorption phenomena was evaluated by assessing the concentration of cyclosporine and isosorbide dinitrate 

after contact with the tubings in two conditions: a 96h static contact condition and a dynamic condition consisting of 

a simulated 8h infusion at a flow-rate of 1mL/h and 10 mL/h, controlled with an electric syringe pump. Quantification 

of each API was performed by liquid chromatography. The electric charge at the interface between drug and tubing 

was also assessed by measuring the surface zeta potential at pH= 5.0. 

  

Results and Discussion 

The evolution of Cyclosporine concentrations (expressed as a percentage of the initial concentration) is shown in 

figure 1. In static condition, PVC and PVC/PU tubings induced respectively losses of 56.93 ± 1.24% and 83.84 ± 

0.62% of initial concentration (n=3, mean ± standard error of the mean) after 96h of contact, while no significant 

variation was observed for PVC/PE and PVC/SEBS tubings at any analytical time. For the dynamic 1 mL/h flow-rate 

condition, PVC tubings induced a progressive decrease of up to 18.08 ± 4.19% of cyclosporine concentrations. With 

PVC/PU tubings the loss was maximum at T1 (21.34 ± 1.21%) and raised to a loss of only 10.95% ± 0.23% at T8. 

No significant variation was highlighted for PVC/PE and PVC/SEBS during 1 mL/h dynamic contact with 

cyclosporine.  Except for PVC tubings at T4, no loss of more than 5% of initial concentration occured with any of the 

studied tubings at any analytical time in 10 mL/h dynamic condition. 

The evolution of isosorbide dinitrate concentrations (expressed as a percentage of the initial concentration) is shown 

in figure 2. All the studied IV tubings induced a decrease of isosorbide dinitrate concentrations after 24 hours of static 

contact, and the loss was even greater at T96. PVC and PVC/PU tubings presented losses of 95.66 ± 0.03% and 

91.19 ± 0.40% while losses with PVC/PE was of only 19.62 ± 0.26%. The behavior of PVC/SEBS tubings was 
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intermediate with a loss of 42.62 ± 1.25%. During the 1mL/h infusion (dynamic condition), PVC tubings presented a 

progressive loss up to 25.11 ± 0.08% of initial concentration. A progressive decrease was also noticed with 

PVC/SEBS with a loss of up to 10.12 ± 0.59% at T8. With PVC/PU, concentration first decreased by 73.05 ± 5.12% 

at T1 then remained stable at T2 before increasing up to 47.59 ± 0.92% of initial concentration at T8. Isosorbide 

dinitrate concentration remained above 95% of initial concentration contact with PVC/PE tubings. In the 10 mL/h 

dynamic condition, PVC and PVC/PU presented lower losses than in the 1 mL/h dynamic condition while no 

significant variation was detected with PVC/PE and PVC/SEBS tubings. 

Measuring the zeta potential provided information about the surface electric charge of the material. The tubings 

presented a surface charge of -9.5 mv, -27.4 mV, -37.0 mV and -39.6 mv for respectively PVC/PU, PVC, PVC/PE 

and PVC/SEBS. 

  

Conclusion 

A coextruded layer of PE or SEBS inside PVC tubings decreased the sorption phenomena observed with PVC. On 

the contrary, PVC/PU tubings appeared to have a behavior similar to PVC’s. Yet, due to the great variety of PU 

available, these results should not be extrapolated to other PU tubings. Our study also showed that tubings with the 

most negative zeta potential (PVC/PE and PVC/SEBS) were less prone to sorption of both cyclosporine and 

isosorbide dinitrate. 
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Isosorbide dinitrate concentrations (expressed 

as percentage of initial 1.0 mg/mL isosorbide 

dinitrate concentration) during (A) static 

contact, (B) 1 mL/h dynamic condition and (C) 10 

mL/h dynamic condition. 

 

 

Figure 1  
Cyclosporine concentrations (expressed as 

percentage of initial 0.5 mg/mL cyclosporine 

concentration) during (A) static contact, (B) 1 

mL/h dynamic condition and (C) 10 mL/h dynamic 

condition. 
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Introduction 

The European healthcare system has to deal with two main problems: large variation in patient outcomes and a 

continuous increase of costs. This is especially valid for the high risk medical devices. According to a recently 

published paper[1], very often, high-risk medical devices were approved based on evidence from studies that are 

methodologically inadequate, including indirect comparisons or lack of data on efficacy. 

As a consequence, the new regulation includes quality and risk management obligations that are translated to 

companies into not only a demonstration of safety and performance over the entire life cycle of a product, but also, 

into a demonstration of tangible benefit for the patients and the healthcare system. 

TBMED has received Funding from the European Union’s Horizon 2020 research and innovation framework and is 

created as a solution for highly innovative SMEs and other companies that are struggling to fulfill the new European 

regulations without reducing their competitiveness and innovation capacity. 

  

Experimental Methods 

THE PROJECT 

TBMED is an Open Innovation Test Platform (OITB) that consists of a connected network of labs providing a single 

entry point to services along the whole value chain from preclinical development to clinical testing based on Quality-

by-Design (QbD) concept. 

Its aim is to increase the access of high-risk medical devices to patients by helping SMEs to minimize the market 

approval and reimbursement process time. 

  

Results and Discussion 

The OITB will provide services in different areas such as a) Technology Development: safety and efficacy 

assessment, characterization, prototyping and upscaling as well as development of clinical trials, b) Business 

Support: business consultancy services, networking, market access lab and regulatory and c) Financing: venture 

capital access, co-development options and partnering for grant proposals. 

This will allow offering SMEs a holistic service that will: a) Increase the quality and reduce the risk of their MDs 

and facilitate subsequent clinical testing. b) Build the arguments to demonstrate real benefits (value / final 

outcomes) of the new devices to increase their success in entering the market and c) Reduce cost and variability 

of the manufacturing process and the speed of product release to the market by carrying out statistically DoE for 

process validation. 

This platform is created using 3 use cases that are in diverse TRLs, which will allow us to find an optimal solution for 

a wide range of high-risk medical devices and user needs. 
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Conclusion 

TBMED will offer the medical device industry a new tool to accelerate the commercialization of innovative products. 
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Figure 1 
Services covered by TBMED 
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Introduction 

Particulate contaminations on medical devices from the production process, production environment, or packaging 

can pose a high risk to patient safety. The authorities therefore require manufacturers to determine the number and 

type of particles on their products and assess the potential risks to the patient. As part of a 510(k) premarket approval 

submission, a client therefore wanted to determine the number and types of particle contaminations on a polymeric 

film component of a negative pressure wound therapy kit and compare it to a predicate device. 

  

Experimental Methods 

Particles were extracted from the surface of the polymer films (7539 cm2) in three different solvents at 50°C according 

to ISO 10993-12:2012 [1], as well as following special requirements by the FDA. Solutions without products were 

used as a negative control. After extraction, the particles were collected on a polyamide filter, counted and 

discriminated into non-metal, fiber, and metal particles with an automatic filter analysis system (JOMESA HFD), and 

characterized by FTIR (Bruker LUMOS, non-metallic and fibers) or EDX (Zeiss Evo MA25, metallic). All experiments 

were performed in triplicate in an ISO 8 cleanroom (ISO 14644-1). 

  

Results and Discussion 

The average number of particles found on the client’s product was 216 ± 128, of which 73 ± 20 were ≥ 25 µm. 

Maximum numbers were 516 and 100, respectively. In comparison, the average number found on predicate devices 

was 452 ± 336, of which 202 ± 146 were ≥ 25 µm. Maximum values were 1233 and 542, respectively. The client’s 

products were thus compliant with the thresholds specified in USP <788> (max. 300 particles ≥ 25 µm, max. 3000 

particles ≥ 10 µm) [2], but one of the predicate devices exceeded the tolerable number of particles ≥ 25 µm. 

A total of 16 different types of particles were detected in the extracts of the client’s films (Fig. 1). On the predicate 

devices, 36 types of particles were detected. The negative control samples contained 20 types of particles, 

presumably introduced while preparing the samples for extraction in the clean room. After correcting for the baseline 

contamination, the most abundant types of particles on the client’s films were PU particles, cellulose fibers, CrNi steel 

particles, an antioxidant, cellulose, polyamide, and polypropylene particles. Except for the CrNi steel particles, the 

same particle types were also repeatedly observed in the extract of the predicate devices. However, the latter also 

contained particles made of proteins (possibly skin residues), wool (animal derived), and nail polish. 

Both devices showed partial decomposition during extraction in hexane and ethanol. Fine needles (Fig. 1) 

precipitated after the hexane had cooled to room temperature. These needles were identified as N,N′-

Hexamethylenebis (3,5-di-tert-butyl-4-hydroxyhydrocinnamamide), which was used as an antioxidant in the raw 

materials of the films. Extraction in 95 vol% ethanol resulted in the formation of fine white particles, which were 

identified as the polyurethane film base material. 
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Conclusion 

The large size, surface area, and electrostatic properties of the films, their partial decomposition in hexane and 

ethanol, as well as the baseline contamination from the clean room environment posed major challenges for the 

experimental design. Technical limitations were given by the optical microscopy and FTIR resolution. However, the 

results demonstrated that the client’s product contained fewer contaminant particles than the predicate device and 

complied with USP <788>. A toxicological assessment of the particle compositions showed that they were non-

hazardous. Contrarily, more particles were found on the predicate devices, one sample even exceeded the thresholds 

given in USP <788>. The predicate devices also contained potentially harmful materials such as nail polish, wool, 

and proteins. 
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Microscopy images of different particles 
Figure 1: Left: A non-alloy steel particle found 

in water extracts from the client's polymer 

film. Right: Needles precipitated after 

dissolution of the antioxidant in hexane. 
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Introduction 

To use of various biomaterials as components in the composite composition can lead to the obtaining of materials 

suitable for bone healing with optimized properties. Pullulan (Pll) and alginate (Alg) are two of the natural polymers 

used as biomaterials, especially in composite for bone tissue regeneration [1, 2]. By varying the bioactive glass 

composition (BG), materials with beneficial properties in bone regeneration can be obtained, such as biocompatibility, 

osteoinductive and osteoconductive qualities [3]. 

In our previous study were demonstrated that alginate-pullulan –bioactive glasses with copper oxide content (Alg-

Pll-xCuBG) exhibited in vitro and in vivo biocompatibility [4]. Beside the in vitro bioactivity, the BG with 0.5 and 

1.5mol% CuO has good antibacterial effect against Staphilococcus aureus [5]. The viability assay obtained on human 

lung fibroblast cells shown a very good proliferation rate, indicating a better result in long term [4]. Based on these 

results the aim of the study was to examine their potential of reducing the healing time in a bone defect. 

  

Experimental Methods 

The Alg-Pll-xCuBG (x=0; 0.5; 1.5 mol% CuO in glass matrix) composites were obtained by cross-linking method. The 

resulting samples were analyzed via X-ray diffraction (XRD), FT-IR spectroscopy and scanning electron microscopy 

(SEM). In vivo implantations were carried out in Wistar rats. A bone defect was created into the distal part of the 

femoral diaphysis. The bone regeneration was followed using magnetic resonance imaging (MRI), made at different 

time interval. For the histological examination, the femoral diaphysis was bilaterally harvested, and cleaned of 

connective tissue, muscle and skin. The sections were routinely stained with haematoxylin and eosin (H&E). 

  

Results and Discussion 

The XRD pattern has confirmed the amorphous character of the composites. The FT-IR spectra, beside the 

characteristic vibration of the polymer units, revealed the bond between polymers and glasses. To increase the 

porosity, the composites were lyophilized obtaining a macroporous surface visible in SEM micrograph. The defect 

size was measured using MRI imaging, and the obtained results shown that the defect size gradually decreased in 

time in all case, but this process is faster when the used scaffold was Alg-Pll-1.5CuBG. The defect size obtained by 

histological sections measurements confirm the results obtained by MRI observation. 
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Conclusion 

The alginate-pullulan–bioactive glasses with copper oxide content composite were successfully synthesized by 

cross-linking method and the obtained samples have proved good in vivo qualities, particularly the scaffold 

synthesized using BG with 1.5 mol% CuO. 
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Fig. 1 Study designed of Alg-Pll-CuBG composites 

in bone defect regeneration 
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Introduction 

The infection of bones (osteomyelitis) most often caused by Staphylococcus aureus belongs to diseases difficult to 

diagnose and treat. Chronic osteomyelitis occurs mainly in adults, usually secondary to open bone injuries, bone 

reconstruction or implant insertion. In clinical practice, chronic osteomyelitis is treated surgically with the 

simultaneous implementation of antibiotic pharmacotherapy. Despite advances in surgery and pharmaceutical 

technology, the bacterial bone infection can remain latent for many years after treatment, with complete recurrence 

in 20-30% of treated patients. This contributes to lowering the patient's quality of life and generates additional financial 

costs in the healthcare system [1]. 

The idea of our studies is to obtain implantable solid dosage form (spherical granules - pellets) based on mesoporous 

silica materials that will act as a potential drug carrier with prolonged release profile for chosen antibiotics used in 

osteomyelitis treatment and as novel bioactive material with ability to form a hydroxyapatite on its surface. The 

cefazolin sodium was chosen as a model antibiotic which is used in pharmacological treatment of osteomyelitis. 

  

Experimental Methods 

The mesoporous silica materials SBA-15 (parent material) were synthesized in the form of powder using sol-gel 

method. The surface modification with 3-aminopropyl groups was performed using grafting method and (3-

aminopropyl)trimethoxysilane as surface modifier. The cefazolin adsorption onto mesoporous silica materials was 

performed by immersion of silica powders in its concentrated water solution [2]. The pellets based on the mesoporous 

silica materials with adsorbed cefazolin were obtained in the laboratory scale using wet granulation, extrusion and 

spheronization method (Caleva Multi Lab). The cefazolin release profiles form both mesoporous silica powders and 

pellets were investigated using USP dissolution apparatus 2 [3]. The mineralization potential assay was performed 

by immersing pellets in simulated body fluid for 60 days [2,3]. At each step of studies the obtained materials were 

characterized using FTIR, XRD, SEM-EDX methods. 

  

Results and Discussion 

Drug adsorption: The average efficiency of cefazolin adsorption from its water solutions on the SBA-15 silica powder 

modified with the 3-aminopropyl groups increased 5 times compared to the parent material (Fig. 1). This is related to 

the electrostatic attraction of the positively charged 3-aminopropyl groups present on the modified surface of the 

silica material with the negatively charged cefazolin ions under adsorption conditions. In the case of SBA-15 powder 

with unmodified surface, its surface receives a negative charge under adsorption conditions what results in 

electrostatic repulsion of cefazolin anions. 

Drug release: The prolonged release profile of cefazolin was obtained by both the chemical modification of the SBA-

15 surface (Fig. 1) and the obtaining of pellets that acts as a hydrophobic matrix. Due to the strong ionic interactions 

between the positive charged surface of the SBA-15 material (modified with 3-aminopropyl groups) and the negatively 

charged cefazolin ions, the initial burst release of cefazolin from the modified SBA-15 silica powders has been 
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reduced 3 times compared to that of the unmodified SBA-15 powders, with a total release time of 7 days (Fig. 1). 

Making the hydrophobic pellets from silica powders slowed down the release profile by an additional 30% . 

Mineralization potential: The obtained pellets had satisfactory rheological properties and did not disintegrate after 

60 days of incubation in simulated body fluid. After 30 days of mineralization potential studies, the spherical calcium 

phosphate microparticles were formed on the pellets' surface. After 60 days the spherical particles formed closely to 

each other and reorganized into the continuous layer (Fig. 2). The randomly formed clusters which spread over the 

pellets’ surface were characteristic for carbonate hydroxyapatite. This hydroxyapatite layer formed preferably on the 

surface areas eroded by simulated body fluid what confirmed the heterogenous nucleation process. 

  

Conclusion 

The obtained preliminary results confirmed the possibility of obtaining bifunctional drug delivery system in the form 

of pellets composed of mesoporous silica materials. These drug delivery system released the cefazolin in a prolonged 

manner and exhibited mineralization properties by forming on its surface the hydroxyapatite with morphology and 

composition similar to human bone apatite. The presented results may increase the interest of described drug 

delivery systems besides the bone cements, granules, composites and bioglass which are commonly used in both 

the surgical and pharmacological treatment of osteomyelitis. 
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Introduction 

Widespread application of gold nanoparticles is not surprising due their unique physical and chemical properties. 

They can be used in bio-/nanotechnology as sensors, drug delivery and environmental cleaning processes. Gold 

nanoparticles can have different morphologies (spheres, triangles, wires, cubs) and different size, resulting from 

different synthesis methods. The size of the nanoparticles can be very important because gold nanoparticles under 

2 nm can have toxic effect [1]. Therefore, the gold nanoparticles which are used in biological systems have sizes 

between 3-100 nm. The bioactive glasses can be easily bind to the living organisms, without leaving any scar tissue. 

The present work deals with the effect of differently shaped gold nanoparticles in bioactive glasses-gold nanoparticles 

composites. The newly obtained materials were structurally and morphologically characterized, and further, the cell 

viability assay was performed on Human keratinocytes cells. Thus, the aim of the study was to obtain the optimal 

shape of gold nanoparticles within the glass matrix. 

  

Experimental Methods 

Three different shaped gold nanoparticles were synthesized: (a) nanospheres by using Turkevich-Frens methods [2]; 

(b) nanotriangle according to Kumar et al. [3] and our previously synthesis method [4] and (c) nanocages by using 

galvanic replacement reaction [5] using previously obtained Ag nanoparticles. The gold nanoparticles were stabilized 

with Pluronic F127 and the bioactive glass-gold nanoparticles composites were synthetized by sol-gel methods. The 

obtained materials optical/structural/morphological properties were examined using Jasco V-670 UV–Vis-NIR 

spectrometer; Philips CM 10 microscope; Hitachi S-4700 Type II cold field emission scanning electron microscope 

and Shimadzu XRD 6000 diffractometer. Cell viability was followed on human keratinocytes cells (HaCaT, Cell Line 

Service, Germany). 

  

Results and Discussion 

The Turkevich-Frens method gave rise to a monodisperse system with ≈ 12 nm size nanospheres. Beside the 

nanotriangles in the second synthesis pathway, it had observed a smaller fraction of polyhedral nanoparticles and 

the average crystal size was ≈ 150 nm. Besides gold nanocages resulted Ag nanoparticles also using the galvanic 

replacement processes. The gold nanoparticles morphology (shape and size) has changed after the applied thermal 

treatment. The spherical nanoparticles had a red shift of their plasmonic band, and the size of the nanoparticles 

increased from 12 nm to 25 nm. The nanotriangles have changed into 13 nm sized gold nanospheres. The HaCaT 

cell viability were followed both on colloid solution containing nanospheres, nanotriangles and spherical nanocages 

as well as on bioactive glass with differently shaped gold nanoparticles. The proliferation of cells was promoted in 

the presence of glasses with gold nanospheres and spherical nanocages. For the colloidal solutions the better 

proliferation rate were obtained for the colloid solution with spherical nanocages content. 
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Conclusion 

We synthesized and used three differently shaped nanoparticles in composite with bioactive glasses. In the system 

based on Au nanocages we have found traces of Ag nanoparticles, too. Ag nanoparticles resulted as non-

transformed template from the gold nanoparticles synthesis method, which have benefic properties for applicability 

of Au-bioactive glass composites. The results obtained on cell viability showed that bioactive glass with spherical 

nanocages are good candidates for future application in wound healing application. 
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Introduction 

One of the most important properties of the silver nanoparticles is their antibacterial behavior, therefore, they can be 

used in medicine and pharmaceutical technologies, having an own industrial field, producing around 320 tons of Ag 

nanoparticles per year [1]. Unfortunately, the silver nanoparticles have relatively high instability, and as a 

consequence they easily transform to Ag2O and AgCl nanoparticles that can increase the toxicity of the material. 

Hence, researchers started to investigate Ag-based materials which toxicity is lower than the Ag2O and AgCl 

nanoparticles and have higher stability than Ag nanoparticles. The silver-halides have strong visible light absorption 

and can be easily synthetized, having various applicability in chemistry [2]. The silver-iodides has photoluminescence 

properties and only few articles deal [3] with silver-iodide/glass-based composites. This work focused on the stability 

and synthesis optimization of AgI microcrystals. The optimized AgI were introduced into the glass matrices in order 

to obtain bioactive glass with controllable antibacterial activity without the possibility to appear the silver chloride. 

  

Experimental Methods 

Hydrothermal synthesis method was used for the preparation of AgI microcrystals. Different alkalic cations/salts (NaI, 

KI) and different surfactants (polyvinyl pyrrolidone - PVP, sodium dodecyl sulfate – SDS, and without surfactant - 

NØ) were used for optimization of AgI synthesis. The 60SiO2×(32-x)CaO·8P2O5-AgI composites were synthetized by 

sol-gel method using 0, 0.1, 0.2, 0.5 and 1 mol% of AgI. The optical, structural and morphological investigations of 

materials/composites were carried out by using JASCO-V650 spectrophotometer with an integration sphere (ILV-

724) (DRS), Hitachi S-4700 Type II cold field emission scanning electron microscope, Rigaku Miniflex II X-ray 

diffractometer and X-ray photoelectron spectroscopy, SPEC PHOIBOS 150 MCD system. 

The glass samples in vitro bioactivity were tested in simulated body fluid. For the antibacterial activity Pseudomonas 

aeruginosa (Gram negative) were used. 

  

Results and Discussion 

Pyramidal structures of AgI resulted by using NaI as iodide source. Pyramids were composed by microsheets. We 

have obtained agglomerated materials with or without SDS, as surfactant. Synthesis involving PVP as surfactant 

resulted ≈ 1 μm particles. After DRS investigations, we can claim that the obtained AgI are stable, we have not found 

any plasmonic band specified for Ag nanoparticles. The hydrothermal synthesis of AgI resulted γ-AgI (zinc blende 

structure) and β-AgI (wurtzite) composites. Therefore, the optimal AgI microcrystals were obtained by using NaI, as 

I¯ source and PVP as surfactant. The stability of the obtained materials was analyzed by adding them in physiological 
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saline solution and stirring under UV light. The structural properties of AgI have not changed during/after the test. 

The obtained, stable material composites with bioactive glasses were obtained by sol-gel methods. After immersion 

in simulated body fluid only the presence of apatite layer without silver component (such as AgCl) is stated. The glass 

samples with 1 mol% AgI exhibited a good bactericidal effect against Pseudomonas aeruginosa. 

  

Conclusion 

For the optimal synthesis method involved for the preparation of AgI, NaI was used as iodide source and PVP as 

surfactant. The obtained microcrystals had pyramidical structure and resulted two different crystal phases. The 

synthesized AgI was stable in physiological saline solution, under UV light. The bioactive and antibacterial glass 

samples with 1 mol% AgI are promising materials for tissue engineering applications. 
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Introduction 

Nature has evolved an ability to synthesise novel inorganic silica structures. Diatoms are a unicellular microalgae, 

with silica cell walls that contain a nanopatterned surface. They are renowned for their strikingly intricate 

morphological features that cannot be replicated synthetically. Silica is known to enhance bone repair. Clinically 

available 45S5 Bioglassâ has now been implanted into over 1.5 million patients to repair bone and dental defects and 

other new commercial products have started to come onto the market1. The production of synthetic silica requires 

highly toxic chemicals and is very energy intensive, whereas the biosilicification of diatom silica has been reported 

to occur at close to physiological pH under ambient conditions, thus offering a ‘green’ silica additive for bone repair. 

Purified diatom silica have been shown to be non-toxic to J774.2 macrophages and bone cells2. This study 

investigates the feasibility of blending diatom silica with poly(DL-Lactide-co-glycolide) (PDLGA) and 3D printing 

scaffolds suitable for bone repair to improve the osteogenic and mechanical properties of the PDLGA. 

  

Experimental Methods 

Cyclotella meneghiniana a diatom collected from the Mississippi River, USA was used in this study. The organic 

fraction was removed from the diatoms by heating them to 550°C for one hour in an air circulating furnace. 

Thermogravimetric analysis was used to verify that the organic fraction was removed. The diatom silica was then dry 

blended with PDLGA at 1 and 5% and dried in a vacuum oven prior to extrusion. Two other groups with 45S5 

Bioglassâand MCM-41 were also prepared as comparisons to the diatom-PDLGA. The mixtures were then extruded 

using a twin-screw melt extruder into filaments. The resultant filaments (diatoms-PDLGA, Bioglass-PDLGA and 

MCM-41-PDLGA) were then printed into 3D scaffolds via 3D Fused Deposition Modelling (FDM).  The filaments and 

the scaffolds were mechanically tested. A dissolution study was also performed on the 3D scaffolds at different pH 

conditions (pH 4, 7.4 and 10).    

  

Results and Discussion 

Figure 1 shows the typical profile of the silica cell walls obtained from C. meneghiniana. Two silica cell walls overlap 

like petri-dishes and are bound together by a girdle band. Once the organics are removed the structure comes apart, 

leaving the top and bottom valves (Figure 1c). Inconsistencies in the extruded filament diameter of MCM-PDLGA 

meant it was unsuitable to print. Therefore, only diatom-PDLGA and Bioglass-PDLGA were fabricated into scaffolds. 

Figure 2a shows the scaffold decomposition after 12 weeks in SBF solution at pH 7.4. The pure PDLGA and Bioglass-

PDLGA scaffold at this point were difficult to handle, and had become gelatinous, whereas the diatom-PDLGA 

scaffolds maintained their shape and could be handled. Over the 12 weeks, the Young’s moduli were measured as 

shown in Figure 2b. The addition of diatom particles into PDLGA causedan overall reduction in Young’s modulus 

initially (at day 0). However, over time, the Young’s modulus of pure PDLGA and Bioglass-PDLGA dropped more 

significantly than diatom-PDLGA. After 8 weeks, pure PDLGA and Bioglass-PDLGA became difficult to handle, thus 
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it was too difficult to obtain any meaningful mechanical data, however, both diatom-PDLGA maintained some 

mechanical integrity, at approximately 20 and 25 MPa for 1 and 5 wt% diatom additive respectively. The results found 

that overall, diatom silica provided a more stable filler material. In the dissolution study, the release of Si and Ca ions 

was also studied, although the data has not been presented in this abstract. The results found diatom-PDLGA had a 

near-linear release silica release, as the PDLGA degraded. The degradation of Bioglass-PDLGA scaffolds showed 

an earlyburst release of silica ions. 

  

Conclusion 

The results of the overall study found, that diatom-PDLGA scaffolds offered better long-term stability with a near-

linear release of silica ions. The next stage is to assess the diatom-PDLGA scaffolds by in vitro biocompatibility 

testing and in an in vivo animal model.  
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Figure 2 
Dissolution study and Compression Test Results 

 

 

Figure 1 
Morphology profile of Cyclotella meneghiniana 
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Introduction 

Bioglasses are considered as common material used for bone regeneration applications thanks to their excellent 

osteoconductivity, osteostimulativity and degradation rate. Their limit is in the lack of inner microporous structure with 

low specific surface area. Mesoporous bioglasses (MBG), as a new class of bioactive glasses, specific by their highly 

ordered mesoporous channel structure and high specific surface area, are suitable not only for bone tissue 

regeneration, but also for drug/growth factor delivery (1). Bioglasses can be easily modified by addition of elements 

which can induce desired biological effects. Metal ions as therapeutic agents and their combination with bioceramics 

have shown advantages for therapeutic applications. Chromium III (Cr3+) has already shown osteogenic properties 

in vitro (2) and in vivo (3) while zinc II (Zn2+) has shown antimicrobial effects (4). Herein, we aimed to synthesize Cr3+ 

and Zn2+ doped mesoporous bioglass and to investigate biological properties of these two metal ions for bone tissue 

regeneration applications. 

  

Experimental Methods 

Synthesis protocol of MBG with specific molar ratio of silica (Si), calcium (Ca) and phosphorus (P) (Si:Ca:P=85:15:5) 

was used as starting point for incorporation of Cr3+ and Zn2+ (5). Incorporation of metal ions was performed by 

substitution of Ca by desired percentage of the ions, meaning that the content of Ca was decreased and maximal 

content of ions in the MBG was 15 %. Primary human pre-osteoblasts (hOB) (isolated from human bone after total 

hip replacement surgery after inform consent of the patients) were cultivated for 14 and 21 days under osteogenic 

stimulation and in the presence of Cr3+ ions. Cell viability and proliferation were evaluated by intracellular lactate 

dehydrogenase (LDH) activity measurement and quantification of DNA content. Quantification of alkaline 

phosphatase (ALP) activity was determined in order to assess osteogenic differentiation. Antibacterial activity of Zn2+ 

was evaluated by determination of minimal concentration of this ion showing detectable antimicrobial effect when S. 

aureus (Gram+) and E. coli (Gram-) were exposed to cell culture media containing different concentrations of Zn2+ 

for 0.5, 3 and 6h. 

  

Results and Discussion 

MBGs with incorporated Cr3+ and Zn2+ ions were successfully synthetized. Their particle size smaller than 45 µm is 

suitable for combination with hydrogels or calcium phosphate cements (CPC) used in 3D bioprinting. 

Presence of Cr3+ concentrations up to 100 µM did not affect osteoblast proliferation over 21 days. Cell number was 

significantly reduced with addition of 250 and 500 µM. Higher concentrations of Cr3+ in cell culture media did not 

affect osteogenic differentiation of cells. Slightly increased ALP activity was observed at all investigated 

concentrations compared to the samples without Cr3+, confirming results obtained using human mesenchymal 

stromal cells (4), but with significant difference only in the case of 500 µM concentration. 
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Zn2+ showed antimicrobial effect against both tested bacteria. In the case of E. coli, antimicrobial effect was observed 

after 30 minutes at 750 µg/ml and higher concentrations of the ion and it increased over 6h. At the highest tested 

concentration, 1500 µg/ml, Zn2+ showed slight effect against S. aureus, but after 3h of exposure the antimicrobial 

effect was high at 500 µg/ml and higher concentrations and it was increased after 6h. Comparing results for both 

bacteria, stronger antimicrobial effect of Zn2+ was observed in the case of S. aureus. 

  

Conclusion 

In this study, biological properties of Cr3+ and Zn2+ were evaluated, with a focus on proliferation and osteogenic 

differentiation of primary human pre-osteoblasts and antimicrobial effect, respectively. Synthetized MBGs with Cr3+ 

and Zn2+ incorporated in their structure in combination with hydrogels or CPC can allow fabrication of 3D bioprinted 

structures for osteochondral regeneration applications. 
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Introduction 

The present work shows the effect of doping different ions on the morphology and chemical composition of 

mesoporous bioactive glass particles (MBG). Furthermore, the formation of hydroxyapatite (HA) in the presence of 

simulated body fluid (SBF) and ion release was investigated. The original melt-quenched bioactive glass (45S5 

Bioglass®) [1] is nowadays prepared with many different modifications in initial composition. Discovery of 

mesoporous bioactive glasses (MBG) opened a new direction for developing multifunctional bioactive materials by 

applying nanotechnology in regenerative medicine [2]. MBG emerged when the supramolecular chemistry of 

surfactants was incorporated into the bioactive glasses field. MBG particles gaining more and more attention in 

various biomedical applications due to their unique features. Small size, large specific surface area and their large 

surface to volume ratio, make them suitable candidates for bone related applications, soft tissue regeneration and 

as a drug/biomolecule delivery carrier. The incorporation of different ions in the composition of glass is called doping 

and it is crucial for the production of functional materials. Therapeutics ions such as Sr2+, Zn2+, Cu2+, Mg2+, Co2+, 

Ce3+, B3+, Ga3+ etc. are usually incorporated in the aim to affect the bone formation, importing anti-inflammatory 

effect, antibacterial activity [3], increase of bone-cell adhesion or promote synergic stimulating effects on 

angiogenesis. 

  

Experimental Methods 

Used chemicals were purchased from Sigma-Aldrich (Darmstadt, Germany) without further purification. The 

reference material (MBGp) with a nominal composition of 63/37 mol % (SiO2/CaO) was used as the reference. Five 

different therapeutic ions namely: Sr2+, B3+, Mg2+, Cu2+ and Ga3+ were incorporated into the MBGp in the nominal 

composition of 62 SiO2 / 32 CaO / 6 (X) in mol %. The synthesis was performed using the microemulsion assisted 

sol-gel method by employing surface active soft template - cetyltrimethylammonium bromide (CTAB) as described in 

the literature [4]. For all compositions, the procedure was identical using nitrides as precursors except the B2O3 

precursor (H3BO3). To explore in vitro mineralization of the glasses, the immersion method in simulated body fluid 

(SBF) was performed according to the protocol of Kokubo et al. [5]. The effect of the diverse ions on the morphology 

and composition was analyzed utilizing SEM/EDX, FTIR, ICP OES before and after the immersion test. 

  

Results and Discussion 

The results show that the different ions incorporated in the system SiO2-CaO cause morphological and compositional 

changes in the obtained materials. The increase in particle size was visible by incorporating B3+ and Mg2+ ions (Figure 

1c and d) leading to particles of size ≥ 200 nm in comparison with the spherical particles with a size of 130 nm ± 20 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1311 of 1893 

nm for MBGp. Moreover in B3+ and Mg2+ doped samples, resulted particles have pineal shape. Incorporation of Cu2+ 

in the system caused a visible formation of CuO crystals on the spherical particles (Figure 1e and more detailed in 

Figure 2). Precipitates were visible in the system containing Ga3+. Furthermore, the EDX revealed that the addition 

of therapeutic ions caused remarkably decrease of Ca2+. In the sol-gel preparation, the final composition of the glass 

may be different from the designed one; therefore, in most studies, chemical analysis is performed questioning the 

chemical homogeneity of the obtained particles. According to EDX results, the content of Cu2+ and Ga3+ in the 

experimentally obtained materials was higher than the nominal 6 mol %. These results should be verified by ICP 

OES analysis. 

  

Conclusion 

Chemical composition, specific surface area and size are the most important aspects determining biological activities 

of glasses in a physiological environment. Presented results show that incorporation of therapeutic ions affects the 

morphology, size and chemical composition of the MBG particles and that the final composition of the glasses may 

differ from the designed one. 
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SEM analysis of the obtained mesoporous 

bioactive glass powders: a) MBGp, b) MBGp+6Sr, 

c) MBGp+6B, d) MBGp+6Mg, e) MBGp+6Cu and f) 

MBGp+6Ga. 

 

 

Figure 2 
Crystals of CuO in the MBGp+6Cu material. 
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Introduction 

Polyetherketoneketone (PEKK) is a promising biomaterial for a verity of applications (e.g., orthopedic, spinal, and 

dental applications), due to its biocompatibility, chemical durability, and favorable mechanical properties [1]. 

However, PEKK suffers from biological inertness leading to poor osteogenesis and osseointegration with host bone 

tissues. Surface modification and incorporation of bioactive fillers can enhance bioactivity and cellular responses of 

PEKK towards more efficient bone repair and osseointegration [1]. Bioactive glasses (BG) are attractive biomaterials 

for hard tissue repair/regeneration, given their bone bonding capability and osteogenic potential [2]. Notably, 

mesoporous bioactive glass nanoparticles (MBGN), due to their tunable morphology and chemistry, emerge as 

versatile building blocks for developing 3D scaffolds, coatings, or drug delivery carriers [3]. 

  

Experimental Methods 

In this study, we used electrophoretic deposition (EPD), a practical approach to fabricate uniform coatings, to coat 

Zn-containing MBGN (Zn-MBGN) on Tantalum (Ta)/PEKK composites. The mesoporous nanoparticles were 

synthesized using a microemulsion assisted sol-gel approach [3]. The composites were produced by mechanical 

mixing and sintering Ta and PEKK powders. 

  

Results and Discussion 

The incorporation of Ta not only improved cellular activity but also enhanced the conductivity of PEKK, which 

facilitated the EPD coating process. A crack-free coating was achieved by carefully controlling the processing 

parameters of EPD (e.g., deposition voltage, time). The thickness of the coating could be adjusted by tuning the 

processing parameters or concentration of particle suspension. The presence of particulate coating on the 

composites accelerated the apatite formation, an indicator of potential in vivo bone bonding, after immersion in 

simulated body fluid. The mesoporous structure of coating could also improve the hydrophilicity and protein 

adsorption. Furthermore, the adhesion, proliferation, and osteogenic differentiation of bone marrow mesenchymal 

stem cells on the coated composites were significantly promoted in comparison to those on the uncoated ones. 

  

Conclusion 

The EPD technique was proved to be an effective approach to homogenously coat bioactive nanoparticles on PEKK-

based implants. The Zn-MBGN coated composites have shown great potential in bone repair/regeneration 

applications. 
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Introduction 

Bone dust (BD) harvested during operation may be suitable as an autologous obliteration material for non-critical 

size defects. Bioactive glass (BA) can be an alternative. To treat non-critical size defects, BD and BA are commonly 

used for obliteration techniques. However, the optimal harvesting method and parameters for BD have not been 

examined. In this study, we analysed the osseoregenerative potential of both materials and the combination of both. 

  

Experimental Methods 

Thirteen female merino sheep (7 years old) underwent surgery on the frontal calvaria. Four defects were inserted. 

The first defect was considered a reference and remained unfilled, the second defect was filled with BD from the 

calvaria bone, the third defect was filled with BA and the fourth with a mixture of BA and BD. The animals were 

sacrificed after 3 weeks. To evaluate bone regeneration, we used digital volume tomography, bone density 

measurement, fluorochrome sequence labelling, and histological analysis. 

  

Results and Discussion 

All analyses showed quantitative and qualitative bone regeneration 3 weeks after operation.  The control blank defect 

showed a significantly less defect filling compared to all other. Trends showed that the analysis of fluorochromes 

showed more new mineralized bone in the defects filled with BD than compared to the blank sample and BA filled 

ones. The defect filled with BD only showed the most new bone formation. The defects filled with BA were the most 

filled and densest after, but had the same amount of new mineralized bone as the reference one. Moreover, bone 

regeneration occurred from the surrounding bone and showed only a defect bridge in the BD-filled defects (alone 

and mixed with BA). 

  

Conclusion 

BD and BA are suitable bone replacement materials for obliteration techniques because they completely filled the 

defects. Thus, BD harvested under standardised conditions provided a higher level of osteoreparation potential for 

the generation of woven bone and establishment of defect bridges. A mixture of both replacement materials combines 

benefits from both materials. Defects are completely filled, have a high density and osteoregeneration is faster due 

to vital bone cells in the obliteration material. 
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Introduction 

Over the last decades, drug delivery has undergone a significant evolution as novel nano-based dosage forms for 

application in specific areas such as active management of contaminated and slow-to-heal wounds. The mayor 

reason for application of the nanosized dosage forms in this field is precise targeting, designed drug release profile 

in situ and increased bioavailability of hydrophobic drugs leading to dose optimisation and reduced overall body load. 

Recently, electrospun nanofibres have attracted attention as potential matrix for drug delivery and release due to 

their possible barrier effect and unique characteristics – especially small fibre diameter and high porosity as 

characteristics leading to the extreme surface to weight ratio.1 In addition to these properties held by nanofibres in 

general, the chemical nature, surface functionality and charge represent properties strongly affecting their 

biocompatibility, degradation kinetics, the material-drug interactions and loading capacity. Composition of the matrix 

of nanofibres may stimulate wound healing process through released degradation products. From this point of view, 

silica nanofibres represent a very promising material for this application, combining traditional nanofibres´ properties 

and unique properties given by their inorganic nature as the silicic acid, released during their degradation, is well 

known for its wound healing stimulating potential.2 Moreover, another advantage possessed by this novel type of 

nanofibres is wide range of possible surface modifications via functional groups grafting.3 

The aim of this work is to present biodegradable silica nanofibres as novel biomaterial with potential for application 

in wound healing and in situ drug release in wound management. 

  

Experimental Methods 

The silica nanofibres were obtained by needleless electrospinning of solution synthetized by sol-gel method from 

silicon tetraethoxide (TEOS) as the main precursor. Obtained nanofibres had undergone mild (<200°C) thermal 

stabilization and were analysed in order to characterize their morphology, degradation kinetics profile in vitro and 

effects on human dermal fibroblasts (NHDF) and keratinocytes (HaCaT) viability and proliferation. Morphology of 

nanofibres was characterized by electron microscopy (SEM) prior and after the degradation process. The degradation 

was performed under 37°C for 72 hours and the decomposed mass was determined by released Si quantification via 

ICP mass spectroscopy. Effects of the silica nanofibres and their degradation products on dermal cells was evaluated 

using the MTT method, fluorescence life/dead staining and cytoskeleton staining after 1, 2, 3 and 7 days of exposition. 

Moreover, drug sorption capacity was studied on a model drug (antibiotic tetracycline (TET)). Quantity of the 

adsorbed drug was determined and antibacterial activity against model microorganism (E. Coli) in time was assessed. 

  

Results and Discussion 

The SEM examination confirmed formation of nanofibres with mean diameter ranging between 150 nm and 750 nm 

depending on the solution properties and electrospinning set-up. The SEM examination also revealed nature of the 

inorganic nanofibres degradation realized by surface corrosion instead of swelling characteristic for polymeric 
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materials and usually leading to porosity reduction. Preservation of the initial porosity was confirmed even after the 

model drugs loading procedures. Such as observation is particularly important in wound management as drug eluting 

dressing is demanded to remain vapour permeable to facilitate gas exchange.  Morphology of the silica nanofibres 

after thermal stabilization and during degradation are shown on Figure 1. The tetracycline adsorbed to the 

nanofibrous sheet was evaluated 45 μg/ mg NFs. The antibacterial activity examined by agar diffusion test shown 

prolonged activity and drug release for 72 hours. The inhibition zone diameter reached 30 mm after 24 hours of 

exposition and decreased to 17.5 mm after 72 hours of constant exposure to E. Coli strain. Exposure to human 

dermal cells proved biocompatibility of the nanofibres. Presence of nanofibres (150 μg/ml) in culture medium led to 

increase of cell numbers in both – dermal fibroblasts and keratinocytes - after 48 hours of exposure in comparison 

to the control. Cell viability and morphology remained unchanged. 

  

Conclusion 

Silica nanofibres were confirmed as a biocompatible and biodegradable material with a broad potential for application 

as novel dosage form for topical drug release and wound management. The system is able to provide its surface for 

drug adsorption and sustained drugs release. The indisputable advantage of the system is rapid degradation and 

unique mechanism of degradation facilitating vapour and gas exchange during the whole process. The positive effect 

on healing process is altered by positive impact of the degradation products on cell proliferation which as we hope 

might lead to accelerated wound closure. 

  

References 

1.Son, YJ. et al.; Therapeutic applications of electrospun nanofibres. Arch. Pharm. Res. 37(1), 69-78 (2014). 

2.Rotkova, J. et al.; Inorganic silica nanofibres in a role of bioactive compound carrier; Proceedings of the 7th 

International Conference on Nanomaterials - Research and Application (Nanocon); ISBN: 978-80-87294-63-5, 413-

418 (2015). 

3.Howarter; JA. Et al.; Optimization of silica silanization by 3-aminopropyltriethoxysilane. Langmuir 22(26), 11142-

11147 (2006). 

  

Acknowledgement 

This work was supported by the Ministry MŠMT of the Czech Republic and the European Union - European Structural 

and Investment Funds programme - project Hybrid Materials for Hierarchical Structures (HyHi, Reg. No. 

CZ.02.1.01/0.0/0.0/16_019/0000843). 

  

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1318 of 1893 

PS2-01-253 

Lithium-substituted bioactive glasses for mineralised tissue repair 

Abeer Alaohali1, Ke Zhang1, Paul Sharpe1, Delia Brauer2, Nuttawan Sawangboon2, Eileen Gentleman1 

1King’s College London, Centre for Craniofacial and Regenerative Biology, London, GB; 2Friedrich Schiller 

University Jena, Otto Schott Institute of Materials Research, Jena, DE 

 
Introduction 

The Wnt canonical signaling pathway plays a crucial role in tooth and bone regeneration, and can be upregulated by 

inhibition of glycogen synthase kinase 3 (GSK3). Lithium is an antagonist of (GSK3) and can be substituted in the 

bioactive glasses (BG), which can be used clinically to enhance the tooth repair. 

  

Experimental Methods 

We developed borate (LiBBG) and phosphate (LIPBG) BG which contain lithium and evaluated ion release and 

toxicity of their dissolution ions. 

  

Results and Discussion 

We found that both LiPBG and LiBBG can release high levels of Li that can elevate Wnt canonical signaling, however 

the levels of phosphate and boron are toxic to cell cultures and limit the utility of BG in the tooth. 

  

Conclusion 

These data suggest that lithium-substituted BG can release therapeutic level of lithium which upregulate Wnt 

signaling. However, LiPBG and LiBBG are toxic to pulp cells in vitro. Nevertheless, it may be possible to use BG in 

vivo in non-exposed pulp tooth models that limit contact with the pulp cells. 
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Introduction 

Due to the demographic development, there is a high need for treatment options regarding the reconstruction of 

damaged or diseased tissue. This requires the development of novel functional biomaterials, composed of cells, 

bioactive molecules and biodegradable scaffolds, which should improve regeneration. Glycosaminoglycans (GAGs) 

like chondroitin sulfate (CS) or chemically sulfated hyaluronan (sHA3) are reported to promote bone regeneration [1]. 

As multifunctional components of artificial extracellular matrices (aECMs) CS and sHA significantly influence bone 

healing by the recruitment of mesenchymal stem cells and by supporting their differentiation [2]. 

Specifically, for bone-related applications, silicate-based bioactive glass nanoparticles (BGN) show unique properties 

for regeneration and repair due to their intrinsic bioreactivity coupled with their small size and high specific surface 

area [3]. Based on their ability to interact with living tissues, the release of soluble ions like Si and Ca is reported to 

favor intracellular and extracellular responses, promoting rapid bone formation [4]. 

The aim of this study was to evaluate the potential synergic effects of either CS or sHA3 in combination with BGN on 

the osteogenic capacity of these aECMs as important aspect of bone healing via osteogenic stem cell differentiation. 

  

Experimental Methods 

Thermanox™slides were coated with collagen type I (col), col/CS or col/sHA3 and compared to similar coatings that 

contained BGN with diameters in the range of 300 - 400 nm. Sirius red and Toluidine blue staining was used to 

visualize the col and GAG distribution within the coatings. These aECMs with or without BGN were analyzed 

regarding their effects on the differentiation of human mesenchymal stem cells (hMSCs). Growth and viability of 

hMSCs were examined using biological assays like MTT cytotoxicity, while cellular differentiation was examined by 

ALP activity, mineralization, Alizarin red staining and immunofluorescence staining. In addition, the Ca release from 

the BGN-containing aECMs was analyzed. 

  

Results and Discussion 

Sirius red and Toluidine blue staining of aECMs showed a homogeneous distribution of col, sCS3 and sHA3 

irrespective of the presence of BGN. Differentiation of hMSCs on different coatings was studied over 28 days. After 

7, 14 and 28 days, biological assays were performed. Fig. 1 shows the mineralization of hMSCs from three different 

donors on different aECMs after incubation for 28 days. 

Cell growth was visualized by immunofluorescence staining. MTT cytotoxicity assay revealed an enhanced viability 

of hMSCs in the presence of GAGs and BGN. A constant release of non-toxic concentrations of Si and Ca ions might 
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be one reason. Furthermore, BGN influence also mineralization in a positive manner. The presence of CS or sHA3 

in general was observed to enhance the mineralization compared to non-coated slides (control). In combination with 

col-based aECMs and GAGs the mineralization levels were significantly higher compared to the control. Especially 

BGN-containing aECMs significantly increased the calcium levels while for aECMs without BGN only a slight increase 

was observed. These results are supported by the measured ALP activities of the hMSCs. 

  

Conclusion 

aECMs composed of col, GAGs and BGN are promising bioinspired functional biomaterials for rapid mineralization 

in bone healing and bone tissue engineering. 
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Figure 1 
Mineralization of hMSCs on aECMs containing 

different sGAGs (CS or sHA3) in comparison to 

those containing BGN via quantification of 

calcium content. 
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Introduction 

Bone-tissue engineering represents a pivotal strategy to face situations where critical-size bone defects do not heal 

spontaneously; as for elderly patients and/or in front of complex pathological situations.Materials with suitable 

properties-such as good mechanical properties and controlled resorbability-are needed. Hybrid scaffolds represent 

an innovative technology that provides regeneration of damaged tissue. A hybrid material consists of organic and 

inorganic components which interact at the nanoscale with covalent links between both phases [1]. 

  

Experimental Methods 

Here we present the synthesis and characterization of two hybrid scaffolds based on i) gelatin as the organic phase 

and ii) bioactive glass (BG) as the inorganic phase. BG is pertinent for bone engineering applications due to its ability 

to release ions enabling osteoinduction [2]. Both scaffolds contain 70% of gelatin and 30% (weight %) of 13-93 or 

S53P4 BG particles. The link between the gelatin and the BG is insured by the (3-Glycidyloxypropyl) trimethoxysilane 

(GPTMS) (Figure 1). The scaffolds were synthesized by sol-gel transition. First,the gelatin is functionalized with the 

GPTMS and then the BG is added in the solution. Different proportions of GPTMS/gelatin (molar ratio) were tested 

in order tovary the degree of connectivity between the organic and inorganic phases. The developed hybrid 

biomaterials were exposed to collagenase (0.5%) to assess their enzymatic degradation and, thus, establish the 

impact of increasing the cross-linking between the organic and inorganic phases on the hybrid biomaterials 

stability.To investigate the behavior and the bioactivity of our hybrids, the glasses dissolution and polymer 

degradation, in TRIS buffer solution, were quantified by Inductively Coupled Plasma - Optical Emission Spectrometry 

(ICP-OES) and Gel Permeation Chromatography (GPC), respectively. The bioactivity, assumed to be related to the 

precipitation of a HA layer at the materials’ surface when immersed in aqueous solution, was assessed in Simulated 

Body Fluid (SBF) as usually performed in testing bioactive glass. 

  

Results and Discussion 

We demonstrate that higher was the ratio of GPTMS/gelatin, higher was the stability of the gels concomitant to a 

greater covalent bonding between the organic and inorganic phases. In vitro dissolution of the scaffolds, performed 

in Simulated Body Fluid (SBF),showed precipitation of a hydroxyapatite layer from BG. we have also investigate the 

behavior and the bioactivity of our hybrids. The glasses dissolution and Gelatin degradation, quantified by ICP-OES 

and GPC showed a very good stabilty with a low rate of dissolution.    
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Conclusion 

These results demonstrate the first sign of hybrid bioactive bone-materials. so, those hybrids are promising for a 

bone application. Nevertheless, more studies are needed to quantify and confirm the effect of the bioactiveglass at 

the cellular level. 
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Introduction 

The bioglasses are a group of biomaterials that have an ability to create a strong bond with tissues, especially with 

bone tissue. However, in order to improve their overall performance in the process of tissue regeneration, and extend 

their applicability towards other tissues, some additional features such an antioxidant activity should be introduced. 

The antioxidant effect can be obtained in numerous ways, but promising one is the incorporation of therapeutical 

ions. That study aimed to incorporate Ce4+, Sr2+and Zn2+ ions in different concentrations to the two basic systems of 

gel-derived bioglasses and evaluate their structural, chemical, bioactive, and antioxidant properties. Moreover, the 

aim was finding a correlation between glasses antioxidant activity and their structural and bioactive properties. 

  

Experimental Methods 

Glasses from the SiO2-CaO-P2O5 system, with different CaO/SiO2 ratios, were obtained by the sol-gel route. The 

modifiers (SrO, CeO2, and ZnO) were introduced in substitution for CaO, in concentrations were varying in the range 

of 0 - 10%mol. They were introduced to the systems singly. 

After heat treatment (700⁰C or 800⁰C) glass powders were subjected to structural analyses (XRD diffraction, FTIR 

spectroscopy, NMR spectroscopy). The complex structural study was performed due to the attempt of explaining 

antioxidant properties. Moreover, in vitro bioactive study was performed in SBF solution. The materials subjected to 

that purpose were incorporated into model composite PCL: bioglass films. Afterwards, the structure and 

microstructure evaluation was performed. Then, measurements of antioxidant activity were performed with the DPPH 

and ABTS free radical scavenging assays and with the ferric reducing antioxidant power (FRAP) test. Levels of 

antioxidant activity in each of the test were measured with UV-VIS spectroscopy. Results of ABTS and DPPH were 

expressed as radical scavenging capacity (RSC), and the results of FRAP were expressed as absorbance. 

  

Results and Discussion 

Structural analyses of obtained glasses indicated changes occurring in the material's structure along with the 

introducing of CeO2, SrO or ZnO in place of CaO. Sr incorporation effected in the increase in the amount of the non-

bridging Si-O- bonds, what was probably an effect of the differences in size between Ca2+ and Sr2+ cations. Our study 

has shown that the effect of strontium oxide on the structure and properties of gel-derived biomaterials largely 

depended not only on SrO concentration but also on the chemical composition of starting materials. Incorporation of 

ZnO increased the tendency to crystallization in the glasses, while CeO2 introduced into A2 system (40%SiO2 - 54-

x%CaO - 6%P2O5 - x%(CeO2+SrO+ZnO), %mol.) caused phase separation and thus induced crystallization of 

cerium-rich phases. Doped ions have also affected bioactive properties. SrO incorporation has upgraded bioactive 
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performance in SBF solution, while CeO2 has it limited. ZnO incorporation has almost completely inhibited the CaP 

crystallization in SBF solution. 

The antioxidant activity of doped glasses was higher than the undoped ones, and the highest was registered for 

glasses doped with cerium. The antioxidant activity was higher for A2 group glasses than for the high silica S2 glasses 

(80%SiO2 - 16-x%CaO - 4%P2O5 - x%(CeO2+SrO+ZnO), %mol.). The differences in antioxidant properties between 

the two basic systems were probably deriving from the various mechanisms of glass particles interaction with 

scavenged free radicals, which was also probably related to the structural characteristics of the systems. 

  

Conclusion 

Our study confirmed that doping gel-derived bioglasses with cerium, strontium, and zinc improve their antioxidant 

potential. The type and concentration of ion used determine the extent of the antioxidant effect, while the basic glass 

composition determines the antioxidant mechanism. 
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Introduction 

Key properties of bioactive glasses include their ability to dissolve and release ions when immersed in an aqueous 

environment, as well as the formation of an apatite surface layer on the glass during dissolution [1]. Due to the lower 

chemical durability of borate glasses and their ability to transform rapidly to hydroxyapatite, an increasing amount of 

research has started to focus on the use of borate bioactive glasses, especially in the field of wound healing [2]. To 

further improve the performance of bioactive glasses, it is possible to introduce therapeutic ions with specific effects, 

e.g. copper to enhance angiogenesis and zinc to avoid infections [3]. Since immune cells are crucial players during 

the wound healing process [4], the dose-depending effect of the biological active ions copper and zinc released from 

borate bioactive glasses on immune cells was systematically examined. 

  

Experimental Methods 

Based on the well-known 13-93 silicate glass, borate glasses, where all the SiO2 was replaced by B2O3, and Cu/Zn-

doped borate bioactive glasses were produced by melt-quenching and characterized using FTIR, SEM/EDX as well 

as XRD. Then, to study the dissolution behavior, bioactive glass particles (300-500 µm) were immersed in different 

relevant solutions and ICP measurements were conducted to confirm the release of the different ions. Cell culture 

media, conditioned with release products of bioactive glasses, was then used to incubate murine dendritic cells (DC). 

After different time periods the effect of the different ions on the immune cells was examined regarding their cell 

viability, their phenotype (by FACS) and their T cell stimulatory properties (by MLR) measurements. 

  

Results and Discussion 

Four different borate glasses doped with Copper or/and Zinc were successfully produced. Depending on the 

composition and the release conditions (static/dynamic, dissolution media), the glasses dissolve and release 

therapeutic active ions in relevant amounts. However, the release of zinc from Zn-doped borate glasses could not be 

measured; instead the zinc was incorporated in the formation of an apatite layer. During the release, a similar 

increase of pH was observed for all tested glasses [5]. A concentration dependent effect on the viability of (DC), by 

the released ions, was observed whereby the magnitude of viability was different between the used ion-doped 

glasses. Moreover, a specific and dose-dependent effect was observed on the phenotype of DC. Additionally, 

a  concentration- and composition-dependent effect was observed regarding the DC mediated T-cell proliferation 

capacity and on the secretion of cytokines by DC cultured in conditioned media. This clearly shows that bioactive 

glasses, depending on their composition, have an effect on the viability, phenotype and functionality of immune cells. 
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Conclusion 

Borate glasses, undoped or doped with the well-known therapeutic active ions copper and zinc, were fabricated by 

melt-quenching method. The fabricated glasses were firstly tested in different dissolution tests, showing their 

biodegradable nature and the release of biological relevant ions and secondly in contact with DC. A dose-depending 

effect, related to the glass composition, on immune cells such as DC and T cells could be proven. The results showed 

the great potential of boron containing bioactive glasses to significantly influence immune cells and therefore their 

role in wound healing. 
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Introduction 

Wound healingis a long, complex process which can lead to inflammation and, if left untreated, life-threatening 

infections. Wound infections with multi-drug resistant bacteria result in prolonged treatments and increased 

healthcare costs, so the demand for wound treatment is massive worldwide1.The number of patients requiring wound 

care is significantly increasing and it has been estimated that the associated annual cost of wound treatment alone 

managed by the NHS is around £5B2. Therefore, there is an urgent need for new antibacterial wound dressings that 

both rapidly stimulate healing and prevent infections. 

Here we present novel bioresorbable phosphate-based glass nanofibres (PGF) as wound dressings that 

simultaneously induce new tissue formation, deliver antimicrobial effects without reliance on conventional antibiotics 

and promote blood coagulation. Being bioresorbable, PGF dissolve in physiological environments and are totally 

replaced by regenerated tissue2. This important advantage avoids frequent dressing removal that can damage newly 

formed tissue. Moreover, wound-related infections could be prevented by incorporating antimicrobial agents into the 

dressings that slowly release as the scaffolds degrade in the wound. A totally bioresorbable dressing will avoid 

systemic administration of antibiotics if used as a controlled local delivery system for antibacterial agents. Nanofibres 

are advantageous to conventional dressings given the high surface area to volume ratio, open porosity that allows a 

gaseous exchange, cell migration, and removal of excess exudate, the possibility of mesh production) and surface 

functionalization1. 

Phosphate-based fibres in the systemP2O5-CaO-Na2O were prepared and doped with the antibacterial ions Cu2+ (1, 

3, 5 mol%) and Cu2+/ Ag+  (5 mol%) which have been found to be particularly effective in promoting wound healing 

(they stimulate angiogenesis, differentiate mesenchymal stem cells, and proliferate fibroblast human foreskin)3,4. 

Cold plasma will be used to induce/enhance the antibacterial properties of the prepared fibres. 

  

Experimental Methods 

PGF were obtained by electrospinning of coacervate precursors. Coacervate precursors were prepared by slow 

addition of a Ca2+ salt to an aqueous sodium polyphosphate solution. Phase separation occurs between a dense 

coacervate phase, containing the phosphate chains, and the aqueous supernatant.The viscous material obtained by 

removing the supernatant liquid is easily ejectable and ideal for the production of ES precursors along with the 

incorporation of antimicrobial ions. The electrospinning was conducted using a stainless steel capillary tube (18 

gauge), syringe pump, and high voltage source. Electrospinning was carried out at room temperature and fibres were 

deposited on an aluminium sheet. Structural characterisation of PGF was performed using X-ray diffraction (XRD) 

and infra-red spectroscopy (IR); dissolution studies of the PGF in water were performed to obtain information on the 

release of calcium, sodium, copper, and silver ions after 24, 48, and 72 hours. The doped-PGF were treated with a 

cold plasma to enhance the antimicrobial effect against bacterial populations. The antimicrobial effect of doped PGF 

and cold plasma was performed against two bacteria: Staphylococcus aureus, and Escherichia coli ATCC 25922, 

bacterial species associated with antibiotic resistance. 
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Results and Discussion 

Copper and copper-silver doped phosphate-based glasses fibres have been successfully prepared, for the first time, 

using the electrospinning technique. XRD patterns confirm the amorphous nature of all fibres. FTIR results shows 

the presence of to Q1 and Q2 phosphate units. Dissolution studies of the PGF in water shows that the highest release 

of all ions occurs within the first 24 h. Copper and silver ions are released continuously over the 72 h. Antimicrobial 

studies show that all Cu2+ doped PGF are mainly active against E. coli and thattheCu 2+/ Ag+ doped PGFareactive 

against both E. coli and S. aureus. 

  

Conclusion 

In this study, PBF were successfully synthesised at room temperature for wound healing applications. These fibres 

are biodegradable and can react and dissolve in the physiological environment and eventually totally replaced by 

regenerated tissue. Antibacterial study results against S. aureus and E. coli  have shown the great potential 

application of copper-silver doped glass fibres in wound healing due to its ability to release of Cu2+ and Ag+ ions 

continuously with a high bactericidal effect. 
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Scanning electron microscopy images of PGF 

undoped and doped with 1,3,5, mol% of Cu2+ 
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Introduction 

Poly-L-lactide (PLLA) is a bioresorbable polymer with many properties that make it appealing as a biomedical implant 

material, however for certain load-bearing applications such as cardiac stents it suffers several limitations. Among 

these are its slow degradation time, poor stiffness and strength (requiring PLLA stents to have thicker struts than 

conventional metallic stents), and tendency for embrittlement during degradation1. Here we demonstrate how 

polyethylene glycol functionalised poly-lactide-co-caprolactone (PLCL-PEG) can be blended with PLLA, in order to 

control both the degradation timescale, and the structural and mechanical changes undergone during degradation. 

We also investigate how the mechanical properties of these polymers can be improved by incorporating phosphate 

glass into a fully bioresorbable composite. 

  

Experimental Methods 

Polymer blends and polymer-glass composites were made using solvent casting and injection moulding, with 

mechanical testing carried out immersed in deionised water at 37°C. Degradation behaviour was measured in 

phosphate-buffered saline at 37°C by pH monitoring. Polymer blends were characterised before and after 

degradation by Differential Scanning Calorimetry (DSC), X-ray Diffraction (XRD), and Gel Permeation 

Chromatography (GPC). 

  

Results and Discussion 

Long-term degradation tests (Fig. 1) show strong dependence of degradation time on blend composition, 

demonstrating the ability to controllably accelerate PLLA degradation via blending. The two blend components (PLLA 

and PLCL-PEG) do not simply degrade independently of each other, but rather the degradation products released 

by the fast degrading polymer (PLCL-PEG) catalyse and accelerate the degradation of the slower degrading PLLA 

component. This is shown by the molecular weight distributions measured by GPC (Fig. 1), where the measured 

blend degradation is greater than would be expected for independently degrading components. 

Important changes in the mechanical properties during degradation are also observed (Fig. 2). The large initial 

ductility is lost after 30 days degradation for most blend compositions. For blends with low PLCL-PEG content this 

occurs due to aging (shown by increased Tg and larger associated endothermic peak in DSC) as the relatively 

homogeneous composition provides little barrier to rearrangement. For high PLCL-PEG content, molecular weight 

degradation has shortened chain length sufficiently to allow significant rearrangement i.e. crystallisation (shown by 

XRD), also resulting in embrittlement. These two effects result in a “sweet spot” of moderate PLCL-PEG content that 

is high enough to prevent aging, but not so high as to cause degradation-induced crystallisation, leading to delayed 

structural relaxation and embrittlement for these compositions (20-30% PLCL-PEG). 
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Initial results for polymer-glass composites (Fig. 2) show that glass addition significantly improves stiffness, while 

retaining some ductility - a promising result for load-bearing applications where high stiffness is desirable but brittle 

failure can be catastrophic. 

  

Conclusion 

Blending PLCL-PEG with PLLA controllably accelerates hydrolytic degradation. In large amounts this leads to 

crystallisation and embrittlement, however in smaller amounts PLCL-PEG balances faster degradation and 

resistance to the structural relaxations (aging, crystallisation) that cause embrittlement. Early work on polymer-glass 

composites indicates that phosphate glass addition can successfully increase stiffness without causing brittle failure, 

paving the way towards a combined blending-composite strategy to achieve bioresorbable materials that have (and 

retain) favourable mechanical properties along a suitable degradation timescale. 
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Fig. 2 Mechanical properties of polymer blends 

and composites 
Figure 2: Elongation at break (in 37°C water) 

for PLLA:PLCL-PEG blends before and after 30 

days degradation, with DSC and XRD plots inset 

(left); mechanical properties of PLLA-phosphate 

glass composite (right). 

 

 

Fig 1. pH and molecular weight distribution 

after degradation 
Figure 1: pH measurement during degradation of 

PLLA:PLCL-PEG blends (left); molecular weight 

distributions for PLLA:PLCL-PEG blends before 

and after 30 days degradation (middle and 

right). Calculated curves are based on a linear 

combination of the individual blend components 

(red = PLCL-PEG, green = PLLA) before and after 

degradation. 
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Introduction 

Current bone tissue engineering strategies are based on porous biocompatible scaffolds seeded with tissue-specific 

cells. Improvement in rapid prototyping technology, such as 3D printing, allows fabrication of custom-made 3D 

scaffolds with high resolution. Our group has developed a new material, made of medical grade poly(lactic-co-

glycolic) acid (PLGA) mixed with 10% (w/w) hydroxyapatite nanoparticles (HA) for 3D printing by Fused Deposition 

Modelling (FDM). It showed a low chemical degradation during manufacturing steps, expected loading and 

homogeneous HA distribution. Based on this, our aim was to evaluate biocompatibility and osteopromotive potential 

of these new materials. 

  

Experimental Methods 

PLGA and PLGA-HA 10% (w/w) filaments were used to 3D printed porous membranes. The membranes were seeded 

with human adipose-derived stem cells (hADSCs) or human bone marrow stem cells (hBMSCs). Cytotoxicity was 

assessed according ISO 10993-5, cell proliferation by CyQuant® and cell viability by Live-Dead. Osteogenic 

differentiation was evaluated with qualitative alkaline phosphatase (ALP) staining and quantification of mineralization 

by red alizarin. Inflammatory potential was analyzed by subcutaneous implantation in rat during 1 and 4 weeks. 

  

Results and Discussion 

The composite materials were non-cytotoxic. Both hADSC and hBMSCs had high viability and proliferate on the 

materials, even after 21 days of culture [Figure 1]. At day 21, hADSCs highly colonized the material and formed 

bridge-like structures in the pores [Figure 1]. ALP staining and mineralization seemed higher with PLGA-HA 10% 

materials relative to PLGA for both cell types. Histological results for subcutaneous implantation are under way. 

PLGA is largely known to be cytocompatible [1]. As expected, addition of HA might have positive impact on 

osteodifferentiation [1,2]. 

  

Conclusion 

Our preliminary data demonstrate that it was possible to fabricate a PLGA-HA composite biomaterial for 3D printing 

by FDM. Materials showed favorable properties and relevant cellular response for bone tissue engineering 

applications. Our next evaluations will focus on osteoblastic gene expression characterization and implantation in a 

critical calvaria defect model in rat to assess bone regeneration potential of developed materials. 
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Figure 1. Evaluation of cell viability with 

Live-Dead assay.  
hADSCs and hBMSCs was seeded on PLGA and PLGA-HA 

10% (w/w) membranes. Cell viability was 

evaluated by a Live-Dead assay on days 7 (D7), 

14 (D14) and 21 (D21).  
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Introduction 

Due to their elastomeric behavior, polyurethane-based scaffolds can find various applications in soft-tissue 

engineering [1,2]. However, their relatively inert surface leads to develop solutions in order to improve cell adhesion 

and control cell fate. Porous biodegradable scaffolds based on poly(ester-urethane-urea) (PEUU) were developed in 

our laboratory [3]. With the aim to promote cell responses, the present study focuses on the use of cold plasma 

treatment to increase cell migration within PEUU scaffolds. 

  

Experimental Methods 

PEUU scaffolds were prepared based on a polyHIPE method [3]. In vitro assays were carried out using mesenchymal 

stem cells (MSC). The study of cytotoxicity was carried out in accordance with ISO 10993-5 and ISO 10993-12 

standards. For migration studies, MSCs were grown up to confluence and were submitted to the cold plasma 

treatment during various times. Finally, sterilized PEUU scaffolds were set down onto the cell mats to achieve cell 

infiltration. Hemalun staining was employed to visualise the cells within the scaffolds. 

  

Results and Discussion 

Preliminary studies showed that PEUU scaffolds were suitable biomaterials for supporting the adhesion of MSCs, 

providing a suitable environment for MSC proliferation in 3D spatial arrangement and allowing the MSC differentiation 

into an osteoblastic phenotype lineage [3]. In the present study, it was demonstrated that the plasma treatment did 

not elicit a cytotoxic response towards MSCs. Moreover, the plasma treatment increased the MSC metabolic activity 

and growth rate. Finally, MSCs were able to migrate into PEUU scaffolds and the migration was drastically improved 

when MSCs were submitted to the cold plasma treatment. 

  

Conclusion 

Our work demonstrated the potential of the use of cold plasma treatment to increase cell migration within PEUU 

scaffolds. 
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Introduction 

Hyaluronic acid (HA) oxidised as HA-aldehyde is hydrolytically stable precursor suitable for variety of subsequent 

chemical modifications. The most common oxidation agent is sodium periodate in water producing higher degrees 

of modification but also cleaves the hyaluronan molecule in position C2-C3 of glucuronic acid1 resulting in a semi-

broken polysaccharide chain. More-steps approaches are based on attachment of spacers bearing aldehyde group 

usually in protected form2. This method involves more than 1 synthetic step for synthesis. Very rare are methods 

using agents able to reduce the carboxylic group of HA directly into the aldehyde function3. The main disadvantages 

of all above-mentioned methods are significant changes in conformation or in polarity of HA chain in comparison with 

the native HA and in some cases more complicated synthesis. 

On the other hand, simple and regioselective oxidation of HA in position 6 of glucosamine on HA-aldehyde (HA-

CHO)4 neither cleaved any saccharide ring of the polymeric chain nor involved an attachment of potentially 

problematic spacers. Synthesis can be performed in water with catalytic amount of TEMPO and stoichiometric 

equivalent of NaClO. 

  

Experimental Methods 

NMR spectra were recorded on Bruker 500MHz 

  

Results and Discussion 

HA-CHO with aldehyde group in position 6 of glucosamine form in water stable but still sufficiently reactive geminal 

diol (HA-CH(OH)2)1. This material has electrophilic properties and can react with hydrides (reduction), amines 

(conjugation), simultaneously amines and hydrides (reductive amination) or can facilitate a regiospecific elimination 

of water from position 4 and 5 of glucosamine cycle (beta elimination). Depending on applied agents, these 

transformations can produce variety materials as: hydrogels (crosslinked HA), HA “naturally” labelled with deuterium 

or tritium, hydrolytically stable HA-amine conjugates, hydrolytically cleavable HA-amine conjugates (possibly pH-

responsible) and materials with enhanced anti-oxidative and anti-cancer properties (-C=C- double bond), (Scheme 

1) 

  

Conclusion 

Synthesis of HA-CHO is simple, effective and produces biocompatible and biodegradable material with enormous 

potential for variety of biomedical applications. This precursor can attach structurally different amines under 

physiological conditions giving conjugates with large variety of hydrolytic stability or pH responsibility. If bi or multi-

functional amines are used, crosslinked hydrogels suitable for tissue engineering can be prepared. Reduction of 

saturated or unsaturated HA-CHO with hydrides give either HA labelled with hydrogen-isotopes (if NaBD4 or NaBH3T 

are used), or HA derivate with -C=C- double bond in positions 4 and 5 of glucosamine cycle. This unsaturated HA 

showed enhanced anti-oxidative and anti-cancer properties. 
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Scheme 1, Possible products of modification of 

HA-CHO, X = -NH-, -O-, -NH-CO-. 
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Introduction 

Hyaluronic acid (HA) modified with an aldehyde group (HA-CHO)1 has large potential for the covalent attachment of 

the amino compounds under physiological conditions. Modification of HA-CHO to its α,β-unsaturated analogue (ΔHA-

CHO)2 generally increases the stability of the reversible imino-attachment due to conjugation of the imine moiety with 

the adjacent -C=C- double bound. 

The aim of this work was to study imino-conjugates of ΔHA-CHO with variety of structurally different amines. It was 

expected that hydrolytic stability of the final imino-conjugates will depend on the chemical structure of the amines 

and on the pH value. 

  

Experimental Methods 

NMR spectra were recorded on Bruker 500MHz. 

  

Results and Discussion 

Condensation reactions of amines with aldehydes can be performed in water environment. Several types of 

structurally and biologically different amines were included in this study: 6-aminohexanoic acid, 4-bromoaniline, 4-

nitroaniline, 4-toluensulfonylhydrazide, adenine, benzhydrazide, benzocaine, D-glucosamine, dihydrazideadipate, 

Doxorubicin, Dopamine, Histamine, Hydralazine, hydrazinium sulfate, hydroxylamine, hydroxylamine-O-sulfonic 

acid, phenylhydrazine, propane-1,3-bisoxyamine, Serotonine, Sulfanilamide and Thiamine. Chemical shift of the 

imino proton (-CH=N-) of ∆HA-imine is easily detectable by standard 1H NMR spectroscopy. Amino compounds are 

added to the reaction mixture in small excess (1.5 eq.), therefore the electrophilic imino double bond of ∆HA-imine 

can further react with another amino nucleophile via addition reaction giving a ∆HA-aminal. All steps of the 

condensation reaction are reversible (Scheme 1). 

  

Conclusion 

Imino-conjugates of ∆HA-CHO with structurally different amines were described at various pH values. The results 

showed that only aliphatic amines are immobilized by highly pH-responsible covalent attachment where the hydrolytic 

cleavage occurred at pH value in the range between 6 – 9 depending on the chemical structure of the amine. Electron 

deficient aromatic amines did not form the imine group at all. On the other hand, hydrazines, hydrazides and 

oxyamines were conjugated efficiently in entire range of pH and only negligible amount of starting aldehyde was 

detected in all cases. 

Results showed structural features of amino compounds responsible for their reversible attachment. Data can help 

to design new amino-conjugates with tailored pH-responsibility. This study showed enormous potential of ∆HA-CHO 

mainly for applications in drug delivery where pH responsible attachments of biologically active amines are needed. 
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Scheme 1, Possible products of conjugation of 

∆HA-CHO with amines. 
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Introduction 

The phenotypic control of corneal keratocytes is crucial for the success of both stromal inlays and regenerative 

constructs. In fact, there have been FDA warnings for some corneal inlays due to corneal haze and fibrosis. Designing 

a material that does not activate keratocytes would be worthwhile for future inlay products. In addition, stromal 

regenerative constructs, as an alternative to donor tissue, require ECM production in the same highly ordered 

structure of the cornea; any disruption in the cornea’s tissue can cause a decrease in transparency. In order to 

maintain corneal keratocyte phenotype, we are developing supramolecular polymers for these two applications. 

Supramolecular chemistry relies on non-covalent interactions that are biomimetic and dynamic. We propose a 

poly(zwitterionic-co-UPy) polymer for use in corneal tissue products such as presbyopic inlays and other 

supramolecular polymers for use as stromal constructs in order to achieve an optimal keratocyte. 

  

Experimental Methods 

Iso-UPy, courtesy of SupraPolix (Eindhoven,NL) was coupled to hydroxyethyl methacrylate (HEMA) via a urethane 

linkage to create UPy-methacrylate (UPyMA). 1H NMR was performed on monomer and polymer species to confirm 

products. We prepared a controlled radical polymerization, by reversible addition-fragmentation chain transfer 

(RAFT), to prepare different molecular weights of MPC-UPyMAx. For the copolymerization of UPyMA and MPC, 0, 

1.25, 2.5, 5 mol% UPy monomer concentrations were sampled at different times to determine molecular weight and 

conversion %. FTIR was also performed to show the addition of UPy functionalization of copolymers. Finally, anti-

fouling and cell viability were assessed.  

  

Results and Discussion 

We have confirmed that RAFT via UPyMA and MPC monomers is achievable. The polymerization was monitored at 

different times to assess reaction kinetics. Monomer conversion was analyzed by the disappearance of vinyl 

protons in 1H NMR and compared to backbone protons for kinetic measurements. By plotting the logarithm of Mn/Mo 

(instantaneous monomer concentration to initial monomer concentration), we can compare the linearity of the data 

to pseudo-first-order kinetics which is associated with RAFT polymerizations. Because RAFT offers good control over 

molecular weight, we chose eight hours as the termination point and calculate the molecular weight Mn by end-group 

analysis on H1 NMR. Calculated Mn's and associated UPy content (mol%) were tabulated. The antifouling character 

was confirmed. 

  

Conclusion 

These preliminary results show that we are able to synthesize copolymers of UPyMA and MPC using RAFT 

polymerization. Polymerizations can be controlled by Mn and UPy content (mol%). We have fabricated the polymers 

into thin films and coatings, which can be applied to corneal inlays. We also show proof of concept work for new 

supramolecular polymers based on host-guest complexation. 
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RAFT Copolymerization Mechanism 
RAFT polymerization of MPC monomer and UPyMA for 

copolymer coatings.  
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Introduction 

Thanks to their high surface-to-volume ratio and their open and interconnected porosity, among others, 

electrospinning (ES) has gained importance for biomedical applications1, 2. Electrospun nanofibers (ENFs) can be 

used as scaffolds and as delivery vectors for drug, growth factors and cells. In addition, ES can be applied to a large 

range of organic and inorganic polymers such as polyvinyl alcohol (PVA) and polyurethane (PU). PVA is a water-

soluble polymer and PU is displays interesting mechanical properties. Cyclodextrins (CD) can be used for host-guest 

interactions and for fine tunning the release of loaded drugs3. As CD and PVA are both water soluble, these materials 

can be combined. Simvastatine (SMV) is a drug used to reduce the cholesterol levels and to fight against restenosis4. 

This work aims to study the feasibility of loading SMV in PVA-cyclodextrin and in PU ENFs 

  

Experimental Methods 

ES solutions of PVA consisted of PVA (8% w/v), citric acid (CA, 0.8% w/v) and hydroxypropylbetacyclodextrin (HPB, 

3.0% w/v). After ES, PVA ENFs were thermally treated (TT; 160°C, 1 h). ES solutions of PU consisted of PU (10% 

w/v) in a DMF:THF solution at a 2:3 ratio. The morphology of NFs was observed with SEM. SMV loading and release 

from the NFs was studied. SMV was incorporated either into the PVA and PU ENFS or at the PVA and PU solutions 

at 0, 5, 10 and 15% w/v. For ES, the polymer solutions were loaded into a 5 mL syringe and placed onto a syringe 

pump. Syringe was connected to a 21G needle via a catheter. The electrospinning parameters used for PVA//PU 

were, flow rate of 0.2//0.4 mL/h, a distance of 20 cm and an applied voltage of 15.5//8 kV. Temperature and relative 

humidity were around 24 °C and 30%, respectively, for both polymers. The cytotoxicity of ENFs was assessed by the 

ISO 10993-5 standard, using Human Pulmonary Microvascular Endothelial Cells (HPMEC cells), following the 

extraction and direct contact methods. 

  

Results and Discussion 

HPB had a tuning release effect of the loaded drug5. ENFs had different release behaviors depending on the type of 

polymer, i.e. PVA or PU. No cytotoxic effect was displayed by pristine PVA and PU ENFs, i.e. without SMV. 

Nevertheless, SMV, even at the minimal amount of this study, i.e. 5% w/v, created a cytotoxic effect on HPMEC cells. 

PVA and PU ENFs could theoretically be applied on supports, such as stents or implants. 

  

Conclusion 

This, opens possibilities for their use for cardiovascular and bone regeneration applications with tuned drug loading 

and release capacities. 
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Introduction 

Actually, the developing of science and nanotechnology has allowed the synthesis of new materials with biomedical 

applications. Among them, the graphene and its oxidated forms, such as graphene oxide (GO), have been used in 

this area for their biological, chemical, physical and mechanical properties [1]. An important application of this material 

is its functionalization capacity with biocompatible polymers, as the gelatin (G), to obtain GO-G aerogels.These 

aerogels are materials that present low density, high surface area and porous structures [2]. Based in this properties, 

it is possible use them in the biomedical field, as a hemostatic agent, in the control of profuse bleeding generated in 

wounds. The aim of this study was synthesized GO-G aerogels by icrowave assisted reaction, to evaluate their 

surface properties and hemostatic performance, in order to validate its use as a hemostatic agent. 

  

Experimental Methods 

The GO-G aerogels were developed to different synthesis conditions (pH and GO-G ratio) [1], to analyze the influence 

of these factors on the physicochemical properties of the biomaterials synthesized. Subsequently, the capacity 

absorption of the synthesized aerogels on phosphate-buffered saline (PBS) was determined, simulating of pH wound 

conditions. The internal structure of the synthesized aerogels was evaluated by scanning electron microscope (SEM), 

to observe the blood cell adhesion to the structure of these materials. Also, a droplet of fresh blood was dropped 

onto the GO-G aerogels surface to different exposure times (30 to 240 seconds) to evaluate the process of blood 

absorption. Finally, the blood absorption capacity assays and in vitro dynamic whole-blood clotting by absorbance 

determination were developed [3] using 50 microliters of fresh blood to conditions similar to the previous ones, was 

carried out to evaluate the hemostatic performance of these aerogels. 

  

Results and Discussion 

Among the developed aerogels, those synthesized at basic conditions and a greater proportion of gelatin had the 

higher PBS absorption capacity (up to 65%), indicating that these materials could have a better interaction with 

external media such as blood. Also, the SEM images showed that there was an adhesion of red blood cells in the 

materials synthesized (see Figure 1) and this phenomenon increased proportional to the content of GO in the 

aerogels synthesized, as seen in the Figure 1b); regardless of pH conditions used in the synthesis. This phenomenon 

can explain due the interactions between GO and blood components, favoring the hemostatic performance of these 

aerogels. Finally, all the synthesized aerogels had blood absorption capacities higher than 70% in a maximum time 

of 240 seconds, which can favor the control of profuse bleeding and validate its use as possible hemostatic agent. 
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Conclusion 

The studied showed the possibility of the use of GO-G aerogels as hemostatic agents according to the internal 

structure and blood absorption capacity reported. 
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Figure 1. SEM images 
a) GO-G aerogels at basic pH and 1:15 GO-G 

ratio, b) GO-G aerogels at acid pH and 1:10 GO-G 

ratio, c) GO-G aerogels at neutral pH and 2:25 

GO-G ratio. 
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Introduction 

Degradable elastomers with elastic properties close to those of soft tissues are in great demand for tissue-

engineering [1]. Most degradable elastomers developed so far are based on functional low molecular weight pre-

polymers that are combined with molecular crosslinkers to yield elastomeric 3D networks [2]. To overcome this 

limitation, we developed a star-shaped macromolecular multi(aryl-azide) photo-crosslinker based on PEG8arm-PLA 

copolymer that has the ability to efficiently crosslink any polymer containing C-H bonds independently of its molecular 

weight and without the need for pre-functionalization [3]. In this work, we evaluate the elastomeric fibrous scaffolds 

based on electrospun photo-crosslinked high molecular weight PLA-Pluronic®-PLA [4] fibers in terms of mechanical 

properties, degradation properties and cytocompatibility. 

  

Experimental Methods 

Well defined PLA-Pluronic®-PLA and PEG8arm-PLA block copolymers were synthesized via ring-opening 

polymerization for 5 days at 130°C. The aryl-azide functional PEG8arm-PLA-fN3 was synthesized at 45°C for 6 days 

under stirring in the dark. Polymer blends PLA-Pluronic®-PLA and PEG8arm-PLA-fN3 or PEG8arm-PLA were dissolved 

in DCM/DMF (50/50 v/v) and electrospun with an applied voltage of 15kV. Fibrous scaffolds were irradiated under 

UV-light for determined periods using a Dymax PC-2000 system (75 mW.cm-2). Mechanical measurement were 

carried out using Instron 3344. Degradation tests samples were conducted in PBS (pH 7.4) at a constant 

temperature. Mouse fibroblasts L929 cells were used to evaluate the cytotoxicity of the scaffolds. 

  

Results and Discussion 

The new degradable macromolecular multifunctional (aryl azide) photo-crosslinker based on 8-arm star-block 

PEG8arm-PLA-fN3 copolymer yielded up to 55% gel fraction. This allowed the production of elastomeric fibrous 

scaffolds based on PLA-Pluronic®-PLA/PEG8arm-PLA-fN3 by an electrospinning process. Photo-crosslinking of PLA-

Pluronic®-PLA by PEG8arm-PLA-fN3 yielded biomaterials with enhanced elastomeric properties with elastic limits as 

high as 182%, while offering the possibility to modulate the degradation kinetics. The cytocompatibility study show 

the absence of cytotoxicity of the extracts in contact with L929 cells. 

  

Conclusion 

Thanks to their ability to crosslink any polymer containing C-H bonds, PEG8arm-PLA-fN3 are useful for the 

development of original degradable and elastomeric scaffolds for soft-tissue reconstruction. In addition, we believe 

that the concept of star-shaped multi(aryl azide) copolymer could be easily applied to other applications and 

processes thanks to the tunability offered by the macromolecular nature of this type of photo-crosslinker. 
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Introduction 

Many research activities in the implant fabrication are focused on the enhancement of their biocompatibility. Recent 

studies show that even though cardiovascular implants are well established and commonly used, they have a limited 

lifetime and their properties and functionality can be affected.1,2 Current research is focused on the improvement of 

the implant properties, to prevent bacterial biofilm formation in dental implants, formation of blood clots in mechanical 

implants (heart valves) or the degradation of bioprotheses.3-5 Also, the rejection of the organ implant is a problem.6 

To overcome these challenges, the synthesis of patient-specific implants is necessary. 

  

Experimental Methods 

The aim of this work is to synthesise biohybrid hydrogels consisting of natural fibrin and synthetic linear reactive 

copolymers based on poly(N-vinylcaprolactam) (Figure 1). This gel serves as an artificial extracellular matrix for cell 

differentiation that should be used for the synthesis of biohybrid cardiovascular implants. For this reason, a variety 

of copolymers was synthesised, varying their molecular weights, chemical composition and type of functional groups. 

Regarding to the synthesis of hydrogels, the ratios and addition mode of components (reactive copolymer, fibrinogen 

and thrombin) as well as their order may have an influence on the mechanical properties of the resulting hydrogels. 

Additionally, the reactive copolymer is able to bind to both, fibrin and fibrinogen. For this reason, it is also interesting 

to synthesise softer gels without thrombin.This enables the possibility of designing a toolbox of various biohybrid 

hydrogels with different morphology and mechanical properties and, as a result, diverse influences on the 

differentiation of e.g. human stem cells. We demonstrate that the resulting hydrogels will differ in pore sizes as well 

as in their storage modulus and their stress-strain behaviour. The analysis of the pore sizes was performed by using 

different microscopy and staining methods (Figure 2). In addition, the characterisation of the mechanical properties 

was conducted using rheology. 

  

Results and Discussion 

First experiments showed, that all samples with 3 mol% comonomer, as well as the pure fibrin gel, demonstrated 

strain-softening behaviour. In future experiments we will analyse, whether it is possible to obtain hydrogels which 

develop strain-stiffening behaviour, with a varying comonomer concentration and a varying polymer chain length. 

  

Conclusion 

Future tests will focus the differentiation of human stem cells on these hydrogels with different mechanical properties. 
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Exemplary Cryo-FESEM images of hydrogels with 

and without a functional copolmer. 
Cryo-FESEM images (voltage 1kV, magnification 

2.5k) of a pure fibrin gel (left) and a 

biohybrid hydrogel (right) consisting of fibrin 

and a copolymer. Both gels were synthesised in 

GBSH5-buffer. 

 

 

Scheme for the synthesis of biohybrid hydrogels 

based on fibrinogen and a functional copolymer. 
The copolymer (black-red) can bind to fibrinogen 

(blue square) and to the fibrin fibres (blue 

chains). The comonomer with reactive group is 

shown in red. 
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Introduction 

Surface properties of many biomaterials have significant impact on cell integration and adhesion in tissue 

engineering. Electrospinning is commonly used to produce mats to support cells proliferation. The controlled  fiber 

size and space between fibers enable cell attachment inside 3D fiber structures[1]. Poly(3-hydroxybutyric acid-co-3-

hydrovaleric acid) (PHBV) is natural, thermoplastic aliphatic polyester which is produced by bacteria. PHBV was 

proven to be non-toxic, biocompatible polymer giving good cellular response[2,3]. Electrospun fibers are usually 

produced with positive voltages, however by changing voltage polarities, the chemical composition of the fiber surface 

can be modified[4,5]. Within this study we wanted to evaluate influence on cellular response to surface chemistry of 

fibers controlled via electrospinning. 

  

Experimental Methods 

Materials and electrospinning 

PHBV (PHV content 2% wt, Mw=450 000 gmol-1, Helian Polymers, The Netherlands) was dissolved at 8% wt in 

chloroform and N,N-dimethylformamide (DMF) solution in volume ratio 9:1. Electrospinning was carried out using 

EC-DIG with the climate system (IME Technologies, The Netherlands) at T=25˚C and H= 40%. The positive (+17 kV) 

or negative (-17 kV) voltage polarities were applied to the stainless needle with the inner diameter of 0.8 mm, with 

the solution flow rate at 0.1 ml·min-1, keeping 20 cm needle to collector distance. 

Cell culture and cell viability assay 

The biological tests were carried out for 1, 3 and 7 days using the NIH 3T3 cell line in the amount 2x104 cells per 

well. The culture was grown under standard conditions, i.e. at 37°C, 95% of humidity and 5% CO2 at the atmospheric 

pressure. Cell proliferation was evaluated by colorimetric measurement of MTS assay (CellTiter 96 Aqueous One 

Solution Cell Proliferation Assay, Promega, the USA). The quantity of formazan product was carried out at 490 nm 

using spectrophotometer. Tissue culture polystyrene (TCPS) was used as a positive control for this assay. 

Scanning electron microscopy (SEM) and surface characterization 

The samples after cell seeding were dehydrated in a series of ethanol (50%, 70%, 96% and ~99,9%). The mats and 

fibers with cells samples were coated with 3 nm gold layer for SEM investigation. Surface chemistry of PHBV fibers 

was verified using angle X-ray photoelectron spectroscopy (XPS, PHI VersaProbeII ULVAC-PHI, Chigasaki, Japan). 

  

Results and Discussion 

Electrospun PHBV fibers produced with positive and negative voltage polarity (Figure 1) had similar morphology and 

the average fiber diameter, 2.47±0.21µm and 2.44±0.15µm, respectively. The XPS analysis confirmed the functional 

groups reorientation[4] for fibers produced with positive voltage polarity higher 4% content of carbonyl group 
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comparing to fibers produced with negative voltage polarity. Surface properties of PHBV fibers affect the cell 

proliferation as previously was showed on other polymer fibers[1]. 

  

Conclusion 

Alternating the voltage polarity in electrospinning allowed to control the surface chemistry of PHBV fibers. The spatial 

structure of the mats and surface chemistry of the fibers supported cells attachment and proliferation, resulting in 

enhanced integration with the PHBV fibers produced with negative voltage polarity. The study confirmed the 

biocompatibility of PHBV mats for medical applications. 
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Figure 1 SEM micrograph of PHBV fibres 
SEM micrograph of PHBV fibres produced with (a) 

positive and (b)negative voltage polarity. 
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Introduction 

Many years of research into chitosan-based biomaterials highlighted important, the relationship between degradation 

rate of chitosan and its properties such as degree of deacetylation, viscosity, molecular weight as well as biological 

source and production methods [1]. Peripheral nerve engineering relies on well interplay between designed 

biomaterial features, cells and conditions inside the human body [2]. In order to provide appropriate environment for 

regeneration degradation kinetics of tubular conduits should be adjusted to the regrowth rate of nerve cells. 

Therefore, in this study, implants made of chitosan with different degree of deacetylation and average viscosity are 

subject of degradation studies. The structures were incubated in phosphate buffered solution (PBS) and in PBS 

enriched with lysozyme solution, that mimic the conditions of peripheral nervous tissue. The lysosome was found in 

wide and various range of concentration in human body fluids [3]. 

  

Experimental Methods 

The implants where prepared from chitosan (Heppe Medical Chitosan GmbH) with three different degree of 

deacetylation (i.e. 75, 85, and 95%) and three different average viscosity (i.e. 100, 500, and 1000mPas) using 

electrodeposition phenomenon [4]. The obtained structures were incubated in a phosphate buffered solution - PBS 

(Sigma Aldrich, pH 7.4) and in human lysozyme (Sigma Aldrich) with phosphate-buffered solution, at 37°C for 

specified periods of 1, 7, 14, 21, 28, and 56 days (in PBS) and 1, 7, 14, 21 days (in lysozyme with PBS). Afterward, 

chemical, mechanical and biological properties of the obtained implants are evaluated. In this study the tubular 

structures were subjected to a strength testing (Instron 3345 tensile testing machine, USA) and Fourier-transform 

infrared spectroscopy – FT-IR (Thermo Scientific FTIR Nicolet iS50). 

  

Results and Discussion 

According to the strength tests and organoleptic analysis the process of degradation is accelerated by the lysozyme 

in PBS solution. These results indicated that after 21 days in lysozyme solution the implants are breakable and weak, 

when the implants in PBS where elastic up to 56th day. The analysis of FT-IR spectra indicates the difference in 

chemical composition between the external and internal side of tubular implants. The durability and strength of 

obtained implants can be controlled by degree of deacetylation and average viscosity of chitosan. 

  

Conclusion 

The obtained results allow determining degradation rate based on the applied chitosan (i.e. its degree of 

deacetylation, viscosity and molecular weight of chitosan). Choosing appropriate initial viscosity and degree of 

deacetylation of chitosan we are able to adjusted the implant degradation kinetics to the specific peripheral nerve 

injury case. This fact is a significant advantage to be used in peripheral nervous tissue regeneration, because the 

diameter of the nerve depends on its location in the body. Moreover, the presence of trace amounts of enzymes e.g. 

lysozyme in mammal’s organism should be considered in internal implants degradation studies. 
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Introduction 

Glioblastoma multiforme (GBM) is the most common primary brain tumor in adults. Because of its aggressive and 

infiltrative nature, efficient treatment with systemic chemotherapy remains a major challenge1. 

In this work, hybrid core-shell polymer nanoparticles (PNPs) for concomitant loading of multiple payloads and imaging 

agents were designed. 

Moreover, their transport kinetics after intra-cranial (i.c) administration were investigated. 

  

Experimental Methods 

PNPs were prepared via a nanoprecipitation/self-assembly method to obtain a hybrid structure composed of a cell 

membrane-friendly lipid outer shell for long circulation and ready conjugation with imaging agents and a polymer core 

of multi-block polyurethanes (PURs) to host multiple payloads. 

PNPs labeled with an infra-red dye and loaded with a fluorescent molecule simulating a therapeutic payload, were 

i.c. administered in highly infiltrative GBM model2 and their transport kinetics were investigated using  different 2D/3D 

imaging techniques. 

  

Results and Discussion 

PNPs exhibited high loading efficiency and remarkable imaging capabilities, showing high selectivity as MRI contrast 

agents as well as a high Contrast to Noise Ratio (CNR) in fluorescent/photoacustic imaging3. 

  

Conclusion 

PURs PNPs demonstrated potential to combine imaging and therapy, high tissue penetration ability, long-term 

retention inside the brain, warranting further investigation as theranostic nanocarriers in GBM. 
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Introduction 

Cryogels are highly porous hydrogel materials produced by freezing the precursor components either prior to, or 

during the gelation process.[1][2] The ice crystals that formed during freezing leave behind a macroporous network. 

The strut and pore structure of cryogels makes them tough and robust during handling, yet, as a bulk structure, be 

compressible and soft. The aim of this work is to tailor make a range of cryogel structures of various shapes and 

chemistries, to suit the end application. This work represents the progress that we have made, together with our 

project collaborators, towards this aim. There are two distinct cryogel scaffolds described herein (both unpublished), 

both of which are tailored to different specific uses tackling the following objectives as follows: 

1. Cryogel cylinders – Create a delivery device for focal demyelination on ex vivo mouse brain slices 

2. Sulphated cryogel lines – Deliver cell tracing dyes molecules to the developing human neocortex ex vivo 

  

Experimental Methods 

A range of hydrogel precursor units (including poly(ethylene glycol) diacrylate, and sulfate containing acrylate 

monomers) were polymerized at sub-zero temperatures, within polystyrene or polydimethylsiloxane templates (all 

unpublished work). Once removed from the templates the cryogels were submerged in solutions containing the 

desired molecules to be delivered to slice cultures and placed either on, or in close proximity to the tissue 

slice.  Lysophosphatidylcholine (LPC) was delivered to spinal cord and cortical sections (mouse) to establish a focal 

model of demyelination to better mimic the patchy nature of Multiple Sclerosis. Fluorescent dyes were delivered to 

embryonic neocortex (human tissue) to create gradient effects within the developing tissue.  

  

Results and Discussion 

Figure 1 shows scanning electron microscopy analysis of the completed cryogel structures and a sample image of 

its use towards the specific objective. The shape of the cylinders and lines was directly determined by the polystyrene 

template used. The cryogel cylinders deliver LPC to a limited area of the brain slice, creating focal demyelination. 

The sulphated cryogel lines produce a pattern of delivery to the developing fetal cortex which is currently being used 

to elucidate mechanisms of cortex folding. 

  

Conclusion 

Cryogels offer a versatile platform technology from which to spatially restrict the delivery of molecules to tissue in 

culture. In addition, the macroporous structure makes them well suited for culturing cells in a three dimensional, 

extracellular matrix-mimicking environment. 
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Introduction 

The development of 3D structures through micro- and nanofibers offers a high surface area for cell adhesion with 

suitable porosity, which promotes diffusion of nutrients and gases to aid viability and proliferation of those cells. This 

is one of the major Tissue Engineering challenges1. Recent studies have demonstrated satisfactory results of 

Cellprene® blend when employed as a scaffold in animal tests. Their viability as a biomaterial, such as in tracheal 

stent, in the cranial region, and/or in bone environment has been investigated and proven as an adequate 

alternative2,3. Several techniques have been developed to obtain fibers and one of the main limitation to produce 

micro- and nanofibers at a large scale and low cost. Rotary jet spinning is an efficient technique to produce fibers 

and some works have demonstrated that this technique presents a number of advantages, such as low cost, high 

throughput and environmental friendly4,5,6. Considering the diversification of materials and processing techniques 

used in biomaterials field, it is essential to obtain a biomaterial through a technique that ensures a reduction of time 

and costs, allowing its broad and unrestricted accessibility. In order to achieve these aims, the purpose of this study 

was to obtain the novel biomaterial Poly Lactic-co-Glycolic Acid (PLGA) and Polyisoprene (IR) blend 

(Cellprene®) pure and with Hydroxyapatite (HAp) micro- and nanofibers by rotary jet spinning in order to generate a 

potencial scaffold for tissue engineering. An inexpensive alternative rotary jet spinning technique, using a cotton 

candy machine, was used to produce the fibers. The hydroxyapatite was added to promote a superior bioactivity. A 

comparison between fibers produced via electrospinning and rotary jet spinning techniques was conducted. 

  

  

Experimental Methods 

PLGA copolymer (Purac Biomaterials, Netherlands) with proportions of 84 mol% monomer L-lactate, 16 mol% 

glycolide was used as obtained. IR (Mafer, Brazil) in the natural latex structure centrifuged at 60% was purified by 

re-precipitation method7. HAp powder was obtained by precipitation technique through wet route8. Cellprene® was 

prepared by dissolution of PLGA and IR (60 wt% and 40 wt%) in chloroform by magnetic stirring. Then, it was dried 

in an oven during 24 h for solvent volatilization2. The ratio of PLGA/IR with hydroxyapatite was PLGA, IR and HAp 

(54 wt%, 36 wt% and 10 wt%). In order to obtain fibers, both blends were dissolved in chloroform - concentration 

3%w/v - and submitted to the spinning process. The fiber manufactured by rotary jet spinning used following 

parameters: speed = 25 000 rpm, orifices diameter = 5 mm and cylindrical collector speed = 100 rpm. For the 

electrospinning was used a voltage of 20 kV and the distance between the needle and the target was 8 cm. The 

cylindrical collector speed was 600 rpm. Thermochemical analyses were conducted by Fourier Transform Infrared 

Spectroscopy (FTIR) and Differential Scanning Calorimetry (DSC) to the blends and fibers. Scanning Electron 

Microscopy (SEM) analyze was performed to evaluate the fibers morphological.   
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Results and Discussion 

Analysis of the chemical groups presents on PLGA/IR and with PLGA/IR/HAp blends were possible through 

observation of FTIR spectra. It was possible to observe the groups C=O and C-O, related to PLGA, and bands related 

to CH2, C=C and =CH bonds, related to IR, as well as vibrations in the region of CH3 bonds. The hydroxyl and 

phosphates groups related to HAp also were observed. In order to observe polymers thermal transitions, DSC 

analyze was performed. The thermogram presented expected results, as previously reported, where the blend was 

considered immiscible and showed thermal transitions at -66 ºC for IR and 59 ºC for PLGA9. SEM was carried in 

order to obtain information around morphological characteristics of fibers (Fig. 1 and 2). An important surface 

morphology parameter of scaffolds is the diameter distribution of fibers, which affects cell differentiation and 

proliferation10,11. Both techniques resulted in a wide diameters distribution (micro- nanoscale) for all compositions. 

The fibers obtained by rotary jet spinning presented smaller diameters than electrospun fibers. According to a recent 

study, a wide diameters distributions is desirable to tissue engineering, since its allow to combine both advantages 

of nano- and microscale structures12. 

  

Conclusion 

In this work the polymeric blend PLGA/IR and PLGA/IR/HAp fibers were successfully produced by the rotary jet 

spinning and electrospinning techniques. Both thermochemical analyses showed expected results, as FTIR spectrum 

and DSC thermogram evidenced it, as well rotary jet spinning proved its viability also presenting better results than 

electrospinning technique. SEM analyze confirmed to be possible to obtain micro- and nanofibers. Further analysis 

as mechanical and in vitro must be conducted, but it is plausible to believe that rotary jet spinning is a great candidate 

for soft tissue engineering application. 
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Figure 1. 
SEM of fibers obtained by electrospinning: a) 

PLGA/ IR b) PLGA/ IR/ HAp. 

 

 

Figure 2. 
SEM of fibers obtained by rotary jet spinning: 

a) PLGA/ IR b) PLGA/ IR/ HAp. 
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Introduction 

Over the last few years, polyurethanes (PUs) have been used extensively in biomedical applications as a result of 

offering a combination of biodegradability, elastomeric properties and thermoplastic processing conditions, which 

make them potential candidates for novel applications, especially in tissue engineering and medical devices [1, 2]. 

The biodegradability and other properties of PUs depend mainly on their chemical structure and especially on the 

hydrolysable ester bond in the main chain. Cells sense matrix stiffness by a mechano-transducer and prepare their 

morphology and specific lineage by transducing this information to a nuclear cell. Cells in different stiffness 

surfaces have diffrent shapes; brain cells are branched shape, muscle cells are spindle while bone cells have a 

polygonal shape [3]. PU films with different physical properties can affect cell proliferation and differentiation 

and open new prospects in tissue engineering. 

  

Experimental Methods 

The PUs were synthesized using a mixture of (PCL) and poly (tetra methylene ether) glycol (PTMEG) as poly diols, 

1, 6-hexamethylene diisocyanate (HDI) and 1, 4-Butanediol (BDO) for the preparation of PUs that is shown in Table 

1. The hMSCs differentiated to osteogenic cells on prepared PU films. 

Table 1. Recipe of synthesis of polyurethane with different contents of PTMEG, PCL, HDI, and BDO. 

 

Sample PTMEG 

(gr) 

PCL 

(gr) 

Mnsoftsegment(gr/mol) HDI 

(gr) 

BDO 

(gr) 

PU-100 0 12 2000 3.02 1.08 

PU-95 0.315 12 1950 3.18 1.14 

PU-90 0.666 12 1900 3.35 1.2 

PU-80 1.375 11 1800 3.46 1.24 

PU-70 2.143 10 1700 3.60 1.29 

PU-0 10 0 1000 5.04 1.8 
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Results and Discussion 

The osteogenic response of hMSCs was found to depend on both the modulus of the polyester/ether based PU 

substrates. As can be seen, PU-100 and PU-0 have the highest and lowest elongation at break and tensile strength, 

respectively (Fig 1a). The hydrophilic properties of the surface are virtually constant for all samples (Fig 1b). Calcium 

content measurements were performed to further evaluate osteogenic differentiation in TCPS and PU membranes 

at days 7 and 14 (Fig. 1c). After 7 and 14 days of culture in the osteogenic induction medium, the ALP activity of 

hMSCs on PU-100, PU-95, PU-90, PU-70, and PU-0 was significantly higher than TCPS (Fig. 1d). Similar results 

were obtained with the calcium content measurements. Fig. 2 shows the adhesion of differentiated hMSCs to the 

substrate. 

  

Conclusion 

We observed that changes in the formulation of polyurethane synthesis with two types of polyols (PCL and PTMEG) 

lead to producing PU films with different physical properties such as hydrophilicity. Cell proliferation and differentiation 

were impressed by superficial physicochemical cues. Increasing the surface stiffness improved stem cell 

differentiation to osteolinage cells. Thus, alterations in superficial cues (such as physical, chemical and mechanical 

properties on the surfaces of substrates) could not only lead to aberrant growth or differentiation of stem cells but 

also provide a potential therapeutic target for regenerative medicine. 
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Fig 1. (a) Tensile properties of PUs; (b) Water 

contact angle; (c) Calcium content of 

differentiated 
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Introduction 

Today, polymers play important role in a modern life. Due to the ability to vary the properties and a wide range of 

processing methods, polymers are used in almost all industries. Currently, about 99% of all plastic materials are the 

product of the petrochemical industry, i.e. they are produced from non-renewable resource as petroleum [1]. 

Therefore, in recent years, a trend has emerged to find ways to decide ecological problems and develop the polymers 

form bioresources. One of the most prominent representatives of biopolymers is polylactide (PLA) which is a 

sustainable alternative to petrochemical products, since lactids are obtained by microbial fermentation of agricultural 

wastes, mainly carbohydrate-rich substances [2, 3]. Another indisputable advantage of PLA is their high 

biocompatibility and FDA (Food and Drug Administration) approval these polymers for medical use. Today PLA is 

used widely for bio-packaging and in medical implants in the form of screws, fibers, sponges, cell scaffolds for tissue 

engineering and in microspheres for drug delivery. To expand the scope of application of PLA in medicine, it is 

necessary to modify its properties or improve existing ones. This can be done by developing of PLA based 

composites. The scope of this work is research of composite materials based on PLA with different fillers to improve 

mechanical characteristics of the samples or to modify its bioactive properties, such as antibacterial. 

  

Experimental Methods 

PLA 2003D (Nature Works) was used as a matrix for composites. Also three types of nanofillers was added: chitin 

nanoparticles (CN), chitin nanoparticles modified by PolyEthyleneGlycol (CN-PEG) and nanosilver modified by 

polyvinylpirrolidon (Poviargolum™). The thermal analysis of polymer and nanofillers was performed by the TGA and 

DSC methods. Rheological behaviors of pure polymer and PLA-based composite were investigated by using a 

Physica MCR-301 rheometer (Anton Paar, Austria). Oven-dried nanofillers and PLA were mixed on a 5 mL double-

screw microextruder (DSM Xplore, Netherlands) at the temperature 220°C. The mechanical properties of PLA 

monofilaments prepared by melt spinning were studied on an Instron 5943 tensile test machine at RT. The load 

speed of monofilaments was 50 mm/min and its basis length were 100 mm. SEM images of the cryocleavage surface 

of PLA/CN monofilaments were recorded on a Carl Zeiss Supra-55 scanning electron microscope (Germany). 

  

Results and Discussion 

The fiber samples as monofilaments were obtained by melt technology with the addition of various fillers at a 

concentration of 1 wt%. The diameter of the non-oriented fibers was approximately 400 microns. The fibers were 

oriented 6 times additionally by using high-temperature orientation drawing at 70°C. The diameter of the oriented 

monofilaments was about 200 microns. The mechanical characteristics of these oriented 6 times PLA and PLA 

composite fibers are represented in the Table (see below). 
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As can be seen from the table, the addition of CN and CN-PEG does not lead to any significant changes in the 

mechanical characteristics of the fibers. The strength of the fibers without fillers is 340 MPa, but with the addition of 

1% CN or CN-PEG the strengths of the fibers become 305 and 325 MPa, respectively. Other side, the addition of 

1% Poviargolum leads to an increase in the strength up to 404 MPa. The modulus of elasticity of all samples is at a 

level of 6 GPa. The elongation at break remains almost unchanged (as compared with unfilled PLA fibers) for 

composite fibers filled by CN or CN-PEG. But for composite PLA fibers filled by Poviargolum the elongation is slightly 

increased up to 21%. 

Preservation, and in some cases improvement, of mechanical characteristics, opens up a great prospect in further 

work with these materials and fillers. Currently studying the bioresorption of fibers, as well as studying the 

antibacterial activity. According to preliminary data, samples with Poviargolum possess antibacterial activity. 

  

Conclusion 

As a result of this work, a series of laboratory samples of PLA monofilaments and composites based on it with various 

types of fillers and with a concentration of 1% were processed. The effects of the type of biocompatible particles on 

the mechanical properties of monofilaments with a draw ratio of 6 times were also established. In the future, it is 

planned to expand the range of concentrations of the filler, to obtain samples with a different degree of orientation 

extraction, as well as conduct in vitro and in vivo tests to test the antibacterial properties and its bioresorption. 
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Introduction 

The project this contribution is part of is named PrintKnit and aims at designing scaffolds for soft tissue regeneration 

applications by combining knitted and printed constructs made of degradable polymers [1]. Meshes and other types 

of knitted scaffolds made of degradable fibers are indeed used in regenerative to support tissue regeneration. To 

match the requirement of the different applications and overcome some of the drawbacks of the current utilized 

degradable polymer-based scaffolds, there is a need to tune both the bulk and surface properties of the materials. 

The bulk properties are those that ensure support to the damaged tissue at the early stage, but then should 

progressively weaken until the scaffold is resorbed and the tissue is fully recovered. From a macromolecular point of 

view this means to regulate the degradation rate in order to control the time and the profile of the properties change. 

On the other hand, the surface properties of the scaffold should favour interaction between the material, cells and 

surrounding environment (Fig 1). 

  

Experimental Methods 

The molecular weight, thermal properties, crystallinity, tensile properties (Young’s modulus, elongation to break, 

strain at break )of the fibers and fiber-based scaffolds were characterized  by SEC, DSC and tensile tests. 

  

Results and Discussion 

Poly(L-lactide), is one of the most used degradable polymers for the fabrication of fiber-based scaffolds. PLLA has 

good spinnability and melt-spun fibers with good mechanical properties can be prepared to manufacture for example 

knitted meshes. To overcome the disadvantages of PLLA, such as the high crystallinity and the slow and 

heterogeneous bulk erosion process which cause early embrittlement and consequent loss of mechanical integrity 

while the mass of the bulk is retained, we have evaluated the use of trimethylene carbonate (TMC) as comonomer 

to modulate the properties of PLLA melt-spun multifilament fibers [2]. We have demonstrated that by increasing the 

amount of TMC, copolymer fibers with less crystallinity and a more homogeneous bulk degradation and longer 

service lifetime can be achieved, and when the fibers no longer provide mechanical support they undergo a faster 

mass loss. 

Although PLLA and its copolymer with TMC have been used in devices that are biocompatible and eventually 

degrades in harmless products, their macromolecular structure does not offer possibility to covalently attach 

biological motifs or other active tags that can enhance and regulate the cell-material interaction. The purpose of this 

contribution is the development of a simple and versatile strategy for thesurface functionalization [4] of these fiber-

based scaffolds by covalently attach to the scaffold surface a properly designed bi-functional linker. The linker was 

designed in a way that one of the functional group can be attached to the polyester chains by aminolysis reaction of 

the ester bonds and the other functional group can be used to link a variety of biological active tags [6] as well as 

other biomaterials such as PEG. Therefore, this strategy allows to customize the surface properties and regulate the 

interaction with the cells and body environment (Fig 2). 
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The reaction parameters for the linker design and the surface functionalization of the scaffolds have been optimized. 

The effect of the functionalization on the bulk material properties and the relationship between the surface properties 

and degree and type of functionalization have been evaluated. 

  

Conclusion 

The results provide a framework to control the service lifetime and the surface properties of degradable fibers-based 

medical devices to 

(i) ensure mechanical support when required and a faster rate of resorption when such support is not needed 

anymore and 

(ii) specific cell-material interactions. 
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Figure 2 
Surface functionalization strategy.Surface 

functionalization strategy. 

 

 

Figure 1.  
Overview of the properties to be tuned. 
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Introduction 

For in vivo biological applications, near-infrared (NIR) fluorescent probes are considered as a highly emerging field 

due to the minimal auto-fluorescence interference and high tissue-penetration depth that they display in the NIR 

region, because of the weak absorption and scattering in biological tissues. Semiconducting polymer dots (Pdots) 

are arising as organic NIR fluorescent nanoparticles with high brightness, large Stokes shift, and intriguing energy-

transfer properties[1]. 

Photoacoustic imaging (PA) appears to be a promising technique in biological imaging for the visualization of both 

tissue physiology and pathology at the molecular level, while simultaneously providing high spatial resolution and 

deep penetration depth in the NIR region [2],[3]. Consequently, there is a great demand in the development of 

photoacoustic imaging probes with strong near infrared (NIR) absorbance [4]-[6]. In this study, we examine the potential 

use of novel low bandgap water-soluble conjugated polymer dots, consisting of tetraphenyl substituted-

indacenodithiophene-thiadiazolo-quinoxaline biphenyl substituted (mentioned as IDTTDQ-Ph), as a-new-generation 

NIR contrast agents for PA. 

  

Experimental Methods 

Alternating conjugated polymers were synthesized via metal catalyzed aromatic cross coupling Stille polymerization 

reaction. The average molecular weights per number and weight and the dispersity of the polymers were determined 

(relative to polystyrene standard) by size exclusion chromatography (SEC) in CHCl3. All polymers were analyzed via 

1H-NMR (600 MHz) spectroscopy. The NPs formation were carried out via nanoprecipitation and/or by utilizing 

amphiphilic polymer as the encapsulation matrix. The amphiphilic polymer that was used is PLGA-b-mPEG. The NPs 

formation was performed by screening 4 different molar ratios of CP:PLGA-b-mPEG (1:2, 1:3, 3:1, 4:1). The 

morphology of NPs was investigated by Transmission Electron Microscopy (TEM) while the NPs' size was measured 

by Dynamic Light Scattering (DLS) in two different temperatures (25 oC, 37 oC). The surface charge of the 

nanoparticles was evaluated by zeta potential measurements in water (Zetasizer). The UV-Vis spectroscopy was 

performed in solution and after the formation of NPs, in aqueous suspension using Shumadzu UV-VIS 

Spectrophotometer, UV-1900. The quantum yield was calculated by photoluminescence (PL) spectroscopy. The 

cellular cytotoxicity study was performed by means of MTT assay in RPMI-2650, PC-3 and WM164 cells. In order to 

investigate whether the CP NPs are internalized by the cellular membrane, we exploited a Confocal Fluorescence 

Microscopy (Leica TCS SPE). 

  

Results and Discussion 

A NIR fluorescent polymer (IDTTDQ-Ph) was synthesized that is comprising of tetraphenyl substituted-

indacenodithiophene as the electron donating unit, and thiadiazoloquionoxaline-biphenyl substituted as the electron 
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withdrawing unit. Their average molecular characteristics are presented in Table 1. As observed from SEC, the 

polymer presents well-define molecular characteristics. 

Table 1.  Molecular characteristics of IDTTDQ-Ph. 

 

Sample Mn 

 (g/mol) 

Mw 

(g/mol) 

PDI 

IDTTDQ-Ph 133000 246200 1,85 

 

The optical data of IDTTDQ-Ph as obtained by UV-Vis spectroscopy in chloroform solution are provided in Table 

2.  The polymer exhibits an absorption maximum at 993 nm, in solution due to the strong intramolecular charge 

transfer (ICT) between the indacenodithiophene and thiadiazoloquinoxaline units. 

 

Table 2. Optical properties of IDTTDQ-Ph 

  λmax
sol

 (nm) λmax
film(nm) 

IDTTDQ-Ph 455, 993(max) 453, 987(max) 

 

The DLS measurement indicates that the nanoparticles in aqueous suspension have a unimodal size distribution in 

both temperatureswith an average size of 80 nm. The zeta potential value of both noncoated and amphiphilic‐covered 

CP NPs was estimated at -24,1 ± 8,0 mV and -40,5 ± 4,9 mV, respectively. As expected, the amphiphilic‐covered 

CPNPs appear to be more stable compared to the uncoated hydrophobic CPNPs. TEM measurement revealed their 

spherical shape with an average particle size of 100 nm, approximately. The compatible particle size that these 

CPNPs demonstrate, combined with the absorption in the NIR-I window, qualifies them to be an ideal probe for 

biological applications. 

  

Conclusion 

The combination of strong donor (tetraphenyl substituted indaceno dithiophene) and acceptor (thiadiazole 

quinoxaline biphenyl substituted) monomers leads to low bandgap materials of which the absorption and emission 

maxima can be shifted toward the NIR II regionwhich subsequently blazes a trail for the photoacoustic imaging [7]. 

Both the conjugated and the amphiphilic-encapsulated polymer NPs display a promising size and morphology, a NIR 

I-shifted optical absorption and low cytotoxicity levels. Additionally, on-going studies will define the photoacoustic 

effect of the CPNPs. 

To conclude, in this study we introduce a new organic candidate (CPNPs) for the photoacoustic imaging that shows 

low toxicity and optimal optical properties in the NIR I region. 
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Introduction 

Bionanocellulose (BNC) is a type of cellulose produced by bacterial species, mainly Gluconacetobacter xylinus. This 

material exhibits unique properties such as: stability over a wide range of pH and temperatures, high hydrophilicity, 

non-cytotoxicity and biocompatibility. Therefore it has been used in biomedicine (e.g. in wound dressing and bone 

regeneration or in implants) as well as in paper, food and electronic industry [1]. Our studies are focused on 

developing methods of synthesis of BNC-based wound dressing one-side protected from the external environment 

with silicone layer and having on the opposite side covalently bounded an active biomolecules: insulin and heparin. 

The hybrid materials obtained can potentially serve as a complete bioactive dressing for the treatment of difficult-to-

heal wounds occurring in diabetics. 

This work presents the results of physicochemical measurements and biological experiments performed for 

bionanocellulose (BNC) based materials and bionanocellulose doped with carboxymethylcellulose (BNC-CMC 

composite). The silicone layer was generated on the external side of these systems using silicone precursors: 

aminopropyltriethoxysilane (APS) [3], [4], vinyltriethoxysilane (VES) and allyltrimethoxysilane (ATMS) to counteract 

fast drying of the material [2]. On the internal side, through the formation of amide bonds [5], heparin and insulin have 

been introduced as active substances that can accelerate the healing process. The materials obtained were 

subjected to preliminary biological tests using mouse embryonic fibroblasts (MEF). 

  

Experimental Methods 

The obtained materials unilaterally modified with a silicone layer were tested using SEM, XPS, IR, sweeling-drying 

and contact angle measurements. After connecting the biomolecules, the materials were subjected to colorimetric 

tests for the presence of insulin and heparin, respectively. Additionally, biological tests were carried out using the 

MEF cell line in order to evaluate the impact of the obtained materials on the cell adhesion, morphology (SEM) and 

proliferation (Alamar Blue test) under in vitro conditions. 

  

Results and Discussion 

We have developed new hybrid materials based on bionanocellulose and its composite with carboxymethylcellulose. 

In the first stage of the research by employing two type of silicone precursors we successfully generated silicon layer 

on the BNC-substrate what was confirmed by means of XPS, IR and SEM techniques. That modification brings an 

effective protection against drying out, which was established by wetting angle measurements as well as swelling 

and drying tests. Next insulin and heparin were covalently connected to the unmodified side of previously obtained 

materials, what was confirmed utilizing an appropriate colorimetric tests: Comassie Brilliant Blue and Azur A, 

respectively. The generation of a silicone layer has no negative effect on proliferation, morphology as well as 

adhesion of MEF cultured on the surface of developed materials, as it was shown in in vitro biological experiments. 
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The obtained hybrid materials can be used as a complete bioactive dressing for the treatment of difficult-to-heal 

wounds in diabetics. 

  

Conclusion 

We have demonstrated the methodology of covalent attachment of an active substances on the inside of the BNC-

based dressing while having silicone protection on the external side. Presented herein approach definitely broadens 

the potential application of BNC-based composites in biomedicine and opens the new way to its much wider 

modification/fabrication. 
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Introduction 
Neem, Azadirachta indica, is a bio-insecticide which is containing the most active phytochemicals named 

Azadirachtin (AZ) [1]. The purpose of this research is to extract the AZ from the Neem leaves-so called Neem Leave 

Extracts (NLE). However, the NLE and AZ was rapidly damaged with light and high temperature. Then, the others 

purpose of this work are to be encapsulated the NLE which is contained high amount of AZ in the polymeric matrices 

to avoid the degradation of essential phytochemicals and to study the release profile of NLE [2]. Chitin, (1, 4-N-acetyl-

D-glucosamine), was chosen to be polymeric matrix due to their biological properties and well control release rate 

[3]. 

  

Experimental Methods 

The NLE was first extracted in various solvents and second extracted with water to obtain the water soluble NLE. 

Furthermore, different amounts of NLE were encapsulated in chitin solution and form as film at ambient temperature. 

After that, the encapsulated NLE in chitin films were immersed in water to provide chitin hydrogel. Encapsulation 

efficiency and release profile were determined by UV-vis spectrophotometer, at wavelength 282 nm. 

  

Results and Discussion 

The highest amount of NLE was obtained when first extracted with methanol (17.17%) and further extracted with 

distilled water. Different solvents can extract different amount of NLE as follows, acetone (9.27%), dichloromethane 

(9.14%) and hexane (1.74%), respectively. Besides, the encapsulation efficiency of NLE into chitin film seemed to 

increasing as increasing concentration of NLE feeding. Moreover, chitin contained NLE film has capability to release 

NLE in water due to their swelling properties and dissolve ability of NLE in water. 

  

Conclusion 

The NLE can be extracted from various solvents and encapsulated into the chitin film with effectively controlled 

release. 
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Introduction 

Hydrogels are in the focus of research due to their multifunctional application as implantable materials in regenerative 

medicine[1]. For the formation of stable hydrogels, researchers often use precursor solutions, consisting of polymers, 

which are subsequently chemically cross-linked over multivalent monomers or macro-crosslinkers. A promising route 

for this fabrication of hydrogels is applying side chain functionalized polymers and a very chemoselective reaction, 

e.g. UV initiated thiol-ene reaction[2]. In our previous study, POx-based hydrogels were cross-linked via thiol-ene 

reaction with Irgacure 2959 as a quite insoluble UV initiator[3]. Major disadvantages are the possible cytotoxicity of 

Irgacure 2959[4] and the application of UV light for the initiator activation, which can cause DNA-damage in cells[5]. In 

this study, we use an alternative photoinitiator tris(2,2’-bipyridyl)dichloro-ruthenium(II)hexahydrate together with 

sodium persulfate (Ru/SPS) to cross-link POx-based hydrogels via thiol-ene reaction. This initiator system has 

proven itself in earlier studies with other polymers and it is a promising formulation to prepare hydrogels, as this 

system can be activated with visible light and accordingly the cytocompatibility is improved[6,7]. 

  

Experimental Methods 

For the POx-based precursors 2-ethyl-2-oxazoline (EtOx) was randomly copolymerized with 2-(3-butenly)-2-

oxazoline (ButEnOx). The synthesis was performed in a microwave reactor at 100 °C with methyl p-toluenesulfonate 

as initiator, acetonitrile as solvent and piperidine as termination reagent for several hours. The comonomer molarity 

was kept at 4 M. The theoretical chain length of the polymers was adjusted to 50 repeating units and the monomer 

ratio EtOx:ButEnOx was 0.9:0.1 and 0.8:0.2. After synthesis, the copolymers were precipitated from 

chloroform/methanol in cold diethyl ether. The product was characterized by NMR and GPC. Subsequently, the 

double bonds of the polymer side chains were functionalized with thioacetic acid via UV reaction (λ = 365 nm) in 

methanol with 2,2-dimethoxy-2-phenylacetophenone as photoinitiator. The thioester polymers were then precipitated 

from chloroform/methanol as the pristine copolymers. The functionalized polymers were then deprotected at room 

temperature over 12 h using cysteine and NaBH4 under reductive conditions to prevent polymer degradation, then 

dialyzed against degassed water and freeze dried[4]. The final hydrogels were prepared in 1 x PBS to an overall 

polymer content of 7.5 wt% or 15 wt%. Copolymers with 10 and 20% vinyl groups were combined with 10 and 20% 

thiol functionalized polymers, whereas the molar ratio of the functional groups was kept at 1:1 for all hydrogels. After 

dissolution of the polymers the two solutions were combined and a defined amount of Ru/SPS (0.2/2 mM) was added 

under exclusion of light to reach the final polymer concentration. The mixed precursor solution was then pipetted into 

cylindric silicon molds and irradiated for 30 sec with a bluepoint 4 lamp (Dr. Hoenle AG with 390 -500 nm filter). 

  

Results and Discussion 

GPC and NMR measurements proved a successful copolymerization of EtOx/ButEnOx and the functionalization of 

polymer side chains with free thiol groups. The hydrogels formed with Ru/SPS were mechanically stable over 2 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1374 of 1893 

weeks with no detectable signs of hydrogel degradation. The Young’s moduli increased with increasing 

functionalization degree of the copolymers due to a much denser hydrogel network. A higher polymer content of the 

hydrogels also resulted in increasing Young’s moduli, which can also be attributed to a denser polymer network. The 

swelling study demonstrated that the hydrogels were stable over a period of 2 weeks in PBS. A slight but not 

significant mass decrease was observed, which can be attributed to a slow release of non cross-linked polymer 

chains, which needs to be studied in the future. 

  

Conclusion 

POx-based hydrogels with a long-term stability and variable cross-linking degree were formed successfully with 

Ru/SPS as initiator under visible light exposure. For future applications other polymer concentrations and substitution 

degrees must be tested, to vary the mechanical properties and mesh sizes of the obtained hydrogels. The Ru/SPS 

cross-linked hydrogels using visible light as initiator can accordingly result in promising materials for cell 

encapsulation or drug release, however, for this approaches the biocompatibility and the fluid behavior of the 

precursor solution need to be optimized to increase viscosity and eventually shear thinning behavior for bioprinting 

applications. 
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Young’s Modulus of thiol cross-linked hydrogels 

in PBS synthesized with copolymers with 10 and 

20% functionalization and a different polymer 

content (7.5 wt% and 15 wt%) after 0h, 1h, 12h, 

1w and 2w at 37 °C. 

 

 

Swelling Behavior 
Swelling behavior of thiol cross-linked 

hydrogels in PBS synthesized with copolymers 

with 10 and 20% functionalization and a 

different polymer content (7.5 wt% and 15 wt%) 

after 0h, 1h, 12h, 1w and 2w at 37 °C. 
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Introduction 

Conjugated polymers (CPs) are a special category of macromolecules with large π-conjugated backbones. Owing to 

their highly electron-delocalized structures and efficient coupling between optoelectronic segments, CPs absorb and 

emit light energy in the UV-Vis and the NIR region that not only allows deep tissue penetration, but also it can be 

converted to photoacoustic and fluorescence effects[1]. Nevertheless, for biological applications it is imperative that 

the CPs are water-soluble. Since CPs are generally hydrophobic, we implemented strategies to enable solubility in 

aqueous media. Therefore, low-bandgap aqueous CPNs have been successfully prepared and thoroughly applied in 

biological applications and especially in bio-imaging, since they exhibit excellent properties such as high 

fluorescence, excellent photostability, high signal-to-noise ratio, high emission rates, and low cytotoxicity[2]-[5]. In this 

study, we examine the potential use of novel low bandgap water soluble CPNs as fluorescent contrast agents. Under 

this scope, we synthesized two series of CPs; the first is the combination of thiophene and quinoxaline (TQs), and 

the other consists of thiadiazoloquinoxaline biphenyl substituted-bithiophene and thiadiazoloquinoxaline bimethyl 

substituted-bithiophene, BTTDQ-Ph and BTTDQ-Me, respectively. 

  

Experimental Methods 

Alternating CPs were synthesized via metal catalyzed aromatic cross coupling Stille polymerization reaction. The 

average molecular weights per number and weight and the dispersity of the polymers were determined (relative to 

polystyrene standard) by size exclusion chromatography (SEC) in CHCl3. All polymers were analyzed via 1H-NMR 

(600 MHz) spectroscopy and UV-Vis spectroscopy. The UV-Vis measurements were performed in chloroform or THF 

solution, as thin films and after the formation of NPs, in aqueous suspension using the Shimadzu UV-Vis 

Spectrophotometer UV-1900. The morphology of NPs was investigated with Transmission Electron Microscopy 

(TEM) while Dynamic Light Scattering (DLS) was exploited to elucidate the NPs ‘size, in two different temperatures 

(25 oC and 37 oC). The formations of NPs were carried out via nanoprecipitation and the quantum yield was calculated 

by photoluminescence (PL) spectroscopy. The cellular cytotoxicity study was performed by means of MTS assay in 

human mesenchymal Wharton Jelly cells. In order to investigate whether the CPNs are internalized by the cellular 

membrane, we exploited a Confocal Fluorescence Microscopy (Leica TCS SPE). 

  

Results and Discussion 

The first series of polymers (TQs) are comprising of thiophene derivatives as the electron donating units and 

quinoxaline derivatives as the electron withdrawing units with varying the number of fluoro atoms in the repeat unit 

(TQ, TQf, TQ2f, T2fQ, T2fQf, T2fQ2f). The average molecular characteristics of the TQ polymers are presented in 

Table 1. The second series of D-A CPs are comprising of bithiophene and thiadiazoloquinoxaline derivatives and are 
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mentioned as BTTDQ-Ph and BTTDQ-Me series. Both categories of CPs bear aliphatic side chains to improve the 

solubility. 

Table 1. Molecular characteristics of TQs 

Sample Mn(g/mol) Mw(g/mol) PDI 

TQ 19900 64200 3.2 

TQf 11400 25800 2.3 

TQ2f 22600 52500 2.3 

T2fQ 6000 11300 1.9 

T2fQf 8200 15600 1.9 

T2fQ2f 11200 16200 1.5 

  

The DLS measurement indicates that TQs and BTTDQ-Ph, BTTDQ-Me nanoparticles in aqueous suspension are 

close to 90 nm and 80 nm, respectively, with unimodal size distribution in both cases and both temperatures in 

aqueous suspension. TEM measurement revealed that the CP had spherical shape. The average particle size was 

determined to 100 nm, a compatible size for biological applications. The optical data as obtained by UV-Vis 

spectroscopy in chloroform (BTTDQ-Ph, BTTDQ-Me) or THF (TQs) solution are provided in Table 2. As expected, 

both TQs and BTTDQ-Ph, BTTDQ-Me exhibit absorbance at UV-Vis region. The fluorescence emission for TQs was 

recorded in UV-Vis region, while for BTTDQ-Ph, BTTDQ-Me in NIR-I region. 

Table 2. UV-Vis data of TQs and BTTDQ-Ph, BTTDQ-Me 

  λmax
sol (nm) λmax

NPs (nm) 

TQ 354 (max), 600 359 (max), 613 

TQf 338 (max), 543 (sh), 574 360 (max), 611, 668 (sh) 

TQ2f 319, 349 (sh), 524 (sh), 557 (max), 619 (sh) 357, 587 (max), 634 (sh) 

T2fQ 320 (sh), 538 (max) 342 (sh), 555 (max) 

T2fQf 387, 498 (max) 326 (sh), 392 (sh), 518 (max) 

T2fQ2f 392 (max), 456 394 (max), 474 

  

  λmax
sol(nm) λmax

film(nm) λmax
NPs (nm) 

BTTDQ-Ph 360(max), 650 360(max), 670 360(max), 660 

BTTDQ-Me 360(max), 595 370(max), 620 370(max), 580 

  

Conclusion 

In conclusion, we successfully synthesized a series of fluorescent materials with optical properties and low 

cytotoxicity of water-soluble CPNs, supporting their potential use as low-bandgap fluorescent probes for bio-imaging. 

Moreover, the on-going tests for the fluorescence imaging and the quantification of the quantum fluorescence yield 

are of great importance. Overall, CP dots introduce a new generation of fluorescent probes that appear to be the 

quintessential contrast agents. 
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Introduction 

The increasing request for orthodontic devices, even in adults, has led to the development of transparent wearable 

polymeric dental aligners, as an alternative to fix metal devices. To guarantee a correct adjustment of the teeth 

defects, such devices should possess adequate mechanical properties, stable physical, chemical and mechanical 

properties during their use (typically 14 days in mouth) and transparency. Nowadays, several polymeric materials 

are clinically used for the production of dental aligners. In this work, we aim at characterizing commercially available 

materials to define a set of properties to be used as guidelines for the production of alternative materials for dental 

aligners. 

  

Experimental Methods 

Four commercially available polymeric materials used for dental aligners production were selected and characterized: 

Duran®(Scheu-Dental Technology), Imprelon®(Scheu-Dental Technology), Forestadent Track A®(Forestadent) and 

Zendura®(Zendura). The materials were characterized as received, after thermoforming (i.e., procedure used for the 

obtainment of dental aligners) and after 14 days of immersion in artificial saliva [2] at 37 °C, to mimic the clinical use. 

The weight and thickness of samples (n = 4) was evaluated during the immersion in artificial saliva for 14 days, to 

investigate the weight and dimensional stability in conditions similar to the use. The morphology of the samples was 

evaluated by scanning electron microscopy (SEM). The mechanical properties of samples as received, thermoformed 

samples and samples immersed in saliva were evaluated in tensile and flexural mode. Tensile tests were performed 

with tensile clamps by applying a force ramp of 1 N min-1; the elastic modulus and the deformation at maximum force 

(i.e., 18 N) were calculated from the stress-strain curves. Flexural properties were evaluated with single cantilever 

clamp by applying a force ramp of 1 N min-1. Attenuated Total Reflectance Infrared Spectroscopy (ATR-FTIR) was 

used to investigate possible changes in the chemical structure of the polymeric materials in the 4000 – 600 cm-

1range. Indirect cytotoxicity tests were performed (ISO 10993-5) using murine fibroblast cell line L929; culture medium 

eluates were obtained by contact with samples for 1, 4 and 7 days, used to culture cells and evaluate L929 

percentage viability. Data were analyzed by One-Way ANOVA statistical tests; p < 0.05 was considered as 

statistically different. 

  

Results and Discussion 

All the considered polymeric materials were stable after immersion in artificial saliva for 14 days, with weight variation 

values up to 4%. The thickness of all the samples was reduced (p < 0.05) after the thermoforming process, due to 

the pressure applied during the manufacturing process; all the thermoformed samples showed stable thickness after 

immersion in saliva. SEM micrographs showed a homogeneous surface of as received-samples and after 

thermoforming; deposition of salts was detected after immersion in artificial saliva. During the mechanical tests 
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(Figure 1), no break was observed up to the application of 18 N. The elastic modulus values measured by tensile 

tests were in the range 1000 - 1600 MPa; a reduction of the modulus of Forestadent samples was observed after the 

thermoforming process while the immersion in saliva did not affect the tensile properties of the considered polymeric 

materials. The flexural modulus measured for the as received-samples was comprised in the 5 – 10 GPa range; a 

decrease (p < 0.05) in the flexural modulus was observed for Duran, Imprelon and Forestadent samples after 

immersion in artificial saliva. The ATR-FTIR spectra confirmed the chemical composition of samples declared by the 

producers, being Duran and Forestadent samples made of polyethylene terephthalate glycol, Imprelon made of 

polystyrene and Zendura samples made of polyurethane resin. Moreover, no variations in the chemical structures 

were observed either after thermoforming and immersion in artificial saliva. Indirect in vitrocytotoxicity tests (Figure 

2) revealed cells percentage viability values higher than 70%, thus proving the absence of indirect cytotoxic effects. 

  

Conclusion 

All samples showed stable mechanical, physical and chemical properties after immersion in artificial saliva. The 

obtained data allows to indicate the golden-standard mechanical parameters to be used for the possible production 

of innovative dental aligners. 
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Figure 1 
Tensile properties of commercially available 

polymeric materials used for the production of 

dental aligners. 
 

Figure 2 
In vitro indirect cytotoxicity tests of 

thermoformed commercially available polymeric 

materials used for dental aligners production. 
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Introduction 

Polyaniline (PANI) belongs to a group of conducting polymers. Due to its properties PANI has become an attractive 

polymer for biological applications1,2,3. Although the biological applications of PANI are on the rise, they are rather 

limited by its insolubility in aqueous media. Preparation of conducting PANI colloidal dispersions synthesized in 

presence of stabilizers is one of the possible solutions how to cope with this shortcoming4. Various polymers have 

been tested as the stabilizers, of which biocompatible and biodegradable polysaccharides are promising 

candidates5,6. The aim of present research was therefore to prepare colloidal PANI dispersion in presence of sodium 

hyaluronate (HA) or chitosan (CH), and determine their physicochemical and biological properties in terms of 

cytotoxicity and antibacterial activity. 

  

Experimental Methods 

Preparation and characterization of colloids: PANI colloids were prepared by oxidizing aniline hydrochloride (AN) 

with ammonium peroxydisulfate (APS) in presence of HA (MW = 50.28 x 103 g.mol-1) or CH (MW ~ 400 x103 g.mol-

1) at different ratios of AN:APS:polymer. The prepared dispersions were dialyzed against 0.2 M HCl to remove 

residual impurities. Particle size and distributions of colloidal particles were determined by dynamic light scattering 

(ZetaNano, Malvern, UK). Colloids were visualized by TEM (JEOL JEM 2000 FX Japan). 

Antibacterial activity and cytotoxicity:Staphylococcus aureus CCM 4516 and Escherichia coli CCM 4517 were 

used at density 1-2 x 108 CFU mL-1, incubation was carried out at 37 °C for 24 h. Cytotoxicity was tested using the 

mouse fibroblasts, NIH/3T3 (ATCC, Catalog No. CRL-1658, USA) by MTT assay according to protocol EN ISO 

10993-5. 

  

Results and Discussion 

In the study, PANI colloids stabilized with HA or CH were prepared. Light scattering measurements have shown that 

size of colloidal particles and colloid stability depend both on the type of the stabilizer and on the content of monomers 

in the reaction mixture. Sizes of PANI-HA colloidal particles were of about 500 nm, whereas diameters of particles 

stabilized with CH ranged from 380 to 1330 nm. For both colloids, antibacterial properties were tested. The minimum 

inhibitory activity of PANI-HA was observed at the highest tested concentration of PANI in colloidal dispersion (4200 

μg.mL-1) against E. coli. Antibacterial activity was detected also for PANI-CH sample, which can be attributed to 

presence of both PANI and also chitosan with known antibacterial effect. It was therefore concluded that the 

antibacterial activity of colloids depends both on the type of used stabilizer as well as on the ratio between PANI and 

stabilizer. Preliminary cytotoxicity testing has shown that PANI-CH has a lower cytotoxicity than PANI-HA. However, 

cytotoxicity slightly increased with raising concentration of PANI in colloid. 

  

Conclusion 

Polyaniline colloids containing sodium hyaluronate and chitosan were successfully prepared. Size of colloidal 

particles can be controlled by the concentration of the stabilizer, content of the monomers in the reaction mixture and 
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by the reaction conditions. Different levels of antibacterial properties of PANI colloids were proved against both gram 

positive S. aureus and gram negative E. coli. Lower cytotoxicity was noted for PANI-CH colloid. 
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FIGURE 1.   
Transmission electron photomicrographs of 

colloidal polyaniline prepared in presence of a) 

sodium hyaluronate and b) chitosan 
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Introduction 

Natural antioxidants from plant materials exhibit a wide range of biological effects, such as anti-inflammatory, 

antibacterial, antiviral, anti-aging, and anticancer. Considering their possible beneficial influence on human health, 

efficient extraction methods of natural antioxidants from food and plants and appropriate assessment of antioxidant 

activity have received increased attention in food science, nutraceutical and drug delivery in the biomedical area. A 

series of green non-conventional extraction methods of antioxidant agents from plant materials (i.e. extractions based 

on ultrasound, microwave, enzyme, pressurized liquid, pulsed electric field and high voltage electrical discharges) 

have been developed to improve extraction efficiency, for reducing operational time and use of organic solvents. 

Moreover, many methods for the determination of antioxidant capacity of extracts from natural products have been 

developed and tested in the literature, showing for each of them strengths and limitations. An innovative method is 

based on the development of biocompatible materials in form of membrane, having properties of molecular 

recognition towards polyphenols from plant homogenates. An ideal technique could be considered the molecular 

imprinting technology, that permits the introduction into a polymeric material of recognition sites for specific molecular 

species (templates) through the copolymerization of a monomer with a crosslinking agent in the presence of a 

template or through the dissolution of the preformed polymer in a solution containing the molecule to be recognized. 

In this work, poly(ethylene-co-vinyl alcohol) (EVAL), in ethylene/vinyl alcohol percentage molar ratio of 38/62 (C38), 

was used to prepare, via phase inversion, supports capable of extracting, thanks to the presence of selective 

molecular recognition sites, curcumin (diferuloylmethane) used as model phenolic compound template. 

  

Experimental Methods 

Curcumin powder was added to a solution of EVAL in DMSO (15 % w/v). The final homogeneous solution of phenolic 

compound and EVAL was cast on a glass plate using a knife machine with a gap of 400 nm. The cast solution was 

immersed in a distilled water/DMSO (50/50 v/v) coagulation bath and after one hour transferred to fresh distilled 

water for 24 h and finally freeze-dried. The template was removed from the membrane (MIT) by prolonged washing 

in methanol obtaining the molecularly imprinted membrane (MIM). The same procedure in the absence of the 

curcumin was adopted to prepare not imprinted membrane (NMIM). Chemical Imaging analysis was performed using 

a Spectrum Spotlight FT-IR Imaging System in order to obtain information on the chemical composition and on the 

distribution of the curcumin into EVAL membrane. Statistical analysis was performed by PCA method. The binding 

capacity of MIM was determined in methanol solution of curcumin at known concentration (10 mg/ml) for 24 hours 

under stirring. UV spectrophotometry at wavelength of 421 nm was used to quantify the amount of re-bound curcumin. 
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Results and Discussion 

Chemical Imaging allowed to evaluate the chemical composition of membrane surface before and after curcumin 

extraction as well as after rebinding test. For each membrane a surface was selected and analysed by FT-IR 

mapping, in reflection mode. Superficial changes in the composition were observed; both MIT and membrane after 

rebinding test (MIMR) showed adsorption signals associated to curcumin chemical composition, on the contrary these 

signals were not observed in the FT-IR spectrum obtained from MIM surface. FT-IR analysis showed the success of 

the template extraction and the effective rebinding of the phenolic compound and its homogeneous distribution on 

the membrane surface (Fig. 1).The distribution coefficient (Kp) was estimated as a measurement of the material 

capacity of template recognition and rebinding: Kp =(C1-C2)/C1 where C1 and C2 are the concentration of the template 

solution before and after rebinding test. The specific rebinding R was evaluated as R=C(MIM)-C(NMIM), where 

C(MIM) and C(NMIM) are the amounts in µg template/mg membrane of template present in MIM and NMIM after 

rebinding. The values obtained were Kp of 0.15 and R of 0.5 µg curcumin/mg membrane. 

  

Conclusion 

This preliminary study demonstrated the possibility of using molecular imprinting technology to obtain materials in 

form of membrane able to specifically recognize a natural antioxidant agent. 

  

 

FT-IR Chemical Imaging 
Fig. 1 FT-IR Chemical Imaging analysis, a) 

Optical images of MIT, MIM, MIMR; b) PCA 

analysis on chemical map of MIT, MIM, MIMR; c) 

Spectra of membranes and pure components. 
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Introduction 

Ferritin is a highly stable and biocompatible protein container with an inner cavity that is widely used as reaction 

vessel or for cargo loading. It has a high natural affinity towards transferrin receptors over-expressed on cancer cells 

and is amenable to further surface modification for improved targeting properties. All these features make ferritin an 

attractive drug delivery vehicle.[1] However, some challenges are present for its application: strong liver uptake and 

clearance, degradation by proteases, and its abrupt drug release profile.[1,2] To address these problems, we 

integrated ferritin into polyelectrolyte microgels by using electrostatic interactions. Here the microgels is supposed to 

act as carrier, protective shielding, and release controller for ferritin.[3] 

  

Experimental Methods 

First, we encapsulated fluorophores and nanoparticles inside ferritin to monitor the uptake by the polyelectrolyte 

microgel. Subsequently, these labeled ferritins were integrated into polyelectrolyte microgel and characterized using 

TEM and fluorescence microscopy. Next, we will use pH and glutathione to release ferritin from microgels and monitor 

the process. Furthermore, we encapsulated doxorubicin into ferritin. Currently, we are performing in vitro tests in 

hepatocellular carcinoma cell lines and will report on the results. Moreover, we will integrate this dox-ferritin into 

polyelectrolyte microgels, conduct similar in vitro tests, and perform stability tests against proteases. 

  

Results and Discussion 

We used different fluorophores and approaches to increase the encapsulation loading and found the key factors for 

the encapsulation: fluorophore concentration, solubility, charge, and the encapsulation strategy. We also synthesized 

CeO2 and Fe2O3 nanoparticles inside ferritin cavity. Both fluorophore and nanoparticle labeled ferritins showed the 

distribution of ferritin in polyelectrolyte microgels under fluorescence microscope and TEM, respectively. For the drug 

delivery application, we succesfully encapsulated doxorubicin molecules in ferritin. All the other experiments are 

being conducted and the results will be reported in the conference. 

  

Conclusion 

In conclusion, a new drug delivery system based on ferritin containers and polyelectrolyte microgels is currently 

developed. 
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Protein containers-loaded microgels as a new 

drug delivery system 
Drugs-loaded protein containers were integrated 

into polyelectrolyte microgels via electrostatic 

interactions. Subsequently, we applied this new 

drug delivery system to cancer cells and 

triggered the release by acidic pH or 

glutathione. 
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Introduction 

Bioadhesive hydrogels have been used as wound closures, hemostatic agents, tissue sealants and other medical 

applications. While various types of bioadhesives have been developed, it is still challenging to overcome some 

limitations, such as poor adhesion strength and bioactivities. Recently, many researchers have been reported 

mussel-inspired adhesives as they have shown strong tissue adhesiveness even in wet conditions. Molecular oxygen 

(O2) is an essential signaling molecule in the wound healing and tissue regeneration. In particular, it is demonstrated 

that hyperbaric oxygen promotes the wound healing process through accurately increasing intracellular reactive 

oxygen and nitrogen species (RONS). Herein, we represent a new type of O2-generating bioadhesive formed via 

calcium peroxide (CaO2)-mediated crosslinking and in situ polymerization of dopamine. 

  

Experimental Methods 

The thiolated gelatin (GtnSH) was synthesized by conjugating Traut’s reagent to the gelatin backbone as previously 

reported.1 We fabricated O2-generating bioadhesive hydrogels by simply mixing GtnSH and dopamine hydrochloride 

(DH) in the presence of CaO2. The phase transition time was determined by the vial tilting method. The elastic 

modulus (G’) was characterized by using a rheometric fluid spectrometer (HR-1, TA instruments). The remained DH 

within the hydrogel matrices was measured by BCA assay. We monitored dissolved O2 (DO) levels using a 

commercially available O2 sensor (Microx-4, Presens). Tissue adhesive strength was investigated using a universal 

testing machine (Instron 5966). For in vitro cytocompatibility test, human dermal fibroblasts (HDFs) were cultured 

with hydrogel droplets and cell viability was analyzed by WST-1 and live/dead assay. We performed subcutaneous 

implantation and wound closing test to investigate the effect of O2 release on neovascularization and wound healing. 

  

Results and Discussion 

The GtnSH-polydopamine (PD) hydrogels were formed via CaO2-mediated crosslinking reaction. In this reaction, the 

polymer networks were crosslinked through disulfide bonds, and Michael type addition between the GtnSH and 

polydopamine. Additionally, DH reacts with functional groups (e.g., -NH2, -SH) of tissue surfaces resulting in diverse 

interfacial bindings (Fig. 1a). To evaluate the hydrogel formation and phase transition, we performed phase-transition 

test depending on CaO2 (0.25 – 0.75 wt%) and DH concentrations (0 – 1 mg/mL), demonstrating higher levels of 

CaO2 induced faster hydrogel formation (43 sec – 3 min) without compromising DH concentrations. We assessed 

the elastic modulus of the hydrogels depending on CaO2 and DH concentrations, resulting in tunable mechanical 

properties (40 – 830 Pa). We next investigated the DH-releasing behaviors from the hydrogel matrices. As increasing 

CaO2 contents, more DH molecules were remained within the hydrogel matrices since CaO2 facilitated dopamine 

oxidation and in situ polymerization. Also, the hydrogels showed controllable tissue adhesive strength in wet 

conditions (15 − 38 kPa) (Fig. 1b). We monitored O2-releasing kinetics depending on CaO2 concentrations. The 

hydrogels (G5D0.5C0.75) rapidly generated O2 up to 70% pO2 and released O2 for seven days in vitro (Fig. 1c). We 
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evaluated the cytotoxicity of the hydrogels using HDFs, confirming the excellent cell viability (> 85% compared to the 

control). Furthermore, we implanted the hyperoxic gels (HG, G5D0.5C0.75) and normoxic gels (NG, G5D0.5C0.75) 

in the subcutaneous pocket of mice to analyze in vivo effects of the hydrogels on neovascularization, and also 

performed wound closing test. Interestingly, we found that the HG group facilitated wound closing and healing with 

enhanced neovascularization compared to the NG (Fig. 1d). 

  

Conclusion 

We developed a new type of O2-generating bioadhesive hydrogel via CaO2-mediated crosslinking and in situ 

polymerization of dopamine. The GtnSH-PD hydrogel has controllable physicochemical properties and facilitates 

neovascularization and wound healing. These results suggest that our advanced adhesive hydrogel is a very 

promising biomaterial as tissue adhesives for wound management as well as tissue regenerative materials. 
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Characteristics and wound healing effect of the 

GtnSH-PD hydrogels 
(a) The design strategy for O2-generating 

bioadhesives via CaO2-mediated crosslinking 

reaction and digital images of sol-gel 

transition. (b) The tissue adhesive strength of 

the hydrogels depending on DH concentrations. 

(c) The O2-releasing kinetics of the hydrogels. 

(d) Histological sections of wounds stained with 

H&E and Masson’s trichrome. The results are 

shown as the average values ± s.d. (n=3~6, **P < 

0.01) 
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Introduction 

There is a need to treat artherosclerotic vascular disease of small-diameter blood vessels with the use of artificial 

grafts. Grafts made of Dacron or ePTFE work well in large-diameter blood vessel application. Unfortunately, grafts 

suitable for small size vessels (>6 mm inner diameter) have not been developed so far. Thus we focus on poly(diol 

citrate)s (PDCs), based on citric acid and 1,8-octanediol as potential substrate for small blood vessel tissue 

engineering. PDCs produced with a 1:1 molar ratio of citric acid to 1,8-octanediol were found biodegradable and 

cytocompatible [1]. Their key advantage is that PDCs polymerization takes place at relatively low temperature and 

such polymers can be easily modified to gain new distinct properties, including fluorescent, antimicrobial, adhesive 

or anti-oxidant [2]. In this study we wanted to examine if chemical structure of PDCs can be adjusted by different 

concentration of the precursors, and if this would influence physical integrity, surface properties and biological 

performance of obtained polymers. To this end structural and physicochemical properties of thee PDCs with different 

molar ratio of citric acid to 1,8-octanediol were evaluated and their potential in vitro cytotoxicity was assessed. 

  

Experimental Methods 

Citric acid and 1,8-octanediol at molar ratio 1:1, 2:3 and 1:2 were melted at 140oC for 40 min under stirring to 

synthesize prepolymers. The latter were dissolved in ethanol, precipitated in water, lyophilized, dissolved in ethanol 

again and post-polymerized for 4, 6, 8, 10 days at 70oC in a vacuum oven. PDCs surface roughness (Hommer-

Werker profilometer) and the water contact angle (DSA10, Kruss) were measured. FTIR-ATR (Tensor 27, Bruker) 

was used to determine surface chemical composition and NMR spectra (Brucker Avance III HD 400 MHz) were 

registered. Acid value were measured by dissolving 150 mg of the sample in 96% ethanol, and then titrating with 

0.05M KOH with phenolphthalein as an indicator. Molecular weight was assessed by gel permeation chromatography 

using Shimadzu GPC system. Cytocompatibility with L929 fibroblasts was assessed on 10% extracts from PDCs in 

DMEM: undiluted (1:1) and diluted by a factor of 1:2, 1:4, 1:8 and 1:16. In brief the cells were cultured in 96-well 

plates in DMEM supplemented with 5% FBS, amino acids, and antibiotics for 24 h and then cell culture medium was 

replaced with the extracts. Cell viability was measured using Alamar Blue and CCK-8 tests. Cells after live-dead 

staining were observed under fluorescence microscopy (Axiovert, Zeiss). 

  

Results and Discussion 

GPC results showed that molecular weight of PDCs depended on molar ratio of the copolymers. FTIR-ATR results 

showed that PDCs with all studied molar ratios had similar bands at the same wavenumbers and were differing only 

in band intensity depending on composition. Acid values showed that PDC_1:2 had the lowest acidity (150.8 ± 1.9 

mg KOH/g), while PDC_1:1 had the highest acidity (204 ± 3.8 mg KOH/g). Acid value for PDC_2:3 was 160.9 ± 6.5 

mg KOH/g. PDC_1:1 and PDC_2:3 were hydrophilic (water contact angle 65o – 85o) and smooth (Ra 0.10 – 0.40 µm). 

The water contact angle decreased with the post-polymerization time from 4 to 10 days. PDC_1:2 was not 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1390 of 1893 

dimensionally stable irrespectively of the post-polymerization time. Cells cultured in the extracts from PDC_2:3 

exhibited the highest viability as shown by Alamar Blue and CCK-8 tests, than those cells cultured in PDC_1:1 and 

PDC_1:2 extracts. Microscopic observations after live-dead staining showed that cells cultured in the extracts from 

PDC_2:3 (undiluted and diluted by all factors) were stained green, i.e. alive (Fig. 1, panel B). Cells cultured in the 

extracts from PDC_1:1 (Fig 1, panel A) showed some degree of toxicity, while for higher dilutions, i.e. 1:2, 1:4 and 

1:8 no impact on cell viability was observed. Cells cultured in undiluted extracts from PDC_1:2 (Fig 1, panel C) 

showed only dead cells (stained red). Some of the cells cultured in the extracts from PDC_1:2 diluted by a factor of 

1:2 were alive, but majority of them were dead. For extract dilution of 1:4 number of live cells was increasing, but still 

red stained cells were observed. For 1:8 dilution cell morphology and number was the same as in control. 

  

Conclusion 

We found that PDC_2:3 had the lowest acidity and exhibited the best dimensional stability, physicochemical 

properties and cytocompatibility with L929 cells. PDC_1:1, i.e. the reference material reported in literature, had higher 

acidity and provoked slight cytotoxicity. PDC_1:2 was the least dimensionally stable, had the lowest acidity and was 

cytotoxic. Thus we developed a new material PDC_2:3 with better performance by adapting molar ratio of co-

monomers: citric acid and 1,8-octanediol. Further studies will focus on preparation of tubular scaffolds from PDC_2:3 

for small size blood vessels tissue engineering and their evaluation in contact with endothelial and smooth muscle 

cells. 

  

References 

[1] Tran T.R. et al. Annu. Rev. Mater. Res. 2015. 45:11.1-11.34 

[2] van Lith R. et al. Biomaterials 2014; 35: 8113-8122 

  

Acknowledgement 

This study was financed by National Science Center, Poland (2018/28/C/ST5/00461). 

  

 

Fig. 1.  
Morphology of L929 cells cultured for 24 h in 

the extracts from poly(diol citrate)s with molar 

ratio of citric acid and 1,8-octanediol of 1:1 

(PDC_1:1) (A), 2:3 (PDC_2:3) (B) and 1:2 

(PDC_1:2) (C) after live-dead staining. 
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Introduction 

Systemic chemotherapy is often ineffective in treating cancer, due to poor selectivity and adverse off-target effects 

[1]. Polymer nanoparticles (NPs) are promising candidates as they enhance tumor uptake by passive and active 

targeting mechanisms, reducing undesired side effects [2]. 

Moreover, NPs can be used for packaging of multiple payloads, allowing combinatorial treatments that could not 

otherwise be obtained due to different biodistribution profiles on un-encapsulated drugs [3]. 

Here, we exploit the versatile chemistry of polyurethanes (PUR) to design a platform of NPs exhibiting: i) high drug 

loading ability [4]; ii) Active and passive targeting functionalities [5,6]; iii) ability to combine different treatment options 

[7]; iv) imaging capability [8].  

  

Experimental Methods 

PURs were obtained by a two-step synthesis procedure and their hydrophilic/hydrophobic balance was modulated 

by selecting different ratios between the hydrophobic poly(ε-caprolactone) (PCL) diol and the hydrophilic 

poly(ethyleneglicole) (PEG) [4]. NPs were prepared by emulsification of nanoprecipitation methods. Active tumor 

targeting was achieved in vitro by surface-modification with the monoclonal antibody Herceptin (HER). Core shell 

PUR NPs, were designed for the co-encapsulation of multiple payloads, including chemotherapeutics with different 

biodistribution profiles and imaging probes. In vivo studies were performed to determine tumor uptake and ability to 

efficiently co-deliver multiple payloads. Because of the low toxicity profile and versatile design, core-shell PUR-NPs 

were delivered intra-cranial (IC) in glioblastoma (GBM) bearing mice, and transport and treatment studies were 

performed. 

  

Results and Discussion 

We showed that PURs are optimal candidates to form NPs. High drug loading, in vitro cell targeting and 

internalization, and long-term stability were achieved. Functional groups or surface charge was successfully exploited 

for surface modification with HER and selective targeting of HER-2 over-expressing cells was demonstrated in vitro. 

The core-shell design of PUR NPs resulted high in vivo tumor accumulation in a breast cancer flank tumor model 

(4T1 cells). We showed efficient tumor co-accumulation of Doxorubicin and Docetaxel, two drugs with different 

pharmacokinetics and, therefore, not compatible for combinatorial treatment. NPs showed long residence time in the 

brain after IC injection (up to 10 days post injection) and good coverage of the tumor mass. Drug-loaded PUR NPs 

significantly extended survival of GBM-bearing mice. 

  

Conclusion 

Our results warrant further investigation of PURs as NP-forming materials in nanomedicine, in virtue of their 

versatility, surface-modification ability, and high affinity with both, hydrophilic and hydrophobic, drugs. 
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Introduction 

Silver nanoparticles (AgNPs) have gained considerable attention in recent years due to their potential applications 

as antimicrobial agent. Nitric oxide (NO) is an important endogenous molecule that controls several physiological 

functions. Both AgNPs and NO have antibacterial effects, and recently our group demonstrated the synergist effect 

of NO donors allied to AgNPs.1 As NO is a free radical, NO donors, such as S-nitrosothiols, are used in biomedical 

applications to release NO.2 Alginate is a biocompatible and biodegradable polymer, extracted from brown algae, 

extensively used in pharmacological applications. In this work, AgNPs, synthesized by green tea extract, and S-

nitrosomercaptossunic acid (S-nitroso-MSA), a NO donor, were incorporated in alginate nanoparticles. The obtained 

nanoparticles were characterized by different techniques and their antibacterial activity was evaluated against 

different bacterial strains of medical interest. 

  

Experimental Methods 

AgNPs were synthesized by reducing Ag+ to Ag0 using green tea extract (Camellia sinensis), which is rich in 

polyphenols. The phytochemicals from green tea act not only as reducing agent but also as capping agent, stabilizing 

AgNPs. Green tea synthesized AgNPs were characterized by X-ray Diffraction (XRD) and Dynamic Light Scattering 

(DLS). S-nitroso-MSA (NO donor) was synthesized by the nitrosation reaction of mercaptosuccinic acid (a thiol 

containing molecule) with equimolar amount of sodium nitrite. Alginate nanoparticles were prepared by ionotropic 

gelation with calcium chloride in aqueous medium. Alginate nanoparticles containing AgNPs and/or S-nitroso-MSA 

were characterized by Fourier-transform infrared spectroscopy (FTIR), Atomic Force Microscopy (AFM), Dynamic 

Light Scattering (DLS), and Nanoparticle Tracking Analysis (NTA). The encapsulation efficiency of S-nitroso-MSA 

into alginate nanoparticles was measured. Kinetics of free NO release from alginate nanoparticles was monitored for 

12 h, at physiological temperature. In addition, kinetics of the diffusion of the NO donor (S-nitroso-MSA) from alginate 

nanoparticles was monitored in a Franz vertical diffusion cell, with a cellulose membrane. The kinetic profiles of S-

nitroso-MSA diffusion from the nanoparticles were fitted to mathematical models. In vitro cytotoxicity of the 

nanoparticles was evaluated in Vero fibroblast cell line. The antibacterial activity of the nanoparticles was 

characterized by measuring the minimum inhibitory concentration (MIC) and minimum bactericidal concentration 

(MBC) of the nanoparticles against Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923, 

Streptococcus mutans ATCC UA159. 

  

Results and Discussion 

Green tea synthesized AgNPs presented face centered cubic lattice with size of 34.7± 4.9 nm, polydispersity index 

(PDI) of 0.28 ± 0.01. Alginate nanoparticles have average size of 32 nm, as assayed by AFM, and hydrodynamic 

size of 271.93 ± 8.99 nm and PDI of 0.398 ± 0.021, as assayed by DLS and NTA. Encapsulation efficiency of the NO 
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donor into alginate nanoparticles was found to be 98.74 ± 0.08%. NO release from alginate nanoparticles was found 

to be sustained for at least 12 h at 37 °C, with an initial rate of 14.199 ± 0.325 mmol/L.h-1. Diffusion of S-nitroso-MSA 

from alginate nanoparticles indicates a change on nanoparticle surface. A concentration dependent toxicity was 

observed for NO-releasing alginate nanoparticles, and the nanoparticles were found to be toxic to Vero cells at higher 

tested concentrations (1 and 3 mmol/L). AgNPs and alginate nanoparticles containing AgNPs and/or S-nitroso-MSA 

demonstrated antibacterial activity against all tested bacterial strains. MIC and MBC values for alginate nanoparticles 

containing AgNPs and S-nitroso-MSA were in the rage of 78 mg.L-1 to 310 mg.L-1. 

  

Conclusion 

This work describes the synthesis and characterization of alginate nanoparticles containing green tea synthesized 

AgNPs and/or S-nitroso-MSA (a NO donor). The materials prepared were characterized by different techniques. 

Kinetic measurements showed a sustained NO release from the nanoparticles for at least 12 h, at physiological 

temperature. The nanoparticles showed a concentration dependent toxicity to Vero cells. In addition, alginate 

nanoparticles containing AgNPs/S-nitroso-MSA showed potent antibacterial activities against clinically relevant 

bacteria strains, at concentrations found not toxic to Vero cells. Therefore, alginate nanoparticles containing AgNPs 

and S-nitroso-MSA might find important biomedical applications in the combat of bacterial infection. 
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Schematic representation of alginate 

nanoparticles containing AgNPs and nitric oxide 

donor 
Alginate nanoparticles containing green tea 

synthesized silver nanoparticles (AgNPs) and the 

nitric oxide donor (NO donor) 

S-nitroso-MSA for antibacterial effects.  
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Introduction 

Keratin is a biocompatible polymer that has attracted a lot of attention as biomaterial for biomedical applications, 

particularly in the field of tissue engineering and drug delivery. Keratin is one of the most abundant non-food proteins, 

being the principal component of hair, wool, feather, horns and nails of mammals, reptiles and birds, and it can be 

easily extracted from readily available and low cost wastes, such as raw wool not suitable for spinning, feathers from 

butchery and by-products of the wool textile industry. [1] Regenerated keratin solutions extracted from wool can be 

easily processed in different biodegradable, biocompatible and non-toxic forms including fibers, capsules, particles, 

films, foams, nanofibrous membranes and gels. 

Hydrotalcites (HTlcs) or layered double hydroxides (LDH) are the only example of layered solids with a positively 

charged surface balanced by interlayer anions. The possibility of anionic insertion into the interlayer region makes 

HTlc versatile materials suitable for different industrial applications such as adsorbents, ion exchangers, 

pharmaceutics, catalysts, flame retardants and nanostructured materials for photonic and opto-electronic devices. 

[2]  

Recently we reported the preparation of hybrid materials (films and electrospun nanofibers, Figure 1 A and 1B) for 

drug delivery purposes obtained by combining keratin with hydrotalcite nanoparticles containing diclofenac. 

Diclofenac was chosen as a representative non steroidal anti-inflammatory drugs to be introduced into keratin matrix 

and intercalated, as previously reported [3], into HTlc nanoparticles. The aim of the development of these hybrid 

composite materials was to study the effects of HTlc both as drug carriers as well as stabilizing fillers for the protein-

based matrix. Our results demonstrated that nanosized HTlc exercised an overall reinforcing action on the hybrid 

materials since all the samples displayed a reduced swelling, porosity and a slower degradation profile compared to 

pure keratin based compounds. Diclofenac release profiles of the hybrid films in physiological conditions were higher 

than those of the non-hybrid compounds whereas in the electrospun nanofibers the release was comparable. [4-5] 

  

Experimental Methods 

1) Preparation of Keratin/HTlc based materials 

2) Morphology characterization of Keratin/HTlc hybrid materials 

3) Porosity measurement by liquid displacement method 

4) Swelling studies 

5) Degradation test 

6) Drug release test 

  

Results and Discussion 

In the present work we report the preparation of innovative keratin-HTlc composite sponges by freeze-drying 

procedure starting from keratin and nanosized HTlc aqueous solutions (Figure 1C). In addition, the comparison in 

terms of properties (swelling, porosity and stability) and diclofenac release profiles between these new materials and 
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the already obtained films and electrospun hybrid nanofibers is presented. The obtained keratin-HTlc hybrid sponges 

are characterized and tested in vitro as potential systems for controlled drug release. 

  

Conclusion 

The successfull preparation of different keratin composites containing nanosized hydrotalcites allows to increase the 

range of possible keratin based materials to be used for biomedical applications. 
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Figure 1 
 Keratin/Hydrotalcites hybrid materials: A) 

film, B) electrospun nanofibers and C) sponges. 
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Introduction 

Nanocomposites are highly interesting biomaterials while the nanoparticles embedded in a polymer matrix can add 

novel functionality to the polymer. Thermoplastic polyurethane (TPU), a medium hardness polymer, has been applied 

in different biomedical device [1]. In previous experiments, we demonstrated that laser ablation and in situ embedding 

of nanoparticles into the TPU is a versatile strategy for nanocomposite synthesis. In these studies, we found that Ag 

and Cu nanoparticles, in situ embedded into the TPU polymer matrix, was able to remain uniform even after hot 

injection molding [2]. TPU nanocomposites are confirmed to the generation of pre-endothelialized surfaces of medical 

devices [3]. 

In this work, the loading of gold and iron nanoparticles into TPU polymer solution by a laser-based in situ embedding 

method is systematically studied. We demonstrate how the loading of the particles into the TPU can be controlled 

and optimized, utilizing high power lasers with high productivity [4]. In consecutive experiments we realize the parallel 

embedding of two different nanoparticles, gold and iron, into the TPU. This could be particularly interesting as both 

elements were shown to enhance the cytocompatibility of biomaterials by two different modes of action, Fe probably 

by iron ion release [5] and Au by altering the surface charge of polymers. [3] In the course of this study we examine 

the release of bioactive iron ions and measured surface charge and hydrophilicity (contact angle) in correlation with 

the particle mass load. Finally, we evaluate the adsorption of the model proteins BSA on the nanoparticle-loaded 

composites as an initial indicator for potential biocompatibility and evaluated to what extent the affinity to BSA is 

correlated with the loading and composition of the composite biomaterial. 

  

Experimental Methods 

Laser ablation was to generate gold or iron TPU composites. TEM and confocal microscopy were used to 

characterize the size distribution and 3D structure. The physical property of composites was investigated by contact 

angle and surface charge. 

  

Results and Discussion 

Gold and iron particle size was 5.3 nm and 12 nm, respectively. Pure TPU was positve charge at pH 7, but with 

embedding nanoparticle, it is negtive charge. Further, nanoparticles can alter wettability of this polymer. 

  

Conclusion 

Gold and iron nanoparticles can be uniformlz embedding in TPU, which will alter the surface charge and wettablity 

of this polymer. This composites is promising for pre-enthodial. 
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Introduction 

Presently, burn, scald, and chronic wounds represent a major and persistent burden in dermatology. Acute and 

chronic wounds need to be treated by artificial skin and/or wound dressings. Though various wound healing materials 

have been developed over time, the present commercial materials are far from ideal. Owing to its unique nano-scaled 

three-dimensional network structure, bacterial nanocellulose (BNC) has high water retention, high mechanical 

strength, and outstanding biocompatibility, all of which enable it to serve as a natural scaffold material for the 

regeneration of a wide variety of tissues. However, it has to be highlighted that infection is a crucial and generally 

unsolved issue in wound healing [1,2]. 

Among many nanocompounds, Ag nanoparticles have shown capability to inhibit or decline infections. Synthesis of 

Ag NPs via chemical methods require the employing of organic passivators which are toxic to the environment and 

the human body. Green synthesis of nanostructures that incorporates the utilization of renewable materials and 

avoids the use of toxic chemicals and harsh solvents are more suitable for biomedical applications [3]. Tragacanth 

gum (TG), an anionic polysaccharide, is a biobased polymer which is derived from renewable sources. As a 

biomaterial, TG has been used in industrial settings, such as food packaging and water treatment, as well as in the 

biomedical field as drug carriers and for wound healing application. There are some interests in using TG for the 

biosynthesis of NPs as opposed to chemical synthesis [4]. The present study focuses on the production, 

characterization, capping and stabilization of silver nanoparticles by TG using an aqueous medium via microwave 

assisted approach in organic solvent-free process that is completely biocompatible and nontoxic. 

  

Experimental Methods 

The biosynthesis of silver NPs was conducted by microwave irradiation of silver nitrate using green chemistry 

approach in an organic solvent-free medium. A homogeneous tragacanth gum solution was prepared. Subsequently, 

AgNO3 solution was added to the TG solution. Then, the mixture were treated by microwave (700 w) for 180 s. A 

pulsed mode of on 5 s, off 5 s was applied to prevent intense boiling and aggregation of Ag NPs. The biosynthesized 

NPs in tragacanth gum were stored at 4 °C for further characterization. 

Regarding the synthesis of bacterial nanocellulose, commercially available SCOBY (including Acetobacter bacterial 

species, as well as various Saccharomyces and other yeast types) was cultured in a static medium. After 2 weeks, 

the BNC, which was formed on the air-medium interface, was collected and purified. 

The Ag NPs  were then impregnated into bacterial nanocellulose by immersing BNC pellicles in TG solution 

containing silver NPs followed by rinsing with deionized water. 

  

Results and Discussion 

Figure 1A shows the schematic illustration for biosynthesis and stabilization of Ag NPs by tragacanth gum. The 

conversion of the colorless reaction mixture to the characteristic clear yellow color indicates the formation of Ag NPs. 

UV-Vis spectroscopy emerged as one of the most powerful analytical tools for characterization of metal nanoparticles. 
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The absorption spectra of samples before and after microwave treatment are presented in Figure 1B .The monotonic 

decrease of the UV–Vis spectrum of CSE before microwave treatment clearly indicates the absence of Ag NPs while, 

after microwave treatment, the peak of the Plasmon absorption at 440 nm reflects the presence of the colloidal 

dispersion of Ag(0) NPs. The peak appearance of the Plasmon absorption represents that Ag+ ions were reduced to 

Ag(0) NPs. The absorption band is caused by 4d→5s, p interband transitions as reported in other studies [5]. Figure 

1C shows the results of DLS analysis of silver NPs and it can be seen that the prepared NPs have a narrow size 

distribution. 

Figure 2 shows the optical and SEM images of pristine bacterial nanocellulose. The surface morphology of BNC is 

observable. As can be seen, the purified BNC has rough morphology. 

Since gels exhibit many polymer characteristics without becoming freely dissolved, such materials can remain in 

place under physiological conditions while maintaining antimicrobial activity. These attributes make them ideal for 

clinical fields such as skin infections, and wound healing applications [6]. 

  

Conclusion 

A simple, eco-friendly approach for green synthesis of silver NPs was acchieved by using naturally occurring and 

renewable tragacanth gum as a bioreducing and biostabilizing agents instead of utilization of toxic chemical agents 

and solvents. The biosynthesized spherical particles of silver can be used in a plethora of crucial applications related 

to clinical and biomedical sectors. Antimicrobial BNC hydrogels can be as an important platform to combat infections 

in wound healing applications. 
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ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1402 of 1893 

(A) Illustration for the synthesis of silver 

nanoparticle in tragacanth gum via microwave-

assisted green approach. The darker color shows 

the Ag ions were converted to Ag NPs. (B) The UV 

absorbance of Ag NPs in tragacanth gum before 

and after microwave treatment. (C) Size 

distribution measurements by DLS of silver NPs 

in tragacanth gum solution. 

 

 

Figure 2 
(A) Photograph of purified bacterial 

nanocellulose. (B) SEM image of surface 

morphology of the purified bacterial 

nanocellulose. 
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Introduction 

Nowadays a lot of scientific effort is focused on the development of new materials for the biomedical use (e.g. for 

tissue engineering [1] and cancer treatment). One of the most promising material in this field is graphene derivative 

called graphene oxide (GO). GO is a defected graphene (carbon layer with one atom thickness arranged in hexagonal 

crystal lattice), where defects are the result of reactive oxygen functional groups bonded to the surface. Great interest 

of GO is due to its physicochemical properties which allow for modifications of GO structure by different biomolecules 

attachment. This extend possibilities for interaction with different types of cells and tissues. Moreover, GO without 

any surface modification was found to be nontoxic and biocompatible towards different cell lines, even human 

mesenchymal stem cells.[2] 

High-molecular weight glycoproteins such as fibronectin are often introduced into biomaterials to improve cell 

attachment. However binding of such molecules of the desired amount with material poses many difficulties. 

Therefore we introduced to GO a short peptide RGD of a sequence that is mostly responsible for integrin binding. 

This sequence is also present in the fibronectin structure. 

The aim of this study was to synthesize GO modified with Arg-Gly-Asp peptide (RGD) as a molecule enhancing cell 

attachment and therefore providing good conditions for their growth and proliferation. 

  

Experimental Methods 

Here we present different ways to prepare GO-RGD platform. GO was obtained by modified Hummers method. 

Carboxylated GO (GO-COOH) was obtained with the use of chloroacetic acid in a basic environment. Graphene 

flakes (GO and GO-COOH) were pre-functionalized with ethyl(dimethylaminopropyl) carbodiimide (EDC) and N-

hydroxysuccinimide (NHS) compounds. Every modification was conducted in a bulk and in a form of layer. After this 

activation of -COOH groups in GO, RGD was bonded. GO-RGD was prepared in the form of suspension as well as 

in the form of layer. FTIR, EDS and SEM study of the obtained composites were performed to evaluate if the 

functionalization was achieved. Bonded peptide molecules were also labeled with a fluorescent dye FITC. 

  

Results and Discussion 

FTIR spectra indicate structural change in GO after functionalization with EDC/NHS and RGD peptide. The results 

show the appearance of new chemical covalent bonds between graphene oxygen functional groups and molecules 

used for functionalization. The spectra show that after GO modification the absorption peak at 1730 cm−1 assigned 

to carboxyl groups became weak. This may provide an evidence for the successful modification of RGD peptide, 

where carboxyl groups are consumed. Stronger absorbance at 1075 cm-1 may come from newly created C-N groups 

after RGD addition. 

EDS measurement also indicate the presence of nitrogen atom in the structure of GO modified with RGD peptide. 

Morphology observed under SEM microscopy indicate that the GO flakes are not significantly agglomerated even 

after functionalization processes. 
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Conclusion 

Modification of graphene oxide with RGD peptide was successfully conducted. Optimal method for the preparation 

of such materials was investigated. It was stated that modifications of previously dried GO layers are easier to prepare 

than of GO suspension. This procedure does not require to substitute water for e.g. DMF solvent during EDC/NHS 

functionalization of GO. 
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EDS measurement of GO modified with RGD. 

 

 

FTIR spectra of GO and GO modified with EDC/NHS 

and RGD peptide. 
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Introduction 

Immediate hemorrhage control and anti-infection play important roles in the wound management. Besides, a moist 

environment is also beneficial for wound healing. Hydrogels are promising materials in urgent hemostasis and drug 

release. In this study, we constructed nanocomposite hydrogel with rapid hemostasis and sustainable antibacterial 

property combining human hair keratin and catechin nanoparticles (KENs) combined with carboxymethylcellulose. 

The KENs were prepared by the self-assembly of keratin and catechin. The KENs and cellulose composite hydrogel 

(KEC hydrogel) displayed a three-dimensional microporous structure and exhibited excellent swelling, mechanical 

property, and low cytotoxicity. The KEC hydrogel also showed a wet surface adhesion and antibacterial property. 

The hemostasis and wound-healing properties were evaluated in vivo using a mouse model. The results showed that 

hydrogel had the rapid hemostasis capacity and accelerated wound healing. In summary, KEC hydrogel may be 

excellent candidates as hemostasis materials for the wound dressing application. 

  

Experimental Methods 

The keratin was extracted from human hair fibers using a reported method with some modifications. KENs were 

synthesized using a simple one step approach. Briefly, 100 mL keratin solution (1 mg mL-1) were slowly dripped into 

the 100 mL catechins solution (5 mg mL-1). The mixture was stirred in dark place under nitrogen protection at 37℃. 

After 24 h, the products were collected by centrifugation and washed with water three times. The obtained KENs 

were lyophilized or re-dispersed in water and stored at 4°C. 

KENs suspension (5%, w/w) were first prepared. Then sodium carboxymethyl cellulose was added into the KENs 

suspensions and KEC hydrogel was obtained. Then 300 mg sodium carboxymethyl cellulose was added into the 100 

mL KENs suspension. After stirring for 2 h at room temperature, the KEC hydrogel was obtained and stored at 4°C. 

  

Results and Discussion 

SEM images demonstrated an observable increase in fibrin and blood cells deposition when clotting occurs in the 

presence of KENs (Figure 1). These results suggest that KEC have excellent property on clotting blood cells. Blood 

coagulation is the process that the coagulation factor is activated in a certain order, which eventually converts 

fibrinogen to fibrin. During coagulation process, fibrin monomers interconnect to form a fibrin polymer with a cross-

network structure which insoluble in water under the action of thrombin. The fibrin network can trap blood cells and 

accelerate the formation of blood clots. It was reported that keratin had an effect on the formation of fibrin and the 

deposition of blood cells. This might be the reason that the KEC hydrogel made the blood clot easier to form in the 

presence of KENs. 

In order to further investigate the efficacy of KEC hydrogel in promoting wound healing, a rat skin defect model was 

established. Using a disposable surgical biopsy instrument, a circular skin defect model with φ = 10 mm on the back 

of rats was taken as the experimental model. Experimental rats were divided into four groups, namely, blank control 
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group, cellulose group, keratin-cellulose mixture group(KC) and KEC group. Photos were taken at 0 and 28 days 

after surgery to observe the wound healing effect. H&E staining was performed on the skin of the injured rats at 7, 

14 and 28 days to investigate the effect of tissue regeneration. Figure 2 shows the digital photograph of wound 

healing effect. According to the picture, the wounds in KEC group were smooth and healed completely within 28 

days. Both the blank group and the cellulose group were not completely healed at 28 days, because the wound of 

the blank group was formed by the material deposition of blood and tissue fluid to form a scab, which prevented the 

exudation of tissue fluid and protected the wound. 

While crusting also slows epithelial cell creep and slows wound healing. The results indicated that KEC had better 

moisturizing effect, reduced scab formation and promoted epithelial cell proliferation and creep. In addition, both 

keratin and catechin can promote tissue regeneration and accelerate tissue healing. The healing effect of KEC group 

was better than that of KC group and had no obvious scar. These results suggest that catechin molecules in KEC 

hydrogel have anti-inflammatory and antioxidant effects, which reduce inflammatory effects and speed up the 

inflammatory period. As can be seen from the figure 2, infiltration of some inflammatory cells can be observed at 7 

days, but no inflammatory infiltration can be observed at 14 days, and a large number of cell proliferation and some 

epithelial tissue formation can be observed. At 21 days, regular epithelial cells have formed, indicating that the tissue 

has healed well. 

  

Conclusion 

The hydrogel incorporating nanoparticles might have potential applications for controlling bleeding and wound 

repairing. 
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Figure 1. Hemostatic effect of KEC hydrogel. 
(a) KEC hydrogel before blood clotting and (b) 

after blood clotting. Procedures for a liver 

model in a mouse model and evaluation of 

hemostatic ability  of the control group(c) and 

KEC hydrogel(d). 

 

 

Figure 2. Skin healing effect. 
Digital photos of skin defect model and skin 

wound healing of blank control group, cellulose 

group, KC group, and KEC hydrogel group for 0 

day and 28 days treatment. H&E stained images of 

wound skin after treated with KEC-glue1.0% at 7 

days, 14 days and 21 days. 

 

 

Figure 2. Skin healing effect. 
(a)Digital photos of skin defect model and skin 

wound healing of blank control group, cellulose 

group, KC group, and KEC hydrogel group for 0 

day and 28 days treatment. (b)H&E stained images 

of wound skin after treated with KEC-glue1.0% at 

7 days, 14 days and 21 days. 
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Introduction 

Guided bone regeneration (GBR) is a technique well studied because of the benefits that it can provide. GBR is a 

technique that uses an occlusive membrane that physically prevents the entry of non-osteogenic cells into bone 

defects, favoring bone regeneration [1]. Polymeric membranes are commonly used in GBR, especially membranes 

made from biopolymers. Poly (lactic acid) (PLA) is widely studied for being biodegradable, biocompatible and easy 

to process [2,3,4]. Its degradation gives rise to monomers and oligomers of lactic acid, which are completely absorbed 

by the body. 

The technique chosen to produce polymer membranes was solvent casting because it is a low-cost technique, use 

of relatively simple materials and equipment and easy reproducibility [5]. This technique makes it possible to obtain 

dense or porous films. 

Modifications on the surface of the membrane allow it to have a porous surface, which facilitates cell deposition, 

adhesion and proliferation. The modification in the solvent cast technique with high humidity rate allows to obtain 

porous on surface [6]. 

The addition of bioglass (BG) in the polymer matrix promotes osteoinduction and osteoconduction properties, since 

the BG presents high bioactivity, which can crystallize hydroxyapatite a few hours after implantation. Bioglass® 45S5 

composition with 45% SiO2, 24.5% CaO, 24.5% Na2O and 6.0% P2O5 (mol%) has become more widespread due to 

the ease of preparation and the high bioactivity present [7,8,9]. 

  

Experimental Methods 

The BG was obtained by the fusion of SiO2, CaO, Na2O and P2O5, in the molar proportions of the formulation BG 

45S5. The obtained BG was milled and characterized by XRD and SEM. The porous membrane of PLA with addition 

of 3 and 5% w/w of BG were obtained by solvent casting in controlled humidity method, dispersing BG in chloroform 

and solubilizing PLA. The solution was poured into molds for solvent evaporation under controlled humidity 

atmosphere.  The membranes were characterized by XRD, SEM, DSC, biomineralization essay and diffusion agar 

test. 

  

Results and Discussion 

The BG obtained have irregular in shape and the particles are in micrometric scale (average size at 5.27 μm, with a 

bimodal particle size distribution (first peak in approximately 1.69 μm and second peak in 11.57 μm). XRD showed a 

halo between 2θ = 26º and 36º, characteristic presented by amorphous materials. 

The membranes showed the formation of pores on their surface. The pore size increased with the addition of BG. 

XRD of the membranes showed the PLA peaks were identified, corresponding to the angles 2θ = 16.89°, 19.23° and 

22.6° and the characteristic halo of BG remained present in PLA membranes incorporating BG. 
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The DSC showed that the addition of BG decreased the Tg values, increased the Tm values and their enthalpies of 

PLA fusion. A decrease in Tcc and an increase in the degree of PLA crystallinity were also observed. 

XRD and SEM were used to evaluate the bioactivity of the PLA polymer membranes after the biomineralization 

assay. The BG inserted into the polymer matrix increases the amount of hydroxyapatite deposited on the surface of 

the porous membrane. The crystals deposited have irregular shape, sometimes also presented as acicular format. 

The diffusion agar test showed that membranes with addition of BG have bacteriostatic properties. 

  

Conclusion 

The obtained bioglass by melting-quenching was successful, since an amorphous material with diffractogram 

corresponding to the literature was obtained. The solvent casting technique in controlled humidity resulted in a porous 

membrane. The incorporation of bioglass in the polymer matrix resulted in materials with superficial modifications 

and with modifications in their thermal profiles. The biomineralization test in SBF presented favorable results for the 

addition of bioglass, since the addition of BG had a direct influence on the deposition of hydroxyapatite on the 

membrane. The BG also have bacteriostatic properties, which may prevent infectious processes The composite 

produced presented the proposed properties such as surface porosity and ability to promote osteoinduction, and this 

material was then applicable to ROG. 
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XRD of porous membranes, before and after 

biomineralization essay 
XRD of a) PLA membrane, PLA + 3% BG membrane and 

PLA + 5% BG membrane; b) PLA membrane, PLA + 3% 

BG membrane and PLA + 5% BG membrane after 

biomineralization essay, including HAp peaks. 

 

SEM of porous membranes after biomineralization 

essay, with different magnitudes.  
SEM of the polymer membranes of PLA (a,b,c), PLA 

+ 3% BG (d,e,f) and PLA + 5% BG after 

biomineralization essay. 
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Introduction 

Currently under development and research of materials for the restoration of bone tissue. One direction is the 

development of composite materials based on hydroxyapatite (HA) and polyesters such as polylactic acid (PLA) and 

copolymer of lactide and glycolide (PLGA). Often the available research does not provide an answer to the question 

- which component in such materials is primary. The purpose of this work is a comparative analysis of two composite 

materials developed on the basis of the Tomsk State University. 

  

Experimental Methods 

Two types of composite materials with different compositions and structures were obtained. The first type is PLA 

fibers filled with dispersed HA [1], the second type is porous hydroxyapatite ceramics impregnated with PLGA [2]. 

  

Results and Discussion 

Composite material PLA/HA 70/30 was found to have the highest surface energy value (52.18 mJ/m2), and 

roughness parameter Ra (4.21 μm) compared to other type 1 composites (Fig.1). Along with this, it was found that 

in type 2 materials (Fig. 1) PLGA/HA 95/5 has the highest surface energy among composites, which is associated 

with a high concentration of phase boundary on the surface as a result of the island coating of the sample with 

polymer, roughness, however, it changes linearly with increasing amounts of PLGA in samples. 

Macrophages provide an immediate response to the penetration of a foreign object into the body, they are one of the 

key cells of the innate immunity system, participate in the launch and implementation of reactions of the acquired 

immunity system. Therefore macrophage test systems were used to study the biocompatibility of materials. The 

evaluation of the viability of monocyte macrophages of 3 individual human donors after 6 days of cultivation of cells 

on the surface of polylactide and type 1 composite material showed that the level of metabolic activity of macrophages 

in the presence of both PLA and PLA/HA = 70/30 is comparable to the control. Cells cultured on plastics were used 

as controls. Thus, the studied materials do not adversely affect macrophages. The level of metabolic activity of 

macrophages when seeding on samples PLGA/HA 95/5 and PLGA/HA 93/7 is comparable to the control. When 

seeding on the surface of HA, there is a low cell viability. This fact may be associated with high surface energy of 

HA. On the other hand, cells seeded in samples with PLGA/HA 83/17 show low viability. From the obtained data  it 

can be concluded that there is an optimal range of surface energy values that favorably affect the viability of materials. 

The most average value is characterized by material PLGA/HA 93/7. Despite the fact that pure HA has pronounced 

cytotoxic properties, the addition of PLGA can significantly reduce the value of surface energy to change the adhesion 

characteristics and increase the viability of cells on the surface of composite materials. 

  

Conclusion 

In each series of samples, the ratio of components was determined, which is characterized by the most optimal 

physicochemical characteristics and minimal negative influence on the viability level of macrophages. The obtained 
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experimental data can be successfully implemented in the preparation of bioactive, biocompatible composite 

materials based on polylactide and hydroxyapatite, followed by application in various fields of medicine to create 

materials for implantation. 
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Introduction 

In the field of knee injuries mostly accompanied by ruptures of the anterior cruciate ligament (ACL) the current 

standard therapy is the use of autologous tissue, whereby the majority of surgeons could imagine a tissue engineering 

solution, if the mechanical and cell biological requirements of the used cell carriers (scaffold) were met. 

Tissue engineering strategies for ligament reconstruction increasingly focusing on cell carriers made of polymer 

materials like polylactide and its copolymers. Essential requirements are a suitable mechanical behaviour of the 

polymer based cell carriers comparable to autologous ligament tissue [1] and a sufficient cell behavior (cell adhesion 

and proliferation) on the polymer surfaces [2]. Therefore, an adequate surface functionalization e.g. by fluorination 

as well as an appropriate sterilization method for highly porous constructs are needed. 

  

Experimental Methods 

Two different thread materials, a monofilament suture thread made of poly(lactic-co-ε-caprolactone) (P(LA-CL), L-

lactic/ε-caprolactone 75:25, suture monofilament from Gunze Ltd. (Japan), USP 7-0, supplier Catgut) and a melt 

spun multifilament made of polylactic acid (PLA, 2% of D-Lactic acid, pellets from NatureWorks LLC (USA), 

multifilament consisting of six filaments, melt spun at IPF, Tt=100 dtex), were prepared as thread loops with 1000 

mm length. The thread loops were bound together with a polyester thread for better handling during the subsequent 

processes. The desizing of the thread material surfaces was performed by washing in n-heptane three times and 

dried on air. 

Fluorination was realized at the FILK in a fluorination batch reactor by Fa. Fluor-Technik-System. Fluorination was 

performed in an mixture of 10% fluorine gas in air for 60 seconds. 

Afterwards, the samples were sterilized with ethanol (EtOH, 30 min., 70%) or ethylene oxide gas (EO, DMB 

Apparatebau GmbH). The mechanical properties were characterized by using a tensile testing machine (Zwick/Roell 

Z 0.5, 20 N load sensor, 50 mm/s test speed, 50 mm gauge length) controlled with the TestXpert software 

(Zwick/Roell, Germany). Changes of the polymer surfaces were investigated by SEM (Philips ESEM XL 30, 

Germany). 

  

Results and Discussion 

No significant changes of the mechanical behaviour were observed after desizing both materials. There was no 

influence detectable after fluorination of PLA whereas for desized P(LA-CL) the ultimate tensile load and elongation 

significantly decreased. After sterilization of both materials with EtOH for 30 minutes the load-elongation behaviour 

changed by reducing the yield strength whether the samples were previously desized or fluorinated. Furthermore, 

the ultimate tensile elongation significantly decreased for P(LA-CL) after EtOH sterilization regardless of whether the 
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thread was previously desized, fluorinated or treated with both surface procedures. The ultimate tensile elongation 

significantly increased for not fluorinated PLA after EtOH sterilization whereas a decreased ultimate tensile load and 

elongation were detected for desized and fluorinated PLA. After sterilization with EO the ultimate tensile load and 

elongation decreased for P(LA-CL) (no significance). In contrast, the ultimate tensile elongation significantly 

increased for PLA and no changes could be detected for the ultimate tensile load. 

A sterilization with EtOH seems disadvantageous for PLA and P(LA-CL) due to significant changes of the mechanical 

properties like a reduction of the elastic deformation range (Fig. 1, 2). In current work it should be clarified to what 

extent the EO sterilization process can be changed to make it as gentle as possible for the polymer materials. 

  

Conclusion 

Care must be taken to changes of the mechanical behaviour when choosing a suitable surface functionalization and 

sterilization method for polymer materials. Both materials, PLA and P(LA-CL), could be functionalized with 10% 

fluorination and sterilized with ethylene oxide gas to act as potential materials for the fabrication of ligament scaffolds 

[3]. 
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Figure 2 
Load-elongation behaviour of P(LA-CL) with (w/) 

and without (w/o) heptane desizing after EtOH 

sterilization 

 

Figure 1 
Load-elongation behaviour of PLA with (w/) and 

without (w/o) heptan desizing after EtOH 

sterilization 
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Introduction 

Cell incorporation onto three-dimensional (3D) biocompatible scaffolds is a crucial step to obtain functional tissue-

engineered cartilage. The efficacy of the use of scaffolds depends on their ability to interact with cells, which begins 

with the incorporation process [1]. Several seeding techniques have been successfully on uniformly incorporating 

cells through the scaffolds [2], however those cannot be applied for electrospun scaffolds. The characteristic small 

pore size of these structures prevents cell infiltration, relegating tissue formation to the surface. Several 

methodologies have been reported to increase pore size of the electrospun scaffolds using sacrificial materials, but 

these manipulations generally led to degradation of the scaffold final mechanical properties [3,4]. Cellular integration 

during the scaffolds construction by electrospinning can be a suitable approach to develop functional tissue 

constructs, using electrospraying technology. Cell electrospraying, a concept first introduced in 2005 by Jayasinghe, 

enables the deposition of living cells onto specific targets by exposing the cell suspension to an external high intensity 

electric field [5,6]. Several cell types have been electrosprayed and survived with no significant influence on a genetic, 

genomic and physiological level [7]. Here, the preliminary combination of polymer electrospinning with cell 

electrospraying was performed, in an attempt to overcome the challenges of cell infiltration into electrospun scaffolds 

for cartilage tissue engineering. 

  

Experimental Methods 

First, several chondrocyte electrospraying experiments were performed to access the optimal electrospraying 

conditions, by varying the voltage, flow rate, needle to collector distance and needle gauge. Then, using the selected 

parameters, the preliminary association of chondrocyte electrospraying with polymer electrospinning was performed 

alternating the two technologies. The polymer selected here was the blend of polycaprolactone (PCL) and gelatin, 

already reported as beneficial for cartilage repair purposes [8,9]. The prepared scaffolds were then cultured for 7 

days and the respective cell viability assessed. The percentage of viability was calculated as a ratio of the metabolic 

activity of the electrosprayed chondrocytes incorporated within the scaffolds and the metabolic activity of the same 

number of chondrocytes cultured on the tissue culture polystyrene on the first time point. The chondrocyte distribution 

was also evaluated by immunocytochemistry of the nuclei and actin filaments. 

  

Results and Discussion 

Post-electrosprayed chondrocytes viabilities were considerably high (> 80%), particularly at low needle to collector 

distances, confirming that the electrospraying process did not significantly influenced chondrocyte function. At higher 

working distances, cell loss may occur within the electrospraying chamber, resulting in decreased cell viability. The 

combination of both technologies was accomplished, by alternating between PCL and gelatin electrospinning and 

chondrocyte electrospraying. It was possible to incorporate the chondrocytes within the electrospun PCL and gelatin 
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layers, with an apparently uniform cell distribution through the scaffolds. The presence of gelatin on the scaffolds 

allowed for a rapid cell attachment and proliferation, due to the presence of cell recognition domains (RGD) [8]. A 

partial dissolution of gelatin might also have occurred, resulting in an enhanced pore size for cell migration [9]. 

  

Conclusion 

It is possible to infer that a considerable number of chondrocytes were able to survive to the electrospraying process. 

The successful cellular integration onto the electrospun scaffolds confirmed that this technique can a promising 

alternative for cell incorporation into the 3D scaffolds during its electrospinning. 
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Introduction 

Electrospinning is a popular technique to fabricate submicron-sized fibers and nonwovens for fibrous scaffolds. Due 

to the micro and nano scale of the fibers, the structure mimics properties of extracellular matrix, thus enabling cell 

migration into the scaffolds. Improved cell migration and higher specific surface area compared to regular fibers are 

reasons electrospun fibers are successfully used in fields like tissue engineering, biomedical and pharmaceutical 

applications.1 Aim of the presented study is the development of a stable elctrospinning process for fabricating 

membranes out of thermoplastic polyurethane (TPU) and hyaluronic acid (HA). Benefit of a TPU/HA membrane is 

the improved hydrophilicity and cell viability compared to a pure TPU membrane. 

  

Experimental Methods 

In the presented study TPU/HA membranes were produced in an electrospinning process. The two polymers were 

processed with two separate nozzels. TPU was electrospun from a chloroform/methanol solution, HA is electroblown 

from an aqueous solution using a coaxial nozzle. Pressurized and heated air from the outer nozzle supports the 

forming of nanosized HA particles. Hyaluronic acids with molecular weights from 90-1500 kDa in different 

combinations were used in the electroblowing process. Fourier-transform infrared spectroscopy (FTIR) was used to 

detect the existence of HA in the membranes and contact angle measurements were conducted to verify an effect of 

the incorporated HA on hydrophilicity compared to TPU membranes. In the next fabrication step the membranes 

were plasma treated to cross-link the HA particles in the TPU fibers and decrease the solubility of HA. Plasma 

treatment was carried out with an argon plasma for 5 minutes and 0,2 bar. Subsequently the solubility of HA was 

tested in a washing test. 5 mg samples of the membrane were placed in 50 ml of distilled water and put into an oven 

at 37°C for 30 minutes to 48 days. Samples were weighed before the test and after washing following a drying step. 

The measured weight difference indicated the amount of dissolved, non-crosslinked HA. Finally, the cytocompatibility 

and impact of HA incorporation on cell adhesion was studied. Myofibroblasts were cultured for 4 days on samples 

with different types of hyaluronic acid. Cell morphology and viability were tested using live/dead staining. 

  

Results and Discussion 

FTIR showed the existence HA in the membranes after electroblowing HA in the process compared to the TPU 

membranes. Further contact angle measurements showed a decrease from 108° ± 0.8° (pure TPU membranes) to 

83° ± 1° (TPU/HA membranes). The mass loss detected after washing and drying the membranes was higher for the 

untreated membranes than for the plasma treated membranes. Lower mass loss for the plasma treated membranes 

indicated a positive effect of the functionalization on crosslinking between HA and TPU. Finally, fluorescence 

microscopy analysis revealed superior cell viability and proliferation for TPU/HA membranes compared to pure TPU 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1419 of 1893 

membranes. Highest myofibroblasts viability and proliferation rate were obtained for a combination of low (90-130 

kDa), mid (500-750 kDa) and high (1250-1500 kDa) grade HA.  

  

Conclusion 

In the future the TPU/HA-membranes could be used for tissue engineering applications, due to the improved 

hydrophilicity and cell viability. 
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Introduction 

Collagen filaments [1–6] may be fabricated into fiber based scaffolds highly suitable for tissue engineering 

applications, as such scaffolds feature a high surface-to-volume area, a well-defined fiber structure, and are made 

of a substance found in the extracellular matrix. Despite its benefits for textile processing collagen multifilament yarns 

are not available so far. Hence, in here a collagen multifilament wet-spinning method is proposed and described. 

  

Experimental Methods 

The acid-soluble Collagen MDP was purchased from GfN Herstellung von Naturextrakten GmbH (Wald-Michelbach, 

Germany). The spinning dope was prepared by dissolving the collagen to yield a collagen concentration of 2 wt. %. 

The coagulation medium was based on polyethylene glycol and sodium phosphate and prepared according to the 

literature [3]. 

Collagen multifilament yarns were produced on a laboratory wet spinning line, which consisted of a specially-

designed spin pack comprised of several coaxial nozzles. The spinning dope was flowing through the core and the 

coagulation medium through the sheath of the coaxial nozzles. Coagulation was achieved by collagen self-assembly 

within an extended coagulation section; subsequently the yarn comprised of several collagen filaments was wound 

on a spool. Optionally the yarns were crosslinked in-line by glutaraldehyde or by a combination of UV radiation with 

riboflavin. 

  

Results and Discussion 

The applied collagen formed 6 well resolved bands as a result of SDS-PAGE (Figure 1) and was identified as type 

I/III by mass spectrometric analysis. Wet spun yarns were analyzed regarding their mechanical, thermal and 

structural properties. Results indicated a tensile strength of 12 cN/tex (dry) and 3 cN/tex (wet) and thermal stability 

up to 110 °C (dry) and 80 °C (wet) for glutaraldehyde crosslinked yarns. Scanning electron microscopy images 

revealed a hierarchical topography of the filaments, wherein the filaments cross section extended over a distance of 

approx. 80 µm. Furthermore, filaments were composed of several rod-like bundles (between 5 and 10) each having 

a diameter of approx. 20 µm and bundles were composed of an anisotropic network aligned along the fiber axis, 

which was composed of countless rod-like structures having a diameter as low as 100 nm (Figure 2). 

  

Conclusion 

On the basis of the thermal and mechanical analyses, it could be concluded that collagen filaments can be 

successfully manufactured by wet spinning. The applied spinning technology is suitable for a scalable production of 

collagen multifilament yarns. The availability of collagen multifilament yarns enables and eases the fabrication of 

collagen fiber based scaffolds by textile manufacturing processes. 
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Figure 1 
Photograph of SDS-gel electrophoresis showing a 

pattern of a molecular weight marker in kDa in lane 1 

and of the applied collagen in lane 2 and 3 

 

Figure 2 
Scanning electron microscopy image the surface 

structure of wet-spun collagen filaments 
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Introduction 

For many years, silica as well as titania are well established biomaterials, especially as coating materials for bone 

implants (e. g. hip joints or tooth implants).1,2 Within the last years inorganic materials are also introduced into the 

therapy of soft tissue.3 One example is a polymeric mesh implant coated with titania for hernia repair to improve 

biocompatibility.4 Next to coatings inorganic oxidic materials are known as a bioresorbable bulk material. A special 

formulation of a silica gel resulted in a CE-approved bioresorbable fleece out of microfibers for the healing of chronic 

wounds (diabetic ulcer, 2nd degree burns).5 The release of o-silicic acid while fiber resorption promotes an anti-

inflammatory wound healing6 and the nanostructured fiber surface enhances the directed movement of cells7. 

Here, the authors present further developments in the fabrication of silica and titania fibers to open up new 

perspectives in therapies as a regenerative implant and a scaffold for in-vivo tissue engineering. 

  

Experimental Methods 

Spin sols are produced by hydrolysis and condensation reactions using the liquid precursors tetraethoxysilane and/or 

titanium(IV) ethoxide. By the techniques of dry spinning and electrospinning sol-gel-derived fibers of different 

diameters are obtained. Fiber degradation studies are performed under physiological conditions and the degradation 

products are identified by chromatography and NMR spectroscopy. Additionally, the fibrous materials are tested for 

biocompatibility referring to DIN ISO 10993-5 with human fibroblasts, as well are used as a scaffold material in tissue 

engineering.   

  

Results and Discussion 

In sol synthesis, a precise control of the hydrolysis and condensation rate is mandatory to result in a spinnable sol. 

As the fiber diameter is mainly dependent on the spinning technique, the fibers’ property profile is influenced by many 

factors. Here, mainly the resorption rate and the flexibility of the fibers is affected by the sol composition as well as 

the spinning parameters (pressure, viscosity, temperature etc.). A fine-tuning of all these parameters results in non-

cytotoxic endless fibers referring to DIN ISO 10993-5. After the characterization of the resorption rate of the fibers 

and the identification of the degradation products, these pre-tested materials are processed to an open porous fiber 

fleece and evaluated as a new resorbable scaffold material in tissue engineering of human tissue.       

  

Conclusion 

In this work the authors present the synthesis and fabrication of novel sol-gel-derived silica and titania fibers and its 

influence of different spinning parameters on the resorption rate and flexibility of the resulting fibers. Fabricated to a 

fiber fleece with optimized mesh sizes and degradation behaviour, the fibrous hybrid material shows high potential 

as a novel inorganic and open porous scaffold material in tissue engineering and in regenerative therapies.   
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Introduction 

Electrospinning is a widely used method to obtain nanofibrous membranes as drug delivery systems. Moreover, 

these membranes can simultaneously be used as cell supports to improve cell viability or induce cell differentiation 

by means of the molecules released thereof. 

In that respect, electrospun membranes of two co-polymers of polyglycolic acid (PGA), with lactic acid, P(LA-co-GA) 

and caprolactone, P(CL-co-PGA), were compared to study the influence of their different chemical composition on 

their drug delivery profiles. 

The procedure to electrospin P(LA-co-GA) has already been reported elsewhere. This work is, thus, first focused on 

the development of the procedure to electrospin alike P(CL-co-GA) membranes. Next, the membranes are thoroughly 

characterized to reveal the role their different hydrophilicity, crystallinity, mechanical properties and biodegradability 

play on their biological behavior. 

  

Experimental Methods 

A solution of P(CL-co-GA) was prepared by mixing different amounts of the co-polymer (10% wt/v to 30% wt/v) with 

chloroform. To facilitate its electrospun, an addition of pyridine was necessary (10% v/v to 20% v/v). The solution 

was electrospun in a homemade electrospinning device, modifying the main electrospinning parameters (voltage, 

flow rate, and distance needle to collector). These membranes (figure 1) were analysed by Scanning Electron 

Microscope (SEM) to determine the diameter of the fibres. Next, a comparative study of the properties of the 

electrospinning solutions of both co-polymers (viscosity, conductivity, surface tension) and the electrospun 

membranes (swelling, DSC, tensile tests, biodegradation tests) was performed. Then, 10% wt/v of curcumin was 

added to the polymer solutions to electrospin and its loading and release profile were followed by UV spectroscopy. 

  

Results and Discussion 

Electrospun membranes of P(CL-co-GA) were successfully obtained for the first time, and next compared with  P(LA-

co-GA) counterparts. Whilst sharing their microstructure (mean fibre diameter slightly above 1 µm) and hydrolysable 

functional groups, they showed relevant differences in terms of hydrophilicity, thermal properties and mechanical 

behaviour, which lead to different curcumin release profiles. 

  

Conclusion 

Suitable membranes to drug delivery were performed by aliphatic co-polyesters (P(LA-co-GA) and P(CL-co-GA)). 

These membranes can be appropriated as cell supports. 
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Figure 1. Aspect of the electrospun membrane of 

P(CL-co-GA). 
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Introduction 

A surgical approach to reconstruct the joint function after ligament rupture could be the application of a tissue 

engineered entity, including the three tissue domains bone, enthesis and ligament. The entity is based on a three-

dimensional embroidered scaffold, which is bio-mechanically and bio-functionally adapted and contains a co-culture 

of the different tissue-specific cell types [1, 2]. To avoid commingling of the cells ahead of time, the domains are to 

be isolated by a barrier composed of a collagen thread, which is integrated into the structure by embroidery 

technology [3]. The collagen barrier has to prevent cell migration, while nutrition supply is maintained. The diffusion 

of particles up to a molecular weight of 500 kDa should be guaranteed. A diffusion chamber system was designed to 

determine particle diffusion through the collagen barrier [3], but the first results achieved showed a high standard 

deviation up to 50 % of the measured values and a bad reproducibility of the calculated diffusion coefficients. An 

evaluation of the measuring procedure had to be performed. 

The maximum standard deviation of the measuring values where achieved with the blank runs (without sample). As 

for the design of the diffusion chamber system the geometry of the chambers and thus the resulting flow conditions 

were not considered, it is assumable that there are turbulences occurring by stirring the medium in the diffusion 

chambers during the diffusion process. An essay with varying stirring speeds was performed using FITC-Dextran of 

different molecular weight as a sample substance. Further the experimental set-up was advanced by reducing 

sources of error such as light pollution or inadequate calibration scope. 

  

Experimental Methods 

The diffusion chamber system was applied as established before [3]. 50 mg of FITC-Dextran of different molecular 

weights (40, 250, 500 kDa, Sigma-Aldrich, USA) were weighed and dissolved in phosphate buffered solution (PBS) 

in a 50 mL-volumetric flask. The diffusion chambers where filled with 4.5 mL each at 37°C, the donator chamber with 

FITC-Dextran/PBS (1mg/mL) solution (Fig. 1- a, b) and the acceptor chamber with PBS (Fig. 1-c, d). The passage 

between the two chambers was sealed with a silicon ring (Fig. 1-e) and the opening, usually used to fix the test 

sample between the two different concentrated solutions, remained open. Five different stirring speeds (100 U/min, 

200 U/min, 300 U/min, 400 U/min, 500 U/min) were adjustable with the device and each speed was analyzed by five 

samples. 

10 µL of each acceptor chamber was collected at 0 h, 1 h, 3 h, 21 h and 24 h and dissolved in 90 µL of PBS. The 

chambers were sealed with Parafilm (Bemis, USA) to avoid evaporation of the solution. Calibration standards were 

prepared by serial dilution from the 1 mg/mL-stock solution with 1000, 500, 250, 100, 50, 10, 1, 0.1 and 0.01 µg/mL. 

The calibration standards and 45 µL of each sample were transferred to a black plate of 384 wells (GRE384fb, 

Greiner, Austria) and closed immediately to avoid contact with light. The samples were analyzed on a TECAN 

fluorescence (Tecan Group Ltd, Switzerland) with an extinction filter with λ = 485 nm and an emission filter with λ = 

535 nm at 37 °C. Diffusion coefficients were calculated from the measured concentrations as described elsewhere 
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[3] and the resulting standard deviations of the different stirring speeds compared to each other. All steps of procedure 

were performed under red light (600 – 700 nm) in a dark room. 

  

Results and Discussion 

The standard deviations could be reduced by the advanced experimental set-up and the scope of linear correlation 

of the calibration curve could be defined for concentrations from 0 to 250 µg/mL. A clear dependency of the diffusion 

coefficient as well as the resulting standard deviations on the stirring speeds could be approved and an optimum 

speed identified. 

  

Conclusion 

To achieve reliable and comparable results, the experimental set-up for the self-made diffusion chamber system has 

to be standardized and an optimum tuning has to be defined. 
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Introduction 

Bioresorbable fiber scaffold such as poly-L-lactic acid (PLLA) has been attempted to applicate for bone defect in 

bone regeneration. As bone formation needs long periods, fiber scaffold is required to promote cell migration and 

differentiation for bone formation. It was reported that HAp blocks transplanted into rabbit femur and tibia showed 

good osteoconductivity1. If fibers in the fiber scaffold are covered with apatite, it is expected that fiber scaffold shows 

superior osteoconductivity. However, PLLA fibers need a nucleus for precipitating apatite and high specific surface 

area to be covered with apatite early and uniformly in vivo. We suggested dicalcium phosphate anhydrous (DCPA) 

particle-doped porous PLLA fiber which has DCPA as the nucleus and high specific surface area due to porous 

structure. The purpose of this study was to develop a porous PLLA/DCPA fiber scaffold covered with apatite early 

and uniformly. 

  

Experimental Methods 

PLLA and polyethylene oxide (PEO) were dissolved in 1,3-dioxolane at PLLA/PEO concentration of 8 w/v%. The 

weight ratio of PLLA to PEO was 90:10. DCPA particles were mixed in the PLLA/PEO solution, and PLLA/DCPA 

weight ratio was 5/1. The solution was electrospun to the grounded rotating target using an electrospinning unit to 

fabricate the porous PLLA/DCPA fiber scaffold (porous PLLA/DCPA). The solid PLLA fiber scaffold (solid PLLA), the 

solid PLLA/DCPA fiber scaffold (solid PLLA/DCPA) and the porous PLLA fiber scaffold (porous PLLA) were prepared 

to evaluate the influences of DCPA particles and porous structure on apatite precipitation. The scaffolds were 

immersed in SBF2 for 0, 1, 3, and 7 days to assess apatite precipitation. The surface and cross-section of the scaffolds 

were observed by a scanning electron microscope (SEM). The elemental distributions of calcium, phosphorous, 

carbon, and oxygen in the surface of the scaffolds were analyzed with a electron differentiation spectroscopy (EDS). 

The molecular components on the surfaces of the scaffolds were detected with a fourier transform infrared 

spectroscopy (FTIR). The crystal phases of the scaffolds were evaluated using a X-ray diffraction (XRD). 

  

Results and Discussion 

Fig. 1 shows SEM images of the scaffolds immersed in SBF for 0, 1, 3, and 7 days. Precipitation was not observed 

on fibers for the porous PLLA and the solid PLLA. Precipitation was observed on fibers for the PLLA/DCPA and the 

solid PLLA/DCPA after 1 day of SBF immersion. The amount of the precipitation increased with increasing of SBF 

immersion time, and fibers for the porous PLLA/DCPA and the solid PLLA/DCPA were almost covered with the 

precipitation after 7 days of SBF immersion. DCPA particles in the fiber induced to form the precipitation on the fiber 

after SBF immersion. The EDS analysis revealed that the precipitation consisted of P and Ca. The FTIR spectra of 

the precipitation showed the bands characteristic of phosphate groups. The XRD patterns showed that the peaks of 

the precipitation were observed at a 2θ value of 25.9° and 31.8° that is attribute to (002) and (211) planes of apatite. 
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These results showed that the precipitation was apatite. Crack and exfoliation of apatite were observed for the solid 

PLLA/DCPA immersed in SBF for 7 days, whereas they were not observed for the porous PLLA/DCPA immersed in 

SBF for 7 days. Moreover, fibers for the porous PLLA/DCPA were covered with apatite uniformly. According to the 

cross-section observation, apatite was also observed inside the fiber for the porous PLLA/DCPA immersed in SBF 

for 7 days. The fibers for the porous PLLA/DCPA were covered with apatite early and uniformly, the porous 

PLLA/DCPA was expected to promote bone formation. 

  

Conclusion 

We developed the porous PLLA/DCPA microfiber scaffold with an electrospinning technique. Fibers for the porous 

PLLA/DCPA microfiber scaffold were covered with apatite early and uniformly after 7 days of SBF immersion. 
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Fig. 1 
 SEM images of the scaffolds immersed in SBF for 

0, 1, 3 and 7 days (×1000, Bar = 10 mm). 
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Introduction 

Guided bone regeneration (GBR) technology is a highly effective treatment performed using a mechanical barrier 

membrane, which can prevent the migration of the gingival epithelium from the root surface and thereby create 

adequate space for the reconstruction and regeneration of impaired alveolar bone.1-2 The purpose of this study was 

to fabricate a low-immunogenicity fish collagen (FC) and bioactive nano-hydroxyapatite (n-HA) enhanced poly 

(lactide-co-glycolide) (PLGA) nanofibrous membrane for guided bone regeneration via electrospinning. The 

physicochemical properties, mechanical properties, degradability, cytocompatibility and preclinical biosafety 

evaluations were carried out to assess the potential of this fibrous composite membrane in GBR application. 

  

Experimental Methods 

FC and n-HA reinforced PLGA (PFCH) nanofibrous membrane were fabricated by electrospinning method. The 

physicochemical properties, mechanical and degradable behaviors of the fabricated membranes were investigated. 

Moreover, considering that the implanted GBR membrane directly interacts with gingival and bone tissue, we also 

assessed the proliferation and cytocompatibility of the fabricated membranes by using both bone marrow stem cells 

(BMSCs) and human gingiva fibroblasts cells (HGF). Preclinical biosafety evaluations of the fabricated membrane 

were also performed. 

  

Results and Discussion 

The physicochemical properties and morphology study revealed that FC and n-HA particles were homogeneously 

dispersed in the PLGA fibrous matrix. Notably, the formation of enhanced polymeric chain network due to the 

interaction between FC and PLGA significantly improved the tensile strength of the PLGA membrane. The 

incorporation of FC altered the degradation behavior of fibers and accelerated the degradation rate of the PLGA-

based membranes. Moreover, the membranes exhibited favorable cytocompatibility with bone marrow stem cells 

(BMSCs) and human gingiva fibroblasts (HGF) cells. More importantly, the optimized membrane satisfied the 

requirements of the ISO/State mandated criteria during the incipient biosafety evaluation. All the results indicate that 

this composite fibrous membrane exhibits significant potential for guided bone or tissue regeneration. 

  

Conclusion 

This study demonstrated that FC and n-HA reinforced PLGA (PFCH) nanofibrous membrane to be a potential 

candidate for guided bone or tissue regeneration applications. 
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Figure Illustration of the fabrication scheme 

and the properties of the FC and n-HA reinforced 

PLGA 
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Introduction 

Both alginate and gelatin have been used as biomaterials for many years. Often both natural polymers were blended 

and fabricated into various forms, such as hydrogel, film, sponge, and fibers, expecting synergistic effects between 

the two polymers. Fiber is one of popular morphology in materials, which could be applied in their original form (e.g. 

suture), but, more frequently, assembled to 2- or 3-dimensional morphologies like as woven, knit, non-woven, and 3-

D fabric. Alginate fibers have been shown in the market for various purposes. However, their application in the 

biomaterial field was limited due to the lack of cell binding ability. On the other hand, gelatin has good cell binding 

property but hard to spun into fiber because of the unique rheological property. Thus, blending alginate and gelatin 

can complement the limitation of both polymers to prepare a novel fiber with cell binding ability. This concept has 

been proven already in the literature [1, 2]. However, we found there is a serious problem in those methods. Almost 

40% of the initial amount of gelatin is lost during the spinning process, which does not make any sense in practical 

production. In this study, we propose the use of gelation methacrylate and crosslink them at the spinning using UV 

irradiation.  

  

Experimental Methods 

Gelatin methacrylate was synthesized in the lab, and the modification was verified with NMR. Various dope solutions 

were prepared to have a different ratio of alginate and gelatin methacrylate. The dope solution was spun into the 

CaCl2 coagulation bath. The UV light was irradiated at a spot right after the orifice of the syringe. The fibers were 

collected after several washing steps with distilled water. The protein content in the coagulation bath and washing 

solution were measured to check the leakage of gelatin during spinning. The spinning condition was optimized to 

have minimum leakage of gelatin and loss of mechanical properties. Finally, cytotoxicity of fibers was investigated 

using 3T3 NIH fibroblasts.   

  

Results and Discussion 

When blending alginate and gelatin, gelatin is entrapped in the "egg-box shaped" matrix of alginate. Such physical 

entrapment has a high risk of leakage of the load. Initially, we checked the leakage of gelatin during the washing step 

where serious leakage was expected. However, we eventually found that most of the gelatin is leaked in the 

coagulation bath. More precisely, the calcium-mediated crosslink of alginate is not sufficient to entrap gelatin neither 

in speed nor in density. In order to prevent the leakage of gelatin, we suggest the use of gelatin methacrylate which 

capable to crosslink under UV irradiation. The originality of this study lies on where the UV was irradiated. Here, we 

irradiated the UV at the end of the syringe needle (Figure 1). We refer it as "in situ" crosslink of alginate and gelatin 

since the ion-bridge crosslink of alginate and photo-crosslink of gelatin took place at the same time and space. When 

the in situ crosslinks was applied, the leakage of gelatin in the coagulation bath reduced to 20% of initial gelatin 

concentration which 100% enhancement without the in situ crosslinks. The effect of alginate/gelatin methacrylate 

blend ratio and photo-initiator load were investigated to find the optimum spinning condition. The use of photo-initiator 
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was the primary safety concern of our team in the use of the fiber in practical applications. However, the fiber did not 

show any cytotoxicity in the standard cytotoxicity test. 

  

Conclusion 

In this study, we suggest the necessity of in situ crosslinks of alginate and gelation methacrylate. The new crosslinking 

method has improved the retention of gelatin in the blend fiber. With the increased content of gelatin in the fiber, we 

expect better cell binding properties for tissue engineering. 
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Fig 1. Spinning of Alginate/Gelatin Blend Fiber 
(a) Conventional blend spinning (b) Introducing 

photo-crosslinking at spinning 
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Introduction 

Hernia surgery is one of the most common visceral surgical interventions. In Germany, around 350,000 groin and 

abdominal wall hernias are treated annually. For hernia repair meshes are recommended as standard procedure by 

several guidelines, but there is no uniform approach to the material and structure of the meshes. The function of the 

surgical meshes is basically to strengthening the hernia; at the same time it should reduce the mobility of the host 

tissue as little as possible. The fact that this does not always succeed is seen as one reason for the comparatively 

high recurrence rate after hernia surgeries of about 10 % to 20 % (1). Any over-dimensioning of material and surface 

is linked to more inflammation and fibrosis. In contrast an under-dimensioning often results in mechanical failure, 

most importantly central mesh rupture. Less implanted material is however advantageous, as it changes the elasticity 

of the host tissue only slightly (2). In addition to this, post-operative pain has been correlated to the poor compliance 

of the mesh after tissue regeneration (3). 

The software-based Hernia Mesh Generator (HMG) has been developed as a basic tool for a structured mesh design. 

The HMG is intended for use in technical embroidery. Traditionally, it is associated with decorative textile finishing; 

however, the classic embroidery process can also be used for the manufacturing of medical products. Embroidery 

technology is a one textile manufacturing process that offers large flexibility in structural and mechanical design. 

  

Experimental Methods 

The stitch pattern generator is based on the programming language Python. The development was preceded by an 

evaluation of the abdominal wall mobility by optical measurement. A strongly individual and also significantly 

anisotropic strain distribution was observed in all volunteers (4, 5). 

Assuming an exemplary hernia defect, meshes were modelled using an automated optimization process in order to 

minimize strain in the mesh-tissue interface. The FE models showed an advantageous design of meshes with an 

anisotropic structure. A software-based HMG was developed, providing all embroidery parameters via a graphical 

user interface and a subsequent generation of a corresponding mesh. The output for the embroidery machine is in 

the EDOpath format (Complex Fiber Structures GmbH, Dresden, Germany). 

  

Results and Discussion 

The software enables a fundamental design of the meshes. To obtain stable embroidered meshes, the stitching path 

was set to zigzag (Fig. 1 A) including a vertex offset (Fig 1 B) that can be defined individually and which has an 

influence on the flexibility of the mesh. It can be stated: the larger the vertex offset, the higher the elongation of the 

mesh parallel to the offset. The size of the basic elements and the inflexion frequency of the zigzag path are tuneable 

and influence the mobility of the single fibers (Fig. 1 C). If zigzag paths are chosen over several basic elements, then 

the threads of the meshes can be moved against each other. Consequently, the meshes are more flexible, but also 

less mechanically stable. Additionally, using the HMG the pore sizes can be changed very easily (Fig. 1 D). 
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The qualitative FE simulations that preceded the development of the HMG identified an advantage of anisotropic 

mesh designs with gradually changing stiffness over uniform isotropic structures. Hernia meshes, which specifically 

reinforce the tissue defect and have a wide overlap area with a softer rim next to the adjacent, healthy soft tissue, 

will therefore lead to less tension in the abdominal wall. For this reason, the software can be used to generate 

embroidery patterns for hernia meshes that have a local tailored textile reinforcement structure in addition to the 

basic pattern (Fig. 2). The amount of reinforcing elements as well as the width and the number of graduations steps 

can be defined in the HMG. The software considers that the basic structure itself is not punctured when the 

reinforcement is applied in order to ensure the stability of the meshes. 

  

Conclusion 

The HMG is an excellent basis for follow-up projects to optimize both material selection and mesh design in a 

structured manner. 
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Individual mesh designs using the HMG 
(A) Embroidery zigzag path defined by one basic 

element. (B) Enlarged corner offset compared to 

A. (C) Zigzag path defined by three basic 

elements. (D) Magnified pore size compared to A. 

 

Stitch pattern designs 
(A, A1) Base mesh 1 with and without textile 

reinforcement. (B, B1) Base mesh 2 with 

magnified pore sizes with and without textile 

reinforcement. 
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Introduction 

The application of biocompatible and absorbable protein-based materials has been shown in numerous studies to 

be beneficial for the treatment of wounds by means of supporting the reconstitution of tissue structure. In general, 

their high biocompatibility and good absorbability within the human body makes proteins an interesting tool for wound 

dressing design. As most studies in this field rely on the use of connective tissue proteins from animal sources, we 

considered plant storage proteins as starting material for the fabrication of nonwoven fibrous biomaterials by means 

of electrospinning. Plant storage proteins from rapeseed (Brassica napus) are byproducts in vegetable oil production 

and were not yet considered as educts in biomaterial design. Major storage proteins from rapeseed are napin and 

cruciferin, which, according to their biochemical properties, belong to the groups of albumins and globulins, 

respectively. In this study, we investigated the suitability of plant storage proteins from rapeseed, but also from lentil 

and kidney bean for the production of nonwoven fibrous biomaterials to the use in biomedical applications. 

  

Experimental Methods 

Fractions of globulins and albumins were isolated from rapeseed meal, lentil and kidney beans by extraction, 

precipitation and ultrafiltration followed by lyophilization. Pure fractions as well as blends of isolated protein fractions 

with 

polylactic acid (PLA), polyethylene oxide (PEO) and polyvinyl alcohol (PVA) were tested for their compatibility with 

electrospinning. Moreover, the formation of a core-sheath structures was tested by applying coaxial electrospinning. 

The microstructure of the fibrous materials was investigated by scanning electron microscopy (SEM), the fiber 

diameter distribution was investigated via image processing using the software “Cell^F” (Olympus, Japan). The 3D-

structure and the porosity of the fleeces were investigated by nanoscale X-ray computed tomography. The 

mechanical properties were determined via tensile test and atomic force microscopy (AFM). Cell culture test were 

carried out in order to test biocompatibility. 

  

Results and Discussion 

Globulin and albumin fractions were isolated with a protein content ranging from 82%w/w to 98%w/w. Pure solutions 

from napin, cruciferin as well as globulin and albumin fractions from lentil and kidney bean showed an overall poor 

ability for electrospinning, although, blending with either PLA, PEO or PVA conspicuously increased 

electrospinnability. Changes to the flow rate and the blend composition were shown to influence the microstructure 

and are thereby options for biomaterial tuning. Cell culture tests additionally provided proof for the biocompatibility of 

the fabricated biomaterials. 
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Conclusion 

The materials and methods presented in this study are suitable to the fabrication of innovative plant protein-based 

nanofibrous materials for cutting-edge wound dressings and thereby broaden the spectrum of utilizing byproducts of 

the plant processing industry. 
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Introduction 

The application of tissue engineering in the field of reproductive organs repair is attracting the interest of the scientific 

community (1). Several biomaterials have been considered to mimic three-dimensional culture systems of ovarian 

follicles, but in most cases they were unsuitable to warrant follicles development (2). Recently, scaffold fabrication 

techniques, like 3D printing were applied for the development of constructs suitable to host follicles, leading to the 

birth of pups in mouse model (3). On this basis, the present work is based on the application of the electrospinning 

technique as convenient alternative to obtain patterned macroporous scaffolds able to mimic the morphology of native 

ovarian cortex and suitable for follicles adhesion and growth (4). 

  

Experimental Methods 

Neat poly(epsilon caprolactone) (PCL) and its blend with gelatin (type A) (PCL/gel) were used for the fabrication of 

electrospun scaffolds. Glacial acetic acid and formic acid were selected as benign solvents. The electrospinning 

process was performed by using a commercial device EC-CLI (IME Medical Electrospinning) with climate chamber 

in which temperature and relative humidity were set at 25°C and 25%, respectively. The optimized process 

parameters were: 15kV applied voltage, 11cm distance tip-collector, 23G needle diameter, while the solution flow 

rate was 0.4mL/h for neat PCL and 0.6 mL/h for the blend. SEM and FTIR analyses were performed on the obtained 

scaffolds. Porcine ovarian follicles were isolated enzymatically from ovarian tissue pieces (collected from 

slaughterhouse, registration number DE09562003821) and incubated for 10 days on the scaffolds. After incubation, 

follicle viability was evaluated via Live/Dead assay and follicle morphology was investigated by fluorescent f-actin 

staining and SEM analysis. 

  

Results and Discussion 

The scaffolds´ morphology and macroporous structure were assessed and macroporosity with an average pore size 

of 0.3 mm was obtained. After 10 days of culture, the number of viable follicles (= >99% granulosa cells alive) was 

76.64% for PCL and 90.21% on the PCL/gel samples. Even if both PCL and PCL/gel electrospun scaffolds showed 

positive results in terms of reduced follicles loss during the seeding and follicles survival, PCL/gel mats led to better 

results in terms of preservation of follicles spheroidal shape and higher number of adhesion points with the 

electrospun mats. 

  

Conclusion 

In the emerging field of reproductive tissue regeneration, patterned fibrous scaffolds obtained by electrospinning of 

PCL/gel represent a promising technology which warrants further research. 
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Introduction 

In the past, removal of the injured part was the most common practice when large tissue lesions were due to 

mechanical trauma or degenerative diseases. Consequently, inducing a significant decrease in the quality of patient’s 

life1. Antibiotics discovery increased human life expectancy, as well as improved sanitary and hygienic conditions. 

With this, the replacement of damaged tissues became a necessity2,3, and the tissue engineering, using scaffold and 

cells, to regenerate or replace injured tissues, has been developed. Cellprene® is a polymer blend of PLGA and Poly 

(isoprene) that has been recently developed by the Biomaterials Laboratory (UFRGS, Brazil) and shows high 

potential for applications such as biomaterial4. This material had its biological characteristics improved through the 

epoxidation of Poly (isoprene)5. As a new material, a few works have been conducted, and its properties and 

characteristics are unknown. The electrospinning technique is the most used technic to obtaining fibers. The 

advantage of polymeric biomaterials is to allow obtain fibers with different diameters, and, in some conditions, at 

nanometric scale, which has a great importance in terms of adhesion and cell growth. The aim of this study is to 

evaluate the viability of the obtaining Cellprene® epoxidized by electrospinning for potential use as scaffold for tissue 

engineering. 

  

Experimental Methods 

Poly(lactic-co-glycolic-acid) (PLGA) produced by PURAC (The Netherlands) with ratio 85/15 and centrifuged natural 

latex by MAFER (Brazil) were used to produce the polymer blend. The latex was purified to obtain poly (isoprene) 

(PI), then the PI was epoxidized (PI epox). The PLGA/PI epox were weighed and mixed in the ratio 60/40 (% w/w). 

The table 1 shows the parameters to obtain Cellprene® epoxidized fibers by electrospinning process. The fiber 

morphology and functional groups of the polymers were performed by scanning electron microscopy (SEM) and 

Fourier transform infrared spectroscopy with attenuated total reflectance (FTIR-ATR). 

  

Results and Discussion 

Evaluating the results, using different electrospinning parameters, the one that presented the greater morphology 

response was: 15 kV, distance between needle-collector 20 cm, infusion rate 4 ml/h and concentration 5%. The figure 

1 shows the SEM of Cellprene® epoxidized fibers.    

The diameter of fibers were measured using ImageJ software and shown a mean diameter of 4,3± 2,7µm. The fibers 

presented high superficial porosity that may facilitate the adhesion of the cells. Authors claimed that porosity 

presented in the fibers can be caused by evaporation ratio of the solvent6,7. Other authors  explain the porosity as a 

consequence of the relative humidity during the electrospinning process8,9.   

Analyzing the spectra of PI epoxidized, we noticed that there are no bands in the range of 3100 cm -1 and 3600 cm-1, 

which are referred in the literature to proteins and peptides5. This indicates that the purification of poly (isoprene) was 

efficient. The appearance of bands at 1250 cm-1 and 870 cm-1, as well as a broad band around 1100 cm-1 indicate 
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that the epoxidation reaction of poly (isoprene) occurred5. Authors observed that in PLA / epoxidized natural rubber 

blends the band around 1750 cm-1 was shifted to larger wave numbers with increasing content of epoxidized natural 

rubber10. This suggests that there was interation between PLGA and PI epox. According to the analysis of FTIR-ATR 

spectra does not indicate significant change in the main functional groups. 

  

Conclusion 

The electrospinning process is viable for the production of fibers of Cellprene® epoxidized blend. The fibers 

presented high amount of pores on surface that may aid in cell adhesion. The obtaining of fibers by solvent mixing 

of polymers and electrospinning method did not modify chemical groups of the resulting material when compared to 

the raw materials. 
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Table 1. 
 Parameters to obtain Cellprene® epoxidized 

fibers. 

 

Figure 1 . 
 SEM of Cellprene® epoxidized fibers. 
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Introduction 

In Europe, decompensated liver cirrhosis due to chronic liver disease (CLD) causes 170,000 deaths per year 1. Global 

mortality rates linked to liver disease have exhibited an upward trend since the 1970s, contrary to downward trends 

observed in other leading causes of death 2,3. Researchers are on the hunt for new drug treatments, however in-vitro 

drug development methods are unable to provide effective and efficient routes in which this can be achieved 4. It is 

widely accepted that more relevant in-vitro models are required in order for drug development to progress, which 

could be achieved using controllable tissue engineering methods. Electrospun scaffolds have long been a subject of 

interest for tissue engineering research due to the ability to mimic Extracellular Matrix (ECM) structures with 

biocompatible polymers. There have also been large efforts within the research community to decellularise organs 

and harvest the ECM to provide natural biochemical cues to cells in-vitro. This study has explored the combined 

potential of morphologically defined electrospun polycaprolactone (PCL) fibres containing liver derived ECM for 

controlled and reproducible 3D in-vitro livertissue cultures.         

  

Experimental Methods 

Randomly oriented fibres, aligned fibres and highly porous cryogenic fibres all seen in Fig.1A were manufactured 

using PCL for large (5µm) and small (1µm) fibre sizes. Large fibres were produced using 19w/v% PCL solutions in 

5:1 Chloroform:Methanol and small fibres using 7w/v% PCL in Hexafluroisopraopanol (HFIP). Randomly oriented 

fibres were electrospun onto a mandrel rotating at 250RPM and aligned fibres at 1800RPM. Porous cryogenic fibres 

were spun onto a mandrel containing dry ice at -78.5°C. ECM-PCL scaffolds were manufactured using decellularised 

rat livers. Briefly, whole rat livers were isolated and decellularised by vascular perfusion with 0.25w/v% Sodium 

Dodecyl Sulphate (SDS) solution. These were subsequently washed with deionized H2O and lyophilised. The 

lyophilised ECM was then powdered using a planetary ball mill. 10w/w% and 5w/w% ECM-PCL mixtures were 

dissolved using HFIP and electrospun into fibres. Fibres were characterized using SEM imaging, mechanical 

analyses and FTIR Spectroscopy. Scaffolds were then punched and seeded with HepG2 cells which were cultured 

for 14 days. Cell viability, DNA quantitation, IHC staining and RT-qPCR Gene analysis were conducted at 24hr, 7 

day and 14 day timepoints.           

  

Results and Discussion 

Larger fibres observed higher rates of proliferation than small fibres with the porous cryogenic scaffolds showing the 

highest rates for both small and large fibres. The morphology also influenced the structure of cell clusters as seen in 

Fig.1B. Maintenance of key liver function genes was observed on PCL scaffolds with a relative reduction in interstitial 

ECM genes Collagen I (COL1A1) and Fibronectin (FN1). The presence and bioactivity of electrospun rat liver ECM 

is seen to be preserved in Fig.2 with higher cell viability observed on ECM scaffolds. Also, differences were observed 

in gene expression profiles of ECM vs. PCL only scaffolds. 
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Conclusion 

Electrospun fibre size and morphology are observed to have a measurable impact on hepatocyte cultures. This 

highlights the importance of understanding the interactions between cells and fibres as a means for controlling in-

vitro results. The incorporation of rat liver ECM into electrospun PCL scaffolds is capable of inducing altered 

biochemical responses in HepG2 cells, indicating that bioactive elements within the electrospun ECM are retained. 

Further investigation should confirm the degree to which bioactive ECM can be preserved within electrospun PCL 

scaffolds whilst maintaining tractable morphology. 
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Figure 2 
A) SEM image showing 10w/w% rat ECM-PCL fibres. 

B) FTIR spectrum confirming the presence of ECM 

moeities within the electrospun scaffolds. C) 

Cell viability of HepG2 cells on ECM scaffolds. 

N=5, One-way ANOVA, Tukey’s analysis, *** = p < 

0.001, error bars: ± SD. 

 

 

Figure 1 
A) SEM images of the various fibre morphologies 

B) DAPI, Phalloidin and CARS fluorescence of 

HepG2 cultures on the different scaffold groups. 
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Introduction 

In internal fracture fixation, metallic plates are a common treatment modality. However, the excessive stiffness of 

metallic plates leads to an unequal distribution of load between the implant and the healing bone, known as “stress-

shielding” [1]. The subsequent underloading of bone, in turn, may lead to adverse bone remodeling resulting in non-

union or re-fracture of the bone. 

Fiber reinforced composites (FRC), combining less weight and ability of adjusting the stiffness, have been suggested 

as alternatives to metals [2-4]. Adapted FRC plates reduce stress-shielding and facilitate the natural fracture healing 

process reducing the risk of non-union or re-fracture. In practice, FRC plates often include one or several layers of 

continuous unidirectional fibers. The screw holes in these plates are made by drilling which compromises the integrity 

of fibers. Additionally, the holes themselves are stress concentrators, which further decreases the reliability of the 

plate. 

In Tailored Fiber Placement (TFP), a variety of embroidery technology, continuous glass or carbon fibers are placed 

onto a fabric sheet, fixed by stitching with a sewing thread and impregnated in a polymer matrix [5]. Thus, the screw 

holes are formed by the particular placement of the fibers considering the stress distribution under load [6] and 

bypassing the screws, thus avoiding the need to drill holes. Hence, stress concentration around holes is minimized. 

As their metallic counterparts, biostable FRC plates often require plate removal after complete fracture healing. This 

second surgery could be avoided by the use of bioresorbable materials. However, bioresorbable FRC fracture fixation 

plates for load-bearing applications are not commercially available. 

We propose a novel concept of a bioresorbable bioactive fracture fixation plate, adjustable for different clinical 

applications. In this study, we focus on the treatment of front limb fractures in toy-breed dogs where the complications 

associated with the use of metallic plates are particularly amplified. Therefore, the animals give a representative 

model for the development of a novel treatment. Ideally, the plate is to be made of a bioresorbable polymer reinforced 

with silica-based bioactive glass (BG) fibers by TFP (Fig. 1). The BG fibers additionally serve as a bioactive 

component stimulating bone growth and reducing the risk of infection [7]. The plate is intended to completely resorb 

in the body after the bone healing. The plates can be developed for further applications in other animal species and 

humans. 

The goal of this study was to design diverse TFP patterns for fracture fixation plates in toy-breed dogs, fabricate the 

biostable sample plates and test their mechanical performance. Future studies will include in vitro and in vivo testing 

of plates made of bioresorbable polymers reinforced with BG fibers. 
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Experimental Methods 

Different TFP plate patterns were developed. Finite element (FE) models considering the layup and directions of the 

fibers were generated and further used in computer simulation of mechanical loading of the plates. 

Plates were prepared and tested mechanically. E-glass fibers have been applied as surrogates for BG fibers. 

Dimethacrylate-based light curable resin and polylactic acid were used as matrices in the composites. Plates 

reinforced with continuous unidirectional E-glass fibers served as controls. The testing procedures included four-

point bending of plates, four-point bending and torsion loading of osteotomized bones fixed with the plates. 

  

Results and Discussion 

In four-point bending of plates, the plates reinforced with unidirectional fibers were predictably stiffer than their TFP 

counterparts. However, bending of the osteotomized bones fixed with both types of plates revealed similar stiffness 

of both plated bone constructs which implies that in a real clinical situation the stiffness of TFP plates can be sufficient 

for successful bone healing. 

In all testing conditions, TFP plates withstood substantial deformations before failure. Typical failure of TFP plates 

was followed by accumulation of multiple cracks none of which was fatal to the plate if taken separately. TFP plates 

rarely broke apart even when their load-bearing capability decreased to a minimum. In contrast, the plates reinforced 

with unidirectional fibers tended to break dramatically once cracks appeared in the direction of the fibers placement 

(Fig. 2). 

FE modeling of the behavior of TFP plates subjected to the loading conditions of the tests applied in the study 

demonstrated adequate prediction of the structural stiffness of the plates. Further development of the FE model will 

aim on the evaluation of progressive damage of novel plates using extended finite element method. 

  

Conclusion 

TFP plates demonstrated structural integrity superior to that of plates reinforced with unidirectional fibers and stiffness 

suitable for fracture healing. Thus, TFP technique has a potential in fabrication of fracture fixation plates for load-

bearing applications. 
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Figure 2. Comparison of a plate reinforced with 

unidirectional fibers and a plate reinforced by 

TFP  
In TFP plates, fibers bypass the screw holes, 

thus the integrity of fibers is maintained (A). 

When subjected to load, stesses in TFP plates 

are distributed more evenly than in plates 

reinforced with unidirectional fibers (B). 

Plates reinforced with unidirectional fibers 

tend to break apart while TFP plates retain 

structural integrity even when their load-

bearing capacity drops to a minimum (C).  

 

Figure 1. Render of the concept of a novel 

bioresorbable bioactive fracture fixation plate 

by TFP 
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Introduction 

Electrospinning is a process which reliably produces fibers tens of nanometers to tens of micrometers in diameter 

with the use of simple laboratory equipment by pushing a polymer liquid through a nozzle with an applied electric 

field. With the use of electrospinning techniques, sophisticated fibrillary structure formation is possible, where fiber 

diameter and pore-size are important factors for controlling cellular migration in biomedical applications (e.g. tissue 

engineering) [1]. A new, purely theoretical model by Schubert considers applied voltage, viscosity, charge density, 

surface tension and jet splitting for predicting fiber diameter and the corresponding distribution for solution 

electrospinning [2]. Using suggestions provided in [2] an experimental investigation of changes in fiber diameter 

dependent on viscosity and concentration was performed using standard solution electrospinning equipment. 

  

Experimental Methods 

Blend ratios of poly-ε-caprolactone (PCL) with two different molar masses (Mn = 10 kg/mol and Mn = 80 kg/mol) were 

deliberately varied to change viscosity almost independent of total polymer concentration in a Chloroform-Ethanol 

(7:3) solvent solution. Standard solution electrospinning equipment using a hamster wheel collector was utilized for 

the production of fibers. Plate-cone rheology was used to obtain the solution viscosity while SEM and image analytical 

software were utilized for the determination of fiber diameter. 

  

Results and Discussion 

By varying polymer concentration and molar mass, fibers with median diameters from 200 to 2300 nm could be 

produced. Results revealed a predictable correlation, theorized in [2], between the solution viscosity and 

concentrations on the fiber diameter. When analyzing the fiber diameter distribution, the existence of mono- and bi-

modal fiber diameter distributions due to the occurrence of jet splitting was found. The ratio between bi-modal (split 

fiber) and mono-modal (non-split fiber) distributions indicate the splitting of a single fiber into three equal 'split' fibers. 

Lastly, the theoretical limit of standard deviation in respect to mean fiber diameter was graphically analyzed and 

validated using the generated experimental data. 

  

Conclusion 

Theoretical predicted power laws for the fiber diameter considering an un-split base mode and a split mode were 

validated by systematically analyzing a large experimental space for the first time. Additionally, the prediction of an 

upper limit of standard deviation in relation to the average fiber diameter could be revealed, further validating the 

theoretical predictions.These validations of jet splitting and quantization with respect to fiber diameter distribution 

opens an entirely new door for predicting and modelling fiber diameters in solution electrospinning. 
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Introduction 

A unique sheet-like cell manipulation method, cell sheet engineering, has been developed to recover the lost 

functions of tissues and organs using cell culture surfaces grafted with thermoresponsive poly(N-

isopropylacrylamide) (PIPAAm) (lower critical solution temperature in water: 32oC) [1]. Recently, we focus on the 

fabrication of bio-mimicking cell sheets in which co-culture system of different cells or cell orientation, using 

micropatterned thermoresponsive surfaces. However, the preparation of conventional patterned surfaces requires 

complicated procedure including site-selective multi-step chemical reaction in conjunction with a lithography method. 

Therefore, herein, a microcontact printing method using block copolymer inks was performed to obtain 

micropatterned thermoresponsive polymer surfaces. Namely, amphiphilic block copolymers were transferred onto 

PIPAAm-immobilized surfaces to form thermoresponsive/hydrophilic micropatterns. In addition, we also investigated 

the influence of the difference in the transferred amount of the amphiphilic polymers on the surface property 

alternation and cell sheet structure. 

  

Experimental Methods 

Block copolymers of poly(n-butyl methacrylate)-b-poly(N-isopropylacrylamide) (PBMA-b-PIPAAm) [BMA/IPAAm: 

97/251 in unit] and poly(n-butyl methacrylate)-b-poly(N-acryloylmorpholine) (PBMA-b-PAcMo) [BMA/AcMo: 97/188 

in unit] were prepared by RAFT polymerization. PBMA-b-PIPAAm was dissolved in acetonitrile/dimethylformamide 

(AcCN/DMF: 5/1) at a concentration of 0.3w/v%, and spin-coated on commercial tissue culture polystyrene (TCPS) 

substrates to obtain thermoresponsive culture surfaces [2]. A poly(dimethylsiloxane) (PDMS) stamp surface was 

immersed in a PBMA-b-PAcMo solution (0.5 or 1.5w/v% in AcCN/DMF). The stamp was then brought into TCPS or 

the PBMA-b-PIPAAm coated surfaces, and the PBMA-b-PAcMo was transferred by placing a 100-g weight. After 

washing with cold water and drying, the PBMA-b-PAcMo transferred surfaces were obtained. The influence of the 

difference in polymer-transferred amount on the surface property was characterized by ATR/FT-IR method and static 

contact angle measurement. Furthermore, normal human dermal fibroblasts (NHDFs) were seeded on the 

micropatterned surfaces prepared using a stripe-pattern stamp (width/spacing: 50 μm/50 μm), and the change of cell 

adhesion state at 37 oC and cell sheet structure by 20oC-treatment were investigated. 

  

Results and Discussion 

Firstly, the TCPS surfaces before/after the stamp procedure with amphiphilic PBMA-b-PAcMo block copolymer were 

characterized. the transferred amount of PAcMo chain became larger with increasing the polymer concentration (0.52 

and 2.41 μg/cm2 for 0.5 and 1.5w/v%, respectively), determined by ATR/FT-IR method using a calibration curve from 

the surfaces with a known polymer amount. Furthermore, the static contact angle measurement showed a high-

concentration polymer stamp altered the surfaces more hydrophilic. These results indicated the effective surface 

polymer transfer was successfully performed, probably due to the existence of a hydrophobic PBMA anchor. 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1451 of 1893 

Next, we observed cellular behavior on the surfaces with the thermoresponsive/hydrophilic (50 μm/50 μm) stripe-

pattern to investigate the influence of PAcMo amount on the cell adhesive area and adhesion shape. On the surface 

transferred with the 1.5w/v% solution, NHDF adhered and grew only the non-transferred PIPAAm areas, even after 

7 days culture. This was due to that sufficient PAcMo chains were introduced to the surface to maintain cell non-

adhesion in the long term. Moreover, filiform cell sheets were detached from the surface by reducing temperature to 

20 oC. Interestingly, for the 0.5w/v% polymer-stamped surface, the cell adhesion/non-adhesion pattern maintained 

after 24 hours, but after culturing for 7 days, cells grew to whole area with a cell orientation along the axial direction. 

Immunostaining of skeletal F-actin also showed a high cell orientation along the stripe pattern. We hypothesized 

that extracellular matrix produced from NHDF on the adjacent regions allowed cells to invade and proliferate into the 

low quantitative PAcMo areas. In addition, we successfully harvested an anisotropic cell sheet with maintaining cell 

alignment. 

  

Conclusion 

In summary, the microcontact printing of block copolymers enables the facile micropatterning of thermoresponsive 

culture surfaces, and is expected to be applied to control cell sheet structure (size or cellular orientation). 
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Figure 2 
Phase contrast photographs of adhering NHDF on 

thermoresponsive surfaces treated with (A) 

1.5w/v% and (B) 0.5w/v% PBMA-b-PAcMo solutions 

using PDMS stamp after culture for 7 days at 

37oC. 

 

 

  

 

Figure 1 
Chemical structure of functional block 

copolymers and preparation of micropatterned 

thermoresponsive surface by microcontact 

printing method. 
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Introduction 

Recent studies have shown great potential of polymeric self-folding films for cell patterning and skeletal muscle 

regeneration [1, 2]. However, higher porosity ensures easier nutrient and byproduct exchange that can lead to better 

cell penetration. There is limited amount of studies on porous electrospun stimuli-responsive bilayer mats [3, 4]. 

Additionally, improved muscle cell organization and maturation has been observed on porous electrospun mats for 

engineered muscle tissue [5]. 

  

Experimental Methods 

Therefore, we investigated fabrication of folded film made of bilayer electrospun system containing polycaprolactone 

(PCL, passive layer) and methacrylated alginate (AA-MA, active layer). To obtain aligned PCL fibers we used 

electrospinning techniques and two sets of fiber collectors: rotating drum and conductive parallel bars. While the tube 

formation was initiated by adding aqueous solution, the PCL/AA-MA mat tube diameter was also controlled using 

Ca2+ ion exchange. As a proof of principle, we cultured C2C12 mouse myoblast cells on double layer systems to 

investigate biocompatibility and formation of functional muscle tissue on fabricated scaffolds. 

  

Results and Discussion 

We were able to achieve good cell adhesion and orientation guided by aligned fibers. We recognized that cell growth 

and proliferation depends on each separate layer thickness. Mouse muscle cells (C2C12) grown and differentiated 

on fibrous bilayer were electrically stimulated showing the synchronized contraction of mature and aligned generated 

myotubes adhered on fibers. 

  

Conclusion 

Fabricated stimuli-responsive bilayer system possesses positive effect on cell alignment and spreading, leading to 

more accessible biofabrication method for formation of highly structured tubular tissues like skeletal muscle bundle 

fibers. 
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Scheme of skeletal muscle bundle formation 
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Introduction 

Mechanical stimulation of cells during cultivation has become an effective strategy to direct cell differentiation towards 

a specific phenotype and increase tissue maturity. Such a stimulation can be applied in bioreactors with plungers, 

membrane movement or hydrostatically [1]. A novel, less explored strategy is the use of a mechanically active 

polymer. N-Isopropylacrylamide (NiPAAm) is a thermo-responsive polymer with a lower critical solution temperature 

(LCST) at around 32°C that has been excessively using in the design of thermos-responsive materials. At 

physiological temperature (37°C), the polymer shows mildly hydrophobic property on the surface. When the 

temperature is lower than LCST, the polymer becomes hydrophilic and takes up water which increases the bulk 

volume and biomaterial dimensions [2]. Strategies to adjust the transition temperature of poly(NiPAAm) include 

copolymerization or bioconjugation. The covalent incorporation of hydrophilic comonomers or molecules results in 

an increased transition temperature. The opposite effect is achieved with hydrophobic modifications. In these 

strategies, the material does not support cell or tissue adhesion below the LCST due to its hydrophilic nature. Another 

challenge with poly(NiPAAm) in biomedical application is that the polymer is not resorbable, thus limiting its 

application [3]. 

In this work, we report the synthesis and characterization of copolymers containing copolymerized NiPAAm with 

adjusted transition temperature. We aim at a material that allows for cell cultivation a few degrees above and below 

the LCST. The materials are designed to contain 2-(dimethylamino)ethyl acrylate (DMAEA) as a hydrophilic 

comonomer that incorporates cationic moieties for cell and tissue interaction, 4-acryloylmorpholine (AMO) for further 

hydrophilic modification and trimethylolpropane triacrylate (TMPTA) in order to incorporate ester bonds to improve 

the degradative properties of the material. 

  

Experimental Methods 

NiPAAm (97%), DMAEA, AMO and TMPTA were purchased from Sigma-Aldrich. NiPAAm was dissolved in dried 

hexane (10g in 100mL at 50℃) and recrystallized before used. 2,2-Azobis(2-methylpropionitrile) (AIBN) was used as 

received. Dried tetrahydrofuran (THF) was used as solvent in this reaction. Briefly, Poly(NiPAAm-co-AMO-co-

DMAEA) of different molar composition was synthesized at 60℃ for 24 hours by radical polymerization using AIBN 

as initiator (0.3%wt). NiPAAm (2 g) was weighted and dissolved in a 50 mL centrifugal tube, then other monomers 

at different ratios were introduced. The reaction was carried out in nitrogen atmosphere. After 24 hours the copolymer 

was precipitated in diethyl ether (10:1 ratio) for 2 times, and dried under nitrogen flow for 3 hours and were vacuum-

dried for 24 hours. Copolymer composition was determined by 1H-NMR and the molecular weight was evaluated by 

gel permeation chromatography (GPC). lower critical solution temperature (LCST) of the copolymer was determined 

with differential scanning calorimetry (DSC). The copolymer (20 wt. % solution in PBS) at 5℃/min from -10℃ to 60℃. 

Analysis was performed in triplicate. In order to further evaluate thermo-responsive and mechano-active behavior, 

the copolymers were dissolved in THF (20% solution), dispersed on a cellulose membrane and allowed to dry at the 
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room temperature until returning to their original weight. fixed-copolymer membranes were placed in 10 mL of PBS. 

The changes of material morphology during changing temperatures were recorded with a camera. 

  

Results and Discussion 

Copolymers could be copolymerized and isolated in the desired ratios. The LCST of the copolymer was controlled 

by comonomer composition. The copolymers have shown thermo-responsive properties around physiological 

temperature. The presence of TMPTA which promotes copolymer branching and network formation significantly 

contributed to thermogel stability (Fig. 1). The introduction of DMAEA and AMO, which are hydrophilic monomers 

into the copolymer increased LCST significantly. However, an increase in feed ratio of TMPTA, which is a 

hydrophobic building block, significantly decreased LCST. Interestingly, the addition of AMO into the copolymer 

helped compensate the effect of TMPTA on LCST effectively and TMPTA-containing copolymers with an LCST above 

35°C could be obtained (Fig. 2). This effect has been attributed to the non-ionic, hydrophilic property of AMO that 

impairs copolymer aggregation and shrinkage [4], thus increasing LCST of the polymeric material. 

  

Conclusion 

This work demonstrates characterization of potential thermo-responsive biomaterial for biomedical applications. The 

polymer were successfully embedded onto the membrane surface and shown promising mechanical properties after 

changing the temperatures. Results from this work suggests that this copolymer could be used for modifiable 

biomaterial surface and prospectively for mechano-active biomaterial design for use in temperature controlled 

bioreactors. 
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Figure2) Adjuctable LCST of copolymer 
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Copolymer shown decrease LSCT in a present of 

increasing crosslinker (left) and fine tuning of 

LCST around physiological temperature through 

addition of AMO (right). 

 

 

Figure 1) Thermoresponsive copolymer 
Top: Solution (20% solution) of copolymer (90% 

NiPAAM and 10%DMAEA) with 15% TMPTA. Bottom: 

Solution of copolymer without TMPTA. 
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Introduction 

The skin, the largest human organ, acts as a barrier between the organism and the external environment for UV 

protection, against physical/chemical damage and microbiological attack, for the maintenance of body temperature 

and sensorial functions (pain and temperature). However, modern style of life implies multiple contacts with 

increasing amount of chemicals in everyday products as well as over-exposition to UV light, mainly for leisure 

activities and outdoors workers. Those frequent exposures harm the skin, resulting in an increase of conditions such 

as irritant and allergic contact dermatitis (ICD & ACD), skin photo-damage. 

In the current work, a new generation of smart nanocapsules based on specially designed polypeptides was produced 

and validated for the protection, transport and efficient release of natural active compounds to repair the skin. Herein, 

we report the first results obtained for the production of highly stable nanocapsules containing hydrophobic or 

hydrophilic actives. Triggered-release studies have been investigated in healthy and damaged skin, in addition to 

skin penetration studies and cytotoxicity tests with all types of cells. Performances of the encapsulated actives in 

terms of viability and anti-inflammatory properties were studied on skin model validated for irritant contact dermatitis, 

allergic contact dermatitis and skin photo-damage. 

  

Experimental Methods 

Skin penetration. Fluorescence spectroscopy was carried out to determine first the penetration of the nanocapsules 

containing a fluorescent dye in the oil phase, the distribution of the nanocapsules inside the skin.  

Skin models. Synthetic or human ex-vivo skin models were treated with 5 wt% of aqueous solution of sodium 

dodecylsulfate (ICD), 10 wt% of aqueous solution of 4-nitrobenzyl bromide (ACD) and exposed to 30 min UV-B 

(photo-damage). 

Application of nanocapsules. 5 µL of the nanocapsules dispersion were applied on the surface of the skin (healthy 

or previously treated to induce skin conditions). After peeling the epidermis form the dermis, biomarkers for cell 

viability (MTT assay) and inflammation (IL1α and IL-18) were recorded. 

  

Results and Discussion 

Nanocapsules of around 80 nm were produced at pH 5.5, as judged by DLS and cryogenic transmission electron 

microscopy. Long term stability studies have shown that the nanocapsules were stable for over 2 years. Slightly 

turbid dispersion at pH 5.5 became completely transparent at physiological conditions, indicating the burst of the 

nanocapsules. DLS studies demonstrated that the nanocapsules were first aggregating, before being completely 

burst. On the other hand, specially designed polypeptides to exhibit release targeted by the presence of enzyme 

were used to produce capsules. The encapsulated active was released in the presence of MMP-2 or MMP-9 enzymes 

encountered in the skin conditions considered in this study. Localization studies on healthy skin have shown that the 

capsules cargo remained in the epidermis. Also, it was shown with Nile Red that fast release (< 1hr) occurred on 
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damaged skin whereas sustained release over 24 hrs was seen on healthy skin, showing the smartness of the system 

to adapt to the skin needs. Different active ingredients were successfully encapsulated like Hyaluronic acid, 

Dipotassium glycyrrhizinate, retinyl palmitate, curcuma and ceramides. 

All nanocapsules proved to be biocompatible without provoking irritation. Interestingly, the nanocapsules could 

prolong the lifetime of fragile active like retinyl palmitate and curcuma which still showed some activity after 3 months 

exposure to light and oxygen. In addition, a case by case study of all the encapsulated actives showed that the 

performances of the encapsulated ingredient was up to 4 times higher than the compound alone when applied to 

skin models for ICD, ACD and skin photo-damage, especially for their anti-inflammatory properties. 

  

Conclusion 

A new generation of stable nanocapsules has been produced with hydrodynamic diameters of around 80 nm. They 

showed smart release thanks to the specially designed polypeptide used for their production. Different active 

ingredient could be encapsulated and the stability of the fragile ones was increased significantly. Thanks to its better 

penetration, the performances of the active ingredient were dramatically enhanced as judged by skin models studies. 

The nanocapsules are now exploited as cosmetic ingredients for final product formulation. Current works are 

focussing on dermatology and functional food application. 
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Figure 1. Dual release of active compounds 

depending on skin needs 
Figure 2 shows the different kinetics release 

depending on skin needs, i.e. very fast on 

damaged skin within an hour and sustained over 

24 hrs on healthy skin. 

 

Figure 2. Enhancement of anti-inflammatory 

properties of dipotassium glycyrrhizinate and 

ceramides. 
Figure 2 shows the enhancement of the anti-

inflammatory properties of natura active 

ingredients (DPG and Ceramides) by the dramatic 

decrease of IL-1alpha and IL-18 on photodamaged 

skin models. 
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Introduction 
4D biofabrication is introduced as extension of 3D printing and offers several advantages in the fabrication of tubular 

constructs such as high resolution and no need of sacrificial materials [1]. Current bioprinting technologies are 

however unable to fabricate vascular networks due to the size of printable structures. Printing of shape-morphing 

biopolymer hydrogels has been recently introduced to fabricate self-folding tubes with unprecedented control over 

their diameters and architectures at high resolution [2]. 

  

Experimental Methods 

Therefore, in this study, self-folding of bi-layer printed film of methacrylated hyaluronic acid (HA-MA) with 

meltelectrowrited fibers of Polycaprolactone-polyurethane (PCL-PU) thermoplastic elastomers was evaluated. In 

previous investigations we crosslinked the hydrogel using Eosin Y in 1-vinyl-2-pyrrolidinone and Triethanolamine as 

described in [3, 4]. 

  

Results and Discussion 

However, this system was not optimal due to the low viability of cells in those polymers. Thus, in the current study 

we showed the improvement of cell viability using different crosslinking agents and adding a mesh of different material 

that provides support for cells alignment. 

  

Conclusion 

Our results proved successful folding of printed bi-layer film while the encapsulated cells stayed viable and functional. 
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Patterned self-folding bilayer as a vascular 

graft. 
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Introduction 

Extensive injuries to the skin can lead to loss of function and have a significant impact on patients. Despite advances 

in microsurgery, the use of allogenic or autologous transplants can still remain a challenge. Mechanical forces are 

crucial growth factors to maintain homeostasis of connective tissues. Skin dermis is an elastic organ which mainly 

composed of mesenchymal cells include fibroblasts. The viscoelastic properties of skin that enable it changes to their 

shape under stretched or deformed 1. Cells actively sense and respond to mechanical stimuli through integrin 

receptors. Integrins associated to their protein linkers such as vinculin and talin that link the extracellular matrix (ECM) 

to the cytoskeleton within. One of the major regulators of actin cytoskeleton dynamics is RhoA, can indirectly couple 

intracellular tension to cytoskeletal gene expression via myocardin-related transcription factor A (MRTF-A) 2. 

Understanding their molecular mechanisms can aid to minimise the risk of tissue expansion. 

  

Experimental Methods 

Preparation of substrates: Polycaprolactone (PCL) or Polydimethylsiloxane (PDMS) membranes are adhered to 3D 

printed blocks and treated with air plasma for 1-1.17 mins to increase hydrophilicity. Then, modified PDMS surfaces 

are obtained from 2 μg/ml of fibronectin or laminin. 

Cell stretching, immunofluorescence and Alamar blue assay: The cells are seeded at 2 x 105 cells and applied stretch 

at 1 mm/day. Then, cells are stained for MRTF-A or vinculin, f-actin and nucleus. Images are proceed using 

CellProfiler and R software. Finally, the cell viability is tested by Alamar blue assay. 

  

Results and Discussion 

As a result of stretch-activated growth at a speed of 173.6 nm/h/cell after stretching for 12h and 24h, the n/c MRTF-

A ratios increased around 7±12% and 11±9%, respectively. There is no significant change in the cell and nuclear 

orientation. The concept of cyclic stretch is further used to develop the device with the combination of ECM proteins 

coating on a stiffer substrate. The preliminary results showed that the cells bound more tightly to modified PDMS 

membranes with laminin or fibronectin absorption. Figure 1 displayed samples of actin mesh, distribute normality A) 

without stain B) apply 4.17% unidirectional continuous stretch and modified surface with C) laminin and D) fibronectin. 

  

Conclusion 

Stretch-induced growth promotes the translocation of MRTF-A into the nucleus during 24 hours of stretch. Substrate 

is modified by treating with laminin and fibronectin (Fn), globular Fn enables cell adhesion while the unfold Fn 

conformation into fibrils remains a crucial factor for integrins/GF domains. Cyclic stretch could further use to combine 

the surface coating for more effective therapeutic methods. 
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Examples of actin cytoskeleton under ECM coating 

or unidirectional stretch regulation 
Actin arrangement in A) control B) stretched 

group. The cells are coated with C) laminin and 

D) fibronectin. The results revealed that 

stretched cells attached and more proliferate 

compared to control.  
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Introduction 

Over the last years, additive manufacturing processes have become increasingly important for the manufacturing of 

individual implants. A new approach in this field is the utilization of hydrogels compounded with (stem) cells and 

magnetic micro particles. With extrusion based printing, three dimensional deformable constructs can be fabricated. 

By applying an alternating external magnetic field, these hydrogel structures will be deformed cyclically. This cyclic 

deformation is supposed to stimulate cells within the gel to initiate a controlled differentiation. Our research is focused 

on the interactions between hydrogel matrix, particles, cells, and magnetic field. A key challenge is to establish a 

correlation between macroscopic deformation and microscopic particle structures. In the current study, a plottable 

particle-matrix system was established to support cell survival as well as show its deformation in a magnetic field. 

  

Experimental Methods 

The well-established 3 % w/w alginate and 9 % w/w methylcellulose plotting paste (alg/MC) was used as a base 

material. [1] 25 % w/w of magnetite micro particles (50 % between 20 and 30 microns) were added to the gel. 

Rheological properties of the paste before crosslinking and mechanical properties after crosslinking were 

investigated. Cytocompatibility of these materials was tested by culturing a mesenchymal stem cell line (hTERT-

MSC) [2] in extracts collected from the gels. Furthermore, hTERT-MSC were added to the magnetite-containing 

alg/MC paste before plotting with the Bioscaffolder 3.1 (GeSiM mbH, Radeberg, Germany) and crosslinking with 

calcium chloride solution; alg/MC without magnetite served as control. The resulting scaffolds were examined after 

live/dead cell staining by confocal microscopy. 

X-ray micro computed tomography (μCT) was used to determine the macroscopic geometry and the deformation of 

hydrogel samples as well as the particle structures and particle motions on a microscopic scale. Model samples with 

a simple and defined geometry were placed in a specially designed magnetic field setup that was scanned in a 

laboratory µCT system in two consecutive measurements with and without a magnetic field. 

  

Results and Discussion 

The addition of 25 % w/w of particles increased the viscosity of the alg/MC paste while its shear thinning behavior 

and at the same time its printability were maintained. Adding more than 25 % w/w of particles led to a continuous 

increase in the viscosity of the gel as well as in the Young’s modulus of the crosslinked construct. 

The components of the composite material, especially the magnetic particles, and the crosslinking with 0.1 M calcium 

chloride solution had no negative influence on cell viability. Apart from that, the paste proved itself to be suitable for 

bioprinting with mesenchymal stem cells. No significant difference between cell viability of the bioplotted paste with 

and without 25 % w/w particles could be detected. 
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The effect of different particle concentrations on the saturation magnetization was also determined. A higher particle 

concentration was shown to increase the saturation magnetization. Strands of the described composite material were 

successfully deformed by a magnetic field. 

  

Conclusion 

In this study, it was shown that hydrogels with incorporated magnetite micro particles are suitable for 3D bioprinting 

and magnetically induced deformation. Based on the determination of the rheological properties of the composite 

material, three dimensional constructs were successfully plotted with and without stem cells. Samples of simple, 

defined geometries were deformed in a controlled, closely monitored way. Since the rheological, mechanical, and 

magnetic properties of the magnetic hydrogels depend on the matrix material, the particle size, and the particle 

concentration, an adjustable material system was developed for the controlled deformation of stem cells within a 

scaffold. Further experiments regarding the magnetically induced deformation of bioplotted scaffolds under sterile 

conditions are planned. 
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Introduction 

Tissue engineering is a set of scientific principles, which concentrates on rehabilitation of damaged tissues and 

organs as well as regeneration and renewal of tissues and involving cells, tissue matrices (scaffolds) and biologically 

active molecules. Even though one of the main goals of tissue engineering is the transplantation of tissues and 

organs, designed in the laboratory, to the patients directly, the healing via this approach is hard to achieve in near 

future. One of the main problems is that effects of the micro-environment, and physical, chemical parameters in these 

microenvironments on cellular behavior are still not very well understood. Mimicking the surfaces both physically and 

chemically where cells are interacting with, along with mechanical stress applied to them in-vitro could help them 

understand the behavior of the cells1. Here in this study PDMS, which has plenty of applications in non-tissue 

engineering areas were used and combined with stable super-paramagnetic nanoparticles that have the ability to 

exert micromechanical stress on cells. 

  

Experimental Methods 

Super-paramagnetic nanoparticles were synthesis by a well-known co-precipitation method and characterized with 

Zeta-Sizer, TEM, and VSM2. Plain PDMS membranes were prepared by mixing of silicon elastomer and curing agent 

with 10:1 (w/w) ratio (SYLGARD® 184). A desiccator was used to remove the air bubbles prior to curing. After 

desiccation, PDMS samples were cured in an oven at 70°C for 4 hours3. Magnetic PDMS membranes were prepared 

with the same method but a difference of combining the various amount of magnetic nanoparticles into the recipe 

(0.5-2% w/w). All PDMS membranes were characterized by SEM, AFM, and VSM. 

In order to assess their compatibility in terms of cytotoxicity (by MTT assay), hemo-toxicity (by hemolysis assay) and 

proliferation ability(by Alamar assay), all samples were treated with O2 plasma prior to experiments. 

  

Results and Discussion 

According to TEM and VSM results, these particles have 10nm average diameter and have 55emu/g magnetic 

strength that is well-enough for cellular applications. There is an apparent decrease in magnetic strength in magnetic 

PDMS samples but here we believe it may adequate to trigger physical stress over cells. According to compatibility 

assessments, magnetic PDMS membranes shows quite a bio and hemocompatibility and dislike plain PDMS it also 

allows better cell attachment and growth. It is also obvious that the any-compatibility behavior of these membranes 

decreases as magnetic particle concentration increases. The homogeneity issue is also a critical issue that should 

address. Here we tried ultrasonication, homogenization and other physical methods to obtain a homogenous 

distrubipın of the particles. 
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Conclusion 

Within this study, it is shown that PDMS membranes with magnetic properties could have prospective biomaterials 

as they have proper bio and hemocompatibility and as they have the ability to trigger mechano-transductive pathways 

of the cells. 
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Introduction 

The field of supramolecular biomaterials has seen a wide expansion in the last few years towards functional versatile 

materials for a broad range of biological applications.1, 2 In this perspective, achieving spatial and temporal control 

over gelation offers a unique opportunity to more effectively reproduce the dynamic natural environment of tissues. 

The fabrication of spatially defined multidomain biomaterials with different properties (e.g. stiffness and porosity) in 

the different domains allows controlling the release of bioactive molecules in specific gel domains and directing the 

proliferation, migration and differentiation of cells.2  

  

Experimental Methods 

We have studied two dibenzylidene-D-sorbitol based low molecular weight gelators, namely 1,3:2:4-di(4-

acylhydrazide)-benzylidene-D-sorbitol (DBS-CONHNH2) and 1,3:2,4-dibenzylidene-D-sorbitol-4’,4’’-dicarboxylic acid 

(DBS-COOH), which form a multicomponent gel using a stepwise approach combining a thermal trigger (heat-cool 

cycle) and a pH trigger (glucono-d-lactone, GdL). The heat-cool cycle induces the self-assembly of DBS-CONHNH2, 

which is followed by the self-assembly of DBS-COOH induced by decreasing pH, forming orthogonal self-sorted 

networks in a temporally controlled manner. The resulting multicomponent gel was studied by a range of techniques 

(i.e. IR, NMR, SEM, TEM, rheology) to obtain insight on the self-assembly process, the nanoscale structuring and 

the macroscopic properties of the gel. 

  

Results and Discussion 

We demonstrated that the two networks are self-sorted and independent from each other, but to some extent they 

interact synergistically within the multicomponent gel, leading to a material with enhanced mechanical and thermal 

properties. Moreover, the DBS-COOH network within the multicomponent gel can be individually addressed by 

“switching it on and off” by pH changes. Gel formation could also be induced by substituting Gdl with 

diphenyliodonium nitrate (DPIN), a photoacid generator which releases protons under photoirradiation. By inducing 

the self-assembly of the DBS-COOH network within a pre-formed DBS-CONHNH2 gel using a photomask, 

photopatterning can be applied to the multicomponent gel leading to spatial control over the formation of a 

multidomain gel with different properties in the different domains. We showed that the composition of the 

multicomponent gel domains can control the release rate of the bioactive ingredient heparin. Moreover, it can also 

direct the in situ formation of Au nanoparticles in specific gel areas. 

  

Conclusion 

Such structured soft materials may have potential applications in regenerative medicine or bionanoelectronics. 
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Structure of DBS-CONHNH2 and DBS-COOH 

 

 

 

Schematic representation of photopatterning. 
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Introduction 

The frontier of drug development has always been widening and quite exciting. But the recurrent emergence of 

infectious diseases and the complexity of the environment have led to pressing health needs1. Hence the traditional 

drug development paradigm requires the support of modern tools for better results. The physiological barriers and 

local environment understanding have contributed to efficient drug targeting2.  Yet, the lack of targeted drug release 

led to the interaction of the drug with healthy tissue and resulted in unacceptable side effects3. Drug delivery systems 

(DDS) are engineered technologies that help in drug release at targeted areas4. DDS helps in administering drug 

locally in the affected areas. This reduces any chances of side effects and also increases the bioavailability of the 

drug5. 

In this work, we have developed a drug delivery system using alginate polymer coated with carbon dots synthesized 

from chitosan hydrogel6. This pH-responsive DDS is a smart model which delivers drug depending upon the 

concentration of the pathogen at the medium. As the number of pathogen increases in the medium, it releases various 

secondary metabolites. These secondary metabolites contain phenolic compounds which lower the pH of the 

medium. And as the pH of the medium decreases, the DDS releases the drug. Hence the more the number of bacteria 

higher will be the drug release. 

  

Experimental Methods 

In this work, calcium alginate (CA) beads were prepared by dropwise adding 5ml of 1% sodium alginate solution to 

100ml of 0.1M CaCl2 under constant stirring conditions. This resulted in the crosslinking of sodium alginate with Ca2+ 

ions and formation of spherical beads, instantly. For complete gelation, the CA beads were kept overnight in CaCl2 

solution and then properly washed with distilled water. The so-prepared CA beads tend to shrivel within a few hours 

when kept not soaked in water.  To increase the shelf life of the beads, they were coated with chitosan carbon dots. 

The preparation of carbon dots (CD) from chitosan and its coating on CA beads were done following a previous 

report from our group6. The CA-CD beads thus prepared were further used for drug loading. 

Preparation of Garlic extract (GE) as the model drug and its loading into CA-CD beads (CA-CD-GE):  The garlic 

cloves were peeled, mashed in a garlic press and collected in a beaker. 1g of the mash was weighed and transferred 

to 50ml of the falcon tube. Extra care was taken to avoid heat transfer from hands. The mash was pressed for the 

extraction of its active compound. The extract was then centrifuged for 10 minutes at 7000rpm at 4oC. The 

supernatant was then again filtered through a 0.45µm syringe filter. 50µl of the filtrate was collected in a 50ml falcon 

tube and 50ml of cold Milli Q water was added and mixed gently for 20 seconds. The major active compound with 

antibacterial property present in GE is allicin. CA-CDs of the almost same size were weighed and immersed in 30ml 

of 0.1% GE for 4hours. 
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Results and Discussion 

In vitro drug release study by CA-CD-GE beads: Three falcon tubes were labeled as “control”,  “CA-CD” and “CA-

CD-GE”. The control tube contained NB and MRSA to monitor the undisturbed growth of MRSA. The second tube 

named CA-CD contained NB, MRSA and CA-CD bead (without drug) to determine any superfluous effect in the 

system. The third tube contained NB, MRSA, and drug-loaded beads hence named “CA-CD-GE”. The second and 

third tube contained 10 beads of almost same size. All the tubes were then incubated at 37oC at 175rpm. 500 μL of 

the sample was taken out from each test tube and the optical density was measured in UV-Vis spectrophotometer at 

600nm at a different time interval. It was inferred that the MRSA cells continued to divide and increase in cell mass. 

The similar growth pattern was observed in the control and CA-CD tubes, unlike the CA-CD-GE tube where after 10th 

hour the O.D. of the culture started to decrease significantly. This might be due to the excessive growth of MRSA 

which resulted in the production of various secondary metabolites. This resulted in a decreased pH of the medium. 

As our system was designed to release the drug at low pH, hence the CA-CD-GE beads released the drug resulting 

in cell death. 

  

Conclusion 

In summary, we have fabricated a stimuli-responsive smart drug delivery system which releases the drug only when 

it is necessitated. This unique drug delivery system is not only stimuli-responsive but also is a controlled drug release 

system as it releases drug according to the cell concentration. All the three factors viz. drug release, cell concentration 

and pH of the medium are interdependent as when the cell divides, it produces secondary metabolites which lead to 

the decline in pH of the medium. The drop in the pH value triggers drug release from the beads. And the effect of the 

drug is reflected by the MRSA cell death. Such smart drug delivery systems hold utmost importance in the near future 

as it can find multi-applications in the biomedical field. 
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Schematic representation of smart stimuli 

responsive Drug delivery system 
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Introduction 

Collagenase is widely used for the treatment of fibrotic-type diseases such as systemic sclerosis, Peyronie or 

Dupuytren, among others.1 These pathologies are characterized by an overproduction of collagen which induces 

tissue malfunction causing severe limitations to the patients. The actual treatments for fibrosis diseases are surgery, 

immunosuppression treatments and collagenase administration. Surgical procedures often carry important difficulties 

and can produce serious side effects such as nerve, tendon and artery injuries. Moreover, these interventions are 

invasive techniques that require long recovery times until the patient can return to normal life. Immunosuppression 

treatments lack of selectivity and also induces unwanted side effects which can be severe in many cases, obliging 

to suppress the therapy. The administration of Collagenase Clostridium Histolyticum (CCH) was approved by Food 

Drug Administration (FDA) in 2010 for the treatment of this type of diseases. CCH is a matrix metalloproteinase which 

cleaves collagen I and III, which are the most abundant collagen types in fibrotic lesions whereas it does not affect 

to collagen type IV, with is present in nerve. Therefore, this enzyme induces a significant reduction in the collagen 

content of fibrotic tissues without affecting other types of tissues. The main limitation of the use of this enzyme is its 

high liability in physiological environment; collagenase lost its activity in less than 24 hours at physiological conditions. 

This issue is the cause of the necessity to administrate multiple collagenase injections in high dosages which provoke 

the apparition of tissue damage caused by local overdose. 

  

Experimental Methods 

First, the reaction buffer (NaHCO3 0.01 M, pH 8.5) was deoxygenated by freeze-vacuum-N2 cycles. Then, 

collagenase (3.1·10-5 mmol) was dissolved in 1 mL of deoxygenated buffer. Acrylamide (AA), 2-Aminoethyl 

methacrylate (Am) and stimuli responsive (EG, MBA, or PL) monomers, in the proportions of which are required in 

each case, were dissolved in 1 mL of deoxygenated buffer in a vial, and the solution containing monomers was added 

to the protein solution. This mixture was stirred at 300 rpm for 10 min under nitrogen atmosphere at room 

temperature. Further, 0.013 mmol of Ammonium Persulfate (APS) and 0.02 mmol of TMEDA dissolved in 1 mL of 

the deoxygenated buffer were added dropwise to the mixture. This solution was stirred at 300 rpm for 90 min at room 

temperature under inert atmosphere. Furthermore, the encapsulated enzyme was purified by centrifugal separation 

with 10-KDa cut-off filters (AMICON Ultra-2 mL 10 KDa) and washed three times with NaHCO3 buffer (0.01 M, pH 

8.5). The capsules of collagenase were preserved at 4°C and analyzed with DLS, Z potential, FTIR, TGA and TEM 

characterization techniques. 

  

Results and Discussion 

Our research group has developed a novel methodology for the production of polymeric nanocapsules able to 

encapsulate collagenase without affecting its enzymatic activity and to release them in a controlled manner once 
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arrive to the diseased tissue in response to several stimuli as pH and light. This methodology is based on the 

construction of a polymeric shell around the enzyme by radical polymerization of acrylamide-type monomers which 

are adsorbed on the macromolecule surface. Through the judicious choice of monomers and cross-linkers breakable 

under certain conditions, the capacity to respond to specific stimulus was incorporated into the polymeric capsule. 

Thus, the incorporation of ethylene glycol dimethacrylate (EG) as crosslinker provide the capacity to respond to 

variations in pH releasing the enzyme when the pH reaches mild acidic conditions. This property has been employed 

for collagenase release in tumoral tissues which exhibit acidic environment in order to degrade the extracellular 

matrix enhancing the penetration of nanotherapeutic agents.2-3 Latterly, the incorporation of a second crosslinker, in 

this case a non-degradable one, slowed down the nanocapsule hydrolysis rate being able to release controlled 

amounts of collagenase during more than 10 days, which was employed for the treatment of fibrotic lesions.4 

Currently, we are working in the incorporation of light-sensitive crosslinkers in order to produce nanocapsules capable 

to release these enzymes in response to UV-A radiation. This property allows to trigger the collagenase release in 

specific regions employing an easy to focus stimulus. Moreover, UV-A irradiation presents important benefits in the 

treatment of fibrotic lesions due to its immunosuppressive properties. 

  

Conclusion 

It is expected a synergic effect with the collagenase action which improve the therapeutic effect of these 

nanocapsules. The incorporation of fluorophores on the nanocapsule allow us the monitorization of its behaviour 

inside the host. 
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Figure 1.  
Collagenase encapsulation and controlled release 

in response to stimuli. 
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Introduction 

Electrically conductive substrates are used to improve axonal extension and induce a greater release of 

neurotrophins by glial cells when subjected to an exogenous electric field [1-2]. Herein, we develop polylactic acid 

(PLA) - polypyrrole (PPy) nanofiber films with different amounts of PPy, characterizing its physicochemical and 

dielectric properties, as well as its biological validity to be used within the field of neural tissue engineering. 

  

Experimental Methods 

Aligned PLA nanofiber films were obtained by the electrospinning technique and coated with the electrically 

conductive polymer PPy via in situ polymerization. Different mass fractions of PPy were obtained by varying the 

reaction parameters used for the PPy coating (4%, 13%, 18%, 23%, 27% and 34%). Different techniques (Field 

Emission Scanning Electron Microscopy (FESEM), Fourier-Transform InfraRed spectroscopy (FTIR), 

ThermoGravimetric Analysis (TGA), Differential Scanning Calorimetry (DSC) and impedance measurements) were 

used to characterize the physicochemical and dielectric properties of the membranes. The MTS cell proliferation 

assay and confocal microscopy images were employed to assess the adhesion of rat Schwann cells on the surface 

of the substrates.     

  

Results and Discussion 

FESEM images showed that for mass fractions of PPy below 23% the coating was discontinuous, while many 

aggregates were observed for mass fractions of PPy above 34%. Therefore, a continuous and homogeneous coating 

without aggregates is obtained between these two values. 

The dielectric characterization showed that the greater the mass fraction of PPy, the greater the conductivity of the 

material. A percolation effect was also observed for substrates with a mass fractions of PPy greater than 23%, 

corroborating the continuity of the PPy coating above this value. 

The MTS cell proliferation assay showed a greater cell adhesion of Schwann cells when the mass fraction of PPy is 

low (4%), compared to PLA membranes. However, from this point, the greater the mass fraction of PPy, the lower 

the cell adhesion. Morphological changes of the cells were also observed when increasing the mass fraction of PPy. 

  

Conclusion 

Our experimental data demonstrate the ability to obtain electrically conductive, biodegradable and biocompatible 

PLA-PPy substrates that greatly expand the potential for this composite material to be used for tissue engineering 

and implantable devices applications. 
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FESEM images of PLA-PPy electrospinning 

membranes 
FESEM images of PLA (EPLA) and PLA-PPy (E04, 

E18, E27 and E34) electrospinning membranes with 

an aligned orientation of the nanofibers. EPLA: 

Smooth surface. E04: Inhomogeneous coating with 

discontinuities. E18: More homogeneous coating, 

but still with some discontinuities. E27: 

Homogeneous coating. E34: Homogeneous coating, 

but with PPy aggregates. Left image: 1.000X 

(Scale bar = 20 μm). Right image: 7.500X (Scale 

bar = 2 μm). 

 

Cell proliferation assay, conductivity of 

membranes and confocal microscopy images 
A: MTS Schwann cell proliferation assay. B: 

Conductivity of PLA-PPy films. C-G: Confocal 

images of Schwann cells seeded on PLA and PLA-

PPy substrates. 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1475 of 1893 

PS2-05-327 

Magnetic hyperthermia of single domain iron oxide nanocrystals in 

lipid nanoemulsions 

Andrea Desii1,2, Deniz Aksu1, César de Julian Fernandez3, Gianni Ciofani2,1 

1Politecnico di Torino, Dipartimento di Ingegneria Meccanica e Aerospaziale, Turin, IT; 2Italian Institute of 

Technology, Smart-Biointerfaces, Pontedera, IT; 3CNR, IMEM, Parma, IT 

 
Introduction 

Glioblastoma Multiforme (GBM) is an aggressive brain cancer for which an effective therapeutic strategy is still 

unavailable.1 In the last few years, several “theranostic” approaches based on multifunctional platforms have 

emerged.2 Among these, multifunctional lipid nanovectors have been successfully employed in vitro for synergistic 

chemotherapy/hyperthermia induced apoptosis of a glioblastoma cell line.3 In this report, the magnetic properties of 

single domain iron oxide nanoparticles (IONPs) inside lipid nanovectors are investigated. In general, the magnetic 

properties of an ensemble of single domain particles are influenced by their concentration, their stability and the 

hydrodynamic properties of the system. Controlled inclusion in solid/liquid lipid nanoemulsions can be used to tune 

the hyperthermic behaviour of superparamagnetic/ferrimagnetic IONPs. 

  

Experimental Methods 

Synthesis of superparamagnetic IONPs was carried out according to Sun et al. and larger, ferromagnetic particles 

were obtained via the SORT technique, using iron acetylacetonate and iron oleate, respectively.4,5 Lipid magnetic 

nanovectors were fabricated by mixing 25 mg of 1-stearoyl-rac-glycerol, 2,5 mg of 1,2-dipalmitoyl-rac-glycero-3-

phosphocholine, 2,5 mg of oleic acid, 4 mg of mPEG5k-DSPE and 250 uL of IONPs chloroform dispersion, 

corresponding to 10 mg of particles. Chloroform was evaporated to obtain a lipid/particle film, which was dispersed 

in a Tween 80 water solution and ultrasonicated to obtain a stable suspension. Magnetization curves were recorded 

using a VSM magnetometer. Particle size distribution was obtained from TEM images. A Malvern Zetasizer Nano ZS 

was used for the determination of the hydrodynamic radius of particles and lipid nanovectors and zeta potential of 

vectors. SAR estimation was obtained exposing a glass vial containing 500 µL of 5 mg/mL particle/nanovector 

suspension to an AC magnetic field generated by a magneTherm RC system operating at 754 kHz and 20 mT. 

  

Results and Discussion 

The average diameter of smaller IONPs (SPM-IONP) and IONPs obtained from iron oleate (FM-IONP) is 12 nm and 

32 nm. Average size by TEM was lower, 10 nm and 28 nm Saturation magnetization obtained from DC magnetization 

curves is higher than 70 emu/g for both samples, suggesting that particles are mainly composed of ferrimagnetic iron 

oxides, such as maghemite or magnetite. SAR values for SPM-IONP and FM-IONP dispersed in chloroform are 19.4 

W/g and 16.3 W/g, respectively. These low values can be attributed to the demagnetizing effect of dipolar interactions, 

which has been shown to negatively impact the magnetic thermal conversion of single domain nanocrystals above a 

critical concentration.6 Moreover, size of the particles was chosen in order to have different relaxation behavior and 

not to optimize SAR values. As a matter of fact, when particles are included in lipid nano vectors, SAR increases 

drastically for SPM-IONP (94.4 W/g), while is basically unchanged for FM-IONP (22.6 W/g). A possible explanation 

is the stabilization of the hydrophobic particles by the lipids, inhibiting particle aggregation and regulating the dipolar 

interactions. For FM-IONP this effect could be offset by a significant increase of the Brown relaxation time, dependent 
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on the viscosity, which usually represents the main contribution to the total relaxation time for nanocrystals with 

blocked moments. One important feature of the fabrication process of lipid magnetic nanovectors is the elimination 

of the ligand exchange step to improve the dispersibility in water of nanocrystals obtained by the heat-up method. 

IONPs are stably dispersed in lipid nano droplets with size smaller than 300 nm. Further magnetic characterizations 

(magnetometry, susceptivity measurements) will improve our understanding of the underlying physics, by providing 

information on relaxation times and particle anisotropy. 

  

Conclusion 

Results, although preliminary, show that the hyperthermic behaviour of magnetic nanocrystals is greatly influenced 

by the carrier of choice, and that SAR optimization has to take into account not only morphology and composition of 

magnetic nanocrystals, but also the properties of the platforms used to administer them. Moreover, the structure and 

chemistry of the vector can be an important tool to enhance the hyperthermic property of IONPs. 
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Introduction 

Osseointegration and infection are major orthopaedic biomaterial research areas. Engineered bioactive coatings for 

titanium implants may provide a way of enhancing bioactivity of this commonly used orthopaedic material. Further, 

anti-bacterial, high aspect ratio topographies have shown potential effects against bacterium that can cause implant 

failure. Here, we use alkaline hydrothermal treatment to produce an antimicrobial nanotopography on the Ti scaffolds; 

however, this reduces mesenchymal stem cell (MSC) attachment. 

  

Experimental Methods 

We thus employ plasma polymerised coating of poly-ethyl acrylate (90 seconds at 100 Watt) to present fibronectin 

(FN) and low dose absorbed human bone morphogenetic protein 2 (BMP2) to the MSCs allowing a synergistic 

interaction at the integrin/growth factor receptor level on 2D/ 3D Ti scaffolds. 2D scaffolds were fabricated on Ti discs 

and 3D scaffolds were produced using the selective laser melting technique. Scaffolds physical and chemical 

characteristics were studied using SEM, AFM, WCA, and XPS. MSC bone mineralisation was examined using 

Raman spectroscopy, calcein blue, Alizarin red, and Giemsa staining. Pseudomonas aeruginosa bacteria were 

cultured on the substrates, and the number of viable microbial cells was determined by quantitation of the ATP 

present. P. aeruginosa quorum sensing molecules (odDHL and C4-HSL) were used to study the effect of these 

molecules on MSCs viability using annexin V, JC-1 and the cell cycle analysis. 

  

Results and Discussion 

Cell adhesion, proliferation, and mineralisation revealed the ability of the system (PEA/FN/BMP2) to be more potent 

in osteodifferentiation of the mesenchymal stem cells, as well as maintain the ability of nanowires to reduce the 

bacterial attachment. 

  

Conclusion 

This work represents a new strategy to improve the biological activity and biofilm reduction of Ti implants. 
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Introduction 
One of the major problems with bone implants after surgery is the competition of host and bacterial cells to adhere 

and grow on the implant surface. To prevent the risk of biofilm formation and implant-associated infections, while 

promoting osteogenic differentiation, the surface of the bone implant could be decorated with bactericidal 

nanostructures (e.g., nanopillars). Electron beam-induced deposition (EBID) is a promising approach to create sub-

10 nm structures with precisely controlled dimensions (e.g., diameter, height, and interspace). Compared with other 

patterning techniques such as optical and electron beam lithography, reactive ion etching, ionization, and 

hydrothermal treatment, EBID is a relatively slow process. For instance, based on our previous study1, it takes around 

7 hours to pattern an area of 40×40 µm2, which is covered with nanopillars with a diameter of 80 nm, a height of 190 

nm, and a pillar interspacing of 170 nm. Such an area is not sufficient for studies involving host cells. The aim of this 

work was to upscale the EBID nanopatterned area, consisting of pillars with a diameter of sub-50 nm, by using step 

and repeat nanoimprinting technique. 

  

Experimental Methods 

A 6.5 mm by 5.6 mm fused silica was used as a mold. The mold contained 1×1 mm2 elevated MESA structure in the 

middle, coated with a thin layer of Cr as a conductive layer for EBID deposition. EBID was performed using trimethyl-

(methylcyclopentadienyl) platinum (C9H16Pt) as the precursor gas. Four different sub 50 nm nanopillars were 

deposited on the surface. For each series of dimensions, we patterned an area of 40×40 µm2. The next step was 

transferring the structures into the fused silica substrate. This step was done by etching the Cr layer with the EBID 

structures as a mask by using inductively coupled plasma reactive ion etching (ICP RIE), followed by etching the 

fused silica using Cr as the mask, again with ICP RIE, and finally removing the residual Cr layer. The resulted fused 

silica substrate with pillars made of fused silica is the final mold for the next UV-based step and repeat nanoimprinting 

technique (Figure 1). A UVNIL resist was then spin coated and soft baked to create uniform solvent free resist films. 

The imprint step was carried out with an Imprio 55 press from Molecular Imprints Inc. While the template was in 

contact with the substrate, the resist was cured by UV light and the mold was released from the substrate. 

Pre-osteoblast cells (i.e., MC3T3-E1) were cultured on both nanopatterned and flat silicon surface using αMEM 

culture media. The morphology and viability of these cells were assessed by scanning electron microscopy (SEM) 

and live/dead staining. Moreover, S. aureus (RN0450 strain) was grown in Brain Heart Infusion medium (BHI culture) 

and then cultured on the samples at an OD600 of 0.1 for 18 hours. The morphology and killing efficiency of the patterns 

against bacteria were evaluated by SEM.   
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Results and Discussion 

Designing multi-biofunctional surfaces to selectively influence the behavior of host cells and bacteria is of high interest 

and importance for the development of implant materials. For bone-implants, the holy grail is having surfaces which 

promote osteogenic differentiation and simultaneously kill the bacteria. 

Using this technique, we obtained 4 different patterns, each covering 3×3 mm2 areas of a 10×10 mm2 silicon wafer. 

The SEM images of bacterial cells showed that nanopillars within the range of dimensions created in this study have 

the potential to be bactericidal. Moreover, the results of live/dead staining and SEM images indicated that nanopillars 

can support the attachment and proliferation of pre-osteoblast cells. 

  

Conclusion 

Having a surface with controlled nanostructures is the key factor for understanding the killing mechanism of bacterial 

cell, as well as the role of different factors involved and the osteogenic activity. In this research, we overcame the 

challenge of enlarging the EBID patterned areas by using the step and repeat nanoimprinting method. This 

development represents a crucial step forward as it enables studies with both bacteria and host cells. Based on the 

technique presented in this study, one can produce nanopillars with precisely controlled dimensions and with dual 

bio-functionalities. 
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Introduction 

The ability of nanopatterned surfaces to direct cell behavior has been widely investigated in recent years. For 

example, nanoneedle arrays are rapidly emerging as a tool for drug delivery, as they offer the potential to transport 

impermeant molecules directly into the cell cytosol.1 Focus, to date, has been placed on hard inorganic materials 

such as silicon and diamond, which have shown significant promise in this regard. However, the inherent limitations 

of such materials, associated with potential cytotoxicity and constraints in controlled delivery, warrant research into 

innovative patterning processes which can produce biocompatible nanopatterned materials.2,3 To this end, replica 

moulding using UV-curable polymers from arrays produced from silicon was carried out to produce polymeric gels 

functionalized with nanoneedle arrays. 

  

Experimental Methods 

The Si nanoneedles were fabricated using block copolymer micelle lithography. PS-b-P2VP was used to fabricate a 

monolayer of hexagonally arranged spherical micelles on Si substrates. By controlling the loading of metal salts, 

such as HAuCl4 and FeCl3, into these micelles, monolayers of metal nanodots hard masks were deposited onto the 

Si surface. Following oxidation, to generate Au and Fe2O3 hard masks respectively, the etch selectivities and etch 

parameters were tuned to generate Si nanoneedle arrays of varying aspect ratio as shown in Figure 1B. Subsequent 

replica moulding from the Si masters was demonstrated to produce polymeric nanoneedle arrays as outlined (Figure 

1A). 

 

Combined AFM (JPK Instruments Nanowizard II Atomic Force Microscope) and FESEM (ZEISS Gemini ULTRA plus) 

imaging were used to determine the dimensions of all surface structures outlined. Bulk rheology measurements were 

carried out on the polymeric samples using a rheometer (Gemini 200 HR Rheometer). Surface elasticity 

measurements of the gel nanoneedles were carried out using AFM force mapping. 

  

Results and Discussion 

Au and Fe2O3 hard masks were produced with feature diameters varying from 36-97 nm, with inter-particle spacings 

ranging from 71-400 nm. Si nanoneedle arrays were successfully fabricated using both the Au and Fe2O3 hard masks. 

Polymeric nanoneedle replicas were successfully fabricated through replica moulding techniques. Preliminary 

surface elasticity data for the polymeric samples has been obtained. Detailed results for these samples are soon to 

follow. 

  

Conclusion 

Block copolymer micelle lithography is an effective tool for controlling Si nanoneedle dimensions. Replica moulding 

is a reliable process for replicating topographical features down to the nanoscale. Polymeric nanoneedle arrays can 

be produced by combining block copolymer micelle lithography and replica moulding techniques. 
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Polymeric Nanoneedle Array Fabrication 
Figure 1: A) FESEM images of micelle arrays, 

gold hard mask and silicon nanoneedle arrays; 

AFM height image of initial polymer nanoneedle 

array made using replica moulding techniques; B) 

Schematic of the flow process of the polymer 

nanoneedle array production 
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Introduction 

Due to its favorable mechanical properties and high cytocompatibility titanium and its alloys, especially Ti6Al4V, are 

frequently utilized for orthopedic implants. For this applications quick osseointegration, i.e. the mechanical and 

biological integration of the implant into the hard tissue, is indispensable for the long-term performance of the implant. 

Unfortunately, unmodified titanium-based implants are still prone to failure due to insufficient osseointegration. 

Alterations to the surface topography or chemical modifications of the implant surface have been thoroughly studied. 

The introduction of a microstructure to the surface of titanium-based implants was shown to improve the osteogenic 

differentiation of human mesenchymal stromal cells (hMSC) in vitro as well as osseointegration in vivo. However, 

common microstructuring approaches, e.g. micro embossing or grit blasting, are either not feasible to process 

titanium alloys or can only achieve a continuously structured surface. Discontinuous structuring on the other hand 

was shown to hold potential to further improve the afore mentioned properties. 

  

Experimental Methods 

We used an electron beam microstructuring technique to alter the surface topography and surface chemistry of 

Ti6Al4V samples. This microstructure consists of discontinuous features at intervals between 80 and 240 µm (Figure 

1). The effects of such microstructures on hMSC were analyzed in vitro using immunofluoroscence imaging and real-

time PCR analysis. 

  

Results and Discussion 

Microstructured samples were proven to be highly cytocompatible and modification of the surface chemistry during 

the microstructuring process did not compromise cell viability. Initial adhesion and the morphological adjustments of 

hMSC to the microstructure were investigated by immunofluorescence microscopy and visualized in 3D (Figure 2). 

Increasing expression of osteogenic markers, e.g. osteocalcin, over a time span of 21 days was observed. 

  

Conclusion 

Electron beam microstructuring could overcome possible issues connected with common microstructuring methods, 

e.g. debris from blasting. Moreover, our results show that the presented electron beam microstructuring approach 

enhances the osteogenic differentiation of hMSC in vitro and might potentially expedite and improve subsequent 

osseointegration of hard tissue implants in vivo. 
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Figure 1 
SEM microscopy image of an electron beam 

microstructured surface. 

 

 

Figure 2 
Immunoflourescence staining of actin (white), 

vinculin (red) and DAPI (blue) of a hMSC 

cultured on the microstructured surface for 24 

h. 
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Introduction 

The biocompatibility of an artificial material in contact with human tissue is strongly influenced by not only its biological 

surrounding but also its chemical and physical surface properties. Various approaches for improving the biomaterial-

tissue interaction have been explored so far that mostly focused on enhancing the surface’s bioactivity by chemical 

and mechanical treatments. However, also the nanoscale surface morphology has been recognized as a significant 

parameter affecting protein adsorption and cell response, such as cell migration, proliferation etc. [1,2]. 

  

Experimental Methods 

To investigate the diverse effects of surface chemistry and surface topography on protein adsorption, we employ flat 

as well as nanorippled SiO2 and TiO2 model surfaces. Nanorippled Si substrates were synthesized by 500 eV Ar+ ion 

irradiation at 67° incidence and a fluence of 1 x 1017 cm-2 [3]. Using magnetron sputter deposition, Ti films with a 

thickness of 20 nm were then grown on such nanopatterned Si substrates [4]. The so-fabricated nanopatterned Ti 

and Si surfaces with native surface oxide were characterized by atomic force microscopy (AFM), scanning electron 

microscopy (SEM), and X-ray photoelectron spectroscopy (XPS). The nanopatterned oxide surfaces and their 

corresponding flat counterparts were then employed to study the influence of surface chemistry and nanotopography 

on protein adsorption.  To this end, a variety of globular proteins with different molecular weights and isoelectric 

points were selected. Adsorption dynamics was monitored in situ using ellipsometry while the morphology of the 

adsorbed protein films was assessed by ex-situ AFM. 

  

Results and Discussion 

Highly ordered ripple patterns on Si surfaces were successfully fabricated with a periodicity and amplitude of about 

30 nm and 3 nm, respectively. By applying a bias potential of -10 V, highly conformal Ti films with a thickness of 20 

nm were deposited by magnetron sputtering on the pre-rippled Si surfaces, which perfectly reproduce the ripple 

patterns and thus allow for dissecting the relative effects of surface topography and surface chemistry on protein 

adsorption. Adsorption of the globular proteins BSA, ferritin, and thyroglobulin at the flat and nanopatterned oxide 

surfaces could be successfully monitored in situ by ellipsometry. AFM investigations of the morphology of the 

adsorbate film revealed preferential adsorption of ferritin in the ripple valleys. 

  

Conclusion 

By utilizing low-energy ion bombardment, nanorippled Si wafers can be fabricated with well-defined amplitude and 

periodicity. Magnetron sputter deposition under optimized conditions enables the growth of conformal metallic films 

on those substrates that perfectly replicate the substrate pattern. Therefore, these substrates allow for dissecting the 

relative effects of surface chemistry and nanotopography on protein adsorption. Furthermore, the periodicity of the 

ripple patterns can be tuned between 20 and 50 nm simply by adjusting the ion energy [3]. These nanopatterned 
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surfaces thus represent powerful model surfaces for the in-depth investigation of protein adsorption using for instance 

ellipsometry as an in-situ method to quantitatively monitor the development of adsorbate thickness. 
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AFM image of highly ordered ripple patterns on 

Si wafer 
Nanorippled Si surface was synthesized by 500 eV 
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bombardment. The ripples patterns were shown a 

periodicity and amplitude of about 30 nm and 3 
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Introduction 

Titanium is the material of choice for bone tissue integrating implants due to its biocompatibility, corrosion resistance, 

high strength as well as good formability and machinability. As it is crucial for bone implants to be able to rapidly 

bond to the surrounding hard tissue, the aim of many investigations is to modify its surface to enhance 

osseointegration, chemically or physically. Here, we present a topographical approach to enhance the adhesion and 

osseointegration of human mesenchymal stromal cells on pure titanium. This is achieved by the introduction of well-

defined, sub 10 nm nanoripples on the surface in combination with chemical modification and linking of proteins. The 

resulting surfaces are thoroughly investigated with regards to the change in adhesion and osseogenic differentiation 

potential on human mesenchymal stem cells. 

  

Experimental Methods 

Defined ripples with sub 10 nm amplitude were fabricated on silicon wafers by ion beam sputtering (IBS) and the 

resulting surface topography subsequently coated with a 20 nm titanium layer. Surface chemistry was altered and 

functional groups were introduced on the surface via self-assembled monolayers of silanes. Proteins were coupled 

to the surface by directed crosslinking. The surface topography was verified by AFM. The successful silanization was 

confirmed via contact angle measurements and XPS. Protein crosslinking was verified via XPS and ELISA. The 

adhesion potential of the modified surfaces was investigated by centrifugation adhesion studies and the osseogenic 

differentiation potential was investigated by qPCR after 21 days. Flat surfaces prepared in parallel without IBS were 

used as control surfaces throughout all experiments. 

  

Results and Discussion 

The successful introduction of highly ordered nanoripples was confirmed via AFM to be conserved after titanium 

deposition. A homogenous formation of silane monolayers with amine and sulfone functional groups was furthermore 

confirmed by XPS. ELISA studies showed a surface crosslinking of different proteins in excess of 45 % coverage of 

the substrate surface on rippled surfaces in comparison to lower amounts on non-rippled substrates. Adhesion 

studies revealed a trend towards a stronger adhesion on rippled surfaces in comparison to flat surfaces, further 

amplified by the chemical and biological modification. QPCR analyses of osseogenic induction triggered by the ripple 

surfaces are currently investigated and preliminary results indicate a trend towards enhanced differentiation of human 

mesenchymal stromal cells towards the osseogenic linage on rippled surfaces. Furthermore a synergistic effect of 

the additional biological and chemical surface modifications seems to enhance this effect on rippled surfaces in 

comparison to flat surfaces. 
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Conclusion 

Confirmation of our preliminary results by our ongoing investigation would greatly expand the range of functional 

biomaterial surface modifications for bone tissue engineering. As such, biofunctionalized periodical nanostructures 

hold the potential to further enhance the osseointegration behavior of titanium based hard tissue implants. 
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Introduction 

Nano- and microscale topographical cues play critical roles in the induction and maintenance of various cellular 

functions, including morphology, adhesion, differentiation, and communication [1]. Laser ablation technique 

generated a controlled surface structurization affecting the formation of the topography cue in the form of a nano-, 

micro- channels. Surface anisotropy governing cellular orientation responses and causing controlled cell growth [2]. 

The goal of our study is to investigate the impact of submicron and nanoscale topographic cues on several 

fundamental endothelial cell behaviors including orientation and alignment to topographic features, proliferation, and 

migration. 

  

Experimental Methods 

The titanium and silicon substrates have been covered by different types of carbon-based coatings using PVD 

technique. The layer structure and the mechanisms of the coating anchoring to the substrate were analyzed using 

electron microscopy techniques. The cross section study was performed by the transmission electron microscopy 

equipped with field emission gun. Surface structurization was prepared by laser ablation technique. Channels with 

different size and distribution were formed. The topography of achieved channels was  analyzed by Confocal Laser 

Microscopy (CLSM) equipped with topography module. Description of hemocompatibility of achieved structures was 

analyzed in arterial flow condition simulator with whole human blood. Endothelial monolayer formation and progenitor 

cells differentiation were  investigated using Human Umbilical Vein Endothelial Cells (HUVECs) and and Endothelial 

Progenitor Cells (iCells), respectively. 

  

Results and Discussion 

The results show oriented growth of endothelial cells onto structured surface (Fig. 1). The topography analysis 

confirm the presence of channels with different size and distribution (Fig. 2).  Cells sensed the presence of 70 mm 

distal channels, but no influence of  10 mm distal channels on cell growth were observed. Surface structurization 

affecting also controlled progenitor cells differentiation toward endothelium. Cells morphology on the surface of the 

materials showed the correct formation of endothelial monolayer from progenitor cells. The biomaterial examinations 

were performed under physiological blood flow conditions. The results obteined for dynamic assays confirm the 

improvement of surface hemocombatibility by deposition of carbon based coatings.  

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1490 of 1893 

Conclusion 

The results showed that by controlling the coating compositions, and anisotropy as well as channels distribution it is 

possible to enhance endothelial cells adhesion, orientation and progenitor cells differentiation toward endothelium. 

Endothelial monolayer can effectively inhibit blood coagulation process and improve the hemocompatybility 

properties of materials.  
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Fig. 1. Distribution of channels prepared by 

laser ablation technique (left) and endothelial 

cell or 

 

 

 

Fig. 2. Topography analysis of achieved channels 

done by CLSM 
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Introduction 

Magnesium (Mg) implants have emerged as innovative bioactive orthopaedic implant materials due to their excellent 

attractive features, including mechanical properties (i.e., lightweight with a density and elastic modulus close to the 

one of human cortical bone), biocompatibility, biodegradability and bioresorbability, without the need for a removal 

(second) surgery. However, a too rapid degradation, and subsequent loss of mechanical integrity before the tissue 

healing still limits their applications. Many methods have been thus developed over the last decade to combat these 

issues like alloying the Mg with other elements or its surface modification resulting also to an enhance 

osseointegration.  

In the frame of the later, (poly)dopamine (PDA), clinically acceptable biocompatible and biodegradable 

monomer/polymer, have been recognized to act as a stable and adherent interface layer on many metal oxide 

surfaces (form a charge-transfer complex on their OH groups), thus bringing the anchoring sitesfor further 

bioconjugation and surface modification while providing a corrosion resistant coating.However, the kinetics of 

dopamine coating on a Mg material (without native oxide surface layer) as a function of temperature, time and 

reaction method is not well elucidated, although its long time (several hours) self-polymerization may be a critical for 

highly corrosive Mg material. 

  

Experimental Methods 

Therefore, to provide rapid-formation of PDA film on Mg material, without significant change of Mg surface and/or 

bulk structure, two different procedures, i.e., stirring and UV irradiation with various time-frames (from 30 min up to 

24 h) were studied under slightly alkaline condition (Tris-HCl, pH=8.5)at room temperature (about 23 °C) and ambient 

oxygen. The solutions were observed to change from colorless to brown due to oxidation of dopamine-catechol to 

dopaminequinone. Reactive oxygen species (ROS) generated by UV irradiation, including singlet oxygen, are more 

active than molecular oxygen and could play the role of the oxidant required to initiate the dopamine polymerization, 

thereby controlling the process in situ. 

FTIR spectroscopy and contact angle measurements were performed to evaluate the surface modification of Mg 

samples with PDA, while their crystalline and morphological properties were assessed with XPS and SEM analysis. 

In addition, mechanical properties of the samples using compression testing were performed. Furthermore, the liquid 

samples obtained after incubations and washings were analysed by ICP-OES analysis to measure Mg2+ions 

concentration. 

  

Conclusion 

The results indicated a kinetically faster controlled polymerization of PDA coating of Mg sample surfaces treated 

under UV irradiation, without significant changing of its crystalline, morphological and topography structure, or 

mechanical properties. 
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Introduction 

Vertically Aligned polymer nanopillar array on substrates have received significant interest as a functional surface in 

a broad range of applications[1]. However, previous methods to prepare a polymer nanopillar array on substrates are 

fraught with poor dimensional controllability of the nanopillar[2]. In this study, we report a new method to prepare free-

standing biodegradable nanopillar arrays on various substrates by plasma etching with polystyrene-block-poly(acrylic 

acid) (PS-PAA) block copolymer micelles encapsulating Au nanoparticles inside (AuNP@PS-PAA). The adsorption 

density of AuNP@PS-PAA micelles was controlled by pH of micelle condition affecting electrostatic interaction with 

polyelectrolyte layers formed on poly(lactic-co-glycolic acid) (PLGA) films, thereby the density of PLGA nanopillar 

arrays were controlled. The dimensions of PLGA nanopillars were controlled by adjusting plasma etching conditions 

such as treatment time and power. 

  

Experimental Methods 

PS-PAA micelles with core Au NPs were prepared according to a previously reported method.[1] A PLGA film was 

first deposited on a substrate by spin-coating a PLGA solution. the PLGA films were then treated with oxygen plasma 

to generate negative charges on the surface. The negatively charged PLGA films were alternately immersed in 

solutions of positively charged PAH and negatively charged PSS to prepare a PAH/[PSS/PAH]2 multilayered films on 

the PLGA. The multilayered film was then immersed in an aqueous solution of AuNP@PS-PAA micelles for pre-

determined times under different pH conditions. Finally, AuNP@PS-PAA micelles adsorbed on the 

PAH/[PSS/PAH]2/PLGA film were treated with CF4 plasma to transfer the micellar pattern to the underlying 

multilayers. For the PLGA nanopillars biodegradation tests with hydrolytic enzymes, PLGA nanopillar arrays were 

incubated in an esterase solution. 

  

Results and Discussion 

We introduced positive charges on the PLGA surface using a layer-by-layer assembly of the polyelectrolytes can 

further engineer the molecular interactions with the AuNP@PS-PAA micelles by adjusting the pH conditions. The 

density of AuNP@PS-PAA micelles can be adjusted by varying their degree of ionization and zeta potential values. 

Since the Au NPs in the micellar structure can provide etching resistance, only the polymer layers underneath the 

Au NPs remain intact after the CF4 plasma treatment, and therefore, are able to form nanopillar arrays with a 

controllable density. 

In the high pH value, the AuNP@PS-PAA micelles would repel each other due to the strong electrostatic repulsion 

induced by the anionic –COO– groups in the PAA shells. On the other hand, agglomerated micelles were deposited 

on the film. this also resulted in an increased adsorption density of the micelles during the same coating time. these 

interactions result in a uniform coating of the AuNP@PS-PAA micelles on the multilayered film. 
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The AuNP@PS-PAA micelles were used as an etching mask in the reactive ion etching (RIE) process. Interestingly, 

the resulting morphologies were quite different after the plasma etching, depending on micellar density. When the 

close-packed AuNP@PS-PAA micelles were used, the prepared PLGA nanopillars merged with each other caused 

by the heat generated during the RIE process (PLGA with a low glass transition temperature). Hence, in order to 

prepare an array of individually aligned nanopillars, it is necessary to increase the inter-micellar distance on the PLGA 

film, which can be achieved by controlling the pH. 

To investigate the biodegradability of the PLGA nanopillars, we performed in vitro enzymatic degradation tests using 

the esterase. PLGA nanopillar arrays were immersed in the esterase solution, and then the biodegradability was 

evaluated by varying the nanopillar height. the degradation rate of the PLGA nanopillars was relatively high in the 

beginning and decreased with time. The degradation was almost completed after 7 days. 

  

Conclusion 

We demonstrate a feasible approach to produce nanopillar arrays. The adsorption density and the corresponding 

micellar arrangement on the film played a crucial role in controlling the final morphology of the nanopillars. By 

precisely adjusting the pH, the molecular interactions between the micelles and the film could be engineered, 

resulting in a control of the micellar adsorption density. The subsequent etching process successively transferred the 

micellar pattern to the underlying films. In addition, the nanopillar height could be adjusted by modifying the plasma 

etching time. This fine control of the density and height of the biodegradable nanopillars might not be easily 

transferrable to other methods, but it can be applicable to other types of soft materials. Since small modifications in 

topography such as nanopillar density and height can influence cellular behaviors such as adhesion and proliferation, 

it could uncover an interesting variety of opportunities. 
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Introduction 

Drug-developing companies must test huge lots of different compounds in order to find proper drug candidates (1). 

The molecules to be tested should pass a toxicity assay panel that includes assays in various cell types – one of 

them being neurons. This testing work is performed through a methodology that allows massive screening of drug 

candidates via high-throughput screening (HTS) and high content screening (HCS). Up to date, many innovations 

have been performed to address the need of the large number of drugs that should be tested (2,3).The use of high-

throughput analytical tools is often key to allowing comprehensive identification of such molecules at the genome-

wide level. High-throughput systems typically adopt a multi-well plate format designed according to internationally 

standardized geometric configurations and thus compatible with available imaging systems such as automated 

fluorescence plate readers. However, neuronal cells do not normally adhere to most materials, thus making it 

necessary to coat the base substrate material with adhesion-promoting molecules. 

  

Experimental Methods 

In this work, different resists were formulated introducing accessible functional groups which allowed the posterior 

coating with cell adhesive proteins/peptides, pursuing selective cell adhesion. Cytotoxicity tests (under ISO 10993) 

were carried out in order to assure the viability of the cells.  Pheochromocytoma (PC12) cells are a commonly studied 

representative of a neuronal cell line which is often used in in vitro studies to examine the degree of differentiation 

and neurotoxicity commonly associated with neurodegenerative diseases (4). Under common laboratory culture 

conditions, PC12 cells adhere poorly to culture flasks and prefer to grow while floating in cell aggregates (5). Thus, 

PC12 response was evaluated by measuring a set of parameters related to cellular functions. The proliferation and 

metabolic activity of the PC12 cells were analyzed using a tetrazolium-based assay (WST-1). The morphology and 

neuron-like characteristics of the cells were analyzed by using brightfield phase contrast microscopy. Once a 

biocoating was chosen, it was applied to UV NIL microstructurated resist on PET foil in order to control neuron cell 

growth for drug screening assays. 

  

Results and Discussion 

In this work, several biocoatings have been screened such as polylysine (PDL), fibronectin, collagen and laminin 

coating. Cellular results with PC12 showed that polylysine is the best candidate for coating the designed resists. 

Then, flexible substrates with microchannel patterns were fabricated on thin foils using UV-Nano Imprint Lithography 

(UV-NIL). Once fabricated, they were coated with PDL and neuronal response was also analysed.  

  

Conclusion 

This micropatterned structure may represent the first step towards the development of flexible biochips for neuron 

cell growth. Our results support further development of this micropatterned resit and PDL as a coating, for neuronal 

based drug screening substrates. 
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Micropatterned well for neuronal growth.  
A) photograph of photolithography master on Si 

wafer. B) picture of one well. C) hexagonal 

structure of well. Diameter size of round 

cavity: 40 µm, interconnecting channels: 5µm 

wide, 160 µm long 
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Introduction 

Biomaterials for enhanced tissue regeneration are becoming increasingly prevalent. However, rationally designing 

materials that mimic the ECM and local tissue environments is a non-trivial task. The extra-cellular matrix (ECM) 

contains a complex cocktail of biopolymers and signaling molecules, which together, can be broadly considered as 

a viscoelastic bio-functionalized hydrogel. It has been shown that material parameters such as the stiffness and 

relaxation time of a hydrogel can have a significant impact on the observed cellular responses.1 Presented with the 

diversity of stiffness and relaxation characteristics of native tissues; the scope of any single material system has 

distinct limitations. Capturing the complexity of this natural microenvironment in a single cytocompatible material 

remains an active challenge within the community, and to this end, dynamic covalent chemistry (DCC) has emerged 

as a powerful tool. Diverse DCCs have been shown to tune mechanical and viscoelastic properties of both bulk and 

local environments over a wide range of physiologically relevant magnitudes.1. We recently investigated the use of 

alginate hydrogels using secondary aldimine crosslinks as a bioink and they were shown to be cytocompatible, as 

well as induce a different cellular morphology depending on their dynamicity and stiffness (Figure 1.).2 Here, we 

explore how varying combinations of the aforementioned crosslinkers can be used to modulate and control the 

stiffness and relaxation characteristics of oxidized alginate hydrogels. 

  

Experimental Methods 

Sodium Alginate (FMC Manugel GMB, Lot No. G9402001) was purified and oxidized to a 10% theoretical degree of 

oxidation as previously reported.2 Hydrogels were formed by the addition of varying proportions of adipic acid 

dihydrazide (≥98%, Sigma Aldrich) and O,O’-1,3-propanediylbishydroxylamine dihydrochloride (98%, Sigma Aldrich). 

In all cases, the final alginate concentration attained was 2% (w/v) in Phosphate Buffered Saline (PBS) without 

magnesium and calcium ions. The alginate and cross-linker (1:1 with respect to degree of oxidation) were mixed 

rapidly in the desired ratio before being transferred to silicon molds and stored in the fridge overnight. The following 

morning, strain sweeps (1% - 1000% @ 10 rad/s) and frequency sweeps (100 rad/s – 1 rad/s @ 1% strain) were 

performed to evaluate the mechanical and viscoelastic characteristics of the resulting gels. 

  

Results and Discussion 

In this study, we used combinations of dynamic secondary aldimine crosslinkers possessing different dynamicities 

(Figure 2) to develop oxidized alginate hydrogels with highly tunable viscoelastic properties. Despite having equilibria 

constants on the order of 104 – 108, and thus a theoretical binding efficiency greater than 99%, we observe markedly 

different stiffnesses resulting from each individual crosslinker. Following quantification by oscillatory shear rheometry, 

there is a strong correlation between the dynamicity of the crosslinker and the observed stiffness, with the oxime 

hydrogels being the stiffest (~ 2 kPa) and least dynamic (Keq~ 108) while the hydrazone hydrogels are the softest (~ 

0.5 kPa) and most dynamic (Keq~ 104). By maintaining an equivalent total crosslinker concentration and preparing 

hydrogels with different proportions of oxime and hydrazone crosslinks, we are able to tune the bulk stiffness to a 
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desired value within this range. Bearing in mind that the crosslinker molecules are present in an equimolar 

concentration to potential binding sites, an extrapolation of the apparent crosslink density from rheological 

measurements reveals that the stiffness is directly proportional to the concentration of oxime crosslinker. This brings 

into question the exact role the hydrazone crosslinker plays in this mixed system. 

  

Conclusion 

Here we demonstrate the tunable stiffness of oxidized alginate hydrogels within physiologically relevant ranges, and 

bring to light possible emergent behavior when multiple crosslinkers with large differences in dynamicity are mixed. 

We are now investigating a corresponding evolution of the relaxation and strain response of these hydrogels, as well 

as a more detailed analysis of the role and contributions of each crosslinker in a mixed system. More specifically, we 

will focus on possible correlations between the molecular kinetics and equilibria within the hydrogels. Understanding 

the fundamental origin of dynamic hydrogel properties such as stiffness and relaxation would allow significantly more 

control over these systems and represent a powerful step forward in the rational design of complex biomimetic 

materials for tissue regeneration. 
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FIg. 1 - Cell Spreading on Viscoelastic 

Substrates 
Surface seeded fibroblasts on Oxime and 

Hydrazone hydrogels. Image taken after 24h. 

Scale bar = 25 µm. 

 

Crosslinker Chemistry 
Representative secondary aldimine crosslinking 

reactions. 
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Introduction 

Current standard treatment of critical-sized bone defects involves transplantation of patient’s own bone (i.e. 

autograft). This treatment is, however, associated with several drawbacks, limited availability being the most 

important one. Thus, there is a need for affordable but effective alternatives to the patient’s own bone. In this regard, 

the incorporation of nanoparticles within biomaterials to create nano-composites is an attractive approach to create 

a new type of materials within the field of regenerative medicine that can show improved mechanical and/or biological 

performance compared to analog composites without nanoparticles.1 This project aims to develop new injectable, 

adaptable biomaterials for bone tissue regeneration using inorganic nanosized building blocks (nanoparticles of ~100 

nm) and hydrophilic linkers that self-assemble in a 3D matrix. Inorganic nanoparticles based on mesoporous silica 

nanoparticles (MSNs) are proposed as ideal building blocks within these constructs as they are bioactive, improve 

mechanical and biological properties of incorporating polymers, and can controllably release various types of cargo.2-

6 The resulting materials will be moldable, self-healing, bioactive and tissue-responsive. The proposed method and 

building blocks allow “bottom-up” development of complex biomaterials that are modifiable down to the nanoscale, 

which is expected to lead to superior bone graft substitutes. 

  

Experimental Methods 

Synthesis of MSNs. Surface and core modified MSNs (amines in the core and thiols on the surface) were 

synthesized through a multistep, delayed co-condensation method.6 The functionalized particles were characterized 

by dynamic light scattering, Fourier transform infrared spectroscopy, scanning and transmission electron microscopy. 

Preparation of MSN-SS-PEG Gel Formulation. Gel formation was obtained through the reversible thiol/disulfide 

exchange reactions between thiol functionalized nanoparticles and PEG polymer in the presence of 2,2'-

Dipyridyldisulfide (DPS) initiator. 

  

Results and Discussion 

Surface and core modified MSNs (amines in the core and thiols on the surface) could be successfully synthesized 

with colloidal stability and in sizes ranging from 100 to 200 nm. They showed a highly porous structure. MSNs have 

a positive charge due to amine groups on the outer surface. Under neutral to basic conditions, the functionalized 

nanoparticles triggered gel formation by acting as an inorganic crosslinker between polymeric chains in the presence 

of DPS initiator. Mechanical properties of the gels can be modulated by changing MSN wt% and polymer wt%. 

  

Conclusion 

Core-shell functionalized MSNs form stable colloidal suspensions and can be used as crosslinkers for the formation 

of new types of stimuli-responsive, hybrid inorganic-organic materials for tissue regeneration 
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Synthesis and characterization of core-shell 

functionalized MSNs 
(a) Schematic illustration of the synthesis of 

MSN-NH2(in)-SH(out). (b-c) TEM and SEM image of the 

synthesized MSNs. (d-e) DLS and zeta potential 

results of MSNs with different functional groups 

on the surface. 
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Introduction 

Cells and cellular functions should be attractive and promising active components for the design of functional 

materials. Combining living cells with synthetic materials could enable the fabrication of living multifunctional 

materials capable of, for example, sensing the environment, time-programming, movement, and signal transduction, 

all originating from the functions of the incorporated cells. In this study, we present a new concept for utilizing cells 

and their functions from the viewpoint of materials science. In particular, we developed cell cross-linked living bulk 

hydrogels (CxGels) by bioorthogonal click cross-linking reactions of azide-modified mammalian cells with alkyne-

modified biocompatible polymers (bAlg-DBCO) [1]. 

  

Experimental Methods 

Pellet of azide-modified C2C12 cells was suspended with 100 µL of bAlg-DBCO solution in HEPES buffer and cells 

were completely dispersed by gentle pipetting. The cell dispersions were added into test tube and incubated at 37ºC. 

Gel formation was checked by usual test tube inverting methods and rheological test. The cell dispersions were 

poured into 96-well plate and incubated at 37ºC for 1 hour. Two hundred µL of DMEM was added on the gels and 

cultured for 7 days. After predetermined times, cell proliferation in the gels was also examined with WST-1 assay. 

After predetermined time, the remained gels were carefully transferred into a new plastic microtube, and washed with 

PBS twice, then the weight of swollen gels was measured. Moreover, gels were lyophilized and the weight of the dry 

gel was also measured. Nude mice were anesthetized with isoflurane. The skin of the hind limb was opened, and the 

femoral muscle was gently exposed. In host femoral muscle, a local injury was created by removing skeletal muscle 

fibers. The skin was then carefully closed and the incision was sutured. One day after the surgery, 250 µL of CxGels 

precursor solution was injected into the injury site. After transplantation, the muscle strength of the injured hind limbs 

was quantitatively measured every day using a grip-strength meter. At the end of the experiment, the injury site was 

carefully opened and the regenerated skeletal muscle tissues were analyzed by CLSM observation. 

  

Results and Discussion 

As mentioned above, our aim is to demonstrate that the covalent combination of living cells, acting as active cross-

linking points, enables the development of multifunctional hydrogels with unique functionalities that originate from the 

cells. We therefore selected two basic cellular functions to demonstrate utility of our approach: autonomous cell 

growth and selective cell adhesion. First, we found that the cell proliferation (cell division) directly affects the swelling 

and degradation properties of the CxGels. Therefore, CxGels have the ability to self-grow and self-degrade due to 

the autonomous growth of cells utilized as active cross-linking points, and we successfully demonstrate that these 

are unique properties of CxGels. Second, we found that the selective adhesion of CxGels is derived from the ability 

of cells in CxGels to selectively adhere onto surfaces. Hydrogels generally have a remarkably low friction coefficient 

because of the large amount of free water on their surface, making the stable attachment of hydrogels onto solid 

materials difficult. On the other hand, cells can adhere onto various solid materials with a wide range of water contact 
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angles in the presence of cell attachment proteins. We found that CxGels can adhere onto materials which alginate 

gels cannot by using the selective adhesion abilities of the cells. Thus, we propose that the selective adhesive ability 

of CxGels is unique as compared to existing hydrogels. Taken together, we have successfully demonstrated that the 

functions of cells covalently incorporated into CxGels as active cross-linking points are useful for endowing CxGels 

with unique functionalities. 

  

Conclusion 

Importantly, whole mammalian cells and their functions are retained in CxGels, and unique functionalities are 

generated. This method can be applied to bacteria and viruses because their surfaces can be modified by metabolic 

glycoengineering. Therefore, the findings of this study provide a promising route to the generation of living cell-based 

next-generation innovative materials, technologies, and medicines. 
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Introduction 

The healing of bone defects has witnessed a paradigm shift from synthetic implants and tissue grafts to a bone tissue 

engineering (BTE) approach. Alginates offer a series of properties that have been exploited for the generation of 

materials for medical devices and treatments, however drawbacks related with lack of osteoinductive behavior, low 

structural properties and poor cell afinity required to function in bone tissue engineering are still undergoing. From 

this perspective organic-inorganic hybrid materials are a promising alternative, since the components interact at 

molecular level resulting in materials with higher processability and integrity [1]. Among them, promising materials 

barely studied are the silica-alginate compositions. Silica materials are characterized by a tight interface with polymer 

matrices, where the inorganic component provides biomineralization ability and higher material stiffness [2]. Silica 

hybrid materials can be obtained by a sol-gel technique introducing a polymer prior to gelation. In this work, the effect 

of the organic-inorganic ratio and the amount of catalyst in the final properties of the resulting hybrid are studied. 

  

Experimental Methods 

For alginate-silica hybrid materials, established amounts of alginate were dissolved in deionized water until total 

homogeneity. After, TEOS was added and stirred. Ten minutes later APTES is added dropwise to the solution and 

maintained under agitation at room temperature. Then, a solution of water/HCl or water alone is added by dripping, 

to catalyst the hydrolysis-condensation reactions of TEOS-APTES and the homogeneous incorporation of the 

alginate into the inorganic matrix. Compositions with ALG/TEOS-APTES ratios between 17.6/72.4, 9.68/93.02 and 

4.1/95.9 were prepared with inorganic/Catalyst ratio of 0, 0.15 and 0.3. Final chemical composition, crystallinity 

degree, thermal and hydrolytic stability were examined for all the hybrid materials. Cellular proliferation is being 

assayed over the materials at the time of writing this abstract. 

  

Results and Discussion 

Based on the experimental method described, 9 hybrid materials were obtained. The hybrids ALG/TA 1,2 and 3 

(17.5% Alginate) form very thick emulsions, observing that at higher catalyst concentration the viscosity decrease. 

However after 24 hours the material with the least amount of catalyst managed to gel (Material 1).The hybrids ALG/TA 

4, 5 and 6 (9.68% Alginate) seem to gel at the end of the synthesis. Hybrids ALG/TA 7, 8 and 9 (4.1% Alginate) 

appear to be glued upon concluding the synthesis without appreciable differences regarding the catalyst 

concentration.  

Figure 1 shows infrared spectra of the alginate-silica hybrid material with representative bands at 1160 cm-1 and 942 

cm-1 corresponding to the CH2 rocking  from TEOS and APTES. In addition overlapped bands at 1082 cm-1 and 1045 

cm-1 are assigned to the stretching of Si-O-C and Si-O-Si respectively. At ~873 cm-1 a band corresponding to the 

copolymerization of Si-OH radicals are observed and at 780 cm-1 the stretching of Si -CH3 bonding are observed.It 

can be deuced that as the amount of catalyst increases in the materials, the band due to the Si-OC stretch at 1083 
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cm-1 decreases its relative intensity with respect to the 1045 cm-1 band of the Si-O. This decrease is caused by the 

transformation of the bond Si-O-C to Si-O-Si and its variation is indicative of the hydrolysis reached in the reaction. 

On the other hand, considering the alginate proportion, it is observed that materials with the greatest amount of 

alginate 1, 2 and 3, present a greater difference in the intensity of the bands at 1078 cm-1 and 1040 cm-1, but very 

low intensity in the band at 870 cm-1, generating thick colloidal solutions. Besides, materials with a lower amount of 

alginate 7, 8 and 9 manage to generate Si-OH radicals as indicated by the decrease in the band at 1078 cm-1, 

however, being sterically more impeded by alginate with a lower amount of water, the reaction shifts toward the 

condensation reaction of the silanol groups generating structures with precipitates and lumps. Finally, materials 4 

and 5 seem to achieve a balance between both reactions, generating connected structures and gelling at low reaction 

times. 

X-ray diffractograms confirm the formation of silica structures with amorphous maxima around 8 and 22.6° in 2 Theta. 

In addition, it is observed a decrease in the intensity of the amorphous maxima of the hybrid materials as the amount 

of hydrochloric acid increases. This can be explained as the formation of disordered structures (lower crystallinity) 

due to the acceleration of the condensation reaction of the silica in the materials. 

  

Conclusion 

Gelation times, homogenity and structural stability of hybrids depends on the alginate concentration and amount of 

catalyst. Materials with no catalyst and 9.68% weight of alginate present a hydrolysis-condensation equilibrium 

reaction with low gelling times and appropriate structural stability for cytotoxicity studies 
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Introduction 

Regeneration of skeletal muscle that damaged by injury or by degenerative diseases has been the object of many 

scientific studies throughout the years. The main strategies currently pursed for skeletal muscle regeneration consist 

of cell therapy. Cell therapy by direct injection of cells into the damaged muscle tissue are typically limited because 

of death of the majority of the transplanted cells. Injectable gels can be good candidates to overcome the problem. 

Three-dimensional hydrogel structures formed in the damaged tissue could provide scaffold for growth and assembly 

of transplanted cells. Recently, we developed cell cross-linked hydrogels (CxGels), which living human cells are 

covalently cross-linked with three-dimensional polymer networks, by bioorthogonal click cross-linking reactions of 

azide-modified cells with alkyne-modified biocompatible polymers [1]. Importantly, we found that the CxGels have 

potential utility as injectable gels for tissue regeneration. In this study, we investigated potential application of CxGels 

as injectable gels for regeneration of skeletal muscle tissues. 

  

Experimental Methods 

We selected alginic acid (100,000 Da) as polymer components because of its good biocompatibility and synthesized 

branched alginic acid (bAlg) using amine-terminated 4-arm branched PEG (20,000 Da). Then, we synthesized 

dibenzylcyclooctyne (DBCO)-modified bAlg (bAlg-DBCO). Pellet of azide-modified C2C12 myoblast cells was 

suspended with 200 µl of bAlg-DBCO solution in HEPES buffer (100 mM, pH 7.4) and cells were completely dispersed 

by gently pipetting. Rheological test of the cell dispersions was performed. Oscillatory time and frequency were 

performed at 37℃, and the storage modulus (G’) and loss modulus (G”) were recorded. The time sweep data 

collection was started from time zero to 18000s to monitor the gelation process. Nude mice (BALB/c-nu/nu) were 

anesthetized with isoflurane. The skin of the hind limb was opened, and the femoral muscle was gently exposed. In 

host femoral muscle, a local injury (ca. 7 mm long, 4 mm wide) was created by removing skeletal muscle fibers. The 

skin was then carefully closed and the incision was sutured. One day after the surgery, 150 μl of CxGels precursor 

solution, Lifeact-GFP-expressing N3(+)C2C12 cells (3.0×106) suspended with bAlg-DBCO solution, was injected into 

the injury site. As controls, Lifeact-GFP-expressing N3(-)C2C12 (3.0×106) was suspended in physiological saline or 

Matrigels, then these suspensions were transplanted into the injury site. After transplantation, the muscle strength of 

the injured hind limbs was quantitatively measured every day. At the end of the experiment, the injury site was 

carefully opened and the regenerated skeletal muscle tissues were analyzed by observation of CLSM and H&E 

staining. 

  

Results and Discussion 

Metabolic glycoengineering was used to incorporate reactive azide groups on the cell surface. The monosaccharide 

precursor was modified with an azide group, then incorporated into cell-surface glycans through biosynthetic 
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machinery. Sialic acid is one of the most abundant cell-surface glycans on mammalian cells and is typically found at 

the terminating branches of these glycans. We therefore targeted sialic acid residues for azide-modification because 

the location (the outermost surface of cells) and abundance (high concentration on cell surface) of sialic acid residues 

was ideal for efficient bioorthogonal click cross-linking with bAlg-DBCO. The 1H-NMR analysis of bAlg-DBCO showed 

that on average 13 DBCO groups were introduced per bAlg molecule and the molecular weight is 1,026,800 Da. 

Reaction mixtures of N3(+)C2C12 cells and bAlg-DBCO solution (1%) did not form bulk-sized hydrogels. In contrast, 

gelation was achieved by reaction mixture of N3(+)C2C12 cells (2.0×106) and bAlg-DBCO solution (2%). Gelation 

time and mechanical strength of the CxGels can be controlled by varying the number of cells and concentrations of 

bAlg-DBCO. C2C12 cells in the CxGels showed high viability (over 90%) and proliferation with logarithmic phase 

over 1 week. In the muscle regeneration test, it was shown that the muscle fibers formed by the injection of CxGels 

was thicker than the control gels. Moreover, transplantation of CxGels resulted in remarkably high muscle force 

recovery as compared with control mice. 

  

Conclusion 

In conclusion, we successfully demonstrate that the CxGels can be a new technology for regenerative medicine of 

skeletal muscle tissues damaged by injury or by degenerative diseases. 
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Introduction 

The research in tissue engineering concentrate on development of biocompatible materials similar to those of native 

tissues. That is the reason why hydrogels are of great interest. Those three-dimensional networks composed of 

hydrophilic polymers, can be crosslinked, either through covalent bonds or via physical interactions. In the swollen 

state, hydrogels resemble, to a great extent, the living tissues. That is why, especially the biopolymer based hydrogels 

have a great potential as matrices for tissue regeneration. Among them, hydrogels made of collagen and chitosan 

are of special interest. Collagen is a fibrillar component of the extracellular matrix of mammalian tissues, with 

excellent biocompatibility. Chitosan is biocompatible and biodegradable linear polysaccharide obtained by 

deacetylation of chitin. Moreover, it exhibits antibacterial, antifouling properties and accelerates the process of wound 

healing [1,2]. Many of these properties can be enhanced, modified or new characteristics can be possibly obtained 

by introducing the nanoparticles, as indicated in many papers. There are many different types of nanoparticles 

already produced, but the ones with magnetic functionality are of special interest. Superparamagnetic iron oxide 

nanoparticles (SPIONs) in particular, magnetite (Fe3O4) and maghemite (γ-Fe2O3) have the remarkable magnetic 

properties. They are often used in nanomedicine to develop novel therapeutic and diagnostic modalities. 

Nanoparticles cover a wide range of applications that include drug delivery, MRI contrast agents, hyperthermia and 

tissue engineering among others [3-5]. In this report, we present nanoparticles which will be used as building blocks 

for fabrication of tissue engineering scaffolds. The hybrid magnetic scaffolds were prepared by immobilization of 

nanoparticles in hydrogel matrices. 

  

Experimental Methods 

Positively charged, chitosan surface-coated iron oxide nanoparticles were prepared using co-precipitation method. 

The synthesis was carried out in aqueous solution of cationic derivative of chitosan (CCh) using iron salts 

(FeCl3,FeCl2) and ammonia. During the whole process the reacting solution was sonicated and kept in oxygen-free 

environment (argon bubbling) in the thermostated bath (20°C). In order to obtain negatively charged nanoparticles, 

SPIONs were subsequently coated with polyanion (anionic chitosan derivative) using layer by layer (Lbl) method. 

The final products were purified using magnetic filtration. The extensive physicochemical, structural and magnetic 

characterization of the obtained nanoparticles was performed (DLS, STEM, XRD, VSM, Mössbauer Spectroscopy). 

Next hybrid magnetic scaffolds were fabricated by immobilization of polymer-coated SPIONs in hydrogel matrix. The 

materials obtained were characterized in terms of their physicochemical properties and cytocompatibility. 

  

Results and Discussion 

The physicochemical, magnetic and biological properties of obtained nanoparticles were investigated using various 

complementary techniques. Hydrodynamic diameter of nanoparticles was obtained using Dynamic Light Scattering 
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method and found to be about 100 nm. The coating effectiveness and colloidal stability of nanoparticles in water was 

evaluated based on zeta potential measurements (DLS). The size of magnetic cores was equal to 10 nm as revealed 

by TEM/STEM imaging. Their structure was studied using X-ray diffraction and Mössbauer spectroscopy. The results 

indicate that nanoparticles are crystalline and nanosized structures. SPION materials revealed to be oxidized 

magnetite, i.e. maghemite. Vibration Sample Magnetometry measurements confirmed superparamagnetic nature of 

nanoparticles. Physicochemical (e.g. swelling, degradation, microstructure), mechanical, magnetic properties of 

hybrid magnetic materials were evaluated. Preliminary biological evaluation was also performed. 

  

Conclusion 

In this report the surface-coated iron oxide nanoparticles were obtained and demonstrated to be useful as 

components for hybrid magnetic scaffold fabrication. The materials prepared were intensively characterized and 

promising results concerning their potential application were obtained. 
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Introduction 

Mineral deposition and a biomaterial’s ability to support mineralization are considered important feature for bone  and 

osteochondral regeneration. It is known that presence of anionic sequences (e.g., hydroxyl and carboxyl groups) in 

synthetic or natural oligomers may confir apatite nucleating properties to the hydrogels in swollen state1. In this 

regard, gelatin-based hydrogels are also important as they mimic extracellular matrix (ECM) due to their inherent 

cell-adhesive properties, degradability, immuno- and biocompatibility. Motivated by the idea, we strive to synthesize 

hydrophilic and reactive oligomers, containing hydroxyl groups and carboxylate sequences, and utilized those to 

formulate injectable, gelatin-based hydrogels cross-linked via amine-anhydride conjugation for hard tissue 

regeneration.   

  

Experimental Methods 

Oligomers were synthesized by free radical polymerization of maleic anhydride (MA) and hydrophilic comonomers: 

acryloylmorpholine (Mo), N-vinylpyrrolidone (Vp) and hydroxypropyl acrylate (Hp) in defined ratios with pentaerythritol 

diacrylate monostearate (P).2 Analogues to ‘P’ containing oligomers (oPXMA), either without the addition of lipophilic 

domain or in the presence of lipophilic domains (lauryl acrylate or stearyl acrylate) were also synthesized. The 

oligomers were characterized by acid-base titrations, proton NMR (1H-NMR), gel permeation chromatography (GPC) 

and dissolution experiments. Injectable formulations of these versatile oligomers with aqueous solution of gelatin 

(type A, 300B) were formulated and characterized rheologically. Human adipose tissue derived stem cells (hASC) 

were encapsulated in these hydrogels and cytocompatibility was assessed by Live/Dead® staining and confocal 

microscopy. Differentiation and mineralization capability of gel encapsulated cells and incubated in osteogenic 

medium was also investigated until day 21. 

  

Results and Discussion 

Three sets of hydrophilic oligomers (oPHpMoMA, oPVpMoMA and oPHpVpMA) and their analogues without lipophilic 

domain (oHpMoMA, oVpMoMA and oHpVpMA) and with different lipophilic domains, namely lauryl acrylate 

(oLHpMoMA, oLVpMoMA and oLHpVpMA) and stearyl acrylate (oSHpMoMA, oSVpMoMA and oSHpVpMA), were 

synthesized.2 Physicochemical characterization of these oligomers confirmed high intactness of anhydride units 

(>80%) and controlled incorporation of hydrophilic comonomers (1H-NMR) depending upon feeding ratios. GPC 

analysis revealed molecular weights (Mn) in the range of 2-3 kDa. All hydrophilic macromers dissolved faster than 

previously established derivatives.3,4 Generally, lipophilic domain free oligomers showed faster dissolution as 

compared to oligomers synthesized in the presence of different types of lipophilic domains. These oligomers were 

utilized to formulate gelatin-based hydrogels via amine-anhydride conjugation under pH control using a 

programmable multi-step pipette. Hydrogel stiffness depended on the availability and type of lipophilic domain as 
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well as oligomer composition. The hydrogels retained viable cells upon cross-linking that proliferated effectively over 

7 days. Cell-laden gels showed good mineralization at day 21 in osteogenic cultures and calcium content was found 

to correlate more with the presence of hydroxyl groups in oligomer composition as compared to carboxylate groups 

and gel mechanical properties. 

  

Conclusion 

Three sets of hydrophilic oligomers (oPHpMoMA, oPVpMoMA and oPHpVpMA) and their analogues with and without 

the addition of different lipophilic domains were synthesized and characterized physico-chemically. These hydrophilic 

oligomers presented high reactivity and controlled comonomer incorporation. Such injectable oligomer/gelatin 

hydrogels encapsulated live cells and presented good gel mineralization after 21 days. These oligomer cross-linked 

gelatin networks hold promise for applications in regeneration of mineralized tissues. 
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Introduction 

Traumatic Brain Injury (TBI) is a severe health condition which is currently lack of effective clinical treatments. In 

recent years, stem cells-based therapy has received great attentions on treating TBI because of their capabilities on 

neuronal differentiation and trophic factors secretion. Despite of their potentials, applications of stem cells on TBI are 

hampered by the low survival and retention of the transplanted stem cells in the injured sites. By adopting biomaterials 

to improve the cell delivery, better therapeutic outcomes may be achieved. To this end, we proposed aldehyde 

alginate (ADA)/Gelatin (Gel) as an injectable scaffold to deliver hMSCs for TBI treatment. In view of the significant 

role of angiogenesis on brain injury repair, vascular endothelial growth factor (VEGF)-secreting hMSCs (VEGFhMSCs) 

was constructed using our developed magnetic ternary nanocomplexes system. The therapeutic efficacy of 

VEGFhMSCs-laden ADA-Gel hydorgels is investigated on a TBI animal model. 

  

Experimental Methods 

Aldehyde alginate (ADA) was prepared by oxidizing the hydroxy groups in alginate using NaIO4. Stem cells-laden 

hydrogels were prepared by gently suspending cells with polymer solutions. Viability, spreading and proliferation of 

the stem cells in hydrogels were assessed by live/dead assay, actin staining and alamarBlue assay respectively. 

VEGFMSCs were constructed by VEGF gene delivery into hMSCs using a magnetic ternary nanocomplexes system. 

VEGF expression was determined using the ELISA assay. The brain trauma animal model was constructed using a 

computer-controlled impact system. 

  

Results and Discussion 

ADA was synthesized by converting the hydroxyl to aldehyde groups on alginate via an oxidation process. Rapid 

gelation process (< 10 minutes) was observed after mixing ADA and Gel in aqueous solutions. Porosity of the 

hydrogels were characterized using a scanning electron microscope (SEM). Porosity of the hydrogels was tunable 

by varying ADA content in the hydrogels. High viability of the encapsulated VEGFMSC in ADA-Gel hydrogels was 

observed by live & dead staining. Long term survival and proliferation of stem cells inside the hydrogels was 

demonstrated by monitoring the continual firefly luciferase transgene expression using an In Vivo Imaging System 

(IVIS). By using the magnetic ternary nanocomplexes-mediated transfection, efficient VEGF expression from the 

VEGFhMSCs was confirmed using ELISA assay. The secreted VEGF significantly promoted proliferation of the human 

umbilical cord vascular endothelial cells (HUVECs) in vitro, demonstrating the potentials of using VEGFhMSCs to 

promote angiogenesis on TBI model. The TBI model was established using a computer-controlled impact system. 

Less and smaller blood vessels was observed from the injured brain tissues compared to normal brains. Therapeutic 

efficacy of the VEGFhMSCs-laden ADA-Gel hydrogels on TBI is under investigation. 
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Conclusion 

An injectable ADA-Gel hydrogel system was fabricated supporting good survival and proliferation of the encapsulated 

stem cells. VEGF-expressing MSCs (VEGFMSCs) was successfully constructed by a magnetic ternary 

nanocomplexes-mediated gene delivery. Therapeutic efficacy of ADA-Gel-delivered VEGFMSCs on TBI repair is 

currently under investigation. 

  

References 

Zhang Y, Chopp M, Zhang ZG, Katakowski M, Xin H, Qu C, et al. Systemic administration of cell-free exosomes 

generated by human bone marrow derived mesenchymal stem cells cultured under 2D and 3D conditions improves 

functional recovery in rats after traumatic brain injury. Neurochemistry International. 2017;111:69-81. 

  

Acknowledgement 

This research was financially supported by Ministry of Science and Technology of Taiwan (MOST 107-2113-M-007-

028 -) and National Tsing Hua University (107Q2519E1) 

  

 

 

  

 

Characteristic of ADA-Gel hydrogel 
Effect of different weight ratios on the 

porosity of ADA-Gel hydrogel by SEM. In the 

result, the hydrogel containing a higher amount 

of ADA showed the higher degree of porosity. 

 

Cell-Material Interaction 
Effect of the cell viability which MSC 

encapsulated in ADA-GEL hydrogel (3D) within a 

week . Image showed that MSC were mostly alive , 

with relatively few dead cells. 
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Introduction 

In this study, hydrogels were formed from whey protein isolate (WPI), a by-product from the production of cheese 

and Greek yoghurt. These products are being consumed in increasing quantitites, and hence there is a drive to find 

new applications for the by-products. WPI consists mainly of β-lactoglobulin (bLG) and WPI in solution has enhanced 

cell proliferation and osteogenic differentiation [1] in previous work. Hence, it was hypothesized that WPI hydrogels 

would support adhesion, growth and differentiation of osteoblast cells. A further advantage of using WPI is its 

relatively low cost. 

  

Experimental Methods 

WPI (Bipro) was obtained from Davisco Inc. WPI hydrogels of different concentrations (20, 30, 40, 50%, all w/v) were 

produced by heating WPI solution to 80ºC and subsequently sterilized by autoclaving. Hydrogel formation was 

characterized by rheometry and FTIR analysis. Subsequently, the adhesion, spreading, proliferation and osteogenic 

differentiation of human MG-63 osteoblasts [2] were compared. 

  

Results and Discussion 

The temperature at which gelation occurred decreased with increasing WPI concentration. Increasing WPI 

concentration from 20% to 50% increased compressive modulus from 0.2 to 4 MPa (Figure 1). All WPI hydrogels 

supported the adhesion and growth of MG-63 osteoblasts. Actin skeleton organization was superior on 40% and 50% 

hydrogels (Figure 2). Cell spreading and proliferation were highest on 40% hydrogels. Differentiation was highest on 

50% hydrogels. 

  

Conclusion 

WPI hydrogels show potential as biomaterials for bone tissue engineering. Further work will focus on in vivo studies. 

In parallel, research to enhance WPI hydrogels by incorporation of a mineral phase is being performed. 
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Figure 1 
Left: WPI hydrogels containing 20, 30, 40 and 

50% (w/v) WPI. Right: compressive moduli of WPI 

hydrogels 

 

 

Figure 2 
Spreading of MG-63 cells on WPI hydrogels of 

different concentrations. Red indicates actin 

cytoskeleton. Scale bar indicates 10 microns 
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Introduction 

Hydrogels contain an abundant amount of water and provide a unique microstructure, which mimics the native 

extracellular matrix; therefore, they are very suitable for cell culturing. They have been widely used in tissue 

engineering and contributed to both biological properties and mechanical support. Nevertheless, they often lack 

biological and biochemical signals for designated applications. To overcome this problem, we propose a new tool 

which can be designed for specific purposes. Potato virus X (PVX) is a flexible, rod-shaped plant virus and can be 

genetically modified to present more than a thousand specific functional peptides on a single nanoparticle. Moreover 

PVX is biocompatible, not-cytotoxic, and non-infectious for mammals. 

Polyglutamate (E8) and hydroxyapatite-binding peptides (HABP) exhibit functional sequences, which carry 

osteoinductive signals and are potent nucleators for mineralization. PVX nanoparticles were genetically modified to 

display bioactive peptides individually or an integrin-binding motif (RGD), which is known to promote cell adhesion. 

We hypothesize that embedding the modified PVX nanoparticles with human mesenchymal stem cells (hMSCs) in 

hydrogels can increase biomineralization and osteogenic differentiation effects. 

  

Experimental Methods 

Modified PVX nanoparticles at various concentrations were examined together with hMSCs for cell responses, 

including cell attachment and calcium deposition, after the induction of osteogenic differentiation by crystal violet 

staining and Alizarin Red staining, respectively. Cell viability was tested when hMSCs were embedded together with 

PVX nanoparticles at various concentrations in hydrogels by live/dead assay. Immunostaining of hMSCs cell 

membranes, nuclei, and PVX nanoparticles was performed to visualize the distribution and the integration of both 

cells and PVX nanoparticles in hydrogels by two-photon laser scanning microscopy. 

  

Results and Discussion 

Crystal violet staining showed that PVX-E8 and PVX-RGD were more effective in cell attachment than the control, 

while Alizarin Red staining showed that PVX-E8 promoted higher calcium deposition during the differentiation 

process than the wild type control particles. High cell viability in PVX nanoparticles embedded hydrogels at various 

concentrations exhibited excellent cytocompatibility. Moreover, immunostaining showed homogeneous distribution 

of PVX nanoparticles and hMSCs within hydrogels at different time points, which also illustrated the high retention 

time of PVX nanoparticles inside hydrogels for a long duration. The two-photon laser scanning micrographs 

additionally illustrated the close attachment of PVX nanoparticles to single cells (Figure 1), which presumably 

increased the stimulation of the peptides on the PVX nanoparticles to hMSCs. 
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Conclusion 

In brief, the genetically modified PVX nanoparticles showed enhanced cell attachment and more calcium deposition 

in the investigation with hMSCs. The advantages by incorporating PVX nanoparticles with hMSCs in hydrogels 

include high cytocompatibility, high retention time, and close attachment to hMSCs. Thus, recombinant PVX 

nanoparticles offer great potential as a new hydrogel composite for bone tissue engineering. 
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Two-photon laser scanning micrograph. 
It shows the close attachment of PVX 

nanoparticles to a single cell, which presumably 

increases the stimulation of the peptides on the 

PVX nanoparticles to cells. PVX nanoparticles 

were stained with anti-PVX antibody and 

secondary anti-rabbit antibody (green), hMSC 

membrane was stained with Vybrant DiD (red), and 

hMSC nuclei were stained with DAPI (blue). 
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Introduction 

Spinal cord injury (SCI) is a devastating neuronal damaged condition often leading to life-long paralysis. So far, no 

clinical treatment is available for effectively treating the SCI patients. Current treatments, such as methylprednisolone 

administration or acute decompression are controversial or showing limited efficacy. In recent years, stem cells-

based SCI therapy has become a major research focus receiving intensive research efforts. Applications of 

biomaterial-based cell delivery strategy should enhance SCI repair by improving stem cells survival and retention in 

the injured area. We rationale self-healing hydrogels can be utilized as an ideal cell delivery scaffold due to its good 

biocompatibility and capability on re-establishing molecular interactions after injections. In this study, we proposed a 

self-healing AGC hydrogel system comprising of aldehyde-hyaluronic acids (AHA), gelatin (Gel) and Glycol Chitosan 

(GC) for human mesenchymal stem cells (hMSCs) delivery to treat SCI. 

  

Experimental Methods 

AHA was prepared by oxidizing the hydroxyl groups on the sodium hyaluronic acids. Gelation occurred via Schiff 

base-based crosslinking between the amino groups on GEL/GC and the aldehyde groups on AHA. Due to the 

reversibility of Schiff base crosslinking, the AGC hydrogels exhibited unique self-healing behaviors. AHA and self-

healing composite hydrogels were characterized by FT-IR spectroscopy. The effects of different AHA and GC ratios 

on the microstructure and viscoelasticity of AGC hydrogels were examined using scanning electron microscopy 

(SEM) and rheometer respectively. In vitro degradation of hydrogels was studied by measuring the weight loss and 

release of fluorescence-labeled Gel from the hydrogels. Stem cells-laden hydrogels were prepared by suspending 

cells in the polymer solutions following by gelation. Viability and proliferation of stem cells in the hydrogels were 

determined using Live/Dead staining and Alamar Blue assay respectively. Preliminary biocompatibility of materials 

was evaluated by performing the histological analysis on tissues received AGC hydrogel injections. 

  

Results and Discussion 

By using the aldehyde assay, the efficiency of converting HA to AHA via oxidation was determined to approximate 

60%. In vitro degradability was assessed by incubating the hydrogels under various pH conditions. By either 

measuring the weight loss or release of fluorescence-labeled Gel, a clear acid-catalyzed degradation pattern of 

hydrogels was revealed. The SEM results showed that hydrogels pore size was inversely proportional to its GC 

content. In addition, the amount of GC was proportional to the storage modulus of the AGC hydrogels. By tuning the 

GC content, AGC hydrogels with designated crosslinking density may be attained. AGC hydrogels offered a good 

three-dimensional environment supporting long-term cell culture. Stem cells survival and retention was tested on a 

SCI animal model constructed by lateral hemi-section of the cervical and thoracic spinal nerves. Retention of viable 

hMSCs on the wound area was confirmed using a In Vitro Imaging System (IVIS). 
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Conclusion 

A self-healing AGC hydrogel material was fabricated and studied as an injectable scaffold to deliver hMSCs for SCI 

repair. The AGC hydrogels exhibited good cell compatibility and provided a three-dimensional environment for long-

term growth of hMSCs. The preliminary in vivo results suggest that the AGC hydrogels could significantly increase 

stem cells implantation efficiency on a SCI animal model. 
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Characteristic of AHA-Gel-GC hydrogel 
Effect of different weight ratios on the 

porosity of AHA-Gel-GC hydrogel by SEM. In the 

result, the hydrogel containing a higher amount 

of GC showed the higher degree of porosity. 
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Introduction 

Hydrogels are attractive biomaterials used in a wide range of biomedical applications, such as scaffolds for cell 

culture in tissue engineering, biomimetic models for human tissues, and carriers in drug delivery. Hydrogels consist 

of hydrophilic polymeric 3D networks, able to retain high tissue-like water content without dissolution. Among the 

biopolymers used to process hydrogels, gelatin is very common due to its cost‐effectiveness, ease of manufacturing 

and ability to form thermo-reversible gels [1,2]. The poor mechanical performances of standard gelatin-based 

hydrogels (e.g. low elastic modulus, low ultimate elongation, brittle failure) are known to be tunable and enhanced 

with additional physical and/or chemical crosslinking in the gels [2,3]. 

A proper and complete characterization of the mechanical behavior of these hydrogels is critical to evaluate the 

relevance of their utility for biomedical applications. However, corresponding experimental studies are often limited 

either to one specific loading mode (mainly compression or shear) with a single quasi-static monotonic path up to 

failure, or to standard infinitesimal strain DMA analyses [2-4]. These configurations are usually far from those endured 

in vivo by native tissues which are subjected to numerous complex and coupled mechanical loading upon finite strains 

and various strain rates. In this work, we propose a procedure to characterize and to highlight the role of the finite 

strain mechanical loading (tensions, compressions and shear) on the mechanical behavior of gelatin-based 

hydrogels. 

  

Experimental Methods 

Dry porcine gelatin (gel strength ≈ 300 g Bloom, Type A, Sigma-Aldrich®) was used to produce a series of hydrogels, 

mixing the powder in ultrapure water (18.2 MΩ) for 30 min at 45°C. The prepared aqueous solutions were casted 

into a Teflon® mold at room temperature for 1 h, and kept at 3 °C for 24 h to form a rectangular gel plate (100 × 100 

× 5 mm3). Two parameters were varied during the processing route: (i) the gelatin concentration in the aqueous 

solutions, i.e., 5, 10 and 15 %w/v [1,3]; (ii) the use of a crosslinking reagent (0.5 wt% of glutaraldehyde (GA), Sigma-

Aldrich®). Samples were cut from the plates at a length-to-width ratio ranging from 5:1 to 1:5, and coated with a 

random pattern made of small speckles. Mechanical tests were carried out using a standard uniaxial machine 

(Instron® 5944) equipped with a ±10 N load cell.Five loading modes were studied: simple tension, plain strain tension 

(pure shear), simple and plain straincompressions and simple shear [5]. Whatever the loading mode, samples were 

subjected to cyclic loadings with increasing strain amplitude up to the ultimate elongation. Pictures of the deformed 

sample in frontal and lateral views were recorded using two high-resolution CCD cameras (JAI® BM-500GE, 5 

MPixels), to quantify its dimensional changes and to allow digital image correlation for the measurement of local 

strain field (7D software [6]). For each loading case, two parameters were varied during the protocol: (i) the strain 

rates, ranging from 10-3 s-1 to 101 s-1; (ii) the surrounding hygrometric conditions, regulated at ambient or saturated 

(RH 100%) atmosphere. 
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Results and Discussion 

To illustrate some of our results, we have plotted in Figure 1 stress-strain curves showing the typical cyclic mechanical 

behavior at a cross head speed of 0.05 mm.s-1 of the processed hydrogels in simple tension and compression (here 

with gelatin 10% w/v, no chemical crosslinking). The figure clearly emphasizes the impact of the mechanical loading 

on the behavior of the hydrogels: weak hysteresis and weak residual strain in tension, these two features being 

pronounced in compression where, in addition, stress levels being much higher than those recorded in tension. In 

addition, the figure highlights the strong impact of the sample air-drying on stress-strain curves: the higher the resting 

time, the higher the stress levels. 

  

Conclusion 

The results of this work will help to clarify the mechanical protocols and specially the loading modes to be considered 

for the biomimetic design of new homogeneous materials. This knowledge is expected prior to develop any suitable 

fibre-reinforced biocomposites, able to mimic the histological and biomechanical features of native tissues. 
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Fig1. Cyclic mechanical behavior of a physically 

crosslinked gelatin-based hydrogel 
Typical evolutions of nominal stresses as 

function of Hencky strains in tension (left), in 

compression (right) 
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Introduction 

Hydrogels are promising materials for the repair of damaged tissues, providing a hydrated support for cells. Among 

their advantages is their potential to be readily injected in wounds with a perfect fill. However, injection of hydrogels 

implies their ability to be readily colonized by cells without preformed porosity, which limits the range of usable 

candidates. As the regeneration potential of an implanted hydrogel has been shown to be strongly dependent on the 

induction of a porosity to allow cell infiltration [1][2], an interesting approach would be to form porosity in hydrogels 

during or after injection. Recently we have developed an innovative hydrogel composed of poly-lysine dendrimers 

(DGLs) cross-linked by polyethylene glycol (PEG-NHS), which has highly tailorable mechanical properties, is 

biocompatible and biodegradable but requires a preformed porosity to be colonized with cells and is therefore non 

injectable as such [3]. 

The aim of this study was therefore to investigate the possibility of creating a spontaneous porosity inside DGL/PEG 

hydrogels through an effervescent approach, which would be suitable with injection and would not require preformed 

pores. We further evaluated the cytotoxicity of the resulting porous hydrogels in view of tissue engineering 

applications. 

  

Experimental Methods 

To obtain a porosity compatible with injection, fluorescein-labelled DLG (DGL-FITC) and PEG-NHS were mixed with 

a carboxylic acid and a carbonated base at different ratios in the presence of a non-ionic surfactant at various 

concentrations. The effect of the acid:base ratio and the surfactant concentration on the resultant porosity were 

investigated by image analysis from 200nm hydrogels slices observed by laser scanning confocal microscopy 

(LSCM) imaging.The degree of cross-linking of resultant hydrogels was analysed by immersing non-washed porous 

DGL-FITC/PEG-NHS hydrogels in aqueous solution during 24hours followed by supernatant fluorescence 

measurements. Cytotoxity was studied by immersing the non-washed porous hydrogels in culture medium for 24h 

and applying the supernatant onto normal human dermal fibroblasts, followed by a live/dead viability cell assay and 

alamarBlue® cell viability assay after 24 and 48 hours of contact. 

  

Results and Discussion 

A selection of acid/base ratios and specific mixing order to the hydrogel components allowed a strong effervescence 

(Fig. 1A), stabilized by the presence of the surfactant and concomitant to the hydrogel cross-linking. As a striking 

result, an interconnected porosity was created, remnant of the effervescently-generated CO2 bubbles (Fig. 1B). 

Interestingly, the acid/base ratio and the surfactant concentration seemed to modulate the resultant porosity by 

having an effect on the hydrogel cross-linking time and the CO2 bubbles stabilization respectively. However, the 

addition of surfactant, carbonated base and carboxylic acid appeared to influence the cross-linking reaction as higher 

concentrations of DGL-FITC were detected on porous hydrogels supernatants compared with dense hydrogels. It 
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was correlated with a decrease in cell viability when varying surfactant concentration (Fig. 2). Nevertheless, some 

conditions of interest could be identified that do not induce cell mortality. 

  

Conclusion 

A spontaneous, interconnected and tailorable porosity inside a DGL/PEG-NHS hydrogel could be induced through 

an effervescent approach. Cells viability comforts their potential for in situ injection and on-going experiments focus 

on the evaluation of cellular colonization of the interconnected porous hydrogels and their potential to support 

extracellular matrix synthesis. 

  

References 

[1] Annabi et al. tissue eng: Part B 2010; 16 (4), doi: 10.1089/ten.TEB.2009.0639 

[2] Hutmacher et al. J biomater. Sci. Polymer Edn, doi : 10.1163/156856201744489 

[3] Debret et al. patent WO2017EP6151 

  

Acknowledgement 

The French ANR is acknowledged for financial support. 

  

 

 

  

 

Figure 1: Porosity inside a DGL/PEG-NHS 

effervescent hydrogel  
A) during formulation, with effervescence over 

time (in seconds) B) after CO2 bubbles removal 

and coomassie blue staining and C) observed by 

laser scanning confocal microscopy (LSCM) 

imaging for porosity characterization (380µm 

slice).   

 

Figure 2: Live/dead on human fibroblasts in 

contact with supernatant of porous hydrogels 

during 24h 
A) with high surfactant concentration and B) 

with medium surfactant concentration  
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Introduction 

Adherent cells are known to respond to physical characteristics of their surrounding microenvironment, adapting their 

cytoskeleton and initiating signaling cascades specific to the type of cue encountered. Scaffolds mimicking native 

biophysical cues have proven to differentiate stem cells towards tissue-specific lineages and to maintain the 

phenotype of somatic cells for longer periods of time in culture [1, 2]. Biomaterial-based tendon implants are designed 

to withstand high physiological loads but often lack the appropriate biochemical, biophysical and biological structure 

to drive tendon regeneration by populating cells [3]. The objective of this study is to use tendon main component, 

collagen type I, to create scaffolds that reproduce tendon natural anisotropy and rigidity, in an effort to engineer 

functional tendon tissue with native organization and strength, able to maintain tenocyte phenotype and to 

differentiate stem cells towards the tenogenic lineage. 

  

Experimental Methods 

Porcine collagen type I in solution was treated with one of the following cross-linkers: glutaraldehyde, genipin or 4-

arm polyethylene glycol (4SP). The resulting mixture was poured on micro-grooved (2x2x2 μm) or planar 

polydimethylsiloxane (PDMS) molds and dried in a laminar flow hood to obtain 5 mg/ml collagen films. Surface 

topography and elastic modulus of the final scaffolds were analyzed using SEM/AFM and rheometry, respectively. 

Human tendon cells were isolated from adult tendon tissue and cultured on micro-grooved/planar scaffolds for 4, 7 

and 10 days. Cell morphology, collagen III and tenascin C expression were analyzed by immunocytochemistry. 

  

Results and Discussion 

Among the different cross-linkers used, only the treatment with 4SP resulted in scaffolds with a recognizable micro-

grooved surface topography. Precise control over the micro-grooved topography (fig 1B) and the rigidity (fig 1A) of 

the scaffolds was achieved by cross-linking the collagen with varying concentrations of 4SP (0, 0.5, 1 and 1.5mM) at 

low pH and temperature. The elastic modulus of the scaffolds cross-linked with 4SP (0.5mM) matched the values 

previously reported to induce tenogenic differentiation in stem cells (50-90 kPa) [4]. Approximately eighty percent of 

thehuman tendon cells cultured on the micro-grooved collagen films aligned in the direction of the anisotropy for 10 

days in culture (fig 1C), mimicking the alignment of tenocytes in the native tissue [5].  Cell nuclei morphology, known 

to play a central role in the process of mechanotransduction, was significantly altered for the tenocytes cultured on 

the micro-grooved scaffolds after 4 days in culture for all the 4SP concentrations [6]. Synthesis, deposition and 

alignment of collagen III and tenascin C, two important tenogenic markers, were up regulated selectively on the 

micro-grooved (fig 2A) and rigid (fig 2B) scaffolds after 10 days in culture, respectively [7]. These results highlight the 

synergistic effect of matrix rigidity and cell alignment on tenogenic cell lineage commitment. 
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Conclusion 

Collectively, this study provides new insights into how collagen can be modulated to create scaffolds with precise 

imprinted topographies and controlled rigidities. Gene expression analysis and a replicate study with hBMSCs will 

be carried out to support the first results and to further identify the optimal biophysical conditions for tenogenic cell 

lineage commitment. This potentially leads to the design of smart implants that not only restore immediate tendon 

functionality but also drive cellular synthesis of organized tissue-specific matrix.   
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Figure 1. 
Scaffold rigidity gradually increases with 

increasing 4SP concentration (A). SEM image of 

the micro-grooved film (B). Tenocyte morphology 

on the scaffolds after 10 days in culture. 

*Significance compared to 0mM. 

 

Figure 2.  
Cell alignment and substrate rigidity promote 

the deposition of collagen III (A) and tenascin 

C (B) after 10 days in culture, respectively. 
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Introduction 

The articular cartilage is an avascular connective tissue with a very low intrinsic capacity for repair in the human 

body, and provides a low friction surface for transmitting the mechanical load between diarthrodial joints. Damage to 

these tissues is usually associated with traumatic injuries or age-associated processes which often lead to discomfort, 

pain and disability in patients. The main problem arises from the loss of the most efficient lubricant of the tissues and 

joints, based on hyaluronic acid as the most relevant component of the intraarticular gels and fluids. Apart from 

infections, the absence of the viscous intraarticular fluid produces an irreversible chondropaty with the associated 

damage of the articular cartilage and loss of mobility and functionality. 

  

Experimental Methods 

We have developed new systems based on semi-interpenetrating networks of hyaluronic acid and chitosan or 

chondroitin sulphate, crosslinked with a small amount of lysine di-isocianate, which results in porous sponges with 

very good adhesion to the ends of the wounds and excellent capacity of absorption of the bleeding blood. This 

guarantee that the blood and the corresponding growth factors and platelets remains in the area of contact of the 

lesion, and applied in a controlled way the activation factors of the blood for the regeneration of the articular cartilage 

damage.           

  

Results and Discussion 

microscopy (b) pictures of the hyaluronic acid-based hydrogels. with bones of chicken in a designed experiment “in 

vitro”, and the cell behaviour is excellent according to the results obtained with the alarm blue test. The diagrams in 

figure 2 shows that the hydrogels are not toxic and could be considered biocompatibles. Cell adhesion assay 

indicates that the hydrogels support cell adhesion and proliferation. It is clear that after 14 days of culture the 

chondroitin sulphate gives an additional contribution to the proliferation of cells. The systems offer excellent 

opportunities for the healing of ostechondral defects with the retention of blood and therefore the growth factors 

associated 

  

Conclusion 

The systems designed can be applied successfully for the regeration of osteoarticular cartilage by the methodology 

of microholes or microfractures and application of the hydrophylic membrane to retain in teh site of the lession the 

blood and thereore the corresponding growth factors (platelets and related factors) for the healing of the tissue.  
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Figure 1 
Optical microscopy (a) and SEM (b) 

 

 

Figure 2 
Indirect cytotoxicity assessment and cvell 

adhesion test of hydrogels 
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Introduction 

The in situ formed biomimetic hydrogels represent a very attractive class of modern biomaterial scaffolds. They are 

used in cell therapy as well as in tissue engineering because of their facile encapsulation of cells, easy creation of 

complex shape and simple application by minimally invasive procedures increasing patient comfort during treatment 

[1]. Modern advanced biomaterials are designed to mimic selected features of extracellular matrix (ECM) of living 

tissues. Herein we present development of the synthetic, enzymatically degradable poly(amino acid)s based 

injectable hydrogel affording controlled immobilization of cell adhesion peptides. In our approach, we design the 

hydrogel that should be actively remodeled by residing cells through a local proteolytic activity. 

  

Experimental Methods 

The copolymer of hydrophilic, non-ionic and enzymatically degradable linear poly(N5-2-hydroxypropyl-L-glutamine)-

bearing tyramide units ((P2HPG-tyr) was synthesized as the gel precursors after the cascade of reactions. Starting 

PAAs was prepared by ring-opening polymerization of NCAs of respective protected amino acid γ-benzyl-L-glutamate 

(BLG). Then the P2HPG-tyr precursor was prepared trough modification of PBLG side chains in the two steps. Firstly, 

the modification of PBLG with propargylamine and tyramine was performed by amidation of partially debenzylated 

PBLG using carbodiimide chemistry.  Secondly, the aminolysis of the remaining ester side chains was performed 

with 2-hydroxypropylamine. The P2HPG-tyr precursors were characterized using standard physicochemical methods 

such as 1H, 13C NMR, GPC, HPLC, FTIR, UV spectroscopy. The hydrogels were formed in situ using dual syringe 

by horseradish peroxidase (HRP)/H2O2-mediated crosslinked reaction. The effect of various nH2O2/nTYR and nTYR/nHRP 

ratios on the time of gelation and gel yields were investigated. The study was completed using measurements of 

swelling and viscoelastic properties of the injected hydrogel to gain comprehensive information about the formed 

hydrogel systems. The biomimetic azidoacetic-GGGRGDSGGGY-NH2 peptide ligands were covalently binding to the 

gel precursor using click chemistry in concentration levels 100, 1000 and 10 000 pmol/mg of polymer. Cell viability, 

adhesion, and proliferation on the hydrogels were examined using adipose-derived rat mesenchymal stem cells 

(rMSCs). 

  

Results and Discussion 

The hydrogels for cell experiments were prepared with different stiffnesses, soft gel with storage modulus G' = 0.8 

kPa and hard gel with G' = 3.5 kPa according to rheology measurements. The biological experiments showed that 

the P2HPG-tyr based hydrogels proved to be non-cytotoxic for the adipose-derived rat mesenchymal stem cells 

(rMSCs). The results also showed that the rMSCs adhered best to the hard hydrogel with the highest concentration 

(10 000 pmol/mg) of RGD. We also observed good viability, adhesion, and proliferation of rMSCs, when the rMSCs 

were encapsulated by the injection process to the hydrogel. In this case, we observed and evaluated the spreading 
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of cells and formation of the cellular protrusion in 3D matrix depending on the RGD content, gel stiffness and amount 

of encapsulated cells. The formation of the cellular protrusion in the 3D matrix indicates the degradation of hydrogels 

through the local proteolytic activity of cells. 

  

Conclusion 

This study exhibited injectability and rapid P2HPG-tyr gel formation, as well as mechanical stability of hydrogel, and 

cell ingrowth. The injectable P2HPG-tyr based hydrogels demonstrated attractive properties for future application in 

a variety of regenerative medicine procedures. 
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Introduction 

Articular cartilage focal defects are a major problem in the orthopaedic field, causing pain and disability in young 

adults and often leading to early onset of osteoarthritis1. Hydrogels are attractive biomaterials for tissue repair due to 

their injectability, potential for chemical modification, incorporation and release of biological cues, encapsulation of 

cells and (bio)printability2. However, their application as in situ fillers and bioglues can be limited due to poor 

integration and possible damage to the surrounding tissue upon crosslinking. The aim of this study was to develop a 

hydrogel system with potential for in situ cartilage repair, based on a cell-laden gelatin methacryloyl hydrogel modified 

with tyramine moieties (gelMA-Tyr) bearing dual crosslinking capacity. Photoinduced gelation of both the reactive 

acryl- and tyramine groups was triggered in one step via visible light irradiation in presence of ruthenium and sodium 

persulfate (Ru/SPS) photoinitiators. The gel was characterized as matrix for cartilage tissue engineering, bioglue, 

and ink for bioprinting. 

  

Experimental Methods 

GelMA was derivatized with tyramine moieties (gelMA-Tyr) capable of forming covalent bonds with tyrosine residues 

present in the extracellular matrix of native tissues. To trigger both addition polymerization of methacryloyl moieties 

within the gel and dytyrosine bond formation in a single step, a visible light photoinitiator system based on tris(2,2'-

bipyridyl)ruthenium(II) chloride and sodium persulfate (Ru/SPS) was used. GelMA-Tyr and gelMA (8% w/v) with and 

without the addition of hyaluronic acid methacrylate (HAMA) (7.5%/0.5%) were loaded with articular cartilage 

progenitor cells and cultured in vitro for 28 days. Cell viability, cartilage matrix production and mechanical properties 

were evaluated. 

The effect of this visible light photocrosslinking system on the viability of surrounding native cartilage was compared 

to a common gelMA crosslinking system consisting of photoinitiator Irgacure 2959, using a UV-A lamp (365 nm). To 

evaluate the integration capacity of the proposed bioglue, gel adhesion to native cartilage was studied using a push-

out test, with hydrogels injected into defects cut in cartilage explants. Shape fidelity upon printing was assessed as 

reported previously3. Tyrosine residues present naturally on most native proteins were used to covalently 

functionalize the gelatin network (using myoglobin as a model compound). Finally, the potential of the Ru/SPS system 

to create hydrogels solely made of unmodified proteins was assessed. 

  

Results and Discussion 

Both gelMA and gelMA-Tyr supported cell survival and chondrogenesis in terms of viability, glycosaminoglycans 

production and compressive strength. Overall, the addition of HAMA did not improve chondrogenesis, contrary to 

previous findings4. In comparison to Irgacure, the Ru/SPS crosslinkers did not show oxygen inhibition, facilitating the 
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use of these gels in situ5. When casting the gels into cartilage explant defects, the Ru/SPS visible light crosslinking 

system resulted in higher cell viability of the native tissue surrounding the defect compared to the Irgacure/UV-A 

system (Fig. 1). Together, these findings suggest that injection of this gel directly into a cartilage defect in liquid form 

and subsequent crosslinking in situ is feasible without affecting the native resident cells, while also permitting 

cartilage matrix formation within the cast construct. 

The addition of tyramine groups into the hydrogel in combination with the dual crosslinking Ru/SPS system 

significantly improved the adhesive strength to native cartilage (Fig. 2). This increment was achieved without the 

need to degrade the surrounding matrix, in contrast to previous studies using transglutaminase-crosslinked 

hyaluronan hydrogels and chitosan-based crosslinkers6,7. 

The gelMA-Tyr hydrogel exhibited shear-thinning behaviour at 4 and 21°C, thermal gelation at low temperatures (< 

21°C), and could be printed using an extrusion-based platform, while showing shape retention post-printing. 

Moreover, gelMA-Tyr hydrogels were able to bind and covalently retain a model protein (myoglobin), showing 

potential as depots for controlled release of growth factors. Finally, the Ru/SPS visible light crosslinking system was 

also able to generate gels from several proteins (gelatin 5% and 10%, silk 7%, bovine serum albumin 4.5%), with 

the crosslinking efficiency being related to the tyramine content (R2=0.82). 

  

Conclusion 

Visible light crosslinkable gelMA-Tyr hydrogels, in combination with Ru/SPS photoinitiators, have potential for a 

variety of applications in tissue engineering, cartilage regeneration and controlled release. In particular, thanks to the 

dual crosslinking mechanism triggered by Ru/SPS, this hydrogel demonstrates potential for direct injection and 

integration into damaged cartilage, and is also suitable for bioprinting applications, further enhancing its possibilities 

for the repair or replacement of complex, patient-specific structures. 
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Figure 1: Effect of visible light vs. UV-A 

irradiation on native cartilage cell viability 

 

 

 

Figure 2: Adhesive strength of gelMA-Tyr and 

gelMA hydrogels to surrounding native cartilage. 
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Introduction 

Tissue engineering is an interdisciplinary field that combines engineering and life sciences to obtain scaffolds that 

can be used in regenerative medicine. Great amount of research was put into defining key factors of scaffolds that 

determine their performance, for example stiffness, mechanical strength, surface topography, chemistry and – finally 

– conductivity. Because polymers that are used to fabricate hydrogels often lack some mechanical, chemical and 

electrical properties that are necessary for most efficient tissue regeneration, nanoparticles started to be introduced 

into them to modify the scaffolds and create nanocomposites that better mimic biological tissues. 

  

Experimental Methods 

Materials examined in the following study were chitosan-based hydrogels decorated with graphene oxide (GO), 

reduced graphene oxide (rGO) and hydroxyapatite (HAp). Three groups were measured using the four probe method: 

chitosan-hyaluronan blend containing GO and rGO nanoparticles, chitosan-based hydrogels decorated with HAp 

particles and chitosan-based hydrogels containing both of these modifiers. Primary aim of fabricating these materials 

was bone and cartilage tissue regeneration. In order to see the impact of high water content on hydrogel conductivity, 

some hydrogels were measured in both dry and swelled state. 

  

Results and Discussion 

The results indicated that the increasing content of the conductive carbon nanoparticles and growth of water content 

have positive impact on hydrogels conductivity. Conductivity of hydrogels modified with HAp particles was dropping 

with the increasing amount of the particles. It was also observed, that the content of cross-linker that was used to 

fabricate the materials has impact on its conductivity. The effect of combining particles that exhibit antagonistic effects 

was found to be more irregular. 

  

Conclusion 

The following study demonstrates that the usage of carbon nanoparticles improves electrical conductivity of chitosan-

based hydrogels and could be extended to polymers with other than chitosan-based matrices. It is anticipated that 

combining particles of antagonistic effects leads to a specific pattern of conductivity changes, and therefore finding 

the best ratio of contents of these particles is possible when several necessary reinforcements and modifications are 

required. 
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Introduction 

Injectable hydrogels as carriers for drugs and/or cells have gained increasing interest in the last years due to the 

possibility to vehicle their payload in the desired loco through mini-invasive procedures [1, 2]. In this work, a new 

library of bioartificial hydrogels was designed combining the chemical versatility and reproducible physicochemical 

properties of a synthetic polymer with the enhanced cell adhesiveness of a natural polymer. Specifically, an 

amphiphilic polyurethane (PEU) bearing amino groups was first synthesised and then blended with hyaluronic acid 

(HA) to obtain thermosensitive bioartificial formulations. The influence of HA molecular weight on polymers miscibility 

was investigated as well as the thermosensitivity and the injectability of the newly designed bioartificial systems. 

Modification of the PEU and the HA may allow post-injection chemical crosslinking enhancing the chemical stability 

of the hydrogel. 

  

Experimental Methods 

The amphiphilic PEU was synthesised in a two step procedure under nitrogen by reacting a commercial triblock 

copolymer (Poloxamer 407, Poly(ethylene oxide)-Poly(propylene oxide)-Poly(ethylene oxide)) with 1,6-

hexamethylene diisocyanate. Then, the prepolymer was chain extended with a diol (N-Boc diethanolamine) 

containing protected secondary amino groups. Infrared (IR) spectroscopy and Size Exclusion Chromatography (SEC) 

were then performed to assess the success of the synthesis and to evaluate PEU molecular weight, respectively. 

Subsequently, the synthesised PEU was subjected to an acidic treatment in chloroform/trifluoroacetic acid 90/10 V/V 

to remove BOC-protecting groups and the exposed secondary amino groups were quantified through a colorimetric 

assay (Orange Sodium salt). The synthetic component (D-DHP407) was then blended with a high (HA_400kDa) and 

low (HA_82kDa) molecular weight HA, reaching different weight ratios. Lastly, formulations were prepared by 

dissolving both polymers in physiological saline solution and then characterized in terms of thermosensitivity by 

means of tube investing test and gelation time test at 37 °C; injectability in the sol state through needles of different 

diameters (G18, G21 and G22) and cytocompatibility according to ISO10993-5. Secondary amino groups in PEU 

and carboxyl groups in HA may be exploited to graft functional molecules for in situ post-injection crosslinking. 

  

Results and Discussion 

The successful PEU synthesis was proved through IR spectroscopy by the appearance of new bands ascribed to 

urethane bonds, while SEC analysis gave a molecular weight in the range 30000 – 35000 Da with 1.4 polydispersity 

index. Secondary amino groups were quantified to be 4.5x1020 groups/g of polymer by means of Orange II Sodium 

Salt assay. 

For what concerns hydrogel preparation, D-DHP407 and HA_400kDa were mixed at 98/2, 95/5, 92/8, 88/12 and 

83/17 wt. ratios. All tested formulations formed compatible blends, but, due to the high molecular weight of 

HA_400kDa, further increase in the natural component content highly increased system viscosity affecting 

injectability. Hence, D-DHP407 was blended with a low molecular weight HA (HA_82kDa) obtaining compatible and 
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injectable blends even at 50/50 wt. ratio. Subsequently, hydrogel temperature-driven gelation was tested and all 

considered formulations turned out to gel within few minutes at 37 °C, thus suggesting that HA introduction did not 

affect PEU thermosensitivity. Regarding hydrogel injectability, all blends could not be extruded through G22 needle, 

while they could be injected through larger needle diameters (G21 and G18). Finally, by increasing HA content, thus 

decreasing the synthetic component, an increase of hydrogel biocompatibility was observed. 

  

Conclusion 

A new platform of thermosensitive bioartificial hydrogels was developed by blending a custom-made amphiphilic 

polyurethane, which ensures hydrogel thermo-responsiveness, with hyaluronic acid, responsible for an improved 

cytocompatibility. Furthermore, the presence of exposed secondary amino groups along PEU chains and carboxylic 

groups in HA chains opens the possibility to graft functional moieties to both molecules for post-injection crosslinking. 

Such injectable system is under development as a matrix for in situ treatment of myocardial tissue, by releasing 

agents promoting direct reprogramming of cardiac fibroblasts into cardiomyocytes. 
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Introduction 

Alkaline phosphatase (ALP) is an enzyme that actively participates in the biomineralization process, leading to the 

renewal of bone tissue. ALP catalyzes dephosphorylation processes leading to the formation of free phosphate 

groups, which in combination with calcium form hydroxyapatite, the main component of bone. Unfortunately ALP, 

being a protein and enzyme, is susceptible to deactivation and degradation. In order to improve its stability as a 

bioactive component of a hydrogel scaffold intended for bone tissue repair, the enzyme was  first encapsulated in a 

halloysite nanocarrier. Halloysite, a nanoclay which occurs mainly in the form of nanotubes, was chosen as a carrier 

due to its high durability and thermal resistance, biocompatibility and unique  tubular structure with negative external 

surface and positively charged interior. Halloysite nanotubes have the lumen, which is large enough to encapsulate 

ALP, and it is assumed that they should provide very good protection and stabilization for it. The presence of 

halloysite as a component should introduce bioactivity and  improve mechanical properties of the chitozan-based 

hydrogels. 

  

Experimental Methods 

The obtained composite material was subjected to physicochemical characterization using SEM, FTIR and XPS 

techniques. The activity of the entrapped protein was determined using the Bessey and Lowry colorimetric method. 

The amount of protein encapsulated in the halloysite  was calculated using the standard Bradford test. The chitosan-

based hydrogels with halloysite-ALP component were studied using SEM, DMA, and contact angle measurements. 

  

Results and Discussion 

The protein was effectively introduced into the halloysite nanotubes and remained active. The loading efficiency (LE) 

of ALP was found to be 13.5%, while its encapsulation efficiency (EE) was estimated to be around 27%.  Enzymatic 

activity of the halloysite-entrapped ALP in a biomineralization process was also tested using calcium 

glycerophosphate as a substrate. SEM measurements confirmed the formation of crystallite on the surface of the 

nanotubes, while EDS analysis indicated that hydroxyapatite was indeed produced. Methodology of preparing 

hydrogels based on chitosan and chitosan-collagen, cross-linked with a non-toxic genipin, and containing different 

amounts of halloysite nanotubes with entrapped ALP, was developed and optimized. The influence of the inorganic 

component on the swelling process of the hydrogel, as well as morphology and mechanical properties of the material 

was also studied. 

  

Conclusion 

The new hybrid system was successfully obtained and incorporated as a component of the chitosan-based hydrogels. 

The obtained materials have potential as a  scaffold for the treatment of bone defects. 
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Introduction 

Scaffolds are widely used as a template to mimic biological tissue such as skin, liver and bone.1 The requirements 

for such scaffolds are manifold as they should recreate the natural cell environment as faithfully as possible, both in 

terms of physical and biological characteristics.  Ideally, they should be sufficiently porous to allow the passage of 

essential nutrients, grow factors, and waste products and to allow cell-cell interactions and other biochemical stimuli 

to occur. At the same time, scaffolds should also provide sufficient support and appropriate mechanical stimuli to 

physically mimic the micro to macro-environment of the tissue they aim to represent.2 

The most common three-dimensional shape of hard-tissue scaffolds is currently cubic or cylindrical and consist of 

either organic, inorganic materials or a combination of both.3 While these arrangements have advantages in terms 

of fabrication and analysis, there are also significant limitations such as limited porosity and poor cell survival at the 

center of the construct. This is due to the fact that cell survival in engineered tissues highly depends on a sufficient 

transport of oxygen and nutrients. It is a common understanding that cells, in general, do not survive when being 

further away than 200 µm from a capillary.4 

To meet this geometrical criteria, a sphere in the micrometer-range is a much more natural choice as a basis for 

subsequent cell-incorporation and, in terms of mimicking bone-specific extracellular matrix (ECM), mineralization.  

  

Experimental Methods 

Here, a novel method is presented to fabricate collagen-containing alginate droplets, which are formulated such that 

the collagen can serve as a basis for cell attachment and the alginate can provide an initial supporting structure. The 

presence of assembled collagen fibres within the composite hydrogel has been proven by multiphoton microscopy 

by determining the second harmonic generation and reflection signal of collagen (figure 1). 

  

Results and Discussion 

With a successful protocol in place to obtain formed collagen within alginate droplets, the subsequent step will be to 

incorporate cells. Ongoing research implies that presenting cells to a system of an alginate-collagen hydrogel does 

subsequently result in a strong cell-cell interaction and a good survival rate after seven days in hydrogel-cultivation 

(figure 2). 

The mineralization of the composite microspheres is achieved via a biomimetic enzymatic process. The alginate 

allows the physical encapsulation of alkaline phosphatase (ALP), which provides a source of phosphate to allow 

precipitation of calcium phosphate when altered cell media is introduced to the system. Previous studies showed that 

the ratios of resulting calcium phosphates directly depend on the pH of these media.5 
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Conclusion 

By combining the incorporation of formed collagen in alginate droplets as well as the encapsulation of cells and the 

subsequent mineralization to mimic a more cell-specific ECM, a highly complex system is achieved which, owing to 

the size and geometrical shape of the droplets, is highly versatile for further processing and analyses. Further work 

will focus on bio-plotting of individual droplets into a larger construct which will facilitate the modular design of larger 

tissue-mimetic constructs. 
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Phase contrast and multiphoton microscopy of 

collagen-containing alginate droplet. 
Figure 1A) phase contrast image of collagen-

containing alginate-droplet. The fine collagen 

structures are clearly distinguishable. B) 

Complementary second harmonic (yellow) and 

reflection (magenta) signal of collagen in 

alginate bead. The slight offset of the signal 

is due to the rotation of the bead during 

imaging. Scale bars: 150 μm. 

 

 

  

 

Multiphoton and flourescence microscopy to 

depict the presence of a highly interlinked 

cell-network 
Figure 2A)  second harmonic (yellow) and 

reflection (magenta) signal of a cell-containing 

alginate-collagen hybrid hydrogel construct. 

Scale bar: 150 μm.  B) live-dead staining of the 

cell-containing alginate-collagen construct with 

calcein (green) and ethidiumbromide (red). Scale 

bar: 300 μm. 
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Introduction 

Conductive hydrogels are promising candidates to create stimuli-response and functional biomaterials.[1] They may 

be a key to enhance the electrical stimulation of cells as a tool to control cellular response in tissue engineering 

(TE).[1,2] Electrical conductivity as a material parameter itself gained large interest in the fields of cardiac [3]  and 

neuronal [4] TE, where intuitively electrical potentials and conductivity play a major role in native physiology. Yet, 

electrical stimulation (ES) recently gained momentum also in other fields of TE such as cartilage tissue engineering, 

where it was found to be a suitable stimulus to improve articular chondrocyte collagen type II expression and 

chondrogenesis of mesenchymal stem cells.[6] As a platform for electrical stimulation of cartilage cells, the aim of 

this study is to develop electrically conductive hydrogels with tunable conductivity to be a potential biomaterial for 

ES-supported cartilage tissue engineering. 

  

Experimental Methods 

For the synthesis of conductive hydrogels, a combination of oxidized alginate and gelatin was used as a biomaterial 

platform.[7,8] Second, polystyrene sulfonate (PSS) doped polypyrrole (PPy:PSS) was polymerized in the matrix to 

create electrical functionality. Oxidized alginate was synthesized by controlled oxidation of sodium alginate using 

NaIO4 to produce alginate di-aldehyde (ADA). Following, ADA was mixed with gelatin to form the ADA-GEL hydrogel 

precursor. Polystyrene sulfonate was dissolved in ADA-GEL and pyrrole (Py) was added in different molarities to 

investigate the influence of Py molarity on the final hydrogel conductivity. The hydrogel precursor was assessed 

towards its rheological properties and 3D printed in different shapes. For material testing, hydrogel cylinders were 

casted. To produce final conductive hydrogels, ADA-GEL-Py:PSS gels were oxidized using FeCl3 to polymerize 

PPy:PSS inside the hydrogels. Final ADA-GEL-PPy:PSS gels were investigated regarding their physicochemical 

properties using FTIR, scanning electron microscopy  (SEM), mechanical properties (Nanoindentation, Compression 

tests), electrical conductivity (4-Point probe measurements) and biocompatibility.  

  

Results and Discussion 

It was possible to synthesize ADA-GEL-PPy:PSS conductive hydrogels with tunable electrical conductivity. By 

liophilization, ADA-GEL-PPy:PSS scaffolds were produced, maintaining electrical functionality. FTIR confirmed the 

formation of PPy:PSS inside the hydrogels. The oxidative post-polymerization of Py to PPy:PSS inside ADA-GEL 

significantly increased the stiffness of the final gels compared to prestine ADA-GEL gels. Microstructural analyses 

showed the formation of a PPy:PSS network inside the hydrogels. 3D printing of ADA-GEL-PPy:PSS structures was 

possible, while the hydrogel precursor showed a change of rheological properties over time, suggesting an aging 

process of the precursor. 
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Conclusion 

The combination of ADA-GEL hydrogels with PPy:PSS post-polymerization allows to produce electrically conductive 

and functional composite hydrogels. Via 3D printing of the hydrogel precursor, the fabrication of customized scaffold 

structures can be achieved. The results suggest that the developed hydrogel is a promising candidate to achieve 

hydrogels of variable conductivities. This may allow the assessment of cellular response on ADA-GEL-PPy:PSS 

hydrogels of different conductivity and its influence in tissue engineering applications when involved in electrical 

stimulation in the future. 
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Introduction 

Animal experiments are still the gold standard for basic and applied research in medical and pharmacological and 

toxicological sciences. Lately, it has been recognized from regulatory bodies that the current in vivo approach is not 

offering the desired throughput in compound evaluation and that data extrapolation from animals to humans is often 

unsatisfactory. Therefore, there is a need for more predictive methods that allow substance evaluation and at the 

same time use fewer resources. One area where prediction of animals to humans is particularly poor is the CNS 

field. 

Human induced pluripotent stem cell (hiPSC)-based three dimensional (3D) brain models have gained increasing 

attention as alternatives to the conventional animal testing because they bear no ethical concerns, are of human 

origin, have unlimited availability and have the potential for human disease modeling. However, spontaneously neural 

differentiated hiPSC display a high variability. For this reason procedures are warranted lowering variability of 

differentiation and thus producing more standardized in vitro models. 3D bioprinting might be a solution to this issue 

because bioprinting enables a more controlled spatial organization of neural cells in the 3D context. We hypothesized 

that alginate di-aldehyde (ADA) gelatin (GEL) crosslinked hydrogels as a tunable biomaterial could be a suitable 

hydrogel for the generation of 3D bioprinted hiPSC-derived neuronal networks. Because laminin (LAM) is  a crucial 

extracellular matrix (ECM) protein in the brain necessary for neural cell adhesion, migration and differentiation, in this 

study we assessed the novel ADA-GEL-LAM hydrogel combination for its suitability to support culture and 

differentiation of hiNPC into neurons and glia cells and formation of electrically active neuronal networks. 

  

Experimental Methods 

As a cell source we differentiated hiPSC into neural progenitor cells (hiNPC) growing in 3D as neurospheres. For the 

gel matrix, blends containing varying concentrations of gelatin and laminin were prepared. The protein mixture was 

combined with oxidized alginate to achieve oxidized alginate gelatin laminin hydrogel precursors. Final ADA-GEL-

LAM hydrogels were formed using Ca2+ mediated crosslinking. For hiNPC-laden gels, equal amounts of hiNPC 

neurosphere suspension and hydrogel precursor were mixed prior to crosslinking. The porosity of the resulting 

hydrogels was visualized by scanning electron microscopy (SEM). The chemical composition as well as mechanical 

properties of the hydrogels were assessed using FTIR and nanoindendation, respectively. Cell viability and 

cytotoxicity within cell-laden hydrogels were followed over time periods of up to 7 days by the cell titer blue and the 

lactate dehydrogenate assays (Promega), respectively. Cell morphology and cell-material-interactions were 
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visualized using SEM and confocal laser scanning fluorescence microscopy of non-stained and samples stained by 

immunocytochemistry, respectively. 

  

Results and Discussion 

Microstructural assessment verified the porous structure of ADA-GEL and ADA-GEL-LAM hydrogels.  After 14 days 

of differentiation inside the ADA-GEL-LAM hydrogels, neurons have differentiated and migrated out of the 

neurospheres as visualized by stainings with the neuronal marker b(III)tubulin. These first results indicate that ADA-

GEL-LAM might be a promising bioink for neural tissue engineering because it is printable and seems to be 

cytocompatible with hiNPC. 

  

Conclusion 

Current and future work aims to further establish ADA-GEL-LAM for standardized and reproducible 3D bioprinted 

neuronal networks. Functional networks will be characterized for their neuronal activity using electrophysiological 

measurements in a multiwell format and applying neuronal receptor blockers and activators. Well characterized and 

standardized 3D neural in vitro models might be useful in basic and applied sciences, for substance testing as well 

as disease modeling in the future. 
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Introduction 

Several protocols have been published for the generation of kidney organoids from human iPSCs. Despite the 

improvements, state-of-the-art kidney organoids still depend on animal or CAM transplantation for the improvement 

of nephron epithelial and vascular maturation. Aim of this study is to introduce PEG-heparin microgels as a tool to 

modulate the differentiation of iPSC-derived kidney organoids through the heparin-mediated sequestration of soluble 

morphogens. 

  

Experimental Methods 

Kidney organoids were derived from human iPSCs adapting the protocol published by Takasato et al.(1), and 

exposed during differentiation to PEG-heparin microgels of different sizes, or to a single PEG-heparin droplet, 

keeping the hydrogel volume and heparin content constant, and thus only varying the total hydrogel surface area. 

Organoid growth was monitored through phase contrast microscopy, and nephronal differentiation was evaluated 

through immunofluorescence and confocal microscopy.  

  

Results and Discussion 

PEG-heparin microgels accelerated the differentiation of kidney organoids, with a faster development of renal 

vesicles compared to standard and droplet-exposed cultures. Furthermore, organoids produced in presence of PEG-

heparin microgels showed more LTL+ proximal tubule-like structures. Overall, we demonstrate how PEG-heparin 

hydrogels can tune the differentiation of kidney organoids through a surface area-related mechanism.  

  

Conclusion 

Our methodology represents a new biomaterial approach for the improvement of organoid differentiation. Ongoing 

studies will aim at the precise identification of the cell-secreted morphogens sequestered by the microgels and 

involved in organoid differentiation. 
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Introduction 

Hydrogel microparticles (microgels) are essential materials for bioapplications including cell therapy, drug delivery 

and release systems or tissue engineering.  Control over the microgel shape is often essential for these tasks, which 

lead to recent introduction of anisotropic microgels, produced via  lithographic methods. These, however, require 

synthetic photocrosslinkable polymers as hydrogel precursors[1], with possible adverse interactions in-vivo. 

Biopolymers provide superior level of biocompatibility over their synthetic analogues, however, cannot be 

crosslinked by light, which hinders their shaping in lithographic processes. Various approaches for shaping 

biopolymers were presented using either molds[3-7], or inducing the biopolymer gelation by the light indirectly[8-

10]. None of the methods presented so far provides reliable high throughput production of anisotropic microrogels, 

nor resolution on the micron-scale, which is needed to design materials with controlled interaction with a real tissue, 

organized on cellular i.e. micron level. In this work, we introduce method for photolithographic synthesis of anisotropic 

micogels, composed purely from biopolymer of choice using sacrificial photocrosslincable polymeric template 

blended with this biopolymer. 

  

Experimental Methods 

First we prepared a single phase blend from the template polymer  - Dex-HEMA, biopolymer of choice (alginate, 

chitosan) together with water-soluble photoinitiator[11]. Dex-HEMA consists of dextran modified with 2-

hydroxyethylmethacrylate moieties bound to the chain through hydrolytically labile carbonate esters[12] (Figure 1-

left).We synthesized microgels from the Dex-HEMA-biopolymer mixture using Stop-Flow lithography (Figure 1),  the 

mixture was purged through a microfluidic channel and microgels were created by local photocrosslinking of the Dex-

HEMA, their shape being defined by the photomask[13]. In the next step, the entrapped biopolymer 

(alginate/chitosan) was crosslinked via suitable method. In the case of alginate, ionic crosslinking was induced by 

adding calcium chloride to the Dex-HEMA-alginate microgels. To prepare chitosan microgels, the SFL-produced Dex-

HEMA – chitosan microgels were treated with genipin – a biocompatible crosslinker widely applied for gelation ofused 

to form hydrogels from aminated polysacharides or proteins for bioapplications. In the successive step, the Dex-

HEMA network was cleaved either by addition of the base or enzymatically using dextranase. 

  

Results and Discussion 

The synthesized microgels preserve their shape defined in the lithographic process, thanks to the Dex-HEMA network 

while the biopolymer is physically entrapped in its mesh (Figure 2). In the case of alginate, ionic crosslinking was 

induced by adding calcium chloride to the Dex-HEMA-alginate microgels. The consecutive hydrolysis of the 

template  under basic conditions took around 10 minutes and its completion was visualized as a loss in the 

fluorescence signal of the Dex-HEMA network (Figure 2H). During the hydrolysis, the particles isotropically shrunk 

down to 60 % of the original dimensions, however the shape and features are preserved during this process (Figure 
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2I). We explain the shrinking by the following mechanism. As the scaffolding polymer hydrolyses and diffuses out, 

the conformational freedom of the alginate polymer segments increases. These alginate segments are still able to 

bind to each other through calcium ions present in the solution and, thus, new crosslinks are being formed, which 

results in the hydrogel shrinking, according to the relation between the mesh size and equilibrium swelling state. In 

the case of covalently crosslinked chitosan, the particles maintain their shape together with size during the template 

hydrolysis, which we ascribe to the fact, that the crosslinking process is already quenched and no new crosslinks 

can be formed during the template removal. 

  

Conclusion 

We present new method for shaping biopolymers in micron scale, that utilizes lithographic processing of a biopolymer 

mixture with degradable photocrosslinkable template. Our method offers resolution unprecedented with previous 

lithographic processes with biopolymers and can provide large quiantities of anisotropic microgels in the size ranging 

from tens to hundreds µm. Hydrogel templates have been used in the past to pattern soft materials in the microscale, 

however the term templating refers to a process where a void in the structure is created as a result of template 

removal. In our case, the desired material and the template occupy the same space the first being entrapped in the 

photocrosslinked network of the second. We plan to further spread the number of biopolymers, that can be processed 

with our method, the only requirements being miscibility with a suitable photocrosslinkable template. Presented idea 

may also be used with other photolithographic methods, such as photolithography or stereolithography. 
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Figure 1 - Lithographic synthesis of  

anisotropic bio-microgels 
Blend of photocrosslinkable degradable polymer 

Dex-HEMA and biopolymer (scheme displays 

specifically alginate for alginate) is processed 

via Stop-Flow lithography. Obtained anisotropic 

hydrogels are treated with calcium ions to 

crosslink alginate, entrapped in the hydrogel 

matrix. In the last step, the template matrix of 

Sex-HEMA is basically hydrolyzed and washed 

away, yielding pure alginate particles 

 

Micrographs of alginate anisotropic hydrogels 
Hydrogels obtained from lithographic synthesis 

(A) are held together by photocrosslinked Dex-

HEMA, (fluorescent image of labelled Dex-HEMA 

network in B) and the alginate is physically 

entrapped in the structure (fluorescent image of 

labelled alginate in C). The same sample after 

addition of CaCl2, (brightfield – D, Dex-HEMA 

fluorescence – E, alginate fluorescence - F) and 

after addition of base  (brightfield – G, Dex-

HEMA fluorescence – H, alginate fluorescence - 

I). Scalebars correspond to 50 micron. All 

fluorescence images are in false colors. 
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Introduction 

Biological hydrogels such as gelatin and collagen show a high potential in biology and medicine due to their strong 

biocompatibility and biodegradability. They are highly attractive materials for biomedical applications such as 

extracellular matrix components, coatings or implants. Thereby, precise adaption of structure and mechanics as well 

as stimuli-response is an interesting aspect of the modification of these materials. 

  

Experimental Methods 

Reagent-free modification of hydrogels can be achieved by utilizing high energy electron irradiation inducing 

crosslinking. Without any additional reagents, electron irradiation represents an advantageous non-toxic crosslinking 

technique. 

  

Results and Discussion 

We will demonstrate how crosslinking with high-energetic electrons allows fine-tuning of materials properties such 

as structure and mechanics towards precisely tailored extracellular matrices. 

  

Conclusion 

We will further present the high potential of electron beam induced crosslinking of biological hydrogels to develop 

functional materials and stimuli-responsive systems. 
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Introduction 

Supramolecular hydrogels, self-assembled from low-molecular-weight building blocks, have emerged as a class of 

soft material with wide-ranging uses in high-tech applications: drug delivery, tissue engineering, environmental 

remediation and nanoscale electronics1. In this project, we take advantage of the orthogonal assembly of two gel 

networks2. Each network confers its respective properties to the bulk material without damaging the desirable 

features of the other, to fabricate biologically-active nanosystems. 

The hybrid hydrogels are composed of commercially relevant low-molecular-weight gelator (LMWG) DBS-CONHNH2 

(DBS = 1,3;2,4-dibenzylidene-D-sorbitol)3, cross-linked polymer gelator (PG) PEGDM (poly(ethyleneglycol) 

dimethacrylate), and anionic biopolymer heparin. These hybrid hydrogel materials4 are highly responsive – capable 

of spatially controlled unidirectional release of specific components from complex mixtures and evolving their 

structures over time in response to different stimuli. This gives these gels potential applications in tissue engineering. 

(Figure 1) 

The use of the LMWG enhances the stability of the gel to high frequencies and allows the binding of active 

pharmaceutical components. PEGDM as PG enhances the mechanical robustness and permits photo-patterned 

spatial resolution. Heparin can encourage the angiogenesis of growing tissue and recruit other growth factors5. 

Multifunctionality was achieved by careful mixing of the components at optimized concentrations and the design of a 

specific formulation method. 

  

Experimental Methods 

Different concentration hybrid gels were studied in buffer. Exhaustive characterization was performed using rheology, 

spectrometry techniques (NMR, IR, UV-Vis), and electron microscopy (TEM and SEM) which helped identify the best 

candidates for future introduction of stem cells. 

  

Results and Discussion 

The tunable mechanical characteristics of these inexpensive hybrid gels, their photo-patterning capacity, and their 

heparin retention are reported. 

  

Conclusion 

This approach will enable the introduction of stem cells with the ability to differentiate into different tissues depending 

on the properties of the network they grow in. This will enable us to control tissue engineering using a commercially 

relevant, highly tunable family of gels. 
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 Figure 1 
Left: TEM and SEM electrograms of the DBS-

CONHNH2, 10% PEGDM only and 10% hybrid hydrogel 

networks. Right: Schematic representation of the 

hybrid hydrogels 
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Introduction 

Articular cartilage has a very limited self-regenerative capacity which consequently means, following damage or 

deterioration, joint disease can develop, such as osteoarthritis. Current therapies for repairing cartilage defects have 

limited long-term success; for example, autologous chondrocyte implantation1 and microfractures2 can lead to 

fibrocartilage formation which severely impairs joint function. Mesenchymal stem cells (MSCs) are multipotent and 

so can differentiate to give rise to multiple cell types, including chondrocytes, making them an attractive cell-based 

therapy for cartilage repair and regeneration. Hydrogels are a promising biomaterial to act as a platform for MSC 

attachment in 2D and 3D and can directly influence cell fate through their mechanical properties. It has been shown 

previously that the stiffness of elastic hydrogels determines MSC differentiation where, relative to stiffer gels that 

promote osteogenic differentiation, softer surfaces promoted chondrocyte formation3. It has been shown however, 

that elastic hydrogels can inhibit chondrocyte proliferation4 and limit cartilage matrix formation and spreading5, which 

is a likely consequence of their mechanical nature that creates a somewhat restrictive microenvironment. Viscoelastic 

hydrogels by contrast, where mechanical stresses relax over time, have been shown to promote MSC spreading and 

proliferation6, as well as formation of an interconnected bone matrix from osteoblasts7. Investigations into how the 

viscoelastic properties of hydrogels influence chondrogenic differentiation of MSCs however is less understood. 

Hydrogels can also be functionalised with peptide motifs to improve MSC attachment, as well as influence cell fate, 

where it was shown that chondrogenesis can be controlled by peptide gradients using peptide motifs RGD and 

HAVDI8. RGD is the main integrin receptor involved in cell-matrix interactions and HAVDI is a cadherin ligand involved 

in cell-cell interactions. 

In this work, we investigated whether viscoelastic hydrogels functionalised with specific peptide combinations can 

provide a cellular microenvironment conducive to the chondrogenic differentiation of MSCs. We have fabricated 

hydrogels with the same Young’s modulus that exhibit differences in loss modulus and investigated the influence of 

these mechanical properties on MSC behaviour, particularly regarding chondrogenesis. 

  

Experimental Methods 

Polyacrylamide gels were prepared using different ratios of acrylamide and cross-linker N, N'-

Methylenebisacrylamide. Elastic and viscous properties of the hydrogels was measured using AFM and rheology. 

Human MSCs were cultured on the hydrogels and analysed in terms of cell adhesion, circularity, size and early 

chondrogenesis. 

  

Results and Discussion 

Nanoindentation and microrheology measurements via AFM showed that the Young’s modulus of the polyacrylamide 

hydrogel family prepared was maintained at ~13 kPa, whilst there was an almost two-fold difference in loss modulus 

between the least and most viscoelastic gel (Figure 1A). This trend was confirmed by rheological measurements, 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1553 of 1893 

which showed a consistent storage modulus of ~4 kPa (confirming that the gels have equivalent compressive Young’s 

moduli) and a loss modulus ranging from 74 to 164 Pa (Figure 1B). 

When the gels were functionalised with RGD, adhering MSCs were larger and much more spread on less viscoelastic 

gels, compared to cells on viscoelastic gels that were much smaller and more rounded (Figure 2). This suggests 

better adhesion to less viscoelastic gels through more focal adhesion interactions with the surface. Interestingly, we 

observed higher levels of SOX9 expression on more viscoelastic gels that was ~three-fold times higher than that of 

the least viscoelastic gels (Figure 2B). This indicates that an increase in loss modulus is able to promote early 

chondrogenesis compared to elastic gels. 

  

Conclusion 

These findings suggest that viscous interactions can be modulated to promote chondrogenesis of MSCs. 

Chondrogenic response will be further investigated by assessing matrix secretion, in terms of composition and 

mechanical properties. Moreover, gels will be modified to control the interplay between cell-ECM and cell-cell 

interactions as a strategy to further drive cell fate towards the chondrogenic phenotype. Finally, translation will be 

tackled by using degradable, PEG-based gels and investigating the effect of their viscoelastic properties on MSCs in 

3D cultures. 

  

References 

1. Roberts, S. et al., Knee16, 398–404 (2009). 

2. Gobbi, A. et al., KneeSurg.Sport. Traumatol.Arthrosc. 13, 213–221 (2005). 

3. Olivares-Navarrete, R. et al., PLOS ONE, 12, e0170312. (2017). 

4. Francioli, S. et al., A 95 (3), 924-931. (2010). 

5. Mouw, J.K. et al., Osteoarthr.Cartil. 13, 828–836 (2005). 

6. Chaudhuri, O. et al., Nature Materials, 15, 326-334. (2015). 

7. McKinnon, et al., Adv.Mater. 26, 865–872 (2014). 

8. Vega, S. et al., Nature Communications, 9. (2018). 

  

Acknowledgement 

This work was funded by a grant from the UK Regenerative Medicine Platform. The authors acknowledge funding 

from MRC (MR/S005412/1). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1554 of 1893 

 

 

 

  

 

Figure 1. Mechanical properties of elastic, 

intermediate and viscoelastic polyacrylamide 

hydrogels 
Elastic gel = 15% acrylamide, 0.1% N,N'-

methylenebisacrylamide. Intermediate = 25% 

acrylamide, 0.03% N,N'-methylenebisacrylamide. 

Viscoelastic = 35% acrylamide, 0.01% N,N'-

methylenebisacrylamide. A) AFM measurements of 

elastic, intermediate and viscoelastic 

polyacrylamide gels using nanoindentation to 

determine elastic properties (left) and 

microrheology to determine viscous properties 

(right) (n=3, error bars denote standard 

deviation). B) Rheological measurements of 

elastic, intermediate and viscoelastic 

polyacrylamide gels using combined strain and 

frequency sweeps (taken at 5 rad/s) to measure 

elastic properties (left) and viscous properties 

(right) (n=3, error bars denote standard 

deviation). 

 

Figure 2. Characterisation of human MSCs on 

viscoelastic hydrogels 
A) Fluorescence microscopy images of cells 

attached on elastic (left), intermediate 

(middle) and viscoelastic (right) gels 

functionalised with 290 µM RGD following 

immunostaining with DAPI, phalloidin (actin) and 

SOX9. B) Quantification of cell circularity on 

elastic, intermediate and viscoelastic gels 

functionalised with 290 µM RGD; calculated based 

on actin staining morphology using ImageJ (n=5, 

error bars denote standard deviation) (left). 

Quantification of cell area on elastic, 

intermediate and viscoelastic gels 

functionalised with 290 µM RGD; calculated based 

on area within actin staining using ImageJ (n=5, 

error bars denote standard deviation. 

Quantification of total SOX9 intensity in cells 

attached to elastic, intermediate and 

viscoelastic gels functionalised with 290 µM 

RGD; calculated using ImageJ (n=34, error bars 

denote standard deviation) (right). 
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Introduction 

Bioelectricity plays a crucial role in a variety of cellular processes, such as cell division, cell signalling, and 

differentiation, as well as on the tissue level, e.g., in wound healing or angiogenesis. Emerging knowledge about role 

bioelectricity in the physiology has led to the application of conducting materials in regenerative medicine and the 

tissue engineering of electrically excitable tissues, as well as in the field of bio-sensing. Conventional materials 

however demonstrate number of disadvanteges f.e. different elasticity. Polyaniline cryogel is a new unique 

macroporous form of polyaniline combining both an intrinsic electrical conductivity and the material properties of 

hydrogels.1-3 

  

Experimental Methods 

The interaction of any material with cells or tissues depends on its surface and bulk properties. The surface energy, 

pore-size distribution, and elasticity expressed by Young moduli were determined for polyaniline cryogel. In addition, 

impurities leaching from polyaniline cryogel were characterized by chromatography. To determine biocompatibility, 

cytotoxicity, embryotoxicity, the adhesion and growth of embryonic stem cells, embryoid bodies, cardiomyocytes, and 

neural progenitors were employed.4 

  

Results and Discussion 

Polyaniline cryogels supported by poly(vinyl alcohol) are novel macroporous soft conducting materials. They not only 

have good mechanical integrity represented by Young modulus of 9.7 ± 0.5 kPa but they are also macroporous and 

highly hydrophilic. All these properties are prerequisites for any application in tissue engineering or biosensing. The 

low cytotoxicity and embryotoxicity of polyaniline cryogel show high potential of cryogel for before mentioned 

applications. Moreover, to show the cell compatibility, the adhesion and growth of embryonic stem cells, embryoid 

bodies (Fig. 1), cardiomyocytes, and neural progenitors were used. Results show that polyaniline cryogel has the 

potential to be used as a carrier for cells in tissue engineering or bio-sensing but additional surface modification using 

bioactive compounds will be necessary. 

  

Conclusion 

Based on the determined surface energy, elasticity and porosity it can be concluded that PANI/PVA cryogel can be 

used for preparation of materials mimicking the properties of native tissues. This is supported by the fact that the 

cryogel does not express significant cytotoxicity or embryotoxicity, that various cell types are able to adhere and grow 

on its surface, and that it can undergo simple surface modification in order to improve its biointerfacial 

cytocompatibility. These results opens the door to its potential application in regenerative medicine and biosensing, 

where the electrical monitoring or stimulation of tissue is required. 
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FIGURE 1.   
EB growth on TC plastics (A) and polyaniline 

cryogel (B). Only viable cells are visualized by 

calcein. The migration of cells (represented by 

individual spots) is weaker on  polyaniline 

cryogel (B) than on TC plastic. The micrographs 

were taken on day 20 of differentiation overall. 
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Introduction 

Marine resources are a natural alternative to provide valuable bioactive compounds in a sustainable form to the 

constant demand of the biomedical sector for the development of new materials regarding devices and applications 

for therapeutic approaches. In the recent decade, many of these materials have been reported by their similarities 

with proteins and polysaccharides present in the extracellular matrix (ECM) in humans, supporting a biomimetic 

approach of biomaterial development mimicking the composition of the native ECM. Marine biopolymers have thus 

been studied as an alternative to mammal origin materials, claiming the lack of disease transmission risks and the 

absence of ethical reasons (social/religious) [1]. 

  

Experimental Methods 

The present work addresses the synthesis of cryo-system gels (C-SG) using a combination of marine origin 

biopolymers (collagen, chitosan and fucoidan) for tissue engineering applications. These marine biopolymers exhibit 

excellent bioactive properties, such as biocompatibility, non-toxicity, low antigenicity, high biodegradability, among 

others. The C-SG´s formulations were prepared by blending 3 or 5 % solutions of collagen from jellyfish with 3 % 

solutions of chitosan from squid pens and 5 or 10 % solutions of fucoidan from brown algae, combined at different 

ratios, freezing at -80 ºC and further slowly thaw. The produced hydrogels were characterized by scanning electron 

microscopy to address morphological features, by rheology to access mechanical properties and by in vitro tests with 

cell lines to evaluate cytocompatibility and their capacity to support cell proliferation envisaging new tissue formation. 

  

Results and Discussion 

The collagen/chitosan/fucoidan cryogels produced exhibited excellent morphological and mechanical properties, 

namely showing a porous and interconnected architecture, together with mechanical stability and cohesiveness 

characterized by viscoelastic behaviour. Moreover, the MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-

carboxymethoxypheyl)-2-(4-sulfofenyl)-2H-tetrazolium) test demonstrated that C-SG´s had no significant cytotoxicity 

effect on L929 fibroblasts cells and ATDC5 chondrocyte cells. Moreover, both the live/dead assay (calcein/PI 

staining) and cell morphology assessment (Phalloidin/DAPI staining) revealed that these C-SG´s have a good 

microenvironment to support and promote the proliferation of the cells (Figure 1). 

  

Conclusion 

Overall, the results obtained suggest that C-SG´s derived from marine polymers are promising devices for biomedical 

applications envisaging their use as scaffolds in tissue engineering or regeneration tissues strategies, including less 

invasive approaches as injectable biomaterials (Figure 2). 
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Figure 1 
Schematic representation of the developed cryo-

system gel characterization: a) gel and 

respective SEM image at the magnification of 50x 

/ 500 µm; b) mechanical properties assessed by 

rheology; c) and d) SEM images with adhered 

cells at the magnification of 50x / 500 µm; e) 

and f) cells morphology exhibited by 

Phalloidin/DAPI assay.    

 

 

Figure 2 
Schematic representation demonstrates the 

procedure to develop biomaterials in cryo-

environment. The low temperatures promote the 

natural cross-linking between polymers.  
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Introduction 
The microvascular networks are required for the transport of oxygen and nutrients to the tissue, but also for the 

efficient removal of the waste products. Currently, the development of tissue grafts and in vitro tissue models is 

hindered by the lack of vascular networks formation in the engineered constructs. In this study, we used primary 

human cells to investigate whether hydrogels based on alginate (Alg) blended with silk fibroin (SF) support the 

spontaneous formation of the tubular networks. 

  

Experimental Methods 

Blend Alg/SF hydrogels were prepared by mixing Alg and SF solutions, followed by addition of normal human dermal 

fibroblasts and calcium-dependent gelation. The hydrogels were placed in the 24-well plates and cultivated for 14 

days in fibroblast growth media. On day 14, human umbilical vein endothelial cells (HUVEC) pre-loaded with 

magnetic particles (SPIONs, 3µg/cm2) were seeded on the hydrogels, in the presence of magnetic field underneath 

of plate wells during the first 24 h. The growth of cells was monitored for additional 3 weeks. Metabolic activity of the 

cells was measured using WST-8 assay. Two-photon microscopy was used to observe the 3D distribution of HUVECs 

and fibroblasts using CD31 or N-Cadherin staining, respectively. Collagen formation was detected using collagen Iα1 

antibody. 

  

Results and Discussion 

Blend Alg/SF hydrogels containing fibroblast only showed lower metabolic activity as compared with hydrogels 

containing both HUVECs and fibroblasts. Co-cultured cells had higher metabolic activity from day 7 of co-culture 

onwards. HUVECs did not remain on the surface of hydrogels and gradually migrated inside the films. The formation 

of neo-vessel like structures detected by N-Cadherin and CD31 staining was observable from day 20 of co-culture. 

Collagen, which is present in all connective tissues and is an indicator of the extracellular matrix (ECM) formation, 

was detected in the hydrogels at day 20 of fibroblast and HUVEC co-culture. 

  

Conclusion 

The pre-cellularized constructs which support vascularization and ECM formation are expected to overcome the 

limitations of current tissue-engineering approaches. Alg/SF hydrogels support growth of different vascular cells, as 

well as the formation of ECM and vessel-like structures. Our initial investigations showed promising results with this 

highly-biocompatible scaffold, but further studies will be needed to produce and validate the vascularized tissue 

constructs. 
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Introduction 

Hydrogels are widely studied as biomaterials because of their tissue-like mechanical property, highly hydrophilic 

characters, highly permeability for water-soluble molecules such as bioactive agents, nutrients, and metabolites. 

Currently, hydrogels are generally formed by physical or chemical cross-linking of polymer networks. In contrast, we 

have recently reported a new concept and methodology to use cells and cellular functions in the design of functional 

hydrogels [1]. Especially, we developed a living cell-based hydrogel (CxGels) by bioorthogonal click cross-linking 

reactions of azide-modified cells with alkyne-modified biocompatible polymers. In the case of CxGels, the gel is able 

to show the similar functions of cells, because the gel networks are covalently connected with cells and the cellular 

functions can be conducted through the whole gel networks. Therefore, the CxGels has a potential as next-generation 

gels showing unique and highly functions which the current hydrogels cannot show. Interestingly, when two blocks 

of CxGels prepared from mouse myoblast C2C12 cells were placed in the same dish, the two blocks completely 

adhered. We thought that the gel adhesion is a characteristic function of the CxGels, then in this study, we tried to 

elucidate the mechanism of the gel adhesion reaction. Moreover, we tried to construct three-dimensional tissue-like 

structures by assembling the cell blocks utilizing the selective gel adhesion. 

  

Experimental Methods 

We selected alginic acid (100,000 Da) as biocompatible polymers and synthesized dibenzylcyclooctyne (DBCO)-

modified bAlg (bAlg-DBCO). Pellet of azide-modified C2C12 cells (2.0 × 106) was suspended with 100 µL of bAlg-

DBCO solution (2%) in HEPES buffer (100 mM, pH 7.4), and cells were well dispersed by gentle pipetting to form 

CxGels. 2 mL of DMEM was carefully added on the hydrogels for 3 hours. DBCO-carboxyrhodamine 110 (5 µM) was 

added to the CxGels and incubated at 37°C for 1 h to detect unreacted azide groups on the cell surface. To investigate 

gel adhesion in detail, we put a CxGel on the other and allowed to stand for 18 h, the gel adhesion strength was 

analyzed by centrifugation technique. 

  

Results and Discussion 

Reaction mixtures of N3(+)C2C12 cells and bAlg-DBCO solution (1%) did not form bulk-sized hydrogels. In contrast, 

immediate gelation was achieved by reaction mixture of N3(+)C2C12 cells (2.0 × 106) and bAlg-DBCO solution (2%). 

First, we performed gel adhesion test between CxGels prepared from C2C12 cells. As a result, a CxGel treated with 

DBCO-carboxyrhodamine did not adhered to the other CxGel, indicating that click reactions at gel interface is not 

driving force for gel adhesion. Next, we performed gel adhesion of CxGels prepared from C2C12 cells with CxGels 

prepared from HL-60 cells. As a result, a C2C12 CxGel did not adhered to the HL-60 CxGel. In contrast, a C2C12 

CxGel adhered to the other C2C12 CxGel. These results suggest that intercellular adhesion via cadherin-based 

bindings at gel interface is strongly related with the gel adhesion. The adhesion strength between C2C12 CxGels 

significantly decreased with the decreasing in the concentration of Ca2+ ions, because cadherin-bindings is 
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dependent on the concentration of Ca2+ ions. This result also supports that the intercellular adhesion via cadherin-

bindings is main force for gel adhesion. Importantly, the intercellular adhesion at gel interface was available to form 

three-dimensional tissue-like structures by assembling the blocks of CxGels. 

  

Conclusion 

In conclusion, CxGel achieved a selective adhesion ability and the ability is useful for tissue engineering and organ-

on-a-tip technology. 
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Introduction 

A symbiosis between the commensal microbial community and host tissue exists during the oral health state [1]. The 

importance of commensal bacteria in the balance of the host-microbiota homeostasis is known, but their role is not 

well understood [2]. Different factors (e. g. bad oral hygiene, genetic disposition, diseases) can lead to a dysbiotic 

microbial community with an increase of pathogenic bacteria [3]. The peri-implantitis, a high prevalent inflammation 

of the soft and hard tissue around a dental implant, can be induced by a dysbiotic biofilm on implant surfaces. Implant 

loss can be a serious consequence of this irreversible infection [4]. In order to improve prevention and/or treatment 

of the peri-implantitis, more knowledge about the host-microbe-implant interaction is necessary. Thus, new in vitro 

models that resemble better the in vivo situation are required. In a previous study, we developed for the first time a 

three dimensional in vitro implant-mucosa-biofilm model. This model combined three components: organotypic oral 

mucosa, implant material and oral monospecies biofilm. In the in vivo situation the biofilm is organized in a 

polymicrobial community. Therefore, our aim in this study was to reflect better the in vivo situation and to investigate 

the interaction of an early commensal biofilm with the peri-implant mucosa. 

  

Experimental Methods 

A commensal oral multispecies biofilm (Streptococcus oralis, Actinomyces naeslundii, Veillonella dispar, 

Porphyromonas gingivalis) [5] was integrated in our implant-mucosa-biofilm model. After the co-culture, the 

interaction of the biofilm with peri-implant mucosa was investiagted by morphology, gene expression and cytokine 

secretion of the peri-implant mucosa and the analysis of the biofilm volume. 

  

Results and Discussion 

The multispecies biofilm induced an altered gene expression and cytokine secretion of the peri-implant mucosa. The 

inflammatory reaction of the mucosa led to a reduction of the biofilm volume. Morphological changes between the 

biofilm challenged and unchallenged mucosa were not detected indicating that the primary host response protects 

the peri-implant mucosa integrity [6]. 

  

Conclusion 

The novel 3D implant-mucosa-biofilm model opens the opportunity for further investigation of the implant-mucosa-

microbe interaction and the testing of new implant materials and surfaces. 
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Introduction 

Monolayer cultures of epithelial or gingival fibroblasts have been used for the study of gingival tissue and the effect 

of external stimuli, such as different types of dental materials. However, monolayer models lack polarized cell 

phenotype and systemic components, which affect their function and response to stimuli. Several tissue-engineered 

oral mucosa models have been developed to overcome these limitations with applications in different fields. 

Threedimensional (3D) cultures provide a higher degree of complexity than monolayer cell cultures being closer to 

explant cultures, providing an in vitro model resembling the in vivo situation. 

The aim of this study is the development of a highly reproducible 3D model of human tissue equivalents of gingiva 

(GTE) as an in vitro study model for testing the effect of oral care products and dental implants on gingival 

regeneration under inflammatory conditions, which appears in periodontitis and peri-implantitis. 

  

Experimental Methods 

We present a detailed protocol for GTE using two types of human cells, including immortalized gingival fibroblasts 

and immortalized gingival keratinocytes. The procedure lasts 2-3 weeks to complete and includes three steps: (1) 

preparation of fibroblasts embedded in collagen, (2) addition of mucosal component and (3) airlifting of cultures to 

ensure adequate differentiation / stratification. The GTE obtained was characterized by histological analysis with 

conventional tissue staining (Hematoxylin and eosin) and by immunohistochemical staining with different markers of 

proliferation, epithelial differentiation, and basement membrane. 

Then, the GTE were stimulated with LPS for simulating periodontitis disease model and treated with different gingival 

gels to study cytotoxicity, secretion of MMP-1 and TMP1 as markers of matrix degeneration and immunostaining for 

the different markers. 

The GTE were also produced around different nanostructured titanium surfaces and functionalized with quercitrin in 

order to test the interaction between the gingival tissue and the implant.   

  

Results and Discussion 

This method results in a multilayer epithelial structure in which layers are organized similarly to the cells in native oral 

mucosa and that showed expression of differentiation markers analyzed by immunohistochemistry. When GTE were 

stimulated with LPS no cytotoxic effect was found but cytokine and MMP-1 secretion were increased, indicating a 

degeneration of tissue. The different gingival gels tested using the GTE showed different regeneration properties. In 

addition, modified titanium surfaces produced a better response of the GTE than control titanium surfaces. 
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Conclusion 

This model has many possible applications for testing new dental implant surfaces or oral care products such as 

tooth pastes, gels or mouthwashes approaches in healthy and diseased GTE. 
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Introduction 

Bone is a complex tissue comprising different, very specialized cell types, spatially organized in a mineralized 

extracellular matrix. To investigate the cellular interaction and signaling between the major three bone cell types, 

osteoblasts, osteocytes and osteoclasts, an in vitro tripel culture model would be advantageous, opening the 

opportunity to analyze the cell types separately and to investigate the influence of biomaterials, drugs and bioactive 

molecules on the cross talk between bone cells. Present in vitro co-culture setups of bone cells are mainly based on 

rodent cell lines, like MLO-Y4 for osteocytes, RAW 264.7 as osteoclast progenitors and MC3T3E1 for osteoblasts. 

In the present study exclusively human primary osteoblasts, osteoclasts and osteocytes were spatially arranged in 

3D collagen constructs to form the first completely human in vitro bone model. 

  

Experimental Methods 

Osteoblasts were isolated from human bone (femoral heads after total hip replacement surgery, approved by the 

Ethics Commission of TU Dresden) and were differentiated into osteocytes in collagen gels. Osteoblasts and 

osteoclasts were seeded onto the collagen gels, separated by a porous membrane from the osteocytes, to prevent 

mixture of osteocytes and osteoblasts. Osteoclasts were differentiated from human peripheral blood mononuclear 

cells (PBMC) and combined with the constructs as mature osteoclasts to circumvent the problem of contradicting cell 

culture medium requirements of differentiating osteoclasts and terminally differentiated osteocytes (figure 1). 

Fluorescence microscopic imaging was performed to analyze the morphology of the three cell species in triple culture. 

Gene expression analysis involved the expression of typical osteocyte, osteoclast and osteoblast markers in 

comparison to singe cultures of the cells. Osteoclasts of three different PBMC donors were combined with 

osteoblasts/osteocytes of four different bone tissue donors. 

  

Results and Discussion 

Osteoblasts, osteocytes and osteoclasts retained their typical morphology in the triple culture (figure 1). Gene 

expression analysis showed, that typical osteoclast markers tartrate resistant acid phosphatase, cathepsin K and 

carbonic anhydrase II were significantly downregulated in triple-culture. The same effect was observed, when 

osteoclasts were incubated in co-culture with collagen gel-embedded osteocytes, indicating a negative regulation of 

osteoclasts by osteocytes. It has been shown several times before, that osteocytes can support osteoclast formation 

and activity, especially in the presence of mechanical stress or hypoxia. However, without these factors, and with 

mature osteoclasts, as applied in our study, we could not confirm a pro-osteoclastic effect of osteocytes. Osteoblasts 

in triple culture developed a more mature state with downregulated ALP, and upregulated BSPII and osteocalcin. 

Osteocytes in triple culture expressed typical osteocyte markers, but, interestingly, the osteocalcin expression of 

osteocytes was significantly downregulated in triple culture compared to single osteocyte cultures. 
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Conclusion 

Tripel cultures from primary human osteoblasts, osteocytes and osteoclasts were succesfully established in collagen 

gel constructs. Gene expression of osteocytes and osteoblasts, which belong to the same lineage and share some 

typical markers, was performed separately, allowing better insights into the cellular cross talk. The established tripel 

cultures will be a useful tool to analyze the impact of bioactive molecules, biomaterials and drugs on bone remodeling 

and turnover. The clinical relevance of this in vitro model, comprising solely human primary cells, might be higher 

compared to in vitro models of rodent cell lines. 

  

Acknowledgement 

We are grateful to the German Research foundation (DFG) for funding of this study (BE 5139/3-1). 

  

 

Osteoblasts, osteocytes and osteoclasts retained 

their typical morphology in triple culture 

 

 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1569 of 1893 

PS2-08-373 

Keratinocyte protection against bacterial challenges of soft tissue 

integration of dental implant materials in a 3D-tissue model 

Xiaoxiang Ren1, Henny C van der Mei1, Yijin Ren2, Henk J. Busscher1 

1University Medical Center of Groningen, Departments of Biomedical Engineering, Groningen, NL; 2University 

Medical Center of Groningen, Department of Orthodontics, Groningen, NL 

 
Introduction 

Despite the reported small failure rate [1], dental implants count as the most successful biomaterial implants in the 

human body. Failures are largely due to implant-associated infection [2]. To overcome the bacterial challenges, the 

soft-tissue seal around dental implants, which are formed by keratinocytes and gingival fibroblasts [3], are protecting 

the osseo-integrated screw. Surface properties of the implant material are crucial for implant survival against bacterial 

challenges, but there is no adequate in vitro model mimicking the soft-tissue seal around dental implants. Therefore, 

the aim of this study was to construct a 3D-tissue model of the soft tissue seal around a dental implant using a 

transwell system. By using this in vitro co-culture model, bacterial challenges of the soft tissue seal formed on different 

materials can be studied. 

  

Experimental Methods 

Titanium dioxide (TiO2), silicone rubber and hydroxyapatite discs were placed into 24-well plates (Falcon, BD 

Biosciences). Human gingival fibroblast cells were seeded on TiO2, silicone rubber and hydroxyapatitediscs and 

grown until a surface coverage of 80% at 37°C and 5% CO2 in modified culture medium. The human oral keratinocyte 

cells were seeded and grown in a transwell system for 24 h, after which it was put together with the human gingival 

fibroblast cells. Subsequently, bacteria were added into the transwell system and the whole system was incubated 

for 24 h. Subsequently, the human gingival fibroblast cells were fixed and stained with mouse-anti-human vinculin 

antibody for the focal adhesins, TRITC-phalloidin for the cytoskeleton and DAPI for cell nuclei. The samples were 

imaged using confocal laser scanning microscopy. 

  

Results and Discussion 

In absence of keratinocytes, fibroblasts growing on the TiO2 surface could not withstand bacterial challenges. In 

presence of keratinocytes, the fibroblasts were growing better than without keratinocytes in the transwell membrane, 

demonstrating the protective role of keratinocytes. Importantly, the protection offered by the soft-tissue seal appeared 

sensitive to surface properties of the implant material. Fibroblast were growing less good on hydrophobic si licone 

rubber in presence of bacteria and better on hydroxyapatite discs compared to TiO2. Streptococci caused less 

damage to fibroblasts than staphylococci. 

  

Conclusion 

The constructed 3D tissue-model, demonstrated that human oral keratinocytes provided a protection barrier to 

prevent oral infectious pathogens to invade fibroblasts. Furthermore, this soft tissue simulation 3D model can be 

used as a tool in the development and evaluation of antimicrobial therapeutics. 
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Introduction 

Heart failure is a global pathological condition affecting approximately 26 million people worldwide (1). Cardiac 

contractile activity is performed by cardiomyocytes, muscular cells that occupy 70-85% of the adult heart (2). When 

obstruction of coronary arteries occurs, cardiomyocytes in the left ventricle die, with the progressive formation of a 

fibrotic scar. Fibrotic tissue is mechanically stiffer than healthy cardiac tissue, and is mainly populated by cardiac 

fibroblasts, unable to undergo contraction (3). In this work, a model of fibrotic heart was designed by culturing human 

cardiac fibroblasts on bioartificial scaffolds with aligned or random morphology. Scaffolds were found to mimic the 

morphological and biological features (e.g. cell-cell and cell-extracellular matrix (ECM) interactions) of infarcted 

cardiac tissue. In vitro models of infarcted tissue represent a key tool in evaluating new therapies for cardiac 

regeneration. 

  

Experimental Methods 

Polycaprolactone (PCL) scaffolds were prepared by electrospinning (Linari Engineering) from chloroform/formic acid 

(70/30 v/v) solutions (flow rate: 1.5 mL/min; voltage: 20 kV; needle-collector distance: 20 cm) to obtain fibrous 

membranes with both aligned and random morphology, as well as high surface-to-volume ratio for subsequent 

functionalisation with gelatin. Gelatin was grafted through a mussel-inspired approach based on two steps: (i) initial 

3,4-Dihydroxy-D,L-phenylalanine (DOPA) polymerisation (2 mg/mL DOPA solution in Tris/HCl 10 mM buffer at pH 

8.5) on the fibre surface, followed by (ii) gelatin grafting through dipping in gelatin solution for 16 hours (4). 

Samples were characterized after each functionalization step by FTIR-ATR and XPS analyses, SEM for 

morphological characterisation and tensile mechanical tests. PolyDOPA coating formation and gelatin grafting were 

monitored in real-time by using quartz crystal microbalance with dissipation technique. Cardiac fibroblasts isolated 

from human ventricle (PromoCell) were cultured onto the substrates at a cell density of 7x104 cells/cm2, testing their 

adhesion and morphology. Expression of common fibroblast markers (α-SMA, Vimentin, DDR2) was evaluated by 

immunofluorescence and western blot analyses as a function of scaffold morphology. Finally, the expression of 

typical proteins of cardiac ECM on the scaffolds was also investigated. 

  

Results and Discussion 

Porous PCL membranes with nanosized fibres were prepared (Figure 1). Surface modification with polyDOPA did 

not significantly affect the fibrous morphology and the tensile mechanical behaviour of the corresponding 

unfunctionalized scaffolds. 

On the other hand, gelatin grafting slightly increased fibre size. Successful gelatin grafting was demonstrated by 

FTIR-ATR and QCM analyses. Gelatin grafting favoured attachment and proliferation of cardiac fibroblasts, as well 

as the deposition of cardiac ECM respect to control scaffolds. The effect of fibrous morphology on cardiac ECM 

deposition was investigated. 
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Conclusion 

Bioartificial and biomimetic scaffolds able to support the proliferation of cardiac fibroblasts were developed and 

proposed as promising models of human cardiac fibrotic tissue, for testing new cardiac regenerative strategies, e.g. 

direct cardiac reprogramming. In the future the effect of scaffold properties (composition, structure and surface 

mechanical properties by modulating coating stiffness by gelatin crosslinking) on direct cardiac reprogramming from 

fibroblasts to cardiomyocytes will be evaluated. 
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Figure 2 
Biorecar project logo  

Figure 1 
Esemplary SEM images of electrospun PCL 

membranes: (left) random; (right) aligned. 
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Introduction 

The knowledge of the correlation between arterial pulse-wave-velocity (PWV) and endothelial wall shear stress 

(WSS) is of great relevance to understand the interaction of arterial stiffness and pathologic flow patterns in vascular 

diseases. Non-invasive measurements of these parameters using flow Magnetic Resonance Imaging (MRI) in vivo 

are challenging due to long measurement times and limited spatiotemporal resolution. At this point, tissue 

engineering poses a potential alternative to conventional animal studies since tissue-engineered arteries enable the 

study of pathologies in controlled environments. In this work, we combined non-invasive ultra-high field MRI with 

Tissue Engineering using artery models, cultured in a modular bioreactor-platform in order to create a potential test 

system for in vitro and in vivo studies of arterial elasticity and hemodynamics in native and biofabricated artery 

models. 

  

Experimental Methods 

A 3D-printed tissue chamber, suitable for MRI measurements and long-term culture of arteries was developed and 

connected to a bioreactor platform with adjustable flow/pressure rates and definable pump frequencies. For 

establishment of the method, 4D-flow and morphology measurements of native carotid arteries were performed using 

radial 4D Phase-Contrast-MRI. To create tissue engineered arteries with physical properties similar to native ones, 

we furthermore developed a gentle decellularization method for porcine carotid arteries, enabling the recellularization 

with human vascular cells and the creation of atherosclerotic artery models in future studies. As a synthetic alternative 

to natural tissue, we used porous nanofiber scaffolds made of electrospun polyamide 6 in a tubular shape, seeded 

with endothelial cells (ECs) and smooth muscle cells (SMCs). To test the influence of flow in bifurcations, we used 

3d-printed sacrificial scaffolds based on thermoresponsive Poly(2-oxazolines), seeded with vascular cells and 

embedded in different hydrogels. 

  

Results and Discussion 

The establishment of 4D-Flow MRI measurements with the printed tissue chamber in a native carotid artery model 

(as well as mouse models) was successful. The obtained WSS and PWV values are in good accordance with 

literature. Decellularized natural arteries had comparable mechanical properties to ex vivo arteries. The ECs seeded 

onto the luminal side showed good adherence and a confluent monolayer. However, SMCs did not migrate into the 

decellularized scaffold. To address this problem, electrospun tubular polyamid 6 scaffolds with a dense inner layer 

and a porous outer layer were fabricated and seeded with endothelial cells from the inside, which grew to confluency 

and created a monolayer. SMCs were seeded from the outside of the tube and migrated into the porous 
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medial structure, which was confirmed by immunohistological stainings. Evaluation of the sacrifical scaffolds showed 

a dense SMC network in the medial structure and a monolayer of endothelial cell in the lumen. 

  

Conclusion 

The presented tissue engineered arteries, combined with the fast and non-invasive flow quantification setup, offer 

the possibility to examine the effects of specific biological modifications on the physical, flowdynamic properties as 

well as changes in vessel wall morphology and vice versa in a fully controllable environment. Furthermore, it is also 

planned to evaluate the integration of implanted TEBVs non-invasively via 4D-Flow MRI and morphology 

measurements in animal models. 
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Introduction 

Intervertebral disc (IVD) disorders include a number of different pathologies from IVD degeneration to herniation 

[1,2]. When undergoing degeneration, IVD histomorphological modifications and biomechanical alterations are 

observed [3], including loss of annulus fibrosus (AF) integrity, due to collagen and elastin fibers disorganization, 

impairing nucleus pulposus (NP) confinement [4,5]. Human IVD (hIVD) degeneration has been studied in different in 

vitro, ex vivo and in vivo models, with limitations regarding the mimicking of hIVD, suggesting that more sophisticated 

models that reconstitute hIVD tangled architecture and extracellular matrix (ECM) are required. In this study, we 

characterized human AF from degenerated/herniated hIVD samples, namely ECM composition and biomechanical 

properties, aiming to reveal new insights on AF ECM dynamics during the process of hIVD herniation for designing 

more reliable in vitro models of hIVD. 

  

Experimental Methods 

hIVD degenerated samples (Pfirmann grade between III and V) obtained from patients (>18 years old) undergoing 

microdiscectomy, with informed consent and ethics committee approval, were divided by hernia type: i) contained by 

the AF(n=7); ii) contained by the posterior longitudinal ligament (PLL)(n=16); and iii) extruded(n=11). hIVD fragments 

were separated in nucleus pulposus, AF and endplates. Water content was evaluated by comparing tissue weight 

before and after freeze drying. Biomechanical analysis was conducted using Dynamic Mechanical Analysis. hIVD 

tissues were fixed and embedded in paraffin. AF slides were analyzed by histology for Alcian Blue(AB)/Picrosirius 

Red(PR) staining and by immunohistochemistry for Collagen I (Col1), Fibronectin (FN), MMP12 and alpha-smooth 

muscle actin (aSMA). Images were acquired using optical microscopy and analyzed using Fiji software. Statistical 

analysis was performed using GraphPad-Prism. 

  

Results and Discussion 

Proteoglycans/Collagen (PG/COL) ratio, calculated as AB/PR area of staining, showed no differences between 

hernia types (Fig 1A), but when analyzing the correlation in PG/COL ratio with patient’s age, in both contained by 

PLL and extruded hernias, a linear correlation was observed showing that, with aging, there is a significant increase 

of PG/COL ratio (p<0.05) (Fig 1B-D). Col1 staining area was higher in hernias contained by PLL 

(n=11;%Area=12.7±18.6) and extruded (n=10;%Area=13.8±25.2), compared with those contained by the AF 

(n=2;%Area=1.0±1.4). No correlation with age was observed. FN staining showed a similar trend as Col1, with 

increased staining areas in hernias contained by PLL (n=10);%Area=41.1±26.8) and extruded 

(n=8;%Area=19.9±27.9), when compared to those contained by AF (n=2;%Area=1.5±0.7) . No correlation with age 

was found. Analysis of water content of IVD degenerated samples showed no differences between the different 
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hernia types (%water retention ~92%) and no correlation with age. Biomechanical properties are currently being 

evaluated. 

  

Conclusion 

PG/COL ratio analysis showed an increase on PG compared to COL with age, in contained by PLL and extruded 

hernias, suggesting a more accentuated ECM remodeling in older patients (>50 years). In these patients, Col1 and 

FN appear to be increased. These results demonstrate the heterogeneity of hIVD herniation and reveal new cues to 

design more accurate and specific hIVD herniation in vitro models. 
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Proteoglycans vs Collagen content in human IVD 

degenerated sample 
Figure 1: Analysis of PG/COL content between 

hernia types (A) and age correlation of PG/COL 

content in each hernia type: B) Contained by AF 

(n=7, Spearman r=0.2143, 

p=0.6615); C)  Contained by PLL (n =16, Pearson 

r2=0.2871, p=0.0324); D) Extruded (n=11, Pearson 

r2=0.4725, p=0.0194) 
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Introduction 

Biomaterials topography provides a powerful means to study the influence of the extracellular matrix (ECM) 

topography on cell behavior. Cells are known to respond to their nanoscale environment. Mimicking the natural and 

abnormal environment of the cells by the nanoscale interface is critical to understand how cells modulate their cellular 

function and activities. Mesangial cells play an important role in generating and controlling the turnover of the 

mesangial matrix which provides structural support for the integrity of the glomerular capillary. This study is aimed to 

evaluate the in vitro effects of nanopatterned surface that mimic the abnormal renal mesangial matrix on mesangial 

cell behavior, including cell morphological change, cell proliferation and ECM synthesis, and to assess the potential 

for developing a novel renal disease model. 

  

Experimental Methods 

An immortalized mouse mesangial cell line (SV40MES-13) was cultured on the amorphous TiO2 nanogratings with 

specific dimensional and geometrical characteristics ( nanogratings 80 nm wide and 80 nm apart ) surfaces and its 

morphological change and the expressions of different ECM proteins were evaluated. 

  

Results and Discussion 

Results showed that mesangial cells cultured on the fibril-type surface adapted with an elongated morphology and 

cell spreading. In contrast, cells cultured on the network-type and unpatterned surfaces showed no elongation and 

limited spreading. Since cell morphology is known as an important biophysical factor in the regulation of cell functions, 

we further assessed cell proliferation. Results showed the proliferation of mesangial cells cultured on the fibril-type 

surface was higher when compared to those cultured on the network-type and unpatterned surfaces, suggest that 

cell spreading might affect mesangial cell proliferation. In addition, immunofluorescence stating showed lower 

expressions of laminin α1 and type IV collagen and higher expressions of type I collagen, fibronectin and TGF-β1 in 

cells cultured on the fibril-type surface than those on network-type and unpatterned surfaces. It is well known that 

laminin and type IV collagen are the major ECM components in the mesangial matrix, whereas novel synthesized 

type I collagen and fibronectin are detectable in several diseased situations. TGF-β1 is a multifunctional regulatory 

cytokine and has been long considered as a key mediator to promote type I collagen and Fibronectin. The ECM 

synthesis change in this study might regulate by TGF-β1. Our data showed the fibril-type nanopatterned surface 

influenced cell morphology changes, proliferation, and ECM protein synthesis. 

  

Conclusion 

This study assesses the potential for developing a model mimicking diseased mesangial matrix to better understand 

the interactions between cells and diseased environment. 
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Figure 1. 
SEM images of nanopatterned scaffolds mimicking 

the renal mesangial matrix. 

 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1579 of 1893 

PS2-08-378 

A cell-instructive microgel-in-gel material platform to guide the faithful 

in vitro reconstitution of tissues 

Petra B. Welzel1, Dejan Husman1,7, Steffen Vogler4, Laura J. Bray5, Nicole Träber6, Jens Friedrichs1, 

Vincent Körber1, Mikhail V. Tsurkan1, Uwe Freudenberg1, Julian Thiele3, Carsten Werner1,2,7 

1Leibniz-Institut für Polymerforschung Dresden e.V. (IPF), Max Bergmann Center of Biomaterials Dresden (MBC), 

Institute of Biofunctional Polymers, Dresden, DE; 2Technische Universität Dresden, Center for Regenerative 

Therapies Dresden (CRTD), Dresden, DE; 3Leibniz-Institut für Polymerforschung Dresden e.V. (IPF), Department 

of Nanostructured Materials and Leibniz Research Cluster (LRC), Dresden, DE; 4Deutsches Zentrum für 

Neurodegenerative Erkrankungen (DZNE), Dresden, DE; 5Queensland University of Technology (QUT), Institute of 

Health and Biomedical Innovation, Kelvin Grove, QLD, AU; 6Technische Universität Dresden, Biotechnology Center 

(BIOTEC), Dresden, DE; 7Technische Universität Dresden, Research Training Group ‘‘Nano- and Biotechniques for 

Electronic Device Packaging’’, Dresden, DE 

 
Introduction 

Although in vitro models based on homogeneous hydrogel materials allow to recapitulate specific aspects of cell-

matrix and cell-cell interactions, they cannot reflect the structural and compositional complexity of living tissues and 

are limited in supporting locally differing biomolecular and physical requirements of heterocellular cultures. Thus, 

multiphasic cell-instructive materials with cross-scale heterogeneity in matrix properties and/or cellular composition 

are needed to guide the faithful in vitro reconstitution of tissues and thereby create new options for drug development 

and pathobiology studies. Toward this aim, we herein present a new biomaterials design approach that relies on 

integrating cell-laden spherical hydrogel microparticles (microgels) within cell-laden bulk hydrogel matrices to provide 

thoroughly tunable microgel-in-gel systems. As a proof of concept, it is exemplarily shown how the approach can 

recapitulate basic features of vascularized prostate cancer tissue. 

  

Experimental Methods 

The new class of tunable microgel-in-gel materials builds on a versatile platform of multifunctional poly(ethylene 

glycol)-heparin hydrogel types [1]. As an innovative technique to easily and efficiently prepare the required differently 

sized microgels, we developed a novel variant of droplet microfluidics. 

For the multiphasic 3D prostate cancer models, microgels supporting tumor spheroid formation of embedded cancer 

cells and a bulk hydrogel matrix supporting capillary network formation of embedded vascular endothelial cells were 

combined in microgel-in-gel co-cultures. Light microscopy and immunostaining/confocal laser scanning microscopy 

were used to thoroughly characterize these cultures. 

  

Results and Discussion 

The novel variant of droplet microfluidics allowed an effective variation of the microgel diameter without changing the 

microfluidic device and even within the course of one experiment. Sets of monodisperse hydrogel microgels of 

adjustable stiffness, degradability and biomolecular functionalization were obtained. Crosslinking by a rapid, cyto-

compatible Michael-type addition reaction permitted cell embedding under very mild conditions [2]. Microgel-in-gel 

materials containing differently cell-instructive and cell-laden hydrogel types were produced. Tuning the microgel size 

enabled a very simple variation of the interface and the extent of the interaction between the two engineered 

microtissue compartments across the microgel/bulk gel boundaries. 
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Compared to a recently reported monophasic 3D prostate cancer model [3] the multiphasic model presented in this 

study is beneficial due to the spatial confinement of the co-culture. The spatially segregated hydrogel compartments 

can be independently tuned to match the physical and biomolecular triggers of the desired cell organization and 

function. 

  

Conclusion 

Microgel-in-gel systems made of thoroughly tunable multifunctional poly(ethylene glycol)-heparin hydrogel types 

allow for controlling the matrix properties and cellular composition of both spatially segregated phases individually. 

Furthermore, mesoenvironmental parameters that reflect fundamental tissue properties such as the maturation of 

cell assemblies or their 3D configuration can be adjusted. 
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Introduction 

The blood-brain-barrier (BBB) is a highly complex, multi-layered structure that serves as the gatekeeper between the 

central nervous system and the rest of the body. Three-dimensional BBB in vitro mini-models are potential platforms 

for understanding how the BBB functions, evaluating drug penetration across the barrier and investigating 

personalized therapies for neurodegenerative diseases. In this work, the feasibility of using elastin-like protein (ELP) 

hydrogels with varying degrees of degradability as bioinks for bioprinting in vitro mini-models that recapitulate the 

anatomy of the BBB was investigated. 

  

Experimental Methods 

Three-dimensional BBB models comprising layered similars of the endothelium, basement membrane and interstitial 

fluid were bioprinted and biologically characterized. The printability of 3, 4 and 5% ELP hydrogels was tested using 

a hand-held drop-on-demand bioprinter mounted with a 300 µm micro-valve, and the rheology of the bioinks was 

evaluated before and after printing. Murine neural progenitor cells (NPCs) were isolated, expanded and embedded 

in ELP bioinks before initiating the bioprinting process. Human NPCs were iPSC-derived and were used instead of 

murine NPCs in the light of the translational applicability of these models. NPCs were stained with live/dead staining 

one, three and seven days after bioprinting to investigate cell damage as a possible consequence of the printing 

process. The stemness maintenance of NPCs was analyzed after in vitro culture by Nestin and Sox2 

immunostainings. The formation of endothelial cell-to-cell junctions was assessed by VE-cadherin immunostaining. 

  

Results and Discussion 

Live/dead staining showed viable NPCs in bioprinted hydrogels after the bioprinting process. Drop-on-demand 

bioprinting did not affect NPCs stemness, as proved by immunocytochemical stainings. Bioprinted BBB models 

showed successful formation of cell-to-cell junctions at the endothelial interface. 

  

Conclusion 

This study reveals the potential of using a drop-on-demand additive manufacturing strategy to create an in vitro 3D 

model of the BBB with recapitulating anatomy of the native barrier. Follow-up studies will focus on improving the 

biological functionality of the proposed models, for example, to test small molecule penetration across the mimicking 

basement membrane. 
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de Recherche en Cancerologie, Montpellier, FR 

 
Introduction 

Breast cancer is the most common invasive cancer in women, and the second main cause of cancer death in women. 

Metastatic breast cancer, most frequently localized in bone, is causing considerable pain and high patient morbidity. 

The treatment of bone is challenging due to bone repair, and patients are often treated by implanting a passive 

artificial junction in addition to a systemic chemotherapy treatment.3D printing is emerging as a powerful tool for bone 

repair. Long-term bone regeneration of normal anatomic structure, shape, and function is clinically important 

subsequent to fracture due to bone trauma and tumor. 

3D printing is providing the ability to print bone substitute materials or “scaffolds” designed to mimic the extracellular 

matrix. The scaffolds need to be biocompatible and bioresorbable with a highly porous and interconnected pore 

network to control the degradation and resorption rate. They have a controlled shape and a suitable chemist surface 

for cell attachment, proliferation, and differentiation. Finally, the mechanical properties have to match those of the 

tissues at the site of implantation. For patients with bone metastasis, the scaffold may also allow the controlled and 

local release of anticancer drugs. One of the strategies to deliver these drugs by the scaffolds is to encapsulate them 

in microspheres such as Poly (lactic-co-glycolide) or PLGA microspheres which are one of the acknowledged 

vehicles for drug release approved by FDA. 

  

Experimental Methods 

To this aim, PLGA microspheres have been loaded with Raloxifene hydrochloride (RH) which is a selective estrogen 

receptor modulator (SERM) and Alendronate (AL) which is a bisphosphonate drug used for the treatment of bone 

metastasis. These drugs show an extremely poor bioavailability via oral administration thus justifying a local release. 

These microspheres made by emulsion have been incorporated into a 3D scaffold fabricated using a 

Stereolithography 3D printer system with a Poly (propylene fumarate) (PPF) photopolymer. PPF is an ultraviolet 

curable and biodegradable polymer with potential applications for bone regeneration and excellent mechanical 

properties.  

  

Results and Discussion 

The physicochemical properties of the nanocomposites scaffold have been fully characterized. The results showed 

that the microspheres were elongated and slightly less smooth after the loading of RH and AL, depicting the 

successful encapsulation of the drugs. The encapsulation efficiency and the realasing are obtained by UV-

spectrometry. Encapsulation efficiencies of 14% and 54% were obtained for RH and AL respectively with relasing 

above 30% after one month for both drugs. The size of microspheres are obtained in range of 1µm and 50µm 

confirmed by dynamic light scattering and granulometry. The molecular weight of the polymer has been determined 

by gel permeation chromatography with Mn of 1,5kDa and a PI of 4. The physicochemical properties of the 3D printed 

scaffold have been determined using scanning electron microscopy to show the surface of the scaffolds and the 
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porosity. Finally the mechanical properties of the 3D printed nanocomposites scaffolds have been determined by 

tensil test as well compression test to show the influence of the incorporation of the PLGA microspheres. 

Biological testing has been carried out in order to confirm the effects of encapsulated drugs on MCF7 cells 

proliferation. A cell viability test using MG63 cells has been conducted to determine the scaffold biocompatibility and 

its effects on cell proliferation. The successful cell adhesion was revealed by fluorescent microscopy ans by SEM.The 

aim of this work is the development and characterization of novel biomimetic biodegradable 3D printing scaffolds 

allowing both bone regeneration and inhibition of breast cancer cell proliferation. 

  

Conclusion 

These first results appear very promising and open prospects for bone metastasis treatment in breast cancers. 
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Introduction 

Breast cancer is a leading cause of cancer death in women worldwide. Despite some improvements in cancer 

diagnosis and treatment, metastatic disease remains a major obstacle for effective treatment. Epithelial-to-

mesenchymal transitions (EMT) are closely linked to progression of breast cancer. Recently, tumor mechanics, and 

tissue rigidity in particular, has emerged as an important factor during tumor progression and metastasis. In fact, it 

has been demonstrated that tissue stiffening is not only an outcome of the disease but have, in itself, a key role in 

tumor evolution.The use of tissue engineering approaches for the development of 3D in vitro models of 

nativevs.tumoral tissue has been offering cancer researchers better platforms for dissecting the role of 

microenvironment players in more biologically relevant settings1. In particular, 3D models that allow recapitulating 

the dynamic mechanical changes of the extracellular matrix (ECM) during tumor progression, will certainty help to 

unravel its role on the overall process. In this context, we developed a tunable 3D model, where the viscoelastic 

properties of cell-laden hydrogels can be switched in situ. Cells are initially embedded in soft hydrogels, with stiffness 

comparable to that of healthy breast tissue2, which can be reinforced, on-demand, to yield stiffness levels comparable 

to those of tumor breast tissue. The process is reversible, allowing re-softening of the hydrogel. Moreover, mechanical 

stimulation can be easily combined with key EMT inducers, such as TGFb1 and hypoxia. 

  

Experimental Methods 

Alginate hydrogels were prepared by internal gelation as previously described2. For 3D culture, near-normal epithelial 

EpH-4 cells were added to gel-precursor solutions, and hydrogels were then casted as small discs. Hydrogel 

mechanical properties were dynamically changed by altering the crosslinking state of pre-formed cell-laden 

hydrogels. Hydrogels were incubated during controlled time periods with different divalent cations as crosslinking 

agents to promote stiffening, or with cation-sequestering agents or specific enzymes to promote softening. Cellular 

response to viscoelastic changes was analyzed in terms of metabolic activity, epithelial morphogenesis (optical and 

confocal microscopy), YAP/TAZ localization, and epithelial vs. mesenchymal phenotype (RT-PCR and 

immunostaining). The effect of combining stiffness variations with TGFb1 in EMT induction was also tested2. 

  

Results and Discussion 

Using alginate hydrogels modified with integrin-binding peptides and Ba2+as stiffening agent, (but not Ca2+or Sr2+) 

we were able to tune the storage moduli (G’) of EpH-4-laden hydrogels in situ. Starting with G’ around 200 Pa, 

characteristic of normal breast tissue, we able to increase it in one order of magnitude, up to around 2000 Pa, 

characteristic of breast tumor tissue. In non-stiffened matrices (control) entrapped cells underwent normal epithelial 

morphogenesis forming acini-like structures. Noteworthy, treatment of hydrogel-entrapped cells with different 

stiffening agents showed no detrimental effects on their metabolic activity. Treatment with cation-sequestering agents 
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lead to a decrease in the G’ of stiffened hydrogels, when Ca2+or Sr2+were used as stiffening agents, but softening 

Ba-stiffened hydrogels required additional treatment with alginate lyase. Matrix-stiffening at the onset of the 3D 

culture (single cells within hydrogel) decreased cell proliferation and spheroids size, as compared to control (non-

stiffened hydrogel). On the other hand, stiffening at day 10 (after acinar-like structures formation), resulted in fewer 

differences in terms of spheroid formation. In both experimental settings no significant alterations were found at 

mRNA expression levels of epithelial, mesenchymal and EMT markers. This suggests that matrix stiffness, by itself, 

was not sufficient to induce EMT, under the tested experimental conditions. Yet, when mechanical stimulation was 

combined with TGFb1 induction, we were able to observe increased expression of mesenchymal markers (vimentin) 

and transcription factor Zeb2, as compared to controls (non-combined matrix stiffness or TGFb1-induction). 

  

Conclusion 

We were able to set up and validate a 3D model of breast tissue, where matrix mechanical properties can be 

dynamically switched, in situ and on demand, using a simple approach. By using Ba2+as stiffening agent, the original 

matrix stiffness was increased by one order of magnitude, similar to what happens in vivo. While, increasing matrix 

stiffness per siwas not sufficient to induce EMT, in combination with TGFb1 it showed a synergistic effect. This model 

is expected to provide useful in vitro platform for studying the impact of ECM biomechanics on the progression of 

epithelial cancers, particularly on EMT. 
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Introduction 

The lack of relevant in vitro models is one of the main contributing factors to poor prediction of dosing and efficacy 

of drugs. This impacts in particular on the low rate of success in the translation of chemotherapies for the tratment of 

different tumour types. Conventional drug testing methods have limited ability to replicate the tumour 

microenvironment, e.g. cell-cell interaction, cell-stroma interaction, extracellular matrix. The use of biomaterials and 

three-dimensional (3D) in vitro models is advantageous as they better replicate some of the in vivo properties, 

offering to more accurately represent the disease state and to overcome limitations of traditional in vitro models 

in drug testing. 

Biomaterials used as to be selected to fulfill both 3D fabrication and the recapitulation of some properties of the tissue 

of interest, e.g. adhesion ligands, stiffness, porosity. Hydrogels are a class of biomaterials that can be modified to 

meet both requirements. We here present a new 3D in vitro cancer model designed to study cell-cell and cell-stroma 

interactions at the early stage of tumour development. The proposed model has also a great impact for drug efficacy 

testing, and further tumour development studies (e.g. interaction with stromal components). 

  

Experimental Methods 

The human colorectal cancer cell line HCT-116 (CCL- 247TM), the human pancreatic cancer cell lines AsPC-1 (CRL-

1682TM) and PANC-1 (CRL-1469TM) were cultured in standard conditions and complete cell culture medium. For the 

preparation of 3D in vitro models, cancer cells were suspended at a concentration of about 106 cells/mL in a 2% (w/v) 

alginate or in 1.5% (w/v) alginate / 2% (w/v) gelatine solutions in HBS. Alginates beads were fabricated using the 

Inotech encapsulator (IE-50) adjusting fabrication parameters to target bead diameter of 0.5 mm. Rheological and 

mechanical properties of selected alginate-based hydrogels were also characterised. 

Live/Dead assay and tumor biomarkers were detected via flow cytometry at 2 and 5 days of culture. The panel of 

markers (CD24, CD44, CD133, and CD326)  was used to assess differences between the studies models. Drug 

response (doxorubicin, gemcitabine) in 3D models was compared to conventional cell culture measuring cell viability 

with MTS assay (up to 72 h). Unpaired-t-test/Mann-Whiteney tests (GraphPad Prism, v7) were used to compare the 

same biomarker expression and drug response on different models. 

  

Results and Discussion 

Selected alginate-based formulation are suitable for 3D fabrication of hydrogel beads. The fabrication process is 

optimised and homogeneous beads in shape and size are obtained. Regardless the concentration of cells used, 

beads with target diameter of 0.5 mm are obtained. Hydrogel stiffness is matching the values of typical soft tissues 

(about 5 kPa). 
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CD44 variant isoforms (CD44v) are recognized prognostic and diagnostic markers for several tumor types. The 

expression of the tumor development-associated markers CD44 (membrane-anchored) was detected via flow 

cytometry on live cells. We found that CD44 expression was consistently higher in cells grown using 3D models than 

in those grown as 2D monolayers. 

At a first glance, doxorubicin was a more efficacious drug in terms of reducing cell viability in both models and cell 

lines tested when compared with gemcitabine. The cell viability between 2D and 3D remains fairly similar at lower 

concentrations of the drugs and the 3D increased apparent viability only becomes apparent at higher concentration. 

We also observed that PANC-1 displays a greater resistance to doxorubicin and AsPC-1 to gemcitabine. 

  

Conclusion 

The microenviroment plays a significant role in directing cell phenotypic expression. Here wie report how biomarkers 

characterization and drug response evidenced significant differences between 2D and 3D in vitro models, and as a 

function of the biomaterials used and their physico-mechanical properties. 

Expression of marker displayed a difference pattern between 2D and 3D in vitro models, as expected. Moreover, we 

also found differences in drug response. We observed a consistent rightward shift in the IC50 curves when cancer 

cells are encapsulated and cultured in a 3D stromal-enriched environment (i.e. alginate-based beads) and exposed 

to chemotherapeutics. Such difference were reported across all cell types and for both tested drugs when comparing 

2D monoculture vs 3D beads. The developed model has great impact to design new and more effective drug delivery 

strategies for cancer treatment. 
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Introduction 

Cranial bone defects, caused by traumata, laceration, burns or sport accidents, are a main reason for surgeries 

worldwide. Until now most defects are only covered with platelets or injectables, which do not mimic the complexity 

of the natural cranial bone with its different layers and tasks.[1] 

  

Experimental Methods 

The aim of this project is to create an implant consisting of different layers to cover especially defects with a critical-

size. All the layers of this complex construct should be fabricated using the technique of 3D-Bioplotting. With this 

procedure it is possible to plot sequential layers of different compositions, materials and structures. Through different 

properties and functionalities the layers exhibit varying characteristics and are able to fulfil different tasks in the 

construct, to mimic the natural bone, surrounded by soft tissue, as close as possible. 

The first layer (A) should prevent the ingrowing of cells, on the one hand from the skin-side the fibroblasts but also 

from the bone-side osteoblasts. It consists of a pre-crosslinked alginate, which is plotted as a dense layer. 

The following layer (B), a porous composite one, consists of the bioactive ceramic hydroxyapatite and the polymer 

alginate. This layer should enable vascularisation and the ingrowing of natural bone cells. The combination of these 

materials has already shown positive results in literature. 

The following third layer is comparable with Layer A in its composition and tasks. 

The layers of the construct are plotted on a titanium-mesh, which is used as a building platform and for the connection 

of the whole implant to the natural bone. 

The alginate based layers are crosslinked afterwards with calcium-chloride solution (CaCl2). 

  

Results and Discussion 

Through optimizations in the plotting parameters and the materials themselves, stable constructs of up to 15 mm 

have been generated. 

In- vitro cell-tests and preliminary mechanical tests were performed with the different layers and show promising 

results. Furthermore, the single layers and the whole implant were characterized using µ-Computed Tomography (µ-

CT) to examine the connection of the layers with each other and to proof the interconnectivity of the porous composite 

layer B. 

  

Conclusion 

The tests revealed positive results in that the required shape and architecture of the construct were achieved. 

Nevertheless, there are still improvements and optimizations required, and a comprehensive characterization must 

be done to fulfil the aim of a bone healing construct that can be translated to the clinics. 
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Introduction 

In clinical application of cartilage regeneration, it is necessary to prepare cultured cartilage according to the shape of 

defect and adopt to wide defect. Enough maturation of cultured cartilage is required without necrosis and reduction 

of chondrocyte activity during long-term cultivation to obtain large size of cultured cartilage for wide defect. 3D printing 

techniques 1, 2 were tried to fabricate cultured cartilage in arbitrary shape. UV-curable polymer and UV irradiation 

may cause damage of chondrocytes in 3D printing techniques. We had developed the spinning technique to fabricate 

the chondrocyte-enclosing alginate fiber, and we suggested the three-dimensional mesh fabric knitted by the 

chondrocyte-enclosing alginate fiber. It was expected that shape of cultured cartilage was controlled freely and 

culture medium supply was maintained through mesh structure by knitting the fiber. The purpose of this study was 

to develop techniques to fabricate the three-dimensional mesh fabric constructed with the chondrocyte-enclosing 

alginate fiber. 

  

Experimental Methods 

A three-dimensional knitting device consisted of three-axis actuators, nozzle, CaCl2 solution bath, needle holder and 

syringe pump. Figure 1(a) shows the schematic drawing of knitting procedure of the mesh fabric. The inner diameter 

of the nozzle was 60 μm. Needles with a diameter of 0.8 mm were arranged on the needle holder in 9 rows and 9 

columns at 3 mm intervals to accumulate the fibers. The spinning solution was prepared by mixing sodium alginate 

(SA) and porcine chondrocytes in DMEM supplemented with 1% antibiotics. The SA concentration was 1.0 w/v%. 

The cell density was 1.0×106 cells/ml. The spinning solution was extruded from the nozzle into 1.2 w/v% CaCl2 

solution at a flow rate of 100 μl/min to form the chondrocyte-enclosing alginate fiber. The nozzle speed was 120 

mm/s, and nozzle was controlled by the three-axis actuators with pattern 1 and 2 as show in Figure 1(b). Mesh fabric 

was removed by pulling out the remover from the needle holder. Mesh fabric was observed with a phase contrast 

microscope before cultivation. Mesh fabric was cultured in DMEM supplemented with 10% fetal bovine serum, 1% 

antibiotic and 1% L-ascorbic acid for 14 days. Synthesis of proteoglycan was evaluated with safranin O staining. 

Collagen was observed by detecting a second-harmonics generation (SHG) using a multiphoton microscope. 

  

Results and Discussion 

Figure 2(a) shows the photograph of the three-dimensional mesh fabric which accumulated on the needle holder with 

the nozzle pattern 2. The mesh fabric was constructed with the chondrocyte-enclosing alginate fiber of about 150 µm 

diameter. Fibers constituting the mesh fabric were knitted on the needle holder without deflection and breakage. The 

mesh fabric which accumulated with the nozzle pattern 1 was deformed because fibers bended due to less contact 

points. Figure 2(b) shows the photograph of the mesh fabric removed from the needle holder. The mesh fabric 

maintained the fabricated shape after removal from the needle holder. Chondrocytes proliferated in the fibers during 

the cultivation. Synthesis of proteoglycans and collagen were confirmed by safranin O staining and SHG imaging 
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after 14 days cultivation. These results showed that the developed knitting technique enabled to form mesh fabric 

which might maintain chondrocyte activity during long-term cultivation. 

  

Conclusion 

The knitting techniques was developed to form the three-dimensional mesh fabric constructed with the chondrocytes-

enclosing alginate fiber. Chondrocytes activity was maintained and extracellular matrix was synthesized in the mesh 

fabric. 
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Figure 2: 
The photograph of three-dimensional mesh fabric; 

(a) mesh fabric on the needle holder, (b) 

removed mesh fabric. 

 

 

Figure 1: 
The schematic drawing of knitting procedure of 

the mesh fabric, (a) three-dimensional knitting 

device, (b) nozzle patterns. 
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Introduction 

Bioprinting is a versatile tool to produce 3D cell cultures with defined spatial geometries that can mimic in vivo tissues 

close to reality due to complex cell-cell and cell-matrix communication. A crucial factor for optimal cell growth besides 

a proper vascularization for long term cell survival is a cultivation performed in a perfusion reactor. Using an extruder 

for thermoplastics, mechanically stable individual reactors without the risk of deformations can be manufactured. 

Here we show the process chain for creating miniaturized bioreactors with prevascularized 3D cell culture using one 

platform both for plastic printing and bioprinting. 

  

Experimental Methods 

For all additive manufacturing steps in this work, a BioScaffolder 3.2 (GeSiM, Germany) system with various tools 

was used. For 3D printing the bioreactor, the thermoplastic cyclo olefin copolymer COC Topas 5013 (Topas) was 

melted and processed using a high temperature extruder at 220 °C/230 °C (cartridge/nozzle). Since filament 

extrusion can’t produce plane surfaces, an objective slide made of COC (microfluidic chipshop, Germany) was used 

to ensure high optical clarity for later microscopic analysis. 

For bioprinting, a cell laden gel consisting of gelatin and alginate is used. The determination of the optimal gel 

concentration was performed using rheological oscillatory measurements with a MCR 502 rheometer (Anton Paar, 

Austria). Cell viability analysis with all for later experiments required nozzles performed with live/dead assay using 

calcein AM and propidium iodide. 

The cell laden gels were finally printed into the sterilized bioreactor. A cell laden gel with HepG2 cells was printed 

with a 250 µm nozzle. For prevascularization, a core-shell extruder (diameter core-nozzle: 200 µm/ shell-nozzle: 610 

µm) was used simultaneously in this process whereas the shell consisted of the already used alginate/gelatin gel 

combined with HUVEC and the core of pure gelatin. After printing the cell laden construct was crosslinked using a 

50 mM CaCl2 solution at 37 °C. During this incubation time the gelatin dissolved and then washed out. To increase 

the mechanical stability of the construct an additional crosslinking with transglutaminase was performed. After 

complete crosslinking the bioreactor was sealed using the adhesive foil 9795R (3M, Germany). 

  

Results and Discussion 

The printed COC showed an excellent adherence to the objective slide causing a sealed chip shell. The shell includes 

a hollow chamber which offers space for the cell laden gel structures. On each side of the chip a printed pump adaptor 

is available that is linked to the chamber via channels which offers the possibility for perfusion cultivation including 

an easy plugin of the tubes. Since the shell is made of a stiff plastic, there is no risk of deformation allowing an easy 

handling and high reproducibility. 

Rheological tests showed that the determined optimal concentration of gelatin and alginate was appropriate for cell 

seeding in this gel as for printing. Using this gel for printing, a high resolution with applied air pressures less than 100 
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kPa could be achieved. Due to the low air pressure the occurent shear stress was low resulting in a cell viability >90 

%. 

Prevascularization using a core-shell extruder offers the possibility to print small cell laden hollow channels without 

the necessity for an additional step of cell seeding into the channels causing a homogeneous distribution of 

endothelial cells. Perfusion cultivation of the prevascularized 3D cell culture showed a flow through the channels 

allowing a nutrient supply close to in vivo. 

  

Conclusion 

The presented printed bioreactor with prevascularized 3D cell cultures offers the possibility for a perfusion cultivation 

to achieve in vivo like conditions. Due to the use of bioprinting, cells and vascular structures can have a highly flexible 

spatial organization enabling the fabrication of different functional tissues. This technology might find applications in 

pharmaceutical testing or for complex biological investigations as the angiogenesis of endothelial cells. 
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3D Printing Scheme of Bioreactor 
Schematic representation of the fabrication of 

the miniaturized reactor with integrated 

prevascularized 3D cell culture 
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Introduction 

Skeletal muscle losses after sports activities and traumas are highly prevalent worldwide and currently available 

clinical therapies are limited to autologous muscle flaps1. 3D printing represents an important advancement to 

produce engineered functional muscle substitutes with the potential to recapitulate the complex structural 

organization of skeletal muscle. The most important challenge is the availability of suitable scaffold materials. 

Synthetic 3D printable polymers generally lack the ability to provide the required elasticity, and hydrogel materials 

lack the mechanical stability to withstand the forces exerted during muscle contraction2. In this study, we synthesized 

biocompatible and biodegradable, elastomeric polyurethaneureas (TPUU) and investigated the applicability of these 

novel materials as 3D printed skeletal muscle substitutes. 

  

Experimental Methods 

Materials:Polycaprolactone glycol (PCL) (Mn=2000 g/mol) (Aldrich), amine terminated poly(ethylene oxide) (PEO) 

(Mn=600 and 2000 g/mol) (Jeffamine ED, Huntsman Chemicals), 1,6-hexamethylene diisocyanate (HDI) (Perstorp), 

dibutyltindilaurate (T-12) (Air Products) and tetrahydrofuran (THF) (Merck) were used for polymer synthesis. PCL 

(Mn=37000 g/mol) (Perstorp Capa) was used as a control material for scaffold structure and cell seeding. 

Synthetic Procedure: Reactions were conducted in 100 mL Pyrex flasks, fitted with an overhead stirrer, nitrogen inlet 

and addition funnel. Calculated amounts of PCL and HDI were introduced into the reactor and dissolved in THF to 

obtain a 30% by weight solution. 100 ppm T-12 (1% solution in THF) was added and the system was heated to reflux. 

Reactions were completed in about 2 hours. Solution was cooled down to room temperature, stoichiometric amount 

of PEO was dissolved in THF and added into the reaction mixture dropwise through the addition funnel. Progress 

and completion of the reactions were monitored by FTIR spectroscopy3. 

3D Print Procedure:Polymers dissolved in dichloromethane (90% w/v) were 3D printed on an Envisiontech 3D 

Bioplotter system in solution form with low temperature print heads. 3D prints were done with a 3D parallel aligned 

fiber design to mimic the architecture of native tissue (layer thickness: 0.1 mm, L: 10 mm, H: 0.85 mm).Structural and 

mechanical properties of 3D printed scaffolds were determined using SEM and tensile tests (Schimadzu). Interactions 

of the scaffolds with adipose-derived stem cells (ASCs)were investigated in terms of cell proliferation, viability and 

the expression of muscle-specific markers. 

  

Results and Discussion 

Chemical compositions and tensile properties of polymers synthesized are provided in Table 1 and Figure 

1a.Considering the mechanical properties, semi-crystalline PCL tested as reference material is fairly stiff, whereas 

TPUUs are softer with modulus values closer to that of the native tissue compared.Moreover, TPUUs have much 

higher elongation at break values compared to PCL, which represents the required elasticity to recapitulate native 

skeletal muscle deformation. Among the TPUUs, TPUU-3 was found to be the most suitable material to engineer 

skeletal muscle owing to its lower stiffness and higher elasticity. 

Table 1. Chemical compositions and tensile properties of TPUUs and PCL 
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Polymer Code PCL 

(wt %) 

PEO 

(wt %) 

HDI 

(wt%) 

Modulus (MPa) Tensile Str. 

(MPa) 

Elongation at break 

(%) 

TPUU-1 91.6 -- 8.4 30.14±7.112 17.99±5.7 31.877±17.097 

TPUU-2 68.6 22.9 (2000) 8.5 13.26±5.54 11.09±4.56 12.35±1.896 

TPUU-3 61.8 26.0 (600) 12.2 17.0948±4.71 3.35±2.14 91.31±34.69 

PCL 100 -- -- 57.513±5.705 3.62±3.14 28.19±10.8 

 

SEM observation of 3D printed scaffolds from these polymers revealed that the 3D structure was well preserved with 

respect to the 3D design in all samples (Figure 1b). ASCs attach and proliferate well on all scaffolds, TPUU-3 being 

the best performer (Figure 1 c and e). Staining for actin filaments reveal that cells are more elongated along the 

parallel fibers within the TPUU-3 scaffold, while they are more randomly distributed within the other scaffolds of 

similar design (Figure 1d). 

  

Conclusion 

It was possible to 3D print elastomeric polyurethaneurea scaffolds. TPUU-3 had the desirable mechanical properties 

(lower stiffness and higher elasticity) as well as housing high number of ASCs. Therefore, we have synthesized a 

novel material that is suitable for use in skeletal muscle tissue engineering applications. 
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Figure 1 
a) Young's modulus and elongation at break 

values of TPUUs.b)SEM images of unseeded and 

c)ASC seeded 3D printed scaffolds,d)Staining for 

Phalloidin/DAPI on ASC seeded 3D printed 

scaffolds, e) The number of live cells assessed 

on 3D printed scaffolds with Alamar Blue test. 
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Introduction 

Alginate hydrogels are of special interest in wound healing, drug delivery and tissue engineering applications due to 

their biocompatibility and similarity to the extracellular matrices in tissues [1]. One example of a well-known material, 

widely used for the preparation of hydrogels is alginate. Alginates are polysaccharides and gained major importance 

in medical engineering over the last decades, due to their ability to form hydrogels under relatively mild pH and 

temperatures [2]. 

In this project, bioprinting of pre-crosslinked pharmaceutical grade alginate gels via an internal gelation method using 

D-(+)-Gluconic acid-lactone in combination with CaCO3 was implemented. The purpose of this method was to create 

a homogeneous alginate-based bioink with enhanced shape fidelity, without utilizing support structures, multimaterial 

bioinks or rigid filler materials. 

  

Experimental Methods 

In order to characterise the bioinks, the focus was kept on two main methods. On the one hand, the rheological 

characteristics of the bioinks were examined via rotational rheology, where triplicates of each material were 

measured. The objective was to evaluate the influence of different preparation parameters as well as the cross-

linking kinetics of the bioinks. On the other hand, the cell viability of printed cells in bioinks with and without pre-

crosslinking was compared by a live-dead assay with Calcein-AM and propidium iodide. For counting the cells, 

triplicates for each measurement time point were prepared and five images per sample were recorded, resulting in a 

total of 15 images for each measurement time point. Living and dead cells were then counted with the ImageJ plugin 

ITCN and the mean cell-viability was calculated from that data. 

  

Results and Discussion 

The influence of different parameters, such as as CaCO3 content, way of stirring and temperature during the cross-

linking process was compared and assessed in respect of the shape fidelity. By optimization of the above-mentioned 

parameters, it was possible to print 3D porous structures with a height of 5 mm and a pore size of 1.1 mm with those 

bioinks. As expected, an increasing amount of CaCO3 led to increased viscosities and to a certain extent to a better 

shape-fidelity. The rheological data also allowed an estimation of the shear forces that the cells will undergo during 

the printing process in those bioinks. Moreover, time sweep tests gave an insight in the cross-linking kinetics by 

evaluating the course of storage modulus (G’) and loss modulus (G’’) as well as their cross-over points. Beyond that, 

it was observed that the pre-crosslinked bioink, compared to pure alginate, does not affect the cell-viability during 

printing in the case of NIH-3T3 fibroblast cells. The cell-viability was evaluated after 1 d, 3 d and 7 d and its mean 

value was above 90 % for both materials throughout. 
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Conclusion 

The investigations of this project yielded two main successes. On the one hand, it could be shown, that the shape 

fidelity of printing can be increased massively without generating losses in cell viability, by internally pre-crosslinking 

alginate in a controlled manner. On the other hand, the ideal viscosity level for 3D printing of alginate-based hydrogel 

scaffolds with a suitable shape of viscosity function over shear rate could be observed. 
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Introduction 

3D bioprinting has emerged as a tool to develop biomimetic constructs that resemble the native microenvironment 

of tissues. Thus, the behavior and function of printed cells in a 3D environment could resemble more the in vivo 

environment of cells compared to in vitro 2D cultures. Aim of this study is to fabricate a liver model mimicking in vivo 

microenvironment by bioprinting constructs based on cell laden hydrogels and to further enhance and characterize 

their biological responses in terms of viability and liver specific functions. Core/shell 3D bioprinting has been utilized 

for the fabrication of tissue constructs with spatial compartmental distinction between core and shell phases with 

encapsulation of different cell types in various paste compositions in each phase [1]. In an attempt to design a more 

complex system for better understanding cellular interaction and enhancement of function, hepatocytes were co-

cultured with supporting fibroblasts in a core/shell fashion. Fibroblasts in this case where encapsulated in different 

hydrogel compositions to test the influence on hepatocytes morphology and function [2]. 

  

Experimental Methods 

For the fabrication of core/shell scaffolds, BioScaffolder 3.1 (GeSiM mbH, Radeberg, Germany) was used. 

Either human HepG2 liver carcinoma cells or primary human hepatocytes PHH isolated from liver surgeries were 

encapsulated and processed in 3% HP-LVM alginate/9% methyl cellulose/20% Matrigel (alg-MC-matrigel) hydrogels 

to constitute the shell compartment. 

To characterize the influence of fibroblasts co-culture on the functionality of hepatocytes, NIH-3T3 fibroblasts were 

encapsulated in either Fibrin supplemented alg/MC paste or Plasma based hydrogel to constitute the core 

compartment. Hepatoctes and fibroblasts were pre-labeled with DiD, DiI cell labeling solutions respectively before 

encapsulation in respective hydrogel pastes. 

 Scaffolds printed with those two conditions were compared against scaffolds with empty core containing pure 

hydrogel with no cells to act as control.  After plotting, scaffolds were stabilized via Ca2+-mediated crosslinking and 

were incubated in Dulbecco's Modified Eagle's Medium (DMEM) supplemented with FCS, penicillin and streptomycin 

for up to 3 weeks. 

Viability and behavior of both cell types as well as functionality of the hepatocyte were assessed over the culture 

period. 

  

Results and Discussion 

Over a period of 3 weeks, cells showed enhanced survival rates over different time points with hepatocytes started 

growing in visible aggregates/spheroids which increased in size and number over time. On the other hand, fibroblasts 

in the core compartment started growing to form networks with each other and with hepatocytes along the strands 

utilizing the fibrin/plasma to form their own ECM. 
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Furthermore, fibroblasts embedded in core had noticeable effects on the growth and cluster formation of hepatocytes 

in shell compartment which were enhanced at earlier time points compared to the ones with no fibroblasts in core 

(control scaffolds). The aggregates of hepatocytes formed differed in size and number between each condition. This 

was confirmed by antibody staining for specific hepatocytes markers. 

  

Conclusion 

3D bioprinting is a promising approach to fabricate liver models which mimic the functional characteristics better than 

2D in vitro cell cultures. Co-culturing hepatocytes with non-parenchymal cells such as fibroblasts showed different 

behavior of cells with changing material composition of hydrogel encapsulating fibroblasts. 
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Core/shell constructs laden with hepatocytes 

(shell) and fibroblasts (core) 
Schematic of a section showing a printed 

construct with two cell types encapsulated in 

core and shell, respectively (A). Confocal 

microscopy image of cell-laden core/shell strand 

pre-labeled hepatocytes in shell (red) with 

viable cells forming clusters on day7 (green), 

pre-labeled fibroblasts in core (cyan) with 

viable cells forming networks (green) (B). 

Hepatocytes clusters stained for CK-19 (yellow) 

with nuclei (DAPI stain in blue) and actin (red) 

on day7 (C). 
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Introduction 

Tissue engineering aims to deliver patient-individual solutions for the treatment of complex tissue defects by the 

combination of patient-derived cells with biomaterials and cell-stimulating factors. 3D bioprinting extended this 

approach by fabrication of implants tailored especially for the patient’s tissue defects. Recently, low-viscous bioinks 

based on human blood plasma and platelet-rich plasma were developed for bioprinting processes (1,2), providing 

also a patient-specific material with its unique composition of proteins and cytokines. Herein, we aimed to develop a 

more viscous bioink, based on human plasma, suitable for extrusion-based bioprinting of bone constructs. To 

enhance bone compatibility, the cell-laden bioink was printed together with a self-setting calcium phosphate cement 

(CPC) (3), which forms a stiff matrix that consists of resorbable hydroxyapatite (HAp), resembling the mineral phase 

of native bone. 

  

Experimental Methods 

Fresh frozen human plasma (provided by the DRK-Blutspendedienst Nord-Ost, Germany) 3% alginate and 9% 

methylcellulose (both from Sigma-Aldrich) were blended, obtaining the final bioink (plasma-alg-mc). CPC was 

obtained from INNOTERE GmbH (Germany). For cell printing, immortalized human mesenchymal stem cells (hMSC), 

primary human pre-osteoblasts (hOB) and human umbilical vein endothelial cells (HUVEC) were mixed with the 

bioink. To study the effect of plasma, a PBS-alg-mc bioink served as control. Monophasic bioink and biphasic 

CPC/bioink constructs were printed using a multichannel extrusion printer (Bioscaffolder 3.1, GeSiM mbH, Germany). 

After printing, scaffolds were set in humidity for 20 min, crosslinked in 100 mM CaCl2 solution for 10 min and finally 

incubated in cell culture medium for subsequent cultivation (3). 

  

Results and Discussion 

Plasma, plasma-alg and plasma-alg-mc showed a strong shear thinning behavior at increasing shear rates. The 

addition of alginate and particularly methylcellulose, enhanced the viscosity of the bioink significantly. Moreover, 

alginate allowed fast Ca2+-mediated gelation of the ink after extrusion. Shape fidelity of monophasic plasma-alg-mc 

constructs was tested by the filament-fusion test. Plasma-alg-mc scaffolds were successfully printed with three 

different needle diameters (250, 410 and 610 µm). The optimal aspect ratio of 1 was reached at a strand distance of 

1.8 mm, 2.2 mm and 3.0 mm for the 250, 410 and 610 µm needle, respectively. Biphasic constructs consisting of 

CPC and plasma-alg-mc could be printed with high layer numbers (>50). Cell culture stability of the plasma-alg-mc 

was evaluated by volumetric strand swelling. Over 35 d, macropores stayed open in both, monophasic and biphasic 

constructs. However, in the presence of CPC, the bioink did swell to a greater extent compared to monophasic 

scaffolds. 
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Post-printing cell viability of hMSC within monophasic and biphasic scaffolds was assessed at day 1 after printing. 

Cell viability in monophasic PBS-alg-mc scaffolds was 49%; the viability in biphasic CPC/PBS-alg-mc scaffolds was 

significantly (p<0.05) lower at the CPC-bioink interface, most probably due to local acidification during the 

transformation of α-tricalcium phosphate to HAp. In plasma-alg-mc, the cell viability in monophasic scaffolds was 

significantly higher (77 %, p<0.001) and no remarkable change in biphasic constructs at the CPC-bioink interface 

was observed. A possible explanation for the increased cell viability in plasma-containing biphasic scaffolds would 

be that plasma-alg-mc holds a sufficient buffer capacity caused by native bicarbonate and protein-based buffers, 

preventing local acidification. Subsequent cell culture revealed that hMSC started to migrate from the bioink to CPC 

strands latest after 7 d. At the CPC surface, hMSC spread and proliferated to a great extent (approx. 20-fold after 28 

d, measured by DNA content after lysis of the scaffolds). Bioprinted hOB were cultured under osteogenic stimulation 

in the biphasic constructs, and osteogenic differentiation of the cells was confirmed by Alkaline phosphatase (ALP) 

activity measurements. Bioprinted HUVEC started to proliferate within plasma-alg-mc scaffolds and assembled into 

pre-angiogenic structures. 

  

Conclusion 

In this study, a plasma-based patient-individual bioink was developed with a focus on bioprinting of bone tissue. The 

blend of plasma and alg-mc led to a bioink with both, a favorable cell response and good printability. In combination 

with CPC, bone grafts can be fabricated with spatially defined osteogenic cells and prevascular structures. 
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Bioprinted primary pre-osteoblasts in 

mineralized scaffolds 
Pre-osteoblasts (hOB) were suspended in PBS-alg-

mc or plasma-alg-mc and bioprinted in 

combination with a plottable CPC. After 7 days 

of culture, hOB revealed a roundish shape within 

the PBS-alg-mc bioink. In the novel plasma-based 

bioink, hOB showed a spread morphology, 

furthermore the cells could migrate to the 

mineral CPC phase. In subsequent culture, hOB 

proliferated alongside the CPC strands. 
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Introduction 

3D bioprinting techniques are used to organize cells and materials into 3D structures, has driven major innovations 

in cell biology, tissue engineering, and regenerative medicine applications.[1] It allows tailored morphologies and 

properties for organ-specific extracellular matrix (ECM) mimics. One of the most appealing biomaterials that are being 

used in 3D printing is gelatin methacryloyl (GelMA). Gelatin contains both integrin cell-binding and protease-cleavage 

sites that promote cell attachment and proteolytic degradation. The chemically active substituents of GelMA 

introduced by chemical modification ensure that the hydrogel has reproducible and tunable properties.[2] However, 

the highly hydrated and hydrophilic microstructure of GelMA hydrogels results in relatively rapid release of entrapped 

biomolecules (nutrients, drugs and growth factors). Microgels are 3D-crosslinked, aqueous, environment-responsive, 

polymeric particles which exhibit tunable size, excellent biocompatibility, the porous network for encapsulation.[3] In 

this work, a multi-hierarchical pore sized hydrogel system is obtained by covalently binding microgels to GelMA 

network. The obtained microgel-GelMA system has the ability of 3D cell culture as well as the retention of small 

biomolecules and the possibility of controlled release. 

  

Experimental Methods 

The GelMA was synthesized by using gelatin reacted with methacrylic anhydride (MA). The fluorescently labeled 

poly(N-isopropylacrylamide) (pNIPAM) amine-microgel was synthesized via precipitation polymerization using N-(3-

aminopropyl)methacrylamide hydrochloride (APMA) as a comonomer, afterward, the amine-microgel was 

functionalized with MA. To fabricate the 3D microgel-GelMA system, the mixed solution of GelMA (10%, 7.5%, 5%), 

microgels (0.5%) and  LAP (0.5%, photoinitiator) were 3D printed using UV radiation for covalent crosslinking. GelMA 

without microgels was printed as a control. The physicochemical properties of the microgels and GelMA were 

characterized by nuclear magnetic resonance  (NMR) spectra and titration. The temperature dependent 

swelling/deswelling behavior and pH-dependent zeta potential were determined by dynamic light scattering (DLS). 

Confocal microscopy was performed to analyze the distribution of microgels inside the GelMA matrix. 

  

Results and Discussion 

A methylacrylation degree of ~64% for GelMA (relative to lysine amino groups) was determined by NMR spectra. 

The titration results showed the amine group of amine-microgel is about 0,8 mmol/g, and reduce to 0,4 mmol/g after 

functionalization with MA, which indicates the successful incorporation of methacryloyl groups. The hydrodynamic 

diameters of amine-microgel and MA-microgel are similar as shown in Figure 1, both microgels are temperature 

responsive. As shown in Figure 2, the 3D printed GelMA and microgel-GelMA are visualized upon microscopic 

examination. The fluorescently labeled microgels are clearly visible and distributed within the GelMA matrix. 

  

Conclusion 

The incorporation of microgel in GelMA matrix enhanced the printability of GelMA hydrogel. The fabricated microgel-

GelMA system is a promising platform for 3D cell-laden printing with tuneable and controllable properties. 
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Figure 2. Confocal images of 3D printed GelMA 

(10%) and microgel-GelMA (10% GelMA, 0.5% 

microgel). 

 

 

 

Figure 1. Temperature dependency hydrodynamic 

diameter of amine-microgel and MA-microgel. 
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Introduction 

One of the major limitations of therapies based on tissue engineering is the lack of vascularization and hence a 

shortage of oxygen supply after implantation that leads to fast cell death. To solve this problem, most approaches 

aim to accelerate vascularization, e. g. by integration of angiogenic factors or prevascularization of tissue engineering 

constructs in vitro. However, there are also therapeutic concepts which consciously avoid the contact with blood 

components in order to protect allogenic or xenogenic cell transplants against components of the immune system – 

one example is the transplantation of alginate-encapsulated pancreatic islets into patients suffering from diabetes 

type I. Photosynthetic microalgae produce oxygen under illumination and first short-term studies have demonstrated 

that mammalian cells survive in hypoxic environment when co-cultivated with photosynthetically active microalgae.1,2 

Herein, we propose the application of bioprinting to establish flexible co-culture systems of mammalian cells and 

microalgae in a spatially defined arrangement which allow an efficient transfer of oxygen from the autotrophic to the 

heterotrophic cell types. The influence of culture conditions (medium and illumination) on survival and function of 

both cell types was investigated. 

  

Experimental Methods 

A bioink consisting of alginate and methylcellulose (alg/MC)3,4 was laden with cells of the rat beta-cell line Ins1 (used 

as model for pancreatic islets) or with cells of the green microalgae Chlorella sorokiniana; multichannel extrusion-

based bioprinting (3D bioplotting) was conducted with the Bioscaffolder 3.1 (GeSiM mbH, Germany) to bring both 

cell types in close vicinity without direct contact. The plotted and Ca2+-crosslinked constructs were cultivated in a 

coculture medium consisting of a mixture of TP medium (TRIS-phosphate = algae medium) and RPMI-based cell 

culture medium at 37°C and 5% CO2. The influence of light (white vs. red light, 150 µmol photons m-2 s-1) was studied 

on viability, growth and function of Ins1 and C. sorokiniana. To this end, Ins1 were analyzed by live/dead staining 

(Calcein AM/Ethidium homodimer-1), DNA quantification (QuantiFluor assay) and insulin secretion in response to 

glucose stimulation (quantification of insulin content in medium with ELISA) as described recently.5C. sorokiniana 

were evaluated by chlorophyll quantification and oxygen production as described in former studies.4 Supply of Ins1 

cells by photosynthetically produced oxygen was tested under hypoxic conditions (1% O2). 

  

Results and Discussion 

In order to enable long-term cultivation of the plotted algae/Ins1 hybrid constructs, we have developed a co-culture 

medium which is suitable to support survival, growth and function of both cell types. Whereas white light had a 

negative effect on viability, proliferation, morphology and glucose response of Ins1, red light did not affect the 

mammalian cells and is sufficient to support growth and photosynthetic oxygen production of C. sorokiniana. Under 

the adapted culture conditions, the microalgae were able to produce oxygen which resulted in a significant increase 
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of the viability and function of Ins1 cells in a hypoxic atmosphere (1% O2). Beside the spectral range of the light and 

the composition of the culture medium, also the ratio of Ins1 : C. sorokiniana has been found to have a strong impact 

on the efficiency of photosynthetic oxygen delivery of mammalian cells. Online monitoring of the spatiotemporal 

oxygen distribution within the hybrid constructs by using oxygen-nanosensors, added to the bioink,6 revealed a fast 

diffusion of oxygen between the different compartments. 

  

Conclusion 

Combined bioprinting of photosynthetically active microalgae and mammalian cells can be used to create flexible co-

culture systems, with both cell types in separate compartments but in close vicinity, enabling vascularization-

independent oxygen delivery of mammalian cells. The effect of illumination on naturally non light-adapted mammalian 

cells has to be figured out in detail in further studies. The proposed concept could be extended to the supply of 

mammalian cells with other algal products. 
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Introduction 

Despite decades of intensive research, it has not yet been possible to create a functioning vascular system consisting 

of macro- and micro-vessels in vitro. One major shortcoming is the lack of a hierarchical wall structure that resembles 

the native morphology of macro-vessels. To achieve this, the recently discovered vascular wall-resident stem cells 

(VW-SCs) in the adventitia layer of blood vessels are an exciting opportunity. They exhibit the potential to differentiate 

into all cell types of the blood vessel (endothelial, smooth muscle and stromal cells) and can form perfusible blood 

vessels in vitro and in vivo [1]. Thus, VW-SCs represent a highly attractive alternative to commonly used mature 

vascular wall cells such as endothelial cells (ECs) and smooth muscle cells (SMCs) for the generation of mature 

vascular structures with the typical three-layer hierarchy. Beyond a suitable cell source, existing technical deficiencies 

have to be overcome for the generation of biomimetic macroscopic structures that include cells and extracellular 

matrix components. For this, in gel printing is promising, as it allows for the generation of truly three-dimensional 

structures within a physically cross-linked support bath. 

  

Experimental Methods 

Here, we present the first attempt of using this new source of vascular stem cells for the biofabrication of macro 

vascular structures with the long-term goal of recreating the typical hierarchical organization and wall morphology 

consisting of intima, media, and adventitia. We firstly processed VW-SCs using flow- and shear conditions that 

resemble the bioprinting procedure and cultured them with differentiation medium over up to 4 weeks afterwards. 

Furthermore, we printed VW-SCs into self-healing support gels/baths using either a core-shell nozzle or a single 

nozzle to fabricate perfusible tubular structures. Support baths allow the deposition of very soft biomaterials and the 

fabrication of delicate and complex structures, which would be difficult or even impossible using “dry” bioprinting 

strategies. 

  

Results and Discussion 

Cells survived the printing procedure and started to express typical markers of smooth muscle cells (SMMHC+) or 

endothelial cells (CD31+ CD34+). In parallel, we could successfully establish a bioprinting setup into self-healing 

support gels/baths in vessel-like tube structures. 

  

Conclusion 

Ongoing studies evaluate the behavior of these cells after printing in the structures and will be presented and 

discussed. 
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Introduction 

Personalised medicine is an inspiring goal with many facets, one of the most important being the development of 

better techniques of surface modifying materials to provide improved biocompatibility. Many non-native materials 

used elicit foreign body reactions as a result of hydrophobicity and protein denaturation. At the same time, additive 

manufacturing has begun to revolutionise biomedical fabrication, allowing simple construction of patient-specific 

implants using data from medical imaging. Thus, biofunctionalisation of additively manufactured structures is an 

encouraging approach for the development of more effective treatments, personalised medicine and handling the 

challenges of an aging population. Atmospheric pressure plasma jets (APPJs) are well suited to the task as they are 

small enough to be included within 3D printers, and can perform various surface treatments in a single-step reagent-

free process [1, 2]. 

  

Experimental Methods 

Plasma was generated with high voltage AC sinusoidal waves and helium. Multiple APPJ configurations were used, 

including one-electrode and two-electrode designs in which copper sheets were wrapped around glass tubes. Low-

density polyethylene (LDPE) was chosen as a substrate material because of its widespread use. Samples were 

stored in closed petri dishes at 23oC in ambient laboratory conditions after plasma treatment. A Kruss DSA10-Mk2 

contact angle goniometer and a Digilab FTS7000 FTIR spectrometer were used to measure water contact angles 

and surface chemistry, respectively. Average values of at least three measurements were reported together with the 

standard error of the mean. 

  

Results and Discussion 

Plasma immersion ion implantation (PIII) is a relevant benchmark for biomaterials modification asin vivo studies have 

shown that it can provide effective surface modification [3]. The APPJ designs tested displayed comparable surface 

energy modifications to PIII treatment, with some tests even surpassing PIII. For example APPJ treated samples 

showed more stability over time and less hydrophobic recovery, allowing enhanced hydrophilicity for longer. Contact 

angles as low as 34.2 ± 2.0 degrees could be achieved on LDPE, where untreated samples were hydrophobic with 

a water contact angle of 98.3 ± 0.7 degrees. 

  

Conclusion 

Applications of APPJs as they would be used within additive biofabrication have been investigated with a set of 

experiments for treatment outcomes and aging. The function of additively manufactured medical implants within the 

body and a host of in vitro devices promise to be improved by the use of APPJs. The introduction of surface 
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modification processes such as these in bioprinting promise enhanced outcomes for medical research and healthcare 

applications. 
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APPJ treatment displays comparable ageing 

profile to PIII treatment. 
Figure 1: APPJ treated LDPE contact angles were 

comparable to those achieved by PIII as a 

function of time after treatment. Un-treated PE 

had a contact angle of 98.3 ± 0.7. APPJ values 

shown are averages of the values at the APPJ 

centre and at the edges of the treated region at 

a radius of 3mm. PIII values for comparison are 

taken from Fig. 2 in Kondyurin et al. [4]. 

 

APPJs in 3D bioprinters 
Figure 2: An illustration of how bioprinters 

could use multiple print-heads to construct 

medical devices with improved surface 

biocompatibility. 
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Introduction 

Artificial skin grafting for wound and burn healing is one of the greatest motivations for engineering skin tissues in 

vitro, since it can act not only as a bandage to help restore normal barrier, but also regulate its functions[1]. The 

conventional approaches used for skin engineering have several drawbacks, such as limited ability to arrange cells 

and specific extra-cellular matrix (ECM). The 3D bioprinting technology enables the deposition of cell and 

biomaterials (Bioink) in a desired pattern and offers the potential for recreation of macroscale architectures and micro-

features of natural skin [1-2]. 

Platelet-rich plasma (PRP) has been applied for the reparative and regenerative effect in many tissues due to its 

positively effects on cell viability, proliferation and migration [3]. Usually, PRP is obtained from peripheral blood (PB-

PRP), but the results about its use are widely controversial due to the great variability in PRP preparation and 

administration. Therefore, Umbilical Cord Blood Platelet-Rich Plasma (UCB-PRP) may become a safe alternative 

source for platelet derivatives because it contain higher levels of specific Growth Factors respect to PB-PRP [4]. 

Therefore, the aim of the present study was to evaluate the effect of UCB-PRP addition to bioink for improving the 

fibroblasts viability and proliferation in skin graft substitutes fabricated by 3D bioprinting in order to induce a more 

rapid tissue maturing. 

  

Experimental Methods 

The skin substitute was drawn using a free CAD software with a diameter of 5.0 mm and height of 1.2 mm. The 

CELLINK Bioink based on alginate and nanofibrillar cellulose modified adding 3% UCB-PRP or PB-PRP was used 

for the bioprinting process. Both the bioinks formulation were mixed with mouse fibroblasts (L929) to obtain a final 

concentration of 106 cells/ml. A substitute without PRP was used as control. The substitutes were fabricated using 

the BIO X bioprinter (CELLINK, Sweden) with high-precision conical nozzle of 27G, an extrusion pressure of 15 KPa 

and a print-head speed of 15 mm/s. After bioprinting, they were cross-linked with a Calcium Chloride solution for 5 

min and then incubated in cell culture medium using standard culture conditions.All constructs were cultivated in 

medium with or without 10% FBS to evaluate the ability of PRP to increase the cell viability/proliferation. LIVE/DEAD 

and XTT assay at 3 time-points: 0, 7 and 14 days were used to evaluate cell viability and proliferation. The matured 

skin substitutes were evaluated through histological analysis by H&E and Masson’s trichrome staining. 

  

Results and Discussion 

The constructs printed with the CELLINK Bioink added with UCB-PRP and cultured in medium with 10% FBS was 

characterized by the formation of cell clusters with a larger diameter. The sample added with UCB-PRP showed 

higher value of absorbance related to an higher number of cells. These results demonstrated that UCB-PRP improves 
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fibroblasts viability and proliferation in 3D substitutes compared with substitutes bioprinted using bioink with PB-PRP 

and without PRP. The constructs printed with UCB-PRP or PB-PRP bioink and cultured in medium without 10% FBS 

showed the same trend of the constructs fabricated without PRP respectively. The histological analysis at 14 days 

showed an higher number of nuclei and a major collagen secretion in constructs printed using the bioink added with 

UCB-PRP and cultured using a medium with 10% FBS. A previous study demonstrated the effects of UCB-PRP in 

2D culture[4], this is the first study to characterize 3D construct bioprinted with UCB-PRP-bioink mixed with fibroblasts 

and to show the positively effect of blood platelets derivatives, in particular of UCB-PRP, on fibroblast proliferation in 

3D culture. 

  

Conclusion 

These preliminary results showed that the addition of UCB-PRP in the CELLINK Bioink increases cell 

viability/proliferation, resulting in a more rapid tissue maturing into the bioprinted construct. 
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Fig. 1 
LIVE/DEAD assay on 3D bioprinted constructs. 

 

Fig. 2 
Comparison of cell proliferation rate for 

different printing and culture condition. 
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Introduction 

Biofabrication is a young and rapidly evolving research field. Due to the use of 3D bioprinting, hierarchical structures 

including different cell types and materials can be created with potential applications in tissue models and 

regenerative medicine. 

One of the current bottlenecks in this field is the lack of suitable bioinks. With state of the art bioinks, a trade-off 

between cytocompatibility and processability is necessary.1 Recently, a new approach that enables addressing those 

two effects on different levels was presented.2 It is based on bioinks composed of microgels. With this method, 

cytocompatibility can be controlled on a molecular level in terms of composition and concentration. Processability is 

governed on a more macroscopic level by interparticle interactions. 

As an example, we present a bioink consisting of microgels whose precursor solution itself is not printable due to its 

rheological properties. 

  

Experimental Methods 

AGE functionalized gelatin (Gel-AGE) was synthesized according to a previously published protocol.3 For 

crosslinking, thiol-ene click chemistry was used initiated by Ru(BPY)3 in combination with sodium persulfate (SPS) 

and visible light exposure. 

Precursor solutions were prepared by dissolving Gel-AGE and dithiotreitol (DTT) in PBS and mixing with the afore-

mentioned initiator system. Droplets were produced via an emulsion technique. By crosslinking the precursor 

solutions in droplet form, microgels were produced. In order to obtain a printable ink, microgels were jammed using 

a vacuum filtration method. Printing was carried out with a bioprinter. For post-printing crosslinking, further initiator 

solution was added followed by visible light exposure. 

  

Results and Discussion 

The microgels produced via the emulsion technique showed a rather broad size distribution, with sizes below 200 

µm (Figure 1 A). Extrusion through a 200 µm nozzle was possible without clogging (Figure 1B). Compared to previous 

publications we could show that printable microgel inks can be produced by a simple emulsion method proving 

that  mono-dispersity is not mandatory for this application.2, 4 

Printing with high shape fidelity was performed and even overhanging structures could be formed. Post-printing 

crosslinking ensures long term stability in media or buffer. Therefore, we could combine the advantages of previous 

publications in terms of cytocompatibility2 and the possibility of post-printing crosslinking4. 

As an example, NIH-3T3 cells were incorporated by two different approaches. On the one hand, cells were added to 

the printable microgel ink and printed as cell-microgel-composite. On the other hand, cells were added to the polymer 

solution before microgel synthesis. In this way, the cells were encapsulated in the microgels and printed afterwards 

as described above. 
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Conclusion 

Here, we present a method to form a bioink from a low viscous polymer solution. First, microgels are formed using 

an emulsion method. After jamming the microgels can be printed with high shape fidelity. This possibility widens the 

biofabrication window for new materials and can help developing biofabricated structures that meet the stringent 

criteria of biological activity and shape fidelity. 
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Ink composed of microgels 
Figure 1: Microgels after visible light 

initiated crosslinking (A), extruded microgel 

strand (B), printed tube-like structure (C, D). 
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Introduction 

Bioprinting has become an important approach for creating customized tissue replacements, used either for healing 

or replacing damaged human tissue and cartilage [1, 2]. One of the crucial factors in 3D biofabrication is cell 

proliferation, which is highly influenced by the shear stresses occurring during the printing process [3]. Not only the 

cell proliferation but also the printability of hydrogels, which is defined by shape fidelity and printing resolution, is 

dependent on the rheological properties of the used bio ink. 

  

Experimental Methods 

In order to characterize their behavior, shear rheological measurements are the method of choice. Nevertheless, an 

adequate characterization of hydrogels can be challenging yet insufficient in order to not only describe, but predict 

printability. Therefore, this work does not only aim to give advice in order to generate artifact free measurement data, 

but also reveals a simple approach, that can be used to evaluate a wide range of rheological model systems. 

These model systems, consisting of simple springs and dashpots, are applicable for the description of complex, 

viscoelastic material properties that can be observed for polymer solutions. A direct correlation of the calculated 

model parameters to 3D printing processes leads to possible critical threshold values that can be used for the 

prediction of printability for different hydrogel systems. 

  

Results and Discussion 

A power-law like behavior of the model parameters in dependency on alginate solution concentration can be 

observed. The burgers model, which consists of a Maxwell and a Kelvin-Voigt model in serial, is revealed as suitable 

model system for describing the viscoelastic properties of alginate solutions. A critical dashpot viscosity for sufficient 

shape fidelity also emerged. Further research on a variety of hydrogel systems will reveal if those parameters are of 

global importance or just alginate specific. 

  

Conclusion 

A simple, yet powerful tool for further evaluation of rheological data is presented. The revealing of critical parameters 

for printability and gel properties, such as gel stiffness, is presented subsequently. A correlation of the evaluated 

rheological measurements to other measurement techniques such as DMA and nanointendation will further improve 

the understanding of relevant model parameters. 
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Introduction 
In-gel printing is a prevailing and fast-growing additive manufacturing technique that enables the fabrication of 

complex shear thinning hydrogels in a sacrificial support bath [1]. The support bath assists the extruded hydrogel to 

holds its shape instantly after extrusion, resulting in a continuous printing in contrast to the common delays for 

gelation in traditional approaches [2]. This study aims to investigate the in-gel printing of alginate hydrogel in a 

composite support bath of poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) (Pluronic F127) including 

Laponite nanoclays as a rheology modifier and calcium chloride as the ionic cross-linker. It is speculated that the 

investigated support bath can be further used for printing of hollow vascular structures. 

  

Experimental Methods 

Support bath was prepared at different concentrations of Laponite (Lap RDS, BYK) and Pluronic (PF127, Sigma). 

Nanoclays were dispersed in deionized (DI) water. PF127 and calcium chloride (CaCl2, Sigma) were dissolved in DI 

water and stirred at 4 ºC. Afterward, bath components were mixed to yield the final compositions of 2% CaCl2, 2 and 

3% of Lap, and 7.5, 10 and 12.5% of PF127.  Alginate from brown algae was dissolved in DI water at the concentration 

of 3% and utilized as printing ink. 

Rheological characterization of the support bath was performed using Anton Paar MCR 302 using a parallel plate 

geometry. The effect of different concentrations of Lap and PF127 were investigated thoroughly to find suitable 

formulations for three-dimensional (3D) printing. Amplitude sweeps were performed from 0.01% to 100% strain with 

a constant angular frequency of 10 rad/s to find the linear viscoelastic region for further measurements. Temperature 

sweeps were performed from 4 ºC to 37 ºC by the rate of 5 ºC/min at the constant strain and angular frequency of 

0.6% and 10 rad/s, respectively. Shear thinning behavior of the samples were investigated in the range of 0.01 s-1 to 

100 s-1. Recovery kinetics were examined at cyclic oscillations of high and low strains of 50% and 0.6%, respectively. 

The storage and loss moduli responses were measured through an oscillatory frequency sweep. All the 

measurements were carried out at a constant temperature of 37 ºC except the temperature sweeps. Due to the 

thixotropic property of Laponite, all the measurements were conducted at the same timing condition. 

The extrusion of 3% alginate in different compositions of support baths was performed using a custom-built 3D printer 

connected to an air dispensing system and controlled with MACH3 software. Shape fidelity of the 3D printed samples 

and the viscoelastic behavior of the support baths were monitored. Following the printing, support baths were 

removed by washing with 1% sodium chloride. 

  

Results and Discussion 

The relationship between the ratios of components of the formulations was studied by rheological characterizations 

(Fig 1). Sequential deformation-rest periods were used to determine the degree of recoverability of the elastic 

properties of the formulation. All the formulation showed excellent recovery of elastic moduli which resulted in high 

durability of the bath formulations against repetitive deformation caused by the passage of the printing nozzle. The 
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mutual interactions between PF127 and Lap resulted in the formation of a strong network, which could easily flow 

upon exertion of high shear, while the applied deformation could be recovered in a very short time. 

Different PF127 concentrations resulted in different viscoelastic properties of the formulations, in a way that the 

intermediate concentration of 10% PF127 resulted in the lowest elastic and viscous moduli. On the other hand, high 

PF127 concentrations resulted in a very rigid network, which did not yield homogeneously through shear deformation. 

The formulation with the lowest PF127 content showed promising flow behavior, while the recovery of the elastic 

properties during cyclic deformation was acceptable. 

The concentration of 3% Lap and 7.5% PF127 was selected for printing and different structures with a hangover or 

hollow segments were printed (Fig. 2). The initial assessments of the shape fidelity and integrity of printed structures 

showed that the investigated formulations might have good potential for the fabrication of complex structures. 

  

Conclusion 

The incorporation of Lap to PF127 resulted in the formation of a strong network with excellent recovery behavior after 

deformation, helping the dispensed bioink to maintain its shape after extrusion. The initial assessments of the 

proposed support bath showed its potential in the fabrication of different structures with complex geometries which 

can be further employed in biofabrication of hollow structures. 
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Introduction 

Diabetes type 1 is characterized by insulin-deficiency due to autoimmune-derived destruction of the insulin-producing 

β-cells in the pancreas. The common therapy is treatment with exogenous insulin, however, for a subgroup of patients 

with highly unstable blood-glucose control transplantation of islets and reconstitution of endogenous insulin secretion 

would be far preferable. However, human donors for islet transplantation are sparse – donor shortage could be solved 

through use of xenogeneic islets. Especially with islets from a xenogeneic source separation from the host’s immune 

system is crucial, yet supply with oxygen and nutrients as well as the ability to sense blood-glucose should not be 

impaired, which requires short diffusion distances. 

To achieve this, a high surface-to-volume ratio of the immune-protective scaffolds, but also blood vessels in close 

vicinity, yet not in direct contact with the islets are indispensable. 

3D plotting, an additive manufacturing technique capable of producing scaffolds of clinically relevant dimensions and 

incorporating biological agents, offers the possibility to embed islets in hydrogel strands1 while attracting vascular 

structures to the macropores. 

In this study, as a first step towards co-culture with cells with angiogenic potential, 3D plotting was used to embed 

neonatal porcine islet-like cell clusters (NICC) in macro-porous hydrogel scaffolds. 

  

Experimental Methods 

The hydrogel used for plotting was a paste of medical-grade alginate and methyl-cellulose (MC)1,2 (Alg/MC) into 

which either NICC, human umbilical vein endothelial cells (HUVEC) or human bone marrow-derived mesenchymal 

stromal cells (MSC) had been incorporated prior to plotting. 3D plotting was carried out on a BioScaffolder 3.1 from 

GeSiM (Radeberg, Germany). All cells were cultured in a co-culture medium consisting of Ham’s F-10 and endothelial 

cell growth medium supplemented with bovine serum albumin. 

To investigate distribution and cell viability, scaffolds with islets, HUVEC or MSC were stained with MTT or calcein 

AM/ethidium homodimer, and cryosections of islet-containing scaffolds were stained with DAPI and TUNEL. 

Presence of insulin was studied via dithizone staining of whole scaffolds, and localization of insulin and glucagon 

inside the islets through immunofluorescence-staining of cryosections. For glucose stimulated insulin response of 

plotted islets, both islet-containing scaffolds and free control islets were incubated in Krebs-Ringer buffer 

supplemented with either 3.3 or 16.4 mM glucose and glucagon-like peptide 1 (GLP1). Insulin content was analysed 

by quantification of secreted insulin with ELISA and normalization to the DNA content determined by QuantiFluor 

assay. 
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Suitability of the Alg/MC blend for diffusion of glucose and insulin was tested with an osmosis chamber. 

  

Results and Discussion 

By comparison to free islet cultures, we were able to show that neither incorporation of islets into the material nor the 

plotting process itself had a deleterious effect on islet morphology. MTT-staining demonstrated an even distribution 

and metabolic activity of islets inside the plotted scaffolds, and Live/Dead as well as TUNEL stainings indicated 

survival of encapsulated islets for as long as 21 days. Live/Dead staining also showed that HUVEC and MSC survive 

embedding and plotting and all cells tolerate the co-culture medium well. 

Dithizone and immuno-fluorescence-stainings confirmed that insulin and glucagon are continuously produced and 

adequately located in encapsulated islets. Our data also suggest adequate diffusion of glucose and insulin and that 

with supplementation of GLP1 plotted NICC can be stimulated to release insulin in response to high glucose. 

Furthermore, protection of islets from human serum was comparable between islets encapsulated in the hydrogel 

blend and islets encapsulated in plain alginate beads. 

  

Conclusion 

This study introduces 3D bioplotting of neonatal porcine islets as a promising strategy for the immune-protection and 

vascularization of 3D constructs containing xenogeneic islets. 
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Introduction 

The rapid development of medical and biological sensors leads to numerous new applications in the field of point-of-

care, lab-on-chip, organ-on-chip, environmental as well as wellness sensors. Thin and mechanically flexible substrate 

materials, like polymer foils or paper, offer an attractive combination of low cost and the ability of a smart integration 

in human relevant surroundings. Conventional microelectronic fabrication technologies, such as photolithography, 

have limitations in terms of sensor design flexibility and costs for producing smaller, customized sensor lots. In this 

context, digital and additive direct printing processes, like inkjet printing, are evaluated and developed in recent years. 

Such printing methods can be scaled to roll-to-roll (R2R) processes for a potential mass production of sensors. Up 

to now, the main problem for the direct printing of such sensors is the poor thermal stability of the low-cost polymer 

or paper foil substrates, which demands printable materials for sintering at low temperatures (e.g. < 200 °C). 

Fraunhofer IKTS has developed tailor-made functional nanoinks for the inkjet printing of metallic electrodes and 

sensory active layers on such thermal sensitive substrates [1]. Especially the gold and platinum inks are attractive to 

realize printed biomedical sensors, since they proved to be compatible with living cell cultures. 

  

Experimental Methods 

Silver, gold and platinum nanoparticles are derived from wet chemical precipitation process and transferred to 

material ink formulations (20 to 30 wt.-% solid content). By controlling the particle stabilization, certain restrictive 

parameters like sedimentation stability and ink viscosity were adjusted for inkjet print compatibility. The inks were 

characterized for particle size distribution, sedimentation stability, viscosity, surface tension and solid content. Inkjet 

printing tests were performed with and Dimatix DMP material printer (10 pL drop size) on PET and paper foil 

substrates. The printed films were dried at 80 °C and systematically sintered at 150 °C and 200 °C by varying the 

holding time in a box furnace. Alternatively to such a conventional slow box or continuous annealing furnace sintering 

an innovative line laser sintering tool (HPDL) was evaluated. The electrical film resistance was measured and the 

film microstructure characterized by SEM analysis of film cross sections. 

  

Results and Discussion 

Fig.1 shows the range of metal nanoparticles synthesized. The prepared nanoinks show a good sedimentation 

stability and a nice inkjet printing compatibility. The resulting electrical resistance of the printed and sintered films is 

excellent for the developed silver ink (2-times Ag-bulk, 8 µOhmcm) and good for gold ink (6-times Au-bulk, 33 

µOhmcm) and platinum ink (11-times Pt-bulk, 390 µOhmcm). The film thickness is in the range of 1 µm and the 

prepared films possess a nice bendability of the printed structures (Fig.2). Alternatively to conventional box furnace 

sintering, the fast HPDL laser process is a powerful method to enable the sintering of printed films within milliseconds 

at a high processing speed, which is highly attractive for later application in R2R sensor production processes. In a 

comparison between box furnace and HPDL sintering treatment, the resulting film microstructure and the film 

electronic conductivity will be presented and discussed. Several examples of possible sensor application of the 
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developed material inks for printed temperature and pH sensors, micro hotplates for electrochemical sensors or 

precious metal electrodes for a subsequent biochemical sensor functionalization (gold and platinum) will be 

presented. 

  

Conclusion 

Fraunhofer IKTS developed functional nanoinks for the inkjet printing of metallic electrodes on thermal sensitive 

substrates like polymer or even paper foils. Especially the gold and platinum inks are highly attractive for biomedical 

sensors, where printed electrodes can be realized. Based on this electrodes different sensor types like temperature, 

pH, humidity and electrochemical sensor can be realized. 
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Fig.2 
Printed temperature sensor on PET polymer foil. 

 

 

Fig.1 
Nanoparticle inks for printing sensor elements. 
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multimodal drug release 
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Introduction 
Drug delivery systems (DDS) and drug loaded medical devices are currently indispensable in the field of medical 

research. Therefore, the use of additive manufacturing techniques has become very popular. Here we present a 

novel concept for the additive manufacturing (AM) of DDS with the ability of time-controlled drug release[1]. The new 

fabrication process successfully combines the stereolithography (SLA) and inkjet printing (IJP). Furthermore, the 

novel AM process enables the selective local immobilization of several high molecular weight drugs in a DDS by 

covalent binding using photo curable crosslinkers. Besides the position of the drug depot, the crosslinking between 

drug and DDS matrix polymer provides the opportunity to improve the control of drug release. Especially high 

molecular proteins as drugs are suitable in this application for covalent bonding because of lower risk of bioactivity 

loss [2, 3]. 

The drug depot is designed by using poly(ethylene glycol) diacrylate (PEGDA, Mw = 250 g/mol) as photo curable 

matrix polymer, a photo curable crosslinker (a di-, tri- or tetraacrylate) and a photoinitiator (PI, Irgacure 2959) as 

radical starter. The crosslinker have nearly the same molecular length but different numbers of acrylate groups. 

Additionally, analyses of their thermomechanical properties were performed and a post treatment for biocompatibility 

was established. 

  

Experimental Methods 

As crosslinkers 1,3-butanediol diacrylate (diacrylate), pentaerythritol triacrylate (triacrylate) and pentaerythritol 

tetraacrylate (tetraacrylate) with 1%, 5% and 10% (v/v) and each with 0.50%; 0.75%; 1.00% and 1.25% (w/v) PI were 

used. All samples were prepared according to Rekowska et al. [4] and polymerized at λ = 365 nm for 10 minutes. 

Evaluation of biocompatibility after rinsing of samples at 50°C was performed via eluate test and direct contact test 

with L929 mouse fibroblasts for 48 hours. For viability analysis Cell Quanti-Blue test was performed according to 

manufacture instructions. Differential scanning calorimetry (DSC) measurements were performed under a nitrogen 

purge with a heating rate of 10 K/min and glass transition (Tg) was determined from the second heating curves. 

Tensile stress measurements were performed with a uniaxial testing system using a 500 N load cell and a crosshead 

speed of 25 mm/min. Rinsing process, biocompatibility test and thermomechanical analyses are described in detail 

in Rekowska et al. [4]. 

Furthermore, in preliminary tests Bovine Serum Albumin-Fluorescein isothiocyanate (BSA-FITC) was incorporated 

as high molecular model drug and the drug release was analyzed according to different photocurable crosslinkers. 5 

µg of BSA-FITC were incorporated in selected samples and drug release occurred in TES buffer. BSA-FITC were 

analysed via Fluorescence measurement (excitation λ = 490 nm emission λ = 514 nm) after enzymatic digestion with 

pronase E according to Breen et al. [5]. 
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Results and Discussion 

The addition of the di-, tri- and tetraacrylates to PEGDA results in changes of Tg (Fig.1). In this case it seems that 

the concentration of the crosslinker influences Tg. Mostly we observed an increase of the Tg in contrast to the pure 

matrix polymer PEGDA. However, the kind of crosslinker, PI concentration and rinsing procedure does not seem to 

influence Tg under the considered conditions. Biocompatibility was given according to DIN EN ISO 10993-5:2009-10 

for all considered samples after rinsing process. The tensile stress of the samples mostly increased with PI 

concentration (Fig. 2) and only minor differences were observed by using different crosslinkers. The in vitro drug 

release of the model drug, BSA-FITC, was examined over 57 days with around 15% drug release of total incorporated 

amount for all investigated DDS. Furthermore, we observed a release of over 90 percent of the total released BSA-

FITC not until 18 days. Therefore, it seems that an initial burst release with a high loss of the water soluble BSA-

FITC was retarded for all samples. 

  

Conclusion 

The promising results enable the creation of a new retarding DDS for high molecular drugs such as proteins via the 

novel AM technique. Further thermomechanical and biocompatibility tests will be performed to determine the full 

potential and suitability of PEGDA and its copolymers as DDS, especially with drugs incorporated. 
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Tensile stress screening 
Fig. 2: Results of tensile stress measurements 

in MPa for PEGDA250 samples with different 

concentrations of the photoinitiator Irgacure 

2959 and the crosslinkers 1,3-butanediol 

diacrylate (diacrylate), pentaerythritol 

triacrylate (triacrylate) and pentaerythritol 

tetraacrylate (tetraacrylate) after UV 

polymerisation and not rinsed (n=3). 

 

 

  

 

Glass transition temperature screening 
Fig. 1: Glass transition temperature (Tg) in °C 

for PEGDA250 samples with different 

concentrations of the photoinitiator Irgacure 

2959 and the crosslinkers 1,3-butanediol 

diacrylate (diacrylate), pentaerythritol 

triacrylate (triacrylate) and pentaerythritol 

tetraacrylate (tetraacrylate) after UV 

polymerisation and not rinsed (n=1). 
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Introduction 

Stereolithography (SL) is the oldest known additive manufacturing (AM) technology and offers promising properties 

for the use in personalized medicine, for example, for the production of otoplastics, dentistry, prosthetics and even 

in tissue engineering. After demonstrating the use of thiol-ene click (TEC) chemistry in SL for the formation of highly 

crosslinked polymers with functional surfaces, we further investigate the use of TEC chemistry in SLA with advanced 

material properties (Hoffmann et al. 2017). The scope of this work is the development of thiol-ene materials which 

can be processed by stereolithography and fulfill the product requirements of intraocular lenses. Main reqirements 

are high transparency, biocompatibility and an elastic mechanical properties. 

Polymers made by TEC chemistry have various promising properties such as a high refractive index (RI), low optical 

dispersion, less polymerization stress, an easily controllable polymerization reaction which is, in addition, not inhibited 

by oxygen and does not necessarily require a photoinitiator. However, well-known drawbacks are a rather limited 

availability of multifunctional thiol-monomers, odor pollution of low molecular thiols and low glass transition 

temperatures TG of the resulting polymers (Lowe und Bowman 2013). 

Photo resins consisting of two bifunctional monomers and one of two crosslinker with either three or four allyl 

functional groups were developed. Additionally, the influence of a pre-polymerization of the two bifunctional 

monomers is investigated for both crosslinkers. A pre-polymerization may further reduce polymer stress. During pre-

polymerization no gelation takes place and therefore volume shrinkage can be compensated. Moreover, we 

hypothesize that pre-polymerization may lead to enhanced mechanical properties, because crosslinking-points will 

be more evenly distributed in the polymeric network and therefore network defects causing mechanical failures may 

be reduced. 

  

Experimental Methods 

Flat specimens have been photochemically cured without photo initiator and mechanical, optical and chemical 

properties have been analyzed for all four TEC systems. Successful polymerization was verified by ART-FTIR 

spectroscopy. Pre-polymerizations were additionally analyzed using gel permeation chromatography. Glass 

transition was measured using differential scanning calorimetry. Viscosity and gel point determination was performed 

using a rheometer. Optical properties were determined with an Abbe refractometer or UV-Vis spectrometer. Dynamic 

mechanical analysis was performed using a rheometer equipped with a fibre film option module and inner stress was 

measured using a polarization microscopy. Cytotoxicity has been tested with fibroblasts in extraction tests and in 

direct contact according to EN ISO 10993-5 and DIN EN ISO 10993-12. For the most promising TEC system, 3D-

priniting experiments have been performed using an experimental SLA system with a 4w Nd:YAG continuous laser 

beam source at a wavelength of 266 nm. 

  

 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1628 of 1893 

Results and Discussion 

FTIR signals of ene- as well as thiol-groups completely vanished after curing. Also, complete pre-polymerization was 

shown via FTIR analysis. Glass transition temperatures of about ‐30°C were determined by calorimetric analysis. 

Elongations at break reach from 10% to32% and E-Moduli reach from 24 kPa up to 40 kPa. Both values depend 

significantly on the used crosslinker and on pre-polymerization. All materials have RI nD>1,54 and abbe numbers of 

ν>44, while being completely transparent in the VIS region. 3-Dimensional sample structures have been produced 

with the described SL device. 

  

Conclusion 

The development of a TEC resin, which fulfills the requirements for the stereolithographic production of intraocular 

lenses have been successful. The use of two bifunctional monomers with a multifunctional crosslinker via TEC 

polymerization is a feasible approach for the synthesis of photopolymers with RI nD~ 1,5 and high transparency in 

combination with elastic mechanical properties. It has been shown that the pre-polymerization may enhance 

mechanical properties, biocompatibility and reduce inner stress. Main drawback of the pre-polymerization approach 

is the increased viscosity of the photo resin which may be problematic for SL process. For systems with same 

crosslinking degree, crosslinkers with smaller functionalities lead to more flexible and less stiff materials, and also 

with better biocompatibility. 
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Introduction 

Tissue engineering is a promising alternative to current reconstructive treatments for microtia, the congenital 

malformation of the external ear1. To date, no tissue engineering solution has been able to clinically provide the 

robust full-ear framework to support and guide auricular cartilage (AUC) growth and maintain long-term shape fidelity. 

Recent studies have shown the potential of hydrogel-reinforced melt-electrowritten (MEW) scaffolds for articular 

cartilage (ATC) regeneration, highlighting that combining the two scaffold fabrication methods provides the ability to 

tailor mechanical properties2,3. The advantage of this approach is its ability to harness the extracellular matrix-like 

environment of hydrogels to support cartilage growth and provide mechanical reinforcement through MEW fibres. 

However, due to limitations in MEW, namely continuous fibre deposition, fibre instabilities in higher-volume scaffolds 

and no temporary support material for complex overhangs, the fabrication of AUC scaffolds is yet to be realised. This 

study aims to overcome current limitations of MEW to develop methods to fabricate patient-specific poly-ε-

caprolactone (PCL) scaffolds for ear reconstruction with the potential for hydrogel reinforcement for tailored 

mechanical properties. 

  

Experimental Methods 

3D models from micro computed tomography (µCT) scans of human cadaveric AUC were used to generate gcode 

for creating scaffolds using MEW. Due to both limitations in the printing height as well as overhangs in the model 

design, a multi-scale approach was applied to fabricating the AUC scaffold (Figure 1A). The largest cross-section in 

the AUC was identified and used as a splitting point to define the printing direction of the model (Figure 1B). These 

two parts of the cartilage model were then further sub-divided into 2 mm sections (~100 x 20 µm layers; Figure 1C). 

Using in-house custom designed software a crosshatch pattern was created for each of the subsections of the AUC 

model. 

A custom-built MEW machine was used to print the scaffolds (Figure 1D). PCL Capa 6430 (Mw = 37000 Da, Perstorp, 

Sweden) was heated to 90   C and stabilised for 15 minutes. A 0.05 MPa pressure supply with a 5 kV voltage 

difference over 5 mm tip-to-collector distance was used to extrude PCL through a 21 gauge needle. Scaffold-sheets 

were then stacked together to form one structure (Figure 1E). Additional MEW PCL sheets were fabricated with a 

height of 2 mm to show feasibility of creating hybrid scaffolds that match native AUC. Biopsies of 6 mm diameter 

were taken from the sheet and then placed in a 3D printed injection moulding system to fill the PCL scaffold with a 

4% w/v alginate-20% w/v gelatin (Sigma Aldrich, USA) solution. The structure was cross-linked with a 2% calcium 

chloride (CaCl2) solution (Sigma Aldrich, USA). 

Scaffolds were characterised by assessing porosity, fibre morphology, shape fidelity and mechanical properties with 

comparison to native AUC, rib cartilage (gold standard Autograft) and the high-density polyethylene (HDPE) Medpor® 

(Stryker, Newnan, GA) ear implant. µCT was used to determine porosity and shape fidelity. Scanning Electron 

microscopy (SEM) was used to visualise scaffold architecture and morphology. Compression testing was completed 

on 6 mm discs of MEW PCL scaffolds of varying porosity both with and without alginate-gelatin, in a temperature 
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controlled PBS solution at 37°C. Results were compared to control data of native AUC, rib cartilage and HDPE 

Medpor® implants. 

  

Results and Discussion 

This work developed a modular approach for creating anatomically accurate, full-scale MEW PCL AUC scaffolds. 

Furthermore, the inclusion of alginate-gelatin hydrogel around the reinforcing PCL backbone provided tuneable 

material mechanical properties to more closely mimic the Young’s Modulus and compressive behaviour of native 

AUC. The scaffolds produced were a significantly closer match to native cartilage than the current HDPE Medpor® 

scaffolds, providing a more tailored architecture with higher porosity attributed to the use of additive manufacturing 

techniques. Shape fidelity assessment showed that cross-linked scaffolds were well matched to the original 3D 

models and were able to maintain their shape over time. 

  

Conclusion 

This study demonstrated the feasibility of a multi-scale approach to fabricating hydrogel-reinforced MEW scaffolds 

for ear reconstruction. Current limitations in MEW prevent a complex shape like the ear from being produced in one 

complete print. This multi-scale approach overcomes this challenge and in future work, may also prove more 

advantageous to uniformly distribute viable cells rapidly throughout one unified large construct. The mechanical 

properties and scaffold architecture suggest these scaffolds have great potential for providing a patient-specific 

implant for AUC regeneration and long-term shape fidelity. 
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Melt-electrowriting (MEW) approach for fabricating auricular 

cartilage (AUC) scaffolds. 
A) A 3D model of the AUC from micro CT data. This model is too 

complex to directly print using MEW due to its size and complex 

overhanging geometry. B) The largest cross-section of the model is 

used as a splitting point to determine the print direction of 

these portions of the AUC. C) The AUC is further divided into 2 mm 

sections (100 x 20 µm printing layers) to overcome instabilities 

in larger volume MEW scaffolds. D) MEW technique uses a high 

voltage potential to draw molten polymer fibres out with micron 

dimensions. E) MEW AUC scaffold created using modular printing 

method (two viewing angles top and bottom). 
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Introduction 

The closure and the restoration of the function of the tympanic membrane is crucial for hearing restoration. Most 

defects can be successfully closed with autologous tissue patches. Due to unknown tissue properties, a compromise 

between function and stability of the reconstruction is needed to be found by the surgeon (Mürbe, et al. 2002). As an 

alternative, artificial replacement materials are being investigated, aiming for consistently good and reproducible 

results in the restoration of tympanic membrane defects. Synthetic materials like biopolymers can be fabricated in 

various shapes with different tissue engineering technologies. Additionally, their material properties like 

biocompatibility are advantageous for further investigation as a tympanic membrane replacement. In this work, it was 

investigated, if melt electro written Polycaprolactone (PCL) scaffolds are able to provide a mechanical behaviour like 

the human tympanic membrane, to realise a biomimicking synthetic replacement. 

  

Experimental Methods 

Multiple PCL scaffolds were fabricated with melt electro writing (GeSiM BioScaffolder 3.1. in combination with a melt 

electro writing module). For the comparison of the vibration behaviour of the scaffolds and human tympanic 

membranes, it is necessary to acquire their sound transfer function. Various shapes were created and investigated 

with Laser-Doppler vibrometry (CLV 700, CLV 1000 with modules M300, M050, and M003, Polytec, Germany). All 

scaffolds were clamped in a test stand with defined clamping force. The diameter of the scaffolds was 11 mm, of 

which the outer area was defined for clamping purposes. They were excited with a multi-sinusoidal signal between 

100 Hz and 5 kHz at a sound pressure level of about 90 dB SPL. A probe Microphone ER-7C (Etymotic Research, 

Elk Grove Village, IL) was placed about 1 mm in front of the scaffolds to measure the applied sound pressure. The 

vibration characteristics in relation to specific structural parameters, e.g. fibre diameter, amount of layers, orientation 

angle and strand distance were investigated and compared to the human tympanic membrane. The variation of the 

results was statistically investigated within the different batches. 

  

Results and Discussion 

The scaffold’s structural parameters influenced the sound transfer function of the scaffolds differently. The first 

resonance frequency of the scaffold, as a characteristic property, was shifted in frequency and magnitude, dependent 

on the specific design. For example, an increase in scaffold stiffness usually causes a lowering of the magnitude and 

an increase in the resonance frequency. Multiple measurements on each scaffold showed a variation in results, since 

the fragile structures can easy be manipulated and influenced by external and test stand factors. The clamping force 

had a relevant influence on the vibration properties (Allardyce, et al. 2016). Simply supported mounting was regarded 

as mostly appropriate, for a realistic comparison between the scaffolds and the human tympanic membrane in the 

test stand and in its native mounting. Thus, the clamping force should be kept low. 
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Conclusion 

The vibration properties of the membranes can be setup to be comparable to those of human tympanic membranes. 

For a stable and functional reconstruction in patients, further development and research is needed to investigate the 

properties in moist environment like in the middle ear. Furthermore, quasi-static pressure is a relevant influencing 

factor, which is needed to be assessed. 
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Introduction 

Fiber-based tissue engineering mostly relies on solution electrospinning, where meshes of randomly deposited fibers 

are produced. Based on this approach a new technology called melt electrowriting (MEW) developed, using a 

polymer melt instead of solutions. This exchange allows precise deposition of fibers layer-by-layer, which is mainly 

resulting from the higher viscosity of polymer melts.[1] Furthermore, organic solvents are omitted, which is relevant to 

cytotoxicity and volatile solvent accumulation. Conversely, it is necessary to maintain the polymer molten and 

therefore constantly apply sufficient heat. This constant thermal treatment can lead to degradation, which significantly 

changes the printing behavior of the material. This drawback is particularly pertinent to MEW, since flow rates of 5-

10 µl/h are required to achieve small fiber diameters. The most common material used by the MEW community is 

poly(ε-caprolactone) (PCL)[2-4], which shows high long-term stability under printing conditions at 70 – 90 °C. In this 

study the stability of PCL during the MEW process was investigated over week-long printing periods and contrasted 

to poly(lactide-co-glycolide) (PLGA), which shows significant changes in its printing behavior with ongoing heating 

time. 

  

Experimental Methods 

To monitor the thermal degradation, two different methods are applied. To check possible alterations by MEW the 

polymer is heated in a glass syringe at different process temperatures of 75 °C, 85 °C or 95 °C (PCL) or 170 °C 

(PLGA). By applying pressurized air and a high voltage, which forms an electrical field between the nozzle and the 

collector, a polymer jet is formed. The speed and the stability of the jet is dependent on the viscosity and the surface 

charge of the used polymer, that crucially affects the critical translation speed (CTS), which resembles the lowest 

speed of collector movement to produce straight fibers. Since viscosity and surface charge changes with ongoing 

degradation, it was possible to monitor the degradation with a MEW setup that scans for the CTS with continuous 

heating time. 

The deposited material was furthermore collected after defined time points and gel permeation chromatography 

(GPC) was performed to measure changes in molecular weight and weight distribution. These measurements were 

performed with a chloroform-based GPC system from Malvern using a relative calibration with polystyrene standards. 

  

Results and Discussion 

The MEW experiment for PCL shows a decrease of the CTS in the first 5 days (85 °C), before it remains constant 

for the next 20 days. These results show, that during the first days the material undergoes a recovery or 

rearrangement, which increases viscosity and therefore decreases the speed of the jet. After 5 days the recovery 

switches to an equilibrium state, resulting in a constant CTS for extended periods of time. Comparing these results 

with GPC measurements, the elution curve of PCL changes with ongoing heating time towards higher molecular 

weights. 
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PLGA on the other hand is only stable for around 2 hours under minimum printing conditions, before the speed of 

the jet increases due to thermal chain scission. A correlating, rapid molecular weight decrease was observed in GPC 

measurement. 

  

Conclusion 

Long-term MEW allows to monitor changes to the chemical properties of polymers by observation of the CTS of 

polymer jets. PCL appears to undergo a recovery and stabilization at the beginning of the heating process, where 

the CTS decreases due to changes of viscosity/surface charge. PLGA shows the opposite behavior with increasing 

jet speed and therefore higher CTS with ongoing heating time due to random scission of polymer chains accompanied 

with a decrease of viscosity. This makes MEW a potential tool to investigate thermal degradation of polymers at 

elevated process temperatures. 
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Multi-day printing stability of PCL 
SEM images of MEW-processed PCL fibers at day 1 

(left) and day 15 (right). 
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Introduction 

Melt electrowriting (MEW) is a distinct additive manufacturing process that electrostatically prevents a falling fluid 

from breaking up at very low flow rates (µL/hr) [1]. It has been used for different biomedical applications including T-

cell therapy [2], tissue engineering, regenerative medicine, and cancer research [3]. MEW can be considered a hybrid 

between melt micro-extrusion and electrospinning and has been performed so far with poly (ε-caprolactone) (PCL), 

polypropylene, poly(vinylidene fluoride), fugitive inks and photocurable polymers [4]. 

  

Experimental Methods 

A custom-built MEW printer was used in this study. The printer is based on a design, described elsewhere [5], and is 

able to control both processing and environmental conditions (chamber temperature and humidity). The PCL melt is 

extruded through a flat-tipped nozzle. As shown in Fig. 1, the MEW printing head is kept static and a collector is 

translated to enable direct-writing. Voltages were applied both to the nozzle and the collector. 

  

Results and Discussion 

The PCL fibre diameter and the critical translation speed was controllable with air pressure, collector speed, applied 

voltages and the spinning gap. As a result, we were able to produce a multi-phasic scaffold where each part contains 

different with different fiber densities. The range of chamber temperatures, optimal for the printing process was 

determined as well as the influence of the air humidity on the jet behaviour. Since the flow rate and collector speed 

to the spinneret have the most significant impact on fiber diameter, we developed an air pressure and writing speed 

control system to rapidly influence the electrified molten jet so that fiber diameters can be significantly altered by over 

one magnitude during the direct writing process[6]. This has implications in the fabrication and design for tissue 

engineering scaffolds, filters, textiles, energy and electronic applications. 

  

Conclusion 

MEW is a capable additive manufacturing technology that can fabricate porous materials using a spectrum of different 

diameter fibres. Using both air pressure and collector speed control, the fibres that constitute the scaffold can be 

manufactured with over a magnitude difference in diameter, using the same nozzle. Control over the chamber 

humidity and temperature allowed to investigate their effect on the printing process and the scaffold quality. 
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Figure 1. MEW printer, fibers and scaffolds 
A) MEW printer and B) different fibres printed 

upon each other while C) shows a SEM of both 

sides of a sectioned multiphasic scaffold, one 

day after seeding with L929 fibroblasts. 
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Introduction 

One of the recent advances in the development of drug encapsulation and delivery systems has been the emergence 

of living materials, that contain genetically modified living organisms performing enhanced functions. We are 

developing living hydrogels containing bacteria that act as productive, adaptable and replenishable on-demand drug 

delivery repositories.1,2 The polymer matrix of the hydrogel maintains the structural integrity inside the bodily 

environment while the living organisms produce the optimal amount of drug at the required time of delivery. Here we 

demonstrate the development of a hydrogel system to encapsulate genetically engineered E. coli bacterial strain, in 

3D bioprinted scaffolds, leading to a light-regulated, localized, tunable and prolonged drug release. 

  

Experimental Methods 

The light-regulated drug-producing E. coli strain was engineered by incorporating the genes related to the metabolic 

synthesis of the drug into a light responsive optogenetic plasmid.2 Bacteria was encapsulated in 3D-bioprinted 

constructs capable of being crosslinked on UV light exposure using a free-radical photoinitiator. These constructs 

were used to study the effect of change in the crosslinking density and thus the mechanical properties on the bacterial 

growth rate. Thin films of bacterial hydrogels were casted on the porous membrane (0.4 µm diameter pores) of 

transwell inserts to detect the drug production after 48 h irradiation on light exposure.          

  

Results and Discussion 

After 48 h within the physically crosslinked hydrogel, the bacterial growth observed was 20 times higher than that in 

the chemically crosslinked hydrogel. Also, with increasing chemical crosslinking density, the drug production reduced 

ten-fold. Intermediate bacterial growth and drug release were observed with intermediate physical and chemical 

crosslinking in the hydrogels. 

  

Conclusion 

Genetically engineered bacteria were successfully encapsulated inside 3D bioprinted hydrogel system. We 

demonstrate the possibility of controlling the bacterial growth by tuning the mechanical properties of the hydrogel and 

thus the drug release in situ, using an optogenetic strategy. 

  

References 

1.        Sankaran, S. & Campo, A. Optoregulated Protein Release from an Engineered Living Material. Adv. 

Biosyst.1800312, 3–9 (2019). 

2.        Sankaran, S., Becker, J., Wittmann, C. & Campo, A. Optoregulated Drug Release from an Engineered Living 

Material : Self-Replenishing Drug Depots for Long-Term , Light-Regulated Delivery. Small1804717, 1–6 (2019). 

  

Acknowledgement 

S.B., S.S. and A.d.C. are grateful for funding from the SFB1027 collective research center for this project.  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1639 of 1893 

 PS2-11-407 

Redox-activable dendrimer-based nanocapsule for targeted agents to 

aid solubility and overcome drug resistance 

Qida Hu1, Wangteng Wu1,2, Guping Tang2, Tingbo Liang1, Meng Wang1 

1Zhejiang University, First Affiliated Hospital, Hangzhou, CN; 2Zhejiang University, Institute of Chemistry Biology 

and Pharmaceutical Chemistry, Hangzhou, CN 

 
Introduction 

Targeted agents have unsatisfactory therapeutic responses against certain malignancies, such as pancreatic cancer, 

which might be caused by an insufficient exposure dose and drug resistance. Efficient administration of targeted 

agents via the intravenous route could maximize efficacy, but requires enhanced solubility and increased exposure. 

  

Experimental Methods 

We developed a multi-arm, polyethylene-glycol nanocapsule design by modifying the core dendrimer component, 

“multiarm polymer complex with mG3 dendrimers” (MAP-mG3), to provide a delivery system for insoluble inhibitors, 

such as the mammalian target of rapamycin (mTOR) inhibitor OSI-027, to treat pancreatic cancer. 

  

Results and Discussion 

MAP-mG3, in comparison with other analogs, showed higher OSI-027 loading capacity with enhanced solubility, 

controlled release activable by redox stimuli, and increased intracellular tumoral accumulation. MAP-mG3/OSI-027 

attenuated mTOR phosphorylation and inhibited growth of pancreatic cancer cells, which also reversed drug-resistant 

pancreatic cancer by increasing intracellular OSI-027 accumulation. These data suggest that our optimized MAP-

mG3 system can deliver targeted agents functionally for pancreatic cancer and drug-resistant pancreatic cancer. 

  

Conclusion 

A redox-activable nanocapsule delivery system was successfully established for hydrophobic targeted agents to 

enhance solubility and overcome drug resistance. 
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Figure 2. MAP-mG3 nanocapsule for targeted 

agents to enhance solubility and overcome drug-

resistance 
(a) Enhanced water solubility. The photograph 

demonstrates a mixture of 0.5 mL of water plus 

400 μg of OSI-027 (left) and the solution of 

equivalent MAP-mG3/OSI-027 in 0.5 mL of water 

(right). (b) Controlled release by the reduction 

stimulus dithiothreitol (DTT). The time-

dependent patterns of cumulative release of OSI-

027 with (purple) or without (rose) DTT stimulus 

are illustrated with best-fit lines. (c) 

Increased intracellular accumulation of OSI-027 

in OSI-027-resistant Panc-02 cells (Panc-02/DR) 

cells. (d) Dose-dependent cytotoxicity of OSI-

027 (orange) and equivalent MAP-mG3/OSI-027 

(dark-blue) in regular Panc-02 cells (solid) or 

drug-resistant Panc-02/DR cells (circle), 

characterized by a cell-viability assay. (e) 

Tumor-growth patterns in Panc-02/DR tumor-

bearing mice treated with i.v. PBS (black), p.o. 

OSI-027 (orange), or i.v. MAP-mG3/OSI-027 system 

(dark blue). 

 

Figure 1. Graphical demonstration of MAP-mG3 

nanocapsule for targeted agents delivery 
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Introduction 

Cancer is ranked first in the top ten causes of death. According to statistics from the Ministry of Health and Welfare, 

it was revealed tracheal, bronchial and lung cancers resulted in the highest mortality. Small cell lung carcinoma 

(SCLC) is a highly aggressive form of malignancy with rapid recurrence and poor prognosis, accounting for 11~20% 

of all lung cancers (1, 2). Nowadays first-line combination chemotherapy for SCLC is etoposide (ETP) and platinum-

based drugs. Patients respond well to the combination chemotherapy at the beginning, but tumors relapse within one 

year because of drug resistance (3). Therefore, novel therapeutic strategies against drug-resistant SCLC are urgently 

required. 

  

Experimental Methods 

In this study, the US FDA approved poly(lactide-co-glycolide) (PLGA) was applied as the main polymer which was 

pegylated by poly(ethylene glycol) (PLGA-PEG). The SCLC targeting ligand, AG peptide, further modified PLGA-

PEG. This peptide-modified PLGA-PEG was used to prepare nanoparticles (NPs) via solvent evaporation method 

encapsulating both anticancer drug, ETP, and PIK3CA small interfering RNA (siPIK3CA). The particle size, zeta 

potential and drug loading of NPs were characterized. The stability of NPs and in vitro drug release were monitored. 

The cellular uptake and cytotoxicity of drug loaded NPs were conducted in H69 cells. 

  

Results and Discussion 

The particle sizes of ETP and siRNA loaded NPs were in the range of 201.0 ± 1.9 - 206.5 ± 0.7 nm and 155.3 ± 12.4 

- 169.2 ± 11.2 nm, respectively, with positive zeta potentials. The encapsulation efficiencies were > 61.1 ± 6.0% for 

ETP and > 58.6 ± 5.0% for siRNA. These NPs formulations exhibited good stability at 4˚C for 28 days. In vitro release 

study showed that the release of both ETP and siRNA from NPs was faster in pH 4.0 medium than in pH 7.4 medium 

irrespective of with or without peptide conjugation. The AG-peptide and dual-peptide modified NPs had better cellular 

uptake ability than peptide-free NPs in H69 cells. In addition, the combination treatment of ETP with the aid of 

siPIK3CA showed better cytotoxicity than ETP loaded AG-NPs-ETP alone. 

  

Conclusion 

The peptide-modified nanoparticles for improving ETP chemotherapy against small cell lung carcinoma was achieved 

with the aid of siPIK3CA in H69 SCLC cells. 
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Introduction 

Drug delivery systems are becoming increasingly important in medicine and can be used not only in conventional 

medicine, but above all in the highly innovative field of regenerative medicine. 

By using textile wound dressing systems with integrated active ingredients, the duration of treatment can be 

significantly reduced and treatment costs can be saved. 

Porous structures are particularly suitable for subsequent loading with drugs. Active substances can be deposited in 

the porous depots within a carrier in relevant quantities and be released over a suitable time period. Sub-microscale 

pores within fibers represent a promising drug release system particularly when fibers are strong enough to be further 

processed to textile structures. 

For these purposes porous fibers have been developed from polymer compounds for drug release applications. 

  

Experimental Methods 

Porous fibers were developed via melt extrusion of polymer compounds made of varied proportions of poly-L-lactide 

(PLLA) and the water soluble polymer polyvinyl alcohol (PVA) or polyethylene oxide (PEO) respectively. With a 

washing step the water soluble polymer was removed, leaving porous structures in the fibers. The washing process 

was varied in temperature, duration and support of ultrasound. Porous structures were investigated via scanning 

electron microscopy (SEM). Pore content of SEM-images was evaluated with the software Olympus analySIS. 

Knitting on a circular knitting machine was conducted to check whether fibers can be processed to a textile structure. 

Loading of fibers with the protein horse radish peroxidase (HRP) was realized via a low pressure process that forced 

the HRP containing hydrogel gellan gum to penetrate the fiber pores. Infiltration of gel in the pores was demonstrated 

with fluorescent microscopy by using Fluorescein isothiocyanate marked gellan gum and was determined 

gravimetrically. Fiber pore loading with HRP containing gellan gum was also checked for the flat knitted structures. 

Time dependent release of HRP out of fibers into phosphate buffered saline solution was determined. HRP 

concentrations were analyzed photometrically via its catalytic influence on the Iodophenol enhanced Luminol-H2O2 

chemiluminescent reaction. 

  

Results and Discussion 

Sub-microscale pores where realized in fibers made of a PLLA/PEO-compound with a fiber diameter of around 30 

micrometer (figure 1). SEM imaging and pore content evaluation resulted in a share of up to 22% pore volume after 

the washing step. 

Knitting trials showed that PLLA/PEO-fibers could be successfully processed into a knitted textile. 

Fiber pores in PLLA/PEO-fibers could be loaded with gellan gum hydrogel containing HRP in a vacuum process. 

This was demonstrated with fluorescent microscopy (figure 2). The test of loading fibers within the knitted 

structure with gel was also successful. 

HRP release trials with loaded fibers of different HRP-concentrations showed a release duration of 2 days with 

decreasing rates. 
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Conclusion 

The realization of porous fibers, its processability to textile structures combined with the pore filling process with 

hydrogel and its decelerated HRP release rate show that these fibers represent a promising structure for use as drug 

delivery systems. 

Future investigations will lead to the determination of release rates of other active substances than HRP with this 

system. 

Also a more delayed drug release will be investigated with fiber coatings that could act as additional barrier to the 

released drug. 
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Cross-sectional area of porous fiber penetrated 

by fluorescence marked gel 
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Fluorescence micoscopy image of cross-sectional 

area of porous fiber penetrated by Gellan Gum 

gel marked with Fluorescein isothiocyanate; 

fiber pores filled with low pressure process 

(100mbar) 

 

 

Cross-sectional area of porous fiber 
SEM image of cross-sectional area of porous 

fiber made of PLLA/PEO-compound; washing 8h 80°C 

and subsequent 10 min. ultrasonic treatment; 

fiber pultruded under liquid nitrogen until 

break 
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Introduction 

According to the IUPAC definition, porous materials are divided into three classes: microporous (<2 nm), mesoporous 

(2–50 nm) and macroporous (>50 nm) [1]. Ordered mesoporous silica was first discovered in 1992 [2], and proposed 

as a drug delivery system in 2001 [3]. Since then silica-based glass microspheres, such as MCM-41, SBA-15 or 

MCM-48 representing ordered mesoporous inorganic materials, have been considered as ideal materials for 

incorporation of drugs, genes and other therapeutic agent acting as carrier and control release systems.In this study, 

the synthesis of mesoporous bioactive glass nanoparticles, consisting of a silicate network modified by Ca and Ce 

or Ga ions, has been studied for possible applications in cancer treatment or incorporation into nanocomposite 

scaffolds for bone regeneration. 

  

Experimental Methods 

Tetraethylorthosilicate (TEOS, 100%, VWR International), hexadecyltrimethylammonium bromide (CTAB, BioXtra, 

≥99%, Sigma-Aldrich), ethyl acetate (99.7%, Centralchem), ammonium hydroxide (ACS reagent, 28.0 - 30.0% NH3 

basis, Sigma-Aldrich), Cerium nitrate hexahydrate (99.95%, Treibacher) and gallium nitrate hexahydrate (99.999%, 

Alchemica) were used as starting materials for synthesis of mesoporous bioactive glass nanoparticles (MBGNPs). 

Cerium doped MBGNPs in the 60SiO2-(40-x)CaO-xCe2O3system and gallium doped MBGNPs in the 60SiO2-(40-

x)CaO-xGa2O3system (where x stands for 0, 1, 3 and 5 mole %) were obtained by micro-emulsion assisted sol-gel 

method. First, 2.8 g CTAB templating agent was dissovoled in 150 mL deionized water, and 40 ml ethyl acetate was 

added. Ammonium hydroxide (3.66 ml) was then added and mixed at room temperature. TEOS (14.4 ml) and 

appropriate quantities of calcium nitrate tetrahydrate, cerium nitrate hexahydrate or gallium nitrate hexahydrate were 

added step wise to the solution within a 30 minutes time interval, and the solution was left for 4 hours. Afterwards the 

precipitates were filtered and washed with deionized water and EtOH to remove unreacted precursors and remaining 

salts, and dried at 60°C for overnight.Finally, the dried samples were thermally treated at 650 °C/3 h (heating rate of 

1 °C min−1) to remove the surfactant and nitrates groups and to stabilize the glassy phase. 

  

Results and Discussion 

Micro-emulsion assistant sol-gel method allowed the preparation of MBGNPs with spherical shape, monodispersed 

size distributionwith the mean equivalent diameter of 150 nm and low degree of agglomeration. SEM micrographs 

and EDS spectra of undoped MBGNPS are shown in Fig. 1. The results of EDS confirm that the glass nanoparticles 

contain 5-7 at.% Ca, which is well blow the desired content. The high resolution SEM micrographs revealed fine 

surface structure of the nanoparticles indicating their mesoporous structure. 

Synthesis of nanoparticles with up to 1 mol% of Ce and Ga yielded nanoparticles of size, shape, and surface pore 

structure similar to those of the undoped MBGNPs. Increasing the content of dopants up to 3 and 5 mol % resulted 
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in deformation of the spherical shape of the nanoparticles and yielded elongated pineal shaped particles with aspect 

ratio 5:3. In addition, calcium content decreased significantly (down to 2 at. %), most likely due to replacement of Ca 

in the glass structure with the ions of the dopants. The influence of doping on specific surface, mesoporosity and 

solubility of synthesized nanoparticles has been evaluated and critically discussed. 

  

Conclusion 

The micro-emulsion assisted sol-gel method yielded monodispersed mesoporous bioactive glass nanoparticles with 

low or no agglomeration in the system CaO-SiO2doped with up to 5 mol % of Ce and Ga. Incorporation of higher 

concentrations of dopants resulted in distortion of the MBGNPs spherical shape and marked decrease of Ca content. 

The influence of doping specific surface, mesoporosity and solubility of synthesized nanoparticles has beenstudied. 
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Figure 1  
SEM images of a) undoped and b) doped with 3 

mol% gallium Mesoporous Bioactive Glasses 

produced by Micro-Emulsion Sol-Gel method. 
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Introduction 

In recent years, biological molecules, or biologics, have transformed the pharmaceutical industry. However, one 

significant difficulty surrounding these molecules is their effective delivery into cells. The complex nature of such 

macromolecules owes to their highly sensitive nature to their environment, with changes in temperature and pH, as 

well as interaction with destructive species in vivo, deactivating the reactive species.1 Polymeric gels are materials 

especially suited for encapsulation of biological elements. Their ability to absorb a large solvent content provides an 

environment compatible with most biologics while also providing a solvent medium for diffusion out of the polymeric 

network for a therapeutic application. Furthermore, the crosslinked nature of the polymer network provides protection 

of the encapsulated biologics against degradation pathways synonymous with biological molecules.2 

This work specifically focusses on a novel blended polymer gel system consisting of varying concentrations of 

polycaprolactone dimethacrylate (PCL-DMA, Mn 1350 gmol-1), polyethylene glycol diacrylate (PEG-DA, Mn 575 gmol-

1 and 4000 gmol-1) and deionized water. By careful alteration of the weight percentage of each constituent, properties 

such as the swelling ratio, the average pore size within polymer network and degradation time can be tuned. 

Degradation through hydrolysis of the ester bond within the PCL repeating unit can be accessed in aqueous systems 

and can be acid-catalysed or base-promoted, allowing for tuneable degradation over time and ultimately, controlled 

release of the biological molecule. This release can then be quantified by performing assays at specific time intervals. 

  

Experimental Methods 

Polymer solutions were cured to gels via radical polymerisation by irradiating with long wave UV light (365 nm) in the 

presence of a photoinitiator, in the glove box under nitrogen. Light microscopy was used as a tool to monitor the 

homogeneity of blended polymer gels. Swelling ratio studies were then performed in a range of pH buffers in triplicate 

on each set of polymeric gels over time. The average mesh size within the polymer network was then calculated by 

the Canal and Peppas method.3 

Future Work - Release studies of lysozyme from the polymer gels will be performed and quantified using the Bradford 

assay. 

  

Results and Discussion 

A change in Mnof the polymer chain used in the fabrication of homopolymer PEG gels has a substantial influence on 

the swelling characteristics of the polymer network in water. This occurs as a result of increasing the distance 

between the crosslinks formed at the reactive terminal acrylate groups. Moreover, a change in the water content of 

the initial polymer solution used to fabricate the solid gel is also seen to influence the swelling characteristics of that 

gel. This occurs as increasing the water content will decrease the polymer crosslink density within the gel leading to 

a larger average mesh size and increased swelling capacity.4 

Furthermore, the PEG gels show stability and no sign of degradation in water over time because the ether functional 

group within the repeating unit is not prone to hydrolysis in aqueous systems. This is of importance as when PCL-

DMA is used in the fabrication of the blended gels, a material that can degrade by hydrolysis of the ester functional 
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groups within the repeating unit of the polymer is introduced to the system. For these heterogeneous polymer gels, 

containing PCL, PEG and water, a decrease in mass and in turn, a decrease in swelling ratio is seen after swelling 

in water over time. This degradation can be further tuned in acidic and basic aqueous media to occur at an earlier 

time point. 

  

Conclusion 

In conclusion, the mesh sizes of homopolymer PEG gels with differing Mn’s and water contents have been calculated 

and related to various biological sizes from literature. Novel blended polymeric gels have been fabricated and swelling 

studies showing the tuneable degradation of these gels has been performed. The homogeneity of the relatively 

hydrophobic PCL-DMA within the gels was monitored by light microscopy. The degradation is shown to be caused 

by the hydrolysis of the ester moieties within the PCL repeating unit. 
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Introduction 

Although tooth implants are a common treatment in dentistry nowadays, peri-implantitis remains a major health issue. 

Due to late infections bacteria may form biofilms on the implants’ surface which unfortunately leads to high implant 

failure rates (>10%). [1,2] To prevent and cure these undesirable infections the bacteria have to be effectively 

eliminated shortly after implantation and biofilm formation has to be inhibited during the life-time of the implant as 

well. Thus, a controlled drug delivery system directly located on the implants’ surface offers a promising opportunity 

to accomplish the required antibacterial effect. A stimuli-response system is desired in order to ensure the release of 

an antibacterial drug not only directly after the implantation but if an infection occurs. Therefore, a nanoporous titania 

coating that can be attached to the implant surface seems to be suitable. It functions as a depot for the local drug 

release and the surface can be modified to introduce the stimuli-response effect. A similar system was already 

accomplished successfully for silica nanoparticles.[3] 

  

Experimental Methods 

The first step to transfer the system to a titania surface was the establishment of nanoporous titania films by utilizing 

an adjusted cathodic electrodeposition method of Hu et al.[4] In a further step, the surface was modified with 

phosphonic acids, which form strong chemical bonds to titania.[5] The next step will be the attachment of a responding 

polymer employing a reaction route described by Menzel and co-workers.[6] First experiments of releasing fluorescent 

dyes from differently modified coatings were done. 

  

Results and Discussion 

The resulting titania coatings were determined as porous material and layer thicknesses could be adjusted by the 

number of cycles during the deposition. The present titania modification as well as the pore sizes were identified. 

Successful surface modification could be determined. Unmodified coatings did not show any signal that would 

indicate the presence of phosphorous while in all spectra of coatings after the modification with different phosphonic 

acids the binding energy of phosphorus was apparent. Furthermore, a change in hydrophilicity of the surfaces after 

modification could be detected. First release studies proved that releasing dyes from the surfaces works. 

  

Conclusion 

Nanoporous titania coatings could be attached to titanium surfaces by the method of cathodic electrodeposition. We 

were able to successfully attach different phosphonic acids to these electrodeposited titania surfaces. First release 

experiments were done. All in all, the material shows high potential for the application as a stimuli-response system. 
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Introduction 
Absorbable polymers are a widespread approach to produce implantable and degradable medical devices [1]. Poly(L-

lactic acid) (PLLA) is a hydrolytically degradable polyester widely studied for this purpose. However, PLLA 

is brittle and stiff, which limits its biomedical application [2]. To overcome this issue, one possible solution is blending 

it with more flexible polymers, such as poly(vinyl acetate) (PVAc). PLLA/PVAc blends may be used for coating blood 

contacting devices. Several works have demonstrated that nitric oxide (NO) releasing biomaterials are capable of 

inhibiting platelet adhesion and thrombus formation [3,4]. Therefore, the insertion of an NO donor into PLLA/PVAC 

blend may overcome their intrinsic thrombogenicity. In this work, we prepared flexible 50:50 (wt%) PLLA/PVAc blends 

charged with the NO donor S-nitroso-N-acetyl-D-penicillamine (SNAP). We demonstrate that SNAP-loaded 

PLLA/PVAc blends are capable of sustaining NO release during prolonged periods while undergoing hydrolytic 

degradation after immersion in physiological medium. 

  

Experimental Methods 

Blend preparation 

Initially, a 5 wt% poly(vinyl acetate) (PVAc) solution was prepared in chloroform. Solid poly(L-lactic acid) (PLLA) was 

added gradually to the PVAc solution under stirring. After complete PLLA dissolution, S-nitroso-N-acetyl-D-

penicillamine (SNAP) pre-dissolved in tetrahydrofuran was added. Finally, chloroform was added until a 6 wt% 

polymer concentration was reached. The resulting solutions were cast on PTFE dishes and allowed to dry at 24 °C 

for 2 days. All samples were protected from light in all preparation steps and also during storage (-18 °C) in order to 

prevent early NO release.  

Scanning electron microscopy 

A Quanta FEG 250 (FEI) electron microscope operating at 5 kV was used to investigate the cryogenically fractured 

cross-section morphology of the samples which were previously sputter coated with Au-Pd in a Bal-Tec MED-020 

(Balzers) sputter coater. 

Polarized optical microscopy 

A Eclipse 50i (Nikon) optical microscope equipped with cross polarizers and a DS-Ri1 (Nikon) camera was used to 

investigate SNAP distribution and PLLA crystallinity. 

Hydrolytic degradation and real time NO release experiments 

Hydrolytic degradation experiments were performed protected from light on 1 cm2 disc samples immersed in saline 

phosphate buffer solution at 37 °C for 21 days. Sample weight loss and NO content on the solution were measured 

every 7 days. The chemiluminescent NO quantification was performed in a 280i NO analyser (Sievers, GE Analytical 

Instruments) operating at 37 °C and protected from light. Nitrogen was used as purging gas. 

  

Results and Discussion 

In this work, 50:50 PLLA/PVAc blends were prepared with 0.0, 3.0, 5.0 or 7.5 wt% SNAP content. Fig. 1 shows the 

cross-section morphology of the neat blend prior to (left) and after (middle) the hydrolytic degradation. Prior to the 

degradation, a flat morphology with no evidence of PLLA/PVAC phase separation is observed. Upon degradation the 
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spherulitic morphology attributed to the PLLA crystallization is revealed due to the preferential degradation of the 

amorphous PLLA located on the interfibrillar regions. These results show that PLLA crystalinity is retained on the 

blends as well as that PLLA/PVAc miscibility takes place on the PLLA amorphous regions. However, due to the mild 

heating during the hydrolytic degradation experiment, PVAc coalescence is also verified, which evidences that 

PLLA/PVAc blends are in fact partially miscible. Fig. 2 (left) shows the polarized optical micrograph of the non-

degraded PLLA/PVAc blend loaded with 7.5 wt% SNAP. PLLA spherulites are clearly observed, as well as 

rectangularly shaped SNAP crystals, which are preferentially located on the interspherulitic regions. Real time NO 

release as a function of SNAP content is also shown in Fig. 2 (right). NO release rate showed a dose-response 

relationship in the 69–296 pmol cm-2 min-1 range. All the NO release rates obtained in this work are within the 

physiological levels of a healthy endothelial tissue, which is key to achieve desirable biological activities. 

  

Conclusion 

SNAP-loaded PLLA/PVAc blends are capable of sustaining NO release for prolonged periods, having potential for 

the coating of blood contacting devices.  
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SNAP incorporation and NO release profiles 
Fig. 2. On the left it is shown the polarized optical 

micrograph of the PLLA/PVAc blend loaded with 7.5 wt% SNAP. Red 

arrows indicate SNAP crystals. On the right it is shown the 

surface area normalized real time NO release of the PLLA/PVAc 

blend as a function of time and SNAP concentration. 

 

Morphology evolution upon hydrolytic degradation 

Fig. 1. On the left it is presented the cross-section 

morphology of the PLLA/PVAc blend. On the middle, the 

morphology of the hydrolytically degraded blend after 21 days. 

On the right, the blend physical aspect evolution as a function 

of the hydrolitic degradation time: on the top it is shown the 

non-degraded blend and on the bottom the 21 days degraded 

blend. 
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Introduction 

Bacterial infection in bone tissue engineering applications is still a critical health concern. Alternatives based on 

antibiotic free agents to suppress bacterial infection are being increasingly investigated. Essential oils (EOs) based 

on plant extracts, such as cinnamon bark oil (CBO) have been used due to their antibacterial activity, inflammatory 

and antioxidant potential since ancient times [1,2]. However, the volatility, stability and high sensitivity to 

environmental factors have limited the usage of EOs in tissue engineering applications [3]. Therefore, the 

combination of host matrix-EOs could be an alternative approach to overcome these drawbacks. 

  

Experimental Methods 

The aim of this study was to fabricate a novel 45S5 bioactive glass (BG) scaffold coated with cinnamon bark oil to 

enhance antibacterial activity. In this regard, 45S5 BG scaffolds were produced by foam replication method [4] and 

then a surface cleaning process was applied prior to dip-coating with CBO. 

  

Results and Discussion 

The morphology of the CBO coated scaffolds was investigated by Scanning Electron Microscopy (SEM). The results 

revealed that the coating with CBO did not affect the morphology (3D porosity) of scaffolds. The presence of CBO 

was analyzed by Fourier transform infrared spectroscopy (FTIR), and the typical peaks of CBO were observed at 

1680cm-1 and 1625cm-1. Also, the actual content and releasing behavior of the various concentrations of CBO (2.5, 

5 and 7.5 (w/v) %) were tested by UV-Vis spectroscopy. Increasing the concentration of CBO in solution led to 

increased content of CBO incorporated onto the scaffolds. The antibacterial activity of 45S5 BG scaffolds coated with 

CBO was tested by the Agar diffusion method. The inhibition zone results indicated that the addition of CBO increased 

the inhibition zone. The inhibition zones were 2.7±0.6 cm against Staphylococcus aureus and 2.2±0.5 cm against 

Escherichia coli. The scaffold’s bioactivity was not compromised by the coating with CBO. 

  

Conclusion 

Our results show that CBO coated 45S5 BG scaffolds could be an alternative approach to avoid bacterial infection 

in bone tissue engineering applications without the need to administer antibiotics. 
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Introduction 

Control of pain is a major unmet clinical need for a range of oral diseases, and commonly used dental injections are 

also widely feared by patients. Local delivery of an anaesthetic from an adhesive patch to alleviate pain may therefore 

have several applications in oral medicine and dentistry. Electrospinning, a versatile manufacturing method, has 

been shown to be capable of fabricating a mucoadhesive oral drug delivery system (1). The aim of this study was to 

incorporate lidocaine HCl into an electrospun fibre patch, and investigate drug permeation and spatial distribution in 

porcine buccal mucosa. 

  

Experimental Methods 

A loaded polymer solution consisting of poly(vinyl pyrrolidone), Eudragit RS100, poly(ethylene oxide), 3% (w/w) 

lidocaine HCl in 97% (w/w) ethanol was electrospun into a fibrous patch. These patches were placed on the surface 

of porcine buccal mucosa in Ussing chambers to determine the ex vivo lidocaine permeation. Matrix-Assisted Laser 

Desorption Ionisation – Mass Spectrometry Imaging (MALDI-MSI) was used to investigate the spatial drug distribution 

in the buccal tissues. 

  

Results and Discussion 

Permeation studies showed that lidocaine HCl released by the electrospun patches permeated the buccal mucosa 

and was detectable in the receptor chamber after only 15 minutes. MALDI-MSI demonstrated a time-dependent 

homogeneous distribution of lidocaine HCl through the epithelium and connective tissue (Figure 1). 

  

Conclusion 

Anaesthetic loaded electrospun patches were successfully manufactured and the lidocaine HCl delivered by the 

electrospun fibres permeated homogeneously through porcine buccal mucosa. This research demonstrates that 

electrospinning is a versatile manufacturing technique for the preparation of innovative therapeutic products for oral 

medicine, dentistry, and surgery. 
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Figure 1. MALDI-MS imaging shows time-dependent 

distribution of lidocaine in oral tissue 
H&E stained tissue sections and corresponding 

MALDI-MS images of porcine buccal mucosa exposed 

to 0.3% (w/v) lidocaine HCl solution (m/z 

235.1804 [M+Na] +) over 15 minutes, 1 hour and 3 

hours. The epithelium for each sample is shown 

using epithelial marker (PG (34:1)): m/z 

771.5140 [M+Na] +. 
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Introduction 

Breast cancer therapies have been constantly improving year by year, but a comprehensive, uniform cure for this 

disease with minimal side effects is still a long way off. There is an increasing demand for novel diagnostic and 

medical therapies that utilize non-traditional sources and in this context, both natural substances (1) including fungi-

derived lectins (2,3) and gold nanoparticles (AuNPs)-based delivery system (4,5) may play an important role. Indeed, 

lectins, thanks to their ability to identify aberrant glycans expressed by neoplastic cells as antitumor agents, have 

attracted great interest in cancer studies (2). Among them, BEL β-trefoil (Boletus edulis lectin) was reported to exert 

strong dose-dependent antiproliferative effects on human cancer cell lines (6-8). Although its mechanism of action is 

unclarified, its unique carbohydrate specificity and structure domains make BEL β-trefoil a potential candidate for a 

nanobiotechnological-based cancer therapy. AuNPs-based delivery systems offer many advantages due to their 

unique chemical and physical properties, that make them new agents for photo-thermal therapy, biocompatible, easy 

to modify and functionalize with cancer-specific biomolecules (4,5). AuNPs can accumulate in tumor tissue either 

passively via the EPR effect or actively via their conjugation with a targeting molecule (4,5). Thus, AuNPs conjugation 

with drugs can enhance drug uptake into cancer tissue. However, despite the broad interest surrounding gold-based 

nanomedicines, technical challenges associated with their synthesis and formulation still remain, and growing studies 

have been devoted to obtaining AuNPs by green and safe methods (9,10). The aim of this study is to modify the 

surface of PEG AuNPs with the conjugation of BEL β-trefoil and provide its in vitro physicochemical and biological 

characterization. The idea of the project is to combine the photothermal therapy given by the exposition of AuNPs to 

a laser source, to the targeted and antitumoral action of BEL β-trefoil, by using thiol-ending biocompatible polymers, 

polyethylene glycol (COOH-PEG-SH) as stabilizer agent for the gold nanoparticles. 

  

Experimental Methods 

First, AuNPs coated with a wide range of COOH-PEG-SH concentrations were used in order to optimize the PEG 

concentration. AuNPs with different dimensions (Au core average < 10 nm) were synthetized in water solution in the 

presence of thiol-ending biocompatible polymers COOH-PEG-SH, as not-toxic stabilizers of gold aggregate. The 

lectin was covalently conjugated to the PEG carboxyl groups on PEG-gold nanoparticles using the previously 

reported EDC-NHS protocol with a minor modification. The products were then characterized by UV-visible 

spectroscopy absorption studies, Circular dichroism (CD), Dynamic Light Scattering and BCA analysis. The 

physicochemical characterization of AuNPs conjugated with the lectin was also assessed in different experimental 

conditions (time, temperature, buffer, medium with or w/o serum). Viability (MTT) and uptake studies (confocal 

microscopy) were carried out to verify the efficiency of lectin conjugated AuNPs against the target breast cancer 

cells. 
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Results and Discussion 

Specifics physicochemical analyses assessed that PEG-AuNPs size and stability were strictly controlled by gold and 

polymer concentration. Moreover, the surface modification of AuNPs with lectin was confirmed by UV–vis spectra.  As 

shown in Figure 1(a) a significant change in absorption spectra was obtained after lectin conjugation to AuNPs, 

suggesting the successful interaction between protein and gold nanoparticles. It is well accepted that for targeting 

properties of the nanoconjugate, it is important that the protein keeps its structure and function. Circular Dichroism 

was used to investigate the secondary structure of the protein in the AuNPs/BEL β-trefoil nanoconjugate (Figure 1b). 

The results clearly demonstrated that there was no significant modification in the protein structure percentages, 

indicating that the protein maintained its secondary structure even after conjugation with the nanoparticles, a key 

aspect for its biological applications. Viability assays showed the anti-proliferative efficacy of BEL β-trefoil conjugated 

to AuNPs, providing a cellular surface fluorescence distribution, which was another evidence of its active function in 

recognizing the tumor cells. 

  

Conclusion 

Preliminary data showed the successful formation of AuNP-BEL lectin conjugate, suggesting the immense effects of 

PEG concentration on the conjugation process. Currently, experiments are on-going to explain other aspects related 

to the efficacy and the uptake mechanism of the nanoconjugate systems in the target tumour cells. Overall, this study 

should offer an important advancement in breast cancer therapy and diagnosis, developing new anticancer 

conjugated-AuNPs by a simple and green method. 
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Figure 1 
Results of a) Absorption and b) Circular 

dichroism studies 
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Introduction 

Micelles formed by amphiphilic polymers are one of the most important drug/nanocarrier formulation products, in 

which the core part is suitable for encapsulation of hydrophobic agent whereas the outer shell can be utilized for 

targeting the drug to the disease area. But they may encounter difficulties in biodistribution of encapsulated drugs 

because they have a tendency to be dissociated in dilution or high ionic strength. To overcome this problem, 

covalently stabilized structures produced by cross-linking in core or shell part, which can prevent the micelle 

dissociation and regulate drug release, have been proposed recently. 

  

Experimental Methods 

In this study, we aim to target breast cancer cells by smart core cross-linked (CCL) micelles conjugated to DOX as 

an anticancer agent. These carriers are expected to release conjugated drug by the effect of pH-sensitive hydrazone 

and acetal bonds. At first, macroinitiator of OEGMA was synthesized by RAFT polymerization and it was followed by 

copolymerization of macroCTA with 4-VP and DEGMA in the presence of acetal-based cross-linker. Then, a peptide 

sequence recognizing HER2 on SKBR3 cells was incorporated into the micelle by carbodiimide reaction. Following 

this step, the drug was conjugated to the micelles and hydrazone linkage was formed between drug and carrier. For 

the structural characterization 1H-NMR, 13C-NMR and FTIR were used and the results were confirmed the polymer 

synthesis and cross-linked micelle formation. Size and morphological characterizations were performed by Zeta Sizer 

and TEM, respectively. The release profiles DOX from dox conjugated micelles were performed at different pH 

conditions in vitro, pH 4.5 and pH 7.4 respectively. The efficiency of drug conjugated micelles on SKBR-3 and MCF-

10A cell lines was determined by using cell viability XTT assay. 

  

Results and Discussion 

Analyses showed that micelles with very low size distribution and below 100 nm were obtained successfully. The pH-

dependent release profile of DOX from the dox conjugated crosslinked micelles was %80 and 42 %  at pH 4.5 and 

pH 7.4 respectively. Drug conjugated micelles interacted to SKBR3 and MCF-10A cell lines for toxicity and drug 

efficiency and the results were evaluated. The IC50 values were determined as 0.45;1.07 µM on SKBR3 and 

0.16;0.18 µM on MCF-10A for peptid conjugated-DOX loaded micelles and DOX-loaded micelles, respectively. 

  

Conclusion 

New amphiphilic block copolymers of OEGMA with a functional monomer DEGMA and 4-VP were synthesized via 

RAFT polymerization and crosslinked with acetal base crosslinker. Maleimide-modified anticancer drug DOX 

conjugated with core crosslinked micelles via acid-sensitive bonds. Drug release experiments proved that the DOX-

conjugated micelles have more rapid drug release at acidic environment (pH 4.5). According to in vitro studies, the 

cytotoxicity of peptid conjugated-DOX loaded micelles was higher than free DOX and DOX-conjugated-micelles at 
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the same equivalent concentration of DOX, indicating that peptide-conjugated micelles increase the effect of DOX 

on SKBR-3 cell line. According to this result, the versatility of this smart nanocarrier system is promising in breast 

cancer therapy. 

  

References 

İ.A. İşoğlu, Y. Özsoy, S. İşoğlu, Advances in micelle-based drug delivery: Cross-linked systems, Current Topics in 

Medicinal Chemistry, 2016, Doi: 10.2174/1568026616666161222110600. 

  

Acknowledgement 

This work is supported by the Scientific and Technological Research Council of Turkey (TÜBİTAK), Project Number: 

116R057. Nazende Nur Akşit is supported by YÖK 100/2000 Ph.D. scholarship program and TÜBİTAK 116R057 and 
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Introduction 

The development of smart interfaces that can guide tissue formation is of great importance in the field of regenerative 

medicine. Nanoparticles represent an interesting class of biomaterials to enhance regenerative treatments by 

enabling close control over surface properties and directing cellular responses. Moreover, nanoparticles can be used 

to provide temporally controlled delivery of (multiple) biochemical compounds. Here, we exploited the cargo loading 

and surface functionalization properties of mesoporous silica nanoparticles (MSNs) to design instructive films that 

can guide human mesenchymal stem cell (hMSC) differentiation towards the osteogenic lineage. The aim was to 

form biocompatible, stable MSN-based films that support stem cell adhesion and proliferation. The MSNs porous 

structure was used for delivering dexamethasone (Dex), a known stimulator of osteogenic differentiation. The ability 

of the films to induce the osteogenic differentiation of hMSCs and support their ECM formation in vitro was 

investigated. Furthermore, using lipid surface modifications, MSNs were provided with a fluid-biocompatible surface 

that can simultaneously be used to modulate release kinetics. 

  

Experimental Methods 

Surface and core modified MSNs (amines on the surface and thiols in the core) as well as lipid modified MSNs were 

synthesized using previously reported methods [1-3].  MSN-films were created using spincoating. The MSNs and 

MSN films were characterized by dynamic light scattering, and scanning and transmission electron microscopy. 

Biocompatibility of the films was tested using LDH and DNA quantification. Cargo release from the films was 

measured by incorporating fluorescent dyes or dexamethasone within the MSNs (plate reader, flow cytometry, ALP 

assay). High-throughput cell morphology analysis was done using fluorescent microscopy and image analysis 

(ImageJ). 

  

Results and Discussion 

We developed biocompatible MSN-based films that support stem cell adhesion and proliferation and demonstrated 

that these MSN films allowed efficient local delivery of biomolecules without effecting film integrity. Films loaded with 

the osteogenesis-stimulating drug dexamethasone (Dex) were able to induce osteogenic differentiation of hMSCs in 

vitro. Dex delivery from the films led to increased alkaline phosphatase levels and matrix mineralization compared to 

directly supplementing Dex to the medium. Furthermore, we demonstrated that Dex release kinetics can be 

modulated using surface modifications with supported lipid bilayers. 

  

Conclusion 

In this project we demonstrate the potential of mesoporous silica nanoparticles (MSNs) as drug-delivering surface 

coatings. First, we show differentiation of mesenchymal stem cells towards the bone lineage when in contact with 

MSC films loaded with dexamethasone. Furthermore, we demonstrate that modification of MSNs with supported lipid 

bilayer allows to control the drug release dynamics. Given the range of loadable cargos and the tunability of release 
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kinetics, MSN coatings can be used to mimic the sequential appearance of bioactive factors during tissue 

regeneration, which will ultimately lead to biomaterials with improved bioactivity. 
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Figure 1.  
(A) Viability of hMSCs based on extracellular 

lactate dehydrogenase levels for cells cultured 

on glass (control) or MSN films for 1, 5 and 7 

days. Data shown as mean ± SEM from biological 

triplicates. B) Histograms of calcein uptake, 

determined by fluorescence intensity, from hMSCs 

cultured on MSN films for 2 days, or with MSN 

suspensions. As a negative control, hMSCs were 

cultured on glass without MSNs. C) SEM images of 

hMSCs cultured on MSN films for 2 d. Scale bar 

represents 2 µm, inserts show formation of 

extended filopodia on MSN films. 
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Introduction 

Articular cartilage (AC) defects are common and occur in all ages and sexes. Routine knee arthroscopies reveal that 

65% of the patients present AC defects and more than 500'000 interventions are performed in the USA to treat 

cartilage related-injuries (1). The reconstruction of hyaline-like cartilage remains a major clinical challenge due to its 

limited intrinsic healing capacity. Currently, microfracture is the gold standard for cartilage repair. However, several 

studies showed that microfracture achieved only good clinical outcomes in short-term follow-up. Treatment failure 

was observed in many patients 5 years after surgery (2). In this study, injectable fibrin beads, conjugated with a 

recombinant insulin-like growth factor-1, evaluated to regenerate functional and stable cartilage. IGF-1 is known to 

enhance matrix synthesis of chondrocytes of the surrounding tissue, should protect the synovial membrane from 

chronic inflammation, and stimulate chondrogenesis of MSCs migrating from the subchondral bone to the defect site 

(3). Therefore, this may result in the formation of durable hyaline-like cartilage tissue. Fibrin beads fabricated using 

a microfluidic system, described previously by our group (4). In the first part, the stability and the in vitro compatibility 

of the fibrin beads have been confirmed. In the second part, the regeneration capacity of the fibrin beads will be 

assessed in a full-thickness knee cartilage defect in a goat model. 

  

Experimental Methods 

Fibrin bead preparation 

The fibrin beads fabricated using a microfluidics system (4). Briefly, computer-controlled syringe pumps (neMESYS, 

Germany) were used to adjust flow rates. One microfluidic channel was loaded with an enzyme solution containing 

200 U/mL of human thrombin (Sigma Aldrich, CH), 200 U/mL of factor XIIIa (Fibrogammin, CSL Behring UK) and 10 

mM Ca2+ in tris-buffered saline (TBS) supplemented with a recombinant IGF-1, previously described by our group 

(5). 

Stability testing 

Fibrin beads were incubated at 4°C or 37°C for 1, 3, and 6 months. Fibrin microbeads were produced using fibrinogen 

supplied by Baxter or Milan Analytica (plasminogen depleted fibrinogen). To evaluate the rheological properties, fibrin 

gels with the same fibrinogen concentration as fibrin beads were prepared. Both fibrin beads and gels were incubated 

in PBS at 4°C or 37°C. Samples were visualized under a microscope and characterized with a C-VOR rheometer 

(Bohlin, Germany). 

In vitro experiments 

Bovine chondrocytes from passage 4 used for the cell viability and proliferation assays. Fibrin beads cultured with 

bovine chondrocytes in DMEM supplemented with 10 % FBS and 1 % pen/strep for 14 days. The viability of bovine 

chondrocytes on day 14 was evaluated using Live/Dead staining (Live/Dead Viability/Cytotoxicity Kit, Invitrogen) and 

images were obtained with a Zeiss Axioplan microscope. Bovine chondrocytes proliferation on days 3 and 7 was 

evaluated using AlamarBlue assay. Currently, in vivo experiments are ongoing. 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1666 of 1893 

  

Results and Discussion 

Over 6 months, there was no size and shape difference between the samples kept at 4°C. However, the fibrin beads 

made from the non-depleted fibrinogen (Baxter) had completely degraded after 2 months at 37°C in contrast to the 

fibrin beads made from the plasminogen-depleted fibrinogen (Milan Analytica) (Figure 1A). This complete 

degradation might be resulted  from the plasmin activation at 37°C. Similar observations were obtained for the elastic 

modulus of fibrin beads samples. The elastic modulus of samples kept at 4°C did not change over 6 months. 

However, the elastic modulus of all samples kept at 37°C decreased significantly over 6 months (Figure 1B). Fibrin 

beads made from plasminogen-depleted fibrinogen released about 32% of the initially loaded recombinant IGF-1 

when incubated at 37°C on day 90.  When the cells were incubated with fibrin beads, there was no change in cell 

proliferation rate on days 3 and 7 (Figure 2A). The viability of bovine chondrocytes, incubated with fibrin beads, was 

over 86% on day 14 (Figure 2B). 

  

Conclusion 

In this study, we proposed a fibrin-based injectable that may offer an improved therapeutic potential to regenerate 

cartilage, rather than treating only the symptoms of articular cartilage defects. The preliminary results showed that 

sterile fibrin beads promoted bovine chondrocytes proliferation and viability. The goat study will show us regenerative 

potential of this new injectable. 

  

References 

1. C. Haasper et al., “Tissue engineering of osteochondral constructs in vitro using bioreactors”, Injury, (2008) 39:66-

76 

2. R. Gudas et al., “Comparison of osteochondral autologous transplantation, microfracture, or debridement 

techniques in articular cartilage lesions associated 

with anterior cruciate ligament injury: a prospective study with a 3‐year followup”, Arthroscopy (2013) 29:89-97 

3. D. Goyal et al., “Evidence-based status of microfracture technique: a systematic review of level I and II studies”, 

Arthroscop (2013) 29:1579-1588 

4. Vardar E et al., "Microfluidic production of bioactive fibrin-microbeads embedded in crosslinked collagen used as 

an injectable bulking agent for urinary incontinence treatment", Acta Biomater. (2018) 67:156-166 

5. Vardar E et al., "IGF-1-containing multi-layered collagen-fibrin hybrid scaffolds for bladder tissue engineering", 

Acta Biomater. (2016) 1:75-85 

  

Acknowledgement 

The authors would like to thank the Bioimaging and Optics Platform of EPFL. This research was supported by 

Innosuisse project-27619.1. 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1667 of 1893 

 

Figure 1 
Figure 1. Stability results (A) Fibrin beads 

made from either plasminogen-depleted or non-

depleted fibrinogen incubated in 37°C over 2 

months(B) Elastic modulus values (Pa) of fibrin 

beads incubated 4°C or 37°C for 1, 3, and 

6 months.Scale bars represent 50 μm. 

 

 

Figure 2 
Figure 2. Bovine chondrocytes metabolic activity 

and viability on fibrin beads (A) AlamarBlue 

assay showing metabolic activity of bovine 

chondrocytes on day 3 and 7 after cell seeding. 

AlamarBlue-specific fluorescence values 

were normalized to the ones obtained on day 1 

after cell seeding(B) Live (green) and dead 

(red) staining of bovine chondrocytes 14 days 

after cell seeding.Scale bar represents 50 μm. 
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Introduction 

miRNA therapy against malignancies requires precise release of the cargo miRNA therapeutics to reduce off-target 

adverse effect and to increase intratumoral miRNA dosage.  miRNA-122 (miR-122), an abundant miRNA in normal 

liver tissues, is downregulated in liver cancer where lack of miR-122 promotes carcinogenesis and tumor 

growth.  Controlled release of miR-122 therapeutics in liver cancer is required for possible miR-122 therapy for liver 

cancer. 

  

Experimental Methods 

We synthesized a PEGylated delivery system based on megamer core assembled from low-generation 

polyamidoamine (PAMAM) dendrimers, namely, a biodegradable, oncosensitive, megamer-based (BOMB) 

nanoparticle system.  The BOMB system was evaluated for the functionality of microenvironment targeting and 

stimulated stepwise activation, and was then applied to miR-122 delivery for liver cancer management.  

  

Results and Discussion 

The BOMB system was successfully developed for functional delivery of miRNA therapeutics.  BOMB carrying miR-

122 (BOMB/miR-122) forms a sphere-like nanoparticles, which could be completely biodegraded with stimulus of 

weak acidity and reduction mimicking liver cancer microenvironment.  The BOMB/miR-122 nanoparticles showed an 

excellent responsiveness to stepwise stimulation of low pH and reduction, and efficient cellular uptake and 

internalization in liver cancer cells.  BOMB/miR-122, in conditions like tumor microenvironment, also demonstrated a 

significantly enhanced expression of cargo miR-122, comparable to the effect of positive control treatment (PAMAM 

assembled megamer).  In vivo treatment with BOMB/miR-122 via tail-vein injection significantly inhibited xenograft 

liver cancer growth, benefiting from the controlled release of cargo miR-122 therapeutics with the stepwise activation 

of microenvironment stimulation. 

  

Conclusion 

We successfully developed an advanced delivery system for microenvironment targeted microRNA therapy, which 

can be activatable by stepwise stimulation.  Optimized delivery strategy using the BOMB system raises the possibility 

of clinical practice of miR-122 application. 
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Figure 2 
Figure 2. Functionality characterization. (a) 

Size distributions of PAMAM (second generation, 

G2) dendrimers, G2 dendrimer assembled megamer 

(GSSG megamer core), and BOMB system, and 

corresponding representative transmission 

electron microscopy (TEM) images. (b) Size 

distributions of the BOMB system carrying miR-

122 without stimuli, with acid stimulation, or 

with dual stimulation of weak acidity and 

reduction, and corresponding representative TEM 

images. Bar represents 100 nm. (c) Release 

patterns of mine-122 from the BOMB/miR-122 

nanoparticles with stepwise activation. (d) 

Enhanced cellular intake of the FITC-labelled 

miR-122 (green) via the BOMB system in liver 

cancer cell lines. Bar represents 20 μm. (e) 

Increased intracellular miR-122 expression via 

the BOMB system. (f) Xenograft tumors after 

tail-vein administration of BOMB/miR-122 system 

in vivo. 

 

 

Figure 1 
Figure 1. Schemes of BOMB synthesis (upper 

panel) and stepwise activation and 

biodegradation (lower panel). 
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Introduction 

It has been reported that the mechano-responsive Pad-PC-Pad liposomal system is a container for nitroglycerin 

release at atherosclerotic sites [1]. These liposomes, however, show only limited stability at the body temperature, 

owing to the phospholipid phase transition temperature at 37 °C. Through a longer fatty acyl chain, the phospholipid 

Rad-PC-Rad exhibits its main phase transition temperature at 45 °C and these liposomes preserve their stability for 

the clinically relevant body temperature range [2]. Therefore, we have performed in vitro studies of Rad-PC-Rad. It 

is well known that the intravenous administration of liposomes triggers the immediate activation of the immune 

system, resulting in a hypersensitivity reaction, which is driven by the activation of the complement system and 

consecutive production of pro-inflammatory cytokines. To advance the idea towards clinical applications, we have 

investigated the activation of complement proteins and cytokines upon their contact with human blood. 

  

Experimental Methods 

Rad-PC-Rad lipids were synthetized [2] and liposomes formulated using the thin-film method. Four Rad-PC-Rad 

liposomal formulations, bare and nitroglycerin-loaded, with and without PEGylation, were prepared. Their sizes 

ranged from 100 to 140 nm, as verified by dynamic light scattering. To detect the activation of complement proteins, 

Rad-PC-Rad liposomes were incubated with human sera following the established protocol [3]. Samples were 

analysed using ELISA MicroVue kits (SC5b-9 Plus, C4d, Bb, C3a, C5a). The level of complement activation induced 

by Rad-PC-Rad liposomes was compared to the FDA-approved liposomal drugs Doxil® and AmBisome®. To detect 

the production of pro-inflammatory cytokines, Rad-PC-Rad liposomes were incubated with human whole blood or 

with isolated leukocytes. Samples were analyzed using cytometric bead array tests (IL-1b, IL-6, IL-8, IL-12p70, TNF-

α, IL-10). 

  

Results and Discussion 

From the in vitro immunocompatibility of Rad-PC-Rad liposomes we observed that five donors showed lower or 

similar level of complement proteins in comparison to FDA-approved liposomal drugs. One of six donors, however, 

demonstrated an extreme increase in complement concentration. We identified that the protein activation occurred 

via the alternative pathway. The identification of highly reactive donor motivated further studies. Cytokine release 

allows to estimate the inflammatory properties of the tested liposomes. The effect of Rad-PC-Rad liposomes upon 

production of cytokines was lower or comparable to the negative control. An occasional increase of specific cytokine 

towards particular liposomal suspension was observed. However, such an increase was non-ubiquitous and 

expected to be clinically irrelevant. 
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Conclusion 

The results of our study demonstrate that Rad-PC-Rad liposomes neither cause a substantial activation of the 

complement system nor the production of pro-inflammatory cytokines in the majority of investigated donors’ blood. 

Occasional events, however, can lead to a severe immune response towards Rad-PC-Rad. This behaviour can be 

attributed to the biological variability between donors and requires a number of donors that significantly exceeds the 

one used for the present study. 
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The mechano-responsive Rad-PC-Rad liposomes. 
The mechano-responsive Rad-PC-Rad liposomes, 

designed to deliver vasodilator drug to 

atherosclerotic arteries, demonstrate in vitro 

immune compatibility. [3] 
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Introduction 

Stimuli-responsive systems has been used in biomaterial applications, such as drug delivery, to exert intelligent 

functions. Especially, intracellular condition-responsive systems, e.g., intracellular-reductive condition, acidic pH or 

enzyme responsive systems, offer much attention because they allow for programmed release of drug payloads from 

deliver cargo. In this context, we have fabricated an intracellular-ATP (adenosine triphosphate) responsive polyion 

complex micelle for nucleic acid delivery1-3). We utilized a phenylboronate functionality to induce intracellular ATP 

responsivity. Phenylboronic acid (PBA) is a synthetic molecule capable of forming reversible covalent esters with 

1,2- or 1,3-cis-diols. By forming boronate esters in the PIC core as crosslinkers, the stability of phenylborate-modified 

PIC increased at extracellular condition (or low ATP concentration condition). This feature of high stability at 

extracellular condition is advantageous for drug delivery systems. Whereas their high stability, the PIC micelles 

readily released nucleic acids at high ATP concentrations associated with the intracellular condition (> 1 mM) 

because cis-diol in ATPs underwent exchange reaction with the crosslinking boronate esters. 

In this study, we have carefully analyzed their responsivity against bio-molecules possessing cis-diol moieties to 

reveal their unique behavior. 

  

Experimental Methods 

Firstly, fluorescently-labeled siRNA were loaded into polyion complex micelles with phenylboronate functionality 

according to our previous report3). Various ATP-like bio-molecules, e.g., ADP (adenosine diphosphate), AMP 

(adenosine monophosphate), adenosine, cAMP (cyclic-AMP), glucose and G6P (glucose-6-phosphate), were added 

to the PIC micelle at desired concentrations and incubated for 1 h. The released siRNA was analyzed by FCS 

(fluorescence correlation spectroscopy). 

  

Results and Discussion 

As we reported previously, high ATP concentration caused siRNA release after incubation. Compared with ATP, 

glucose and cAMP, which have cis-diol moiety with lower binding constant with PBA group and no cis-diol moiety, 

respectively, didn’t induce release of siRNA even at the highest concentration. ADP, AMP and adenosine with 

reduced phosphate moiety compared with ATP showed less activities for siRNA release, though they originally have 

the same binding constant with PBA. These results indicate that cis-diol moiety with comparable binding affinity to 

ATP (or ribose ring) is the initial key factor to induce siRNA release from PIC micelle. Additionally, coupled anionic 

phosphate group boosts siRNA release may be because their negative charges unbalance the charge stoichiometry 

of PIC micelles. This hypothesis were further confirmed by the addition of phosphorylated glucose, G6P, which has 

comparable binding affinity to “less active” glucose in expectation of the enhancement of siRNA release activity by 

the phosphorylation. As we expected, G6P induced release of siRNA at higher concentration. 
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Conclusion 

In this study, we clarified the ATP-responsive mechanism in phenylboronate functionalized-PIC micelles. The bio-

molecule responsivity study revealed that (1) the cis-diol group with higher binding affinity with PBA group induced 

and (2) the number of anionic charges in the molecule boosted the release of siRNA in this system. As a result, ATP 

with tri-phosphate is the most active molecules to induce siRNA release among the tested molecules. Thus, we 

conclude that ATP is the main inducer for intracellular release of siRNA in this system. 
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Scheme of this study 
Schematic illustration of ATP-responsive release 

of siRNA and chemical formula of tested ATP-like 

bio-molecules. 
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Introduction 

Hybrid nanoparticles represent an efficient strategy in designing specific nanomaterials with multiple properties. 

Magnetite and silver hybrid nanoparticles (Fe3O4@Ag NPs) present promising applications in the biomedical field, 

due to the combination of superparamagnetic behavior of magnetite nanoparticles (Fe3O4 NPs) and antibacterial 

properties of silver nanoparticles (AgNPs), promoting a targeted and efficient treatment of infectious diseases. In this 

work, the functionality and biocompatibility of hybrid Fe3O4@Ag NPs were further improved by their coating with 

thiolated chitosan (TCS). Chitosan is a biocompatible polymer. The presence of TCS coating on the surface of 

Fe3O4@Ag NPs enables the insertion of nitric oxide (NO) moieties. NO is has antitumor and antibacterial effects. 

  

Experimental Methods 

Fe3O4 NPs were synthesized by the co-precipitation method of Fe(II) and Fe(III). Ag+ ions were reduced on the 

surface of Fe3O4 NPs, using green tea extract, leading to the formation of Fe3O4@Ag NPs. Fe3O4@Ag NPs were 

coated with TCS, leading to Fe3O4@Ag/TCS NPs, and sodium nitrite was used to nitrosate thiol groups of TCS 

leading to S-NO moieties (Fe3O4@Ag/CS-NO), which act as NO donor nanoparticle. The obtained Fe3O4@Ag/TCS 

NPs were characterized by different techniques, including X-ray diffraction (XRD), X-ray photoelectron spectroscopy 

(XPS), scanning electron microscopy (SEM), atomic force microscopy (AFM), dynamic light scattering (DLS), 

thermogravimetric analysis (TGA) and magnetization measurements. The antibacterial properties of the Fe3O4@Ag 

NPs, Fe3O4@Ag/TCS NPs and Fe3O4@Ag/CS-NO NPs were evaluated against Staphylococcus aureus, 

Streptococcus mutans and Escherichia coli bacterial strains. The cytotoxicity of the nanoparticles was evaluated 

against prostate cancer (PC3) and osteosarcoma (MG63) cell lines. 

  

Results and Discussion 

Fe3O4 NPs were synthesized by co-precipitation of Fe(II) Fe(III), and Ag+ ions were reduced using green tea extract, 

which also acts as capping agent, leading to Fe3O4@Ag NPs. FTIR indicated the presence of characteristic 

phytochemical derived from green tea on the surface of Fe3O4@Ag NPs. XRD results with Rietveld refinement 

indicated the formation of Fe3O4@Ag NPs, with a percentage of 87% (w/w) of Fe3O4 and 13% of AgNPs in the hybrid 

structure. SEM and AFM analyses indicated a spherical morphology for Fe3O4@Ag/TCS NPs, and EDS supported 

the data obtained from XRD and XPS, besides demonstrating the presence of thiol groups present on the TCS 

coating. AFM analyses showed that the average size of the nanoparticles was 52.4 ± 1 nm, which is in accordance 

to the hydrodynamic size obtained by DLS measurements. TGA analysis proved the presence of TCS coating onto 

nanoparticle surface, presenting 3% of TCS (w/w) in Fe3O4@Ag/TCS NPs. Magnetization measurements revealed a 

superparamagnetic behavior for both Fe3O4@Ag NPs and Fe3O4@Ag/TCS NPs, with magnetization saturation 

values of 56.1 emu g-1 and 52.9 emu g-1, respectively, suitable for targeted biomedical applications. Fe3O4@Ag/CS-
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NO NPs showed a release of 1.2 mol g-1 of NO, concentration in which NO may have antibacterial and antitumorigenic 

properties. The antibacterial activity of Fe3O4@Ag NPs, Fe3O4@Ag/TCS NPs and Fe3O4@Ag/CS-NO NPs were 

investigated, and results indicated an improved antibacterial effect for Fe3O4@Ag/CS-NO NPs. Fe3O4@Ag/CS-NO 

NPs demonstrated a bacteriostatic effect against S. aureus and S mutans and bactericidal activity against E. coli, as 

time-kill curves indicated total death of all colonies after 2 h incubated with Fe3O4@Ag/CS-NO NPs. The cytotoxicity 

effects of the nanoparticles against both tumoral cell lines were enhanced by the functionalization with NO donors 

onto the surface of the nanoparticles (Fe3O4@Ag/CS-NO NPs). This might be due to a synergistic effect of AgNPs 

and NO. 

  

Conclusion 

The results indicated the synthesis of hybrid Fe3O4@Ag NPs via a green route, an efficient coating of the nanoparticle 

surface with NO. Fe3O4@Ag/TCS NPs presented spherical morphology, with preserved magnetic properties, suitable 

for targeted biomedical applications. Fe3O4@Ag/CS-NO NPs showed enhanced antibacterial and antitumorigenic 

properties. NO-releasing chitosan coated nanoparticles indicated potential results for future medical applications 

(Figure 1). 
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Introduction 

Osteoporosis, a metabolic disease characterized by low bone mass and increased susceptibility to fractures, remains 

a major global public health issue as it affects a substantial percentage of the elderly population. Bone is a composite 

tissue that constantly undergoes remodelling through coordinated bone resorption and formation performed by 

osteoclasts and osteoblasts, respectively. 

Almost all bone cells have been showed to secrete exosomes, which are extracellular membrane nanovesicles of 

30 to 100 nanometer size, that carry specific protein, mRNA and miRNA cargo. Bone-derived exosomes are 

considered to be essential for intercellular communication between bone cells playing a critical role in bone 

remodelling regulating osteogenesis and osteoclastogenesis.  Receptor activator of nuclear factor-κB ligand 

(RANKL), a member of the TNF superfamily, constitutes the master regulator of osteoclast formation and bone 

resorption. Exosomes carrying RANKL or its receptor RANK have been suggested to regulate bone remodelling by 

interfering with osteoblast-osteoclast interactions.  Whether exosomes are, however, essential mediators of bone 

homeostasis needs to be further addressed. Apart from their contribution to physiological processes, lately, 

exosomes have been correlated with several pathological conditions, and thus can be utilized as potential tools for 

diagnosis (biomarkers), prevention of disease (e.g. nanovaccines), and therapy (target drug and/or gene delivery 

nanosystems), as well as, theranostics.  

This project aims to compare the relative abundance of exosomes in femurs (either whole or flushed to remove bone 

marrow) between wild-type mice and osteoporotic mouse models, and further compare their molecular cargo and 

surface composition. Our group has recently established novel genetic models of osteoporosis by expression of 

human RANKL in transgenic mice. TgRANKL mice develop a severe osteoporotic phenotype with features of 

increased osteoclastogenesis, severe trabecular bone loss, cortical porosity and bone marrow adiposity. 

  

Experimental Methods 

Exosome isolation from wild-type or transgenic femurs was performed via sequential ultracentrifugation, while the 

identification of exosomes in pellet fractions was done by Western blot analysis using antibodies against exosomal 

proteins such as CD9. 

  

Results and Discussion 

After optimization of the ultracentrifuge conditions, our results demonstrated the presence of the CD9 exosomal 

marker both in wild-type and TgRANKL femur extracts. The isolation of exosomes will be validated through scanning 

electron microscopy (SEM). Furthermore, a comparative analysis on the composition of bone-derived exosomes 
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through qPCR for selected miRNAs and proteomic analysis for protein identification, will possibly identify 

osteoporosis-specific exosomes in TgRANKL mice. 

  

Conclusion 

Bone-derived exosomes during osteoporosis could lead to the identification of novel regulatory mechanisms in 

disease pathogenesis, while bioengineered exosomes can be utilized to target and control drug delivery specifically 

at the skeletal system in order to reverse osteoporosis. 
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Introduction 

Materials with porous architecture have been developed for drug delivery systems1,2. Mesoporous nanoparticles 

(MSNs) with pore sizes in the range of 2–50nm have attracted significant attention due to their enhanced textural 

properties, such as high specific surface area and pore volume, and uniform pore size distribution3. Silica-based 

MSNs are potential drug carriers due to their ordered and homogeneous pore network, which allows fine control of 

the drug load and release kinetics. This class of materials also provides a high pore volume to host the required 

amount of pharmaceuticals and high surface area, which implies high potential for drug adsorption. Moreover, the 

ionic dissolution products from mesoporous glasses, such as Si and Ca, stimulate the expression of osteoblastic 

cells and angiogenesis, which leads to the formation of strong bonds with the human bone4. Many trace elements in 

the human body such as Mg are known for their anabolic effects on bone metabolism5. Hence, Mg-containing calcium 

silicate MSNs, such as akermanite, provide promising properties for use as a bioactive mesoporous drug carrier3. 

The aim of this study was the synthesis of silica-based MSNs and the evaluation of the effect of their composition on 

structural properties, hemolytic activity and antimicrobial properties. 

  

Experimental Methods 

The synthesis of silica-based MSNs, SiO2 (MS1), SiO2CaO (60 and 40%mol respectively) (MS2) and Ca2MgSi2O7 

(Akermanite) (MS3), was achieved by sol–gel method, with some modification using cetyltrimethylammonium 

bromide (CTAB) as structure-directing agent. The final molar ratios were 1TEOS/0.3CTAB/10ethanol/14HCl/150H2O. 

Eventually, all samples were dried at 100°C and calcined at 600°C for 5h to remove the surfactant template3. The 

characterization of the samples was performed by X-ray diffraction (XRD) and Fourier transform infrared 

spectroscopy (FTIR), while their mesoporous characteristics, were determined by N2 adsorption/desorption at -

196oC, using the Brunauer–Emmett–Teller (BET) and Brunauer-Joyner-Halenda (BJH) methods. Their antibacterial 

properties on seven bacterial strains and hemolytic properties at body and fever temperature (37oC, 41oC) were also 

evaluated. 

  

Results and Discussion 

The N2 adsorption step of MS1 and MS2 exhibit a IV(a) type and the desorption step (hysterysis loop) is between H1 

and H2(a) (Fig.1), according to the updated IUPAC classification7. These types of adsorption isotherms are typical 

of mesoporous materials, in which capillary condensation of N2 within the pores is accompanied by hysteresis. The 
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desorption isotherms are also typical of mesoporous materials with uniform mesopores affected by some structural 

features and are representative of silica gels, porous glasses and other ordered mesoporous materials. The pore 

size (width) distribution exceeds in the range of 1.4-10nm and 1.5-7nm for MS1 and MS2 respectively, being in the 

relatively small mesopore size range. The specific surface area of MS1 and MS2 nanoparticles was 858 and 

1028m2/g, the pore volume 1.03 and 0.96cm3/g, and the average pore size 5 and 3nm, respectively. On the other 

hand, the MS3 particles show a type IV(b) adsorption isotherm(Fig.1), which also represents an ordered mesoporous 

structure but with pores of smaller size, uniform dimensions and narrow size distribution. The pore size distribution 

of MS3 was in the range of 1.2–3.6nm with an average value of 2.2 nm. No hysterysis during desorption is observed, 

while the specific surface area and pore volume was 1203m2/g and 0.80cm3/g respectively. These results suggested 

that the MS3 possessed slightly more uniform mesopores of smaller size compared to MS1 and MS28. 

The FTIR spectra of all MSNs presented the characteristic bands of amorphous silicate glasses. XRD patterns 

revealed the presence of amorphous glasses. A large degree of inhibition was not observed in any of the bacteria 

when challenged with any of the three antimicrobial compounds. Statistically significant (P<0.05) decreases in growth 

rate were observed in Bacillus cereus exposed to MS1 and MS3 (86 and 91% of the control value respectively) and 

Salmonellaenterica serovar Enteritidis exposed to MS3 (79% of the control value). Large significant increases in lag 

phase or decreases in maximum optical density were not observed with any combination of bacteria and 

antimicrobials. The haemolytic analysis of MSNs on Red blood cells at body and fever temperature revealed no 

hemolytic activity in dosages up to 2000mg/ml. This indicates that all MSNs provided good hemocompatibility, which 

is essential for their applications in bone tissue engineering. 

  

Conclusion 

Three different MSNs were successfully synthesized with typical mesoporous structure. Different compositions 

affected the pore structure and size distribution, and the surface area of the samples. Due to the high surface area 

of all MSNs and their good hemocompatibility, they can be suggested in various tissue engineering processes, such 

as controlled drug delivery. 
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Introduction 

Current research in bone tissue engineering focuses on hybrid composite materials providing sufficient mechanical 

stability to the defect site and simultaneously acting as release systems for drugs supporting osteogenesis. Purinergic 

receptors (P2X and P2Y) have been found to influence the osteogenic differentiation of human mesenchymal stem 

cells (hMSC) and induced pluripotent stem cells (iPSC). Corresponding receptor ligands inducing and/or conducting 

osteogenic differentiation have also been identified. [1,2] Controlled release of those ligands from hybrid scaffolds 

aims for guided stem cell differentiation and ultimately, enhanced healing of large bone defects. 

For years, polysaccharides have been used in drug delivery applications. [3] Mainly marine derived polymers such 

as alginate and chitosan are widely incorporated into release systems as gels and capsules. Carrageenans, derived 

from algae, are also able to form stable gels, beads, and capsules and are being used widely as thickeners in food 

industry. Lignin, a by-product of the pulp and paper industry, is on the rise for biomedical application. [4] Here, 

lignosulfonates can be used as components for multilayered polyelectrolytic systems. 

  

Experimental Methods 

In this work, we present two ways to sustain the release of hydrophilic model ligands ATP and suramin. One approach 

is the mineralization of alginate beads with in situ precipitated hydroxyapatite. Drugs are loaded during encapsulation 

and mineralization and are then being released into aqueous media over the course of several days. The second 

approach is a layer-by-layer coating of alginate or carrageenan capsules with chitosan and lignosulfonate. The drugs 

are incorporated into the template capsules and released into aqueous media after coating with the polymeric 

polyelectrolyte layers. Beads are characterized via optical microscopy, light scattering, surface charge, and scanning 

electron microscopy. Release is monitored via UV-Vis spectroscopy. 

  

Results and Discussion 

Mineralization of alginate beads slows down drug release from about 100% in 12 hours to around 60% in 12 hours 

(burst release) and a sustained behaviour up to 70% over 3 days. This can be attributed to a interaction of the calcium 

phosphate particles and the ionic drugs in the carrier system. Polyelectrolyte layers also reduced the burst and overall 

release, building a "charge-barrier" that slowed down diffusion of ionic drugs. 

  

Conclusion 

Drug release of hydrophilic substances into aqueous media is challenging due to fast diffusion out of the delivery 

device. By modifying the carrier (with a ceramic filler or by adding polyelectrolytic layers from biopolymers) we were 

able to decrease both burst release and overall release over the course of several days. Further research is needed 

in order to apply this technique to other drugs and other materials as well. 
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Introduction 
The most common systems for protein drug delivery utilize oral application or direct injection. However, these systems 

are restricted as some drugs are erroneously absorbed via the gastrointestinal tract or need site-specific dosing. 

Moreover, high unphysiological dosages must be applied for some drugs to achieve significant effects but often cause 

serious side effects. Due to these limitations new delivery systems are developed employing e.g. implantable drug 

delivery systems composed of scaffolds carrying immobilized proteins on their surface1. Different methods are known 

to immobilize proteins. However, it is still challenging to maintain a high protein activity2. 

One method to couple proteins on various surfaces is the click chemistry via mild reaction conditions. Using a 

technique called codon-usage expansion, artificial amino acids can be integrated into every position of the protein 

sequence during protein synthesis. Their functional groups enable site‐specific protein immobilization using an 

orthogonal reaction. One suitable artificial amino acid for this technique is a lysine‐derivate synthesized with a 

norbornene-functionality. These proteins are then immobilized on tetrazine-modified surfaces3. 

  

Experimental Methods 

Norbornene-lysine synthesis 

5-norbornene-2-methylen-chloroformate was synthesized by activation of commercially available norbornene-2-

methanol with nitrophenylchloroformate. N‐α‐trifluoroacetyl‐ʟ‐lysine methyl ester was synthesized by a two-step 

reaction starting with L‐lysin-methyl ester dihydrochloride. The synthesis and purification of final artificial amino acid 

was done according to the literature3. All reaction products were analyzed by NMR. 

  

Protein Expression 

JM109 bacteria were double transformed with the pN25-RFP vector and a plasmid, which encodes for a tRNA being 

complementary to the amber-codon and the corresponding tRNA-synthetase. Bacteria are plated on ampicillin plates 

and incubated over night at 37°C. Colonies grown over night are picked and transferred to TB‐medium. Protein 

expression is initiated by addition of the artificial amino acid and isopropyl β-D-1-thiogalactopyranoside (IPTG). For 

protein purification the bacteria are lysed and proteins purified by fast protein liquid chromatography (FPLC). As the 

expressed protein is insoluble denaturing conditions must be applied to enable purification. This step damages the 

protein structure a subsequent refolding step is necessary to recover protein functionality. 

  

Results and Discussion 

For the first experiments a fluorescent protein is used as prove of concept to establish all basic methods. Later on, 

this system should be transferred to different target proteins.    

According to the NMR results the synthesis of the norbornene-modified lysine was successful.    

Expression of norbornene modified RFP (NR-RFP) is only possible after addition of the artificial amino acid, as its 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1684 of 1893 

integration is already encoded by the DNA sequence. Afterwards, successful refolding could be detected by 

fluorescence measurements. The refolded protein will be used to establish the coupling reaction with a tetrazine 

modified polymeric scaffold. 

One possible target protein would be bone morphogenetic protein 2 (BMP2), immobilized on a graft by click chemistry 

to treat bone defects. This protein has the capability to induce the formation of bone tissue and thus is already in 

clinical use. However, too high BMP2 concentrations are needed to improve bone healing. Because of this high 

protein doses patients suffer from severe side effects like inflammation and ectopic bone formation4. Hence, 

immobilization of BMP2 on a scaffold would enable the use of lower doses avoiding the side effects and improve the 

healing process. 

  

Conclusion 

Synthesis of a norbornene-functionalized lysine derivate is done by a five steps reaction. Moreover, by expanding 

the bacterial genetic-code this artificial amino acid is integrated in the desired protein. This modified RFP can then 

be used for click reaction to functionalize polymeric scaffolds. 
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Introduction 

The 2,3-dialdehyde cellulose (DAC), obtained by selective oxidation of cellulose by periodate, was shown to be a 

highly effective crosslinking agent for poly(vinyl alcohol) (PVA).1 However, to determine its biocompatibility and how 

the properties of the resulting hydrogels can be engineered for various biomaterial applications, additional study was 

needed. 

  

Experimental Methods 

Initially, cellulose was oxidized by sodium periodate (1 : 1.2 molar ratio) for 72h and subsequently solubilized at 80 

°C for 7 h. The PVA/DAC hydrogels were prepared by mixing dissolved PVA with different amount of solubilized 

crosslinker (0.5 – 1.5 wt% of DAC) in the presence of acid. Mechanical (Young’s modulus, stress vs. strain), 

viscoelastic (storage and loss modulus, damping factor) and surface properties (BET analysis, SEM micrographs) of 

prepared PVA/DAC hydrogels were evaluated. Hydrogels were also characterized in the terms of their network 

parameters (swelling capacity, equilibrium water content, gel fraction, average molecular weight between crosslinks, 

crosslink density. Biological study of PVA/DAC hydrogels was performed according to ISO10993 and included 

evaluation of cytotoxicity of extracts and drug-loaded hydrogels (MTT assay), as well as direct contact test. Tests 

were performed on healthy immortalized human keratinocyte cell line (HaCaT) and mouse embryonic fibroblast cell 

line (NIH/3T3). The drug-release from PVA/DAC hydrogels was investigated with respect to the mesh density and 

size and charge of released molecules (ibuprofen, rutin, phenanthriplatin). Cytotoxicity of phenathriplatin-loaded 

hydrogels was evaluated using adenocarcinomic human alveolar basal epithelial cell line A549. 

  

Results and Discussion 

Properties of prepared hydrogels can be engineered from stiff substances suitable for artificial cartilages (prepared 

using 1-1.5 wt.% DAC) to soft and highly porous viscoelastic gels capable of holding large amounts of water (0.5 

wt% DAC), convenient for various pharmaceutical applications as drug delivery depots.Moreover, the PVA/DAC 

hydrogels were found to be superior in terms of mechanical characteristics and specific surface area (more than 

twice larger dynamic modulus and surface area) to analogical material prepared using glutaraldehyde, probably due 

to the macromolecular character of DAC and resulting two-phase network topology of PVA/DAC hydrogels.1,2  

Biological evaluation revealed good biocompatibility and no observable toxicity. The available drug release rates 

range from very fast (2 hours) for relatively small and negatively charged molecules of ibuprofen loaded into the most 

sparsely crosslinked hydrogel (0.5 wt.% of DAC) to rather slow (96 hours) for larger and neutral molecules of rutin 

loaded in hydrogels prepared using 1.5 wt% of DAC. Positively charged phenanthriplatin had slowest initial release 

rates, but was completely released already within 48h. Hydrogels loaded with phenanthriplatin were found to be 

effective against A549 adenocarcinoma cell line. 
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Conclusion 

Overall, the DAC provides sustainable, more effective and less toxic alternative to currently used synthetic 

crosslinking agents. Properties of biocompatible PVA/DAC hydrogels can be adjusted for wide spectrum of potential 

applications such as drug-delivery depots, artificial implants or dermal patches and masks. Results also demonstrate 

the potential of PVA/DAC hydrogels for anticancer drug-delivery, e.g. for localized release of chemotherapeutics after 

tumor resection. 
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Introduction 

The purpose of the work was to select the most suitable sterilization method and demonstrate its applicability for an 

implant intended for therapeutics delivery. The device should fulfil essential requirements, such as mechanical and 

chemical stability in physiological environment during treatment of a disease or during their lifespan, and then be 

explanted or gradually degraded. In order to guarantee proper operation of such systems, especially in the case of 

their complex configuration or multifunctional tasks of the implant (e.g. active medical devices), besides selection of 

biomaterials and involved manufacturing processes, the designer should also consider potential sterilization method. 

Validation of selected sterilization technique in terms of its effectiveness, reliability and reproducibility is the 

prerequisite the manufacturer demonstrates to the notifying authorities in order to prove microbiological safety of the 

device.1 Reduction of the bioburden on and in the device to Sterility Assurance Level (SAL) 10‐6 is required. 

  

Experimental Methods 

The theoretical approach to selection of potentially applicable sterilization methods is based on the knowledge of 

properties of the polymeric materials comprising the device of bio-electronic implant intended for therapeutics delivery 

from genetically engineered cells stimulated by light, the complexity of its design and presence of sensitive 

components or subsystems (Fig. 1)2,3. The device should be provided sterile for cells loading, therefore terminal 

sterilization of manufactured implant or aseptic processing of pre-sterilized components may be applied. Validation 

of ethylene oxide sterilization method for the device under development was accomplished by overkill approach. 

  

Results and Discussion 

Approach to selection of a sterilization technique should begin on screening materials, components and systems 

included comprising the device. If all of those can withstand high temperature, a dry hot air or moisturised air methods 

may be the first choice. The complex shapes and inner elements are also heated, thus the device is entirely sterilized. 

Encompassed electronics as well as the presence of optically functional polymers, e.g. opacity induction, eliminate 

thermal methods of sterilization.     As low-temperature method, radiation may be considered. Either electron beam 

or gamma rays are highly penetrable and provide sterility of the entire implant, not only its surface, which is especially 

appropriate for complicated shapes or porous materials. Nevertheless, the energy may cause polymer degradation 

and induces severe deterioration of embedded electronics.     Plasma-hydrogen peroxide may be considered, and 

applied as effective surface sterilization method, also for devices encompassing electronic systems. Surfaces not 

resistant to highly oxidative environment may be altered. Yet, ISO standards have not been developed for plasma 

method.     Ethylene oxide (EO) sterilization is commonly utilized for polymers and combined materials. Since the 

method can be applied for optics and electronics it was selected for current optogenetic implant. Beside rapid 

pressure changes, a dissolution of the gas (highly toxic) in the polymeric biomaterial and possible chemical reactions 

with the polymer should be examined in details. 
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Conclusion 

Process Qualification at validation of EO sterilization method was demonstrated by application of sub-lethal, half and 

full sterilization cycles with the use of biological indicators confined in the cell chamber of the optogenetic implant. 
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Fig. 1 
A concept of wireless-powered cell-based implant 

for therapeutic delivery.2 
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Introduction 

Doxorubicin (DOX), a well-known chemotherapeutic drug used to treat several cancers evoke severe adverse side 

effects and hypersensitivity reactions [1]. DOX is known to eliminate fast dividing cells by intercalating with DNA, 

however, it also kills the lymphohematopoietic precursor cells resulting in leukocytopenia and thrombocytopenia. We 

have earlier shown that DOX encapsulated in biomimetic nanocarriers mitigate the coagulation cascade induced by 

the drug and suppress platelet activation [2]. In this study, we aim to co-deliver an immunosuppressive glucocorticoid 

drug dexamethasone (Dex) and DOX and evaluate their impact on the thromboinflammatory activity and anti-tumor 

immunity. Dex is currently used as a co-medication in chemotherapy and act as an antiemetic that helps to alleviate 

the toxic side effects of chemotherapy. In this study, we have engineered hyaluronan (HA) derived nanoparticles 

capable of sequential delivery of Dex and DOX and evaluated their bioactivity in human cancer cells and primary 

murine macrophages. 

  

Experimental Methods 

We have engineered HA-derived nanocarrier by a supramolecular approach by conjugating dexamethasone on the 

carbodihydrazide modified hyaluronic acid (HA-CDH) by hydrazone chemistry. In the first step, the conjugation of 

carbodihydrazide (CDH) on hyaluronic acid was carried out by carbodiimide coupling chemistry. The degree of 

hydrazide modification and dexamethasone conjugation was determined using trinitrobenzene sulfonic acid (TNBS) 

assay in Shimadzu UV-3600 plus UV-VIS-NIR spectrophotometer. The HA-Dex was characterized by 1H NMR 

spectroscopy. The HA-Dex micelle was loaded with DOX following a reverse-micelle strategy and the drug loading 

and encapsulation efficiency was quantified by using FLS1000 Photoluminescence spectrometer and UV 

measurement at 485 nm (molar extinction coefficient, Ɛ485 = 11,500 M-1 cm-1). The in-vitro DOX released from the 

HA-Dex-DOX NPs was analyzed by the dialysis method using simulated body fluid (SBF) as the release 

medium. The cytotoxicity of HA-Dex and HA-Dex-DOX NPs were assessed by MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 

5-diphenyltetrazolium bromide) assay in three different human cell lines, namely, MG63 (osteosarcoma), HCT116 

(colorectal carcinoma) and MCF7 (breast adenocarcinoma). The role of cell surface CD44 receptors on cellular 

uptake of HA-DEX-DOX NPs was proved by fluorescence-activated cell sorting (FACS) analysis and fluorescence 

microscopy. The HA-Dex-DOX NPs evoked immunosuppressive property to prevent systemic toxicity elicited by DOX 

was examined by hematological studies in non-anticoagulated human whole blood. 

  

Results and Discussion 

We have designed a novel nanocarrier loaded with DOX and Dex (HA-NP) having hydrodynamic size 252 nm as 

measured by dynamic light scattering (DLS) experiment. The amount of Dex and DOX-loaded in HA-NPs was found 

to be 5.2% and 4.6 % by moles respectively. Our designed HA-Dex-DOX NPs exhibited sustained release of only 

10.6% of DOX after 96 hours with near zero-order kinetics while we observed a burst release of free DOX (79%) 
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within 24 hours. Effectively our nanocarrier could prevent the premature release of DOX and minimize off-target 

effects. The HCT116 and MG63 cells which possess higher CD44 receptors displayed higher cytotoxicity than MCF-

7. The hemocompatibility study demonstrated that the HA-NPs evoked immunosuppressive properties on DOX 

mediated platelet aggregation and activation of the complement and coagulation cascade in fresh non-anticoagulated 

human whole blood from healthy donors. 

  

Conclusion 

Our synthesized NPs specifically target the tumor cells and macrophages expressing high levels of HA-receptor 

CD44 and facilitated apoptosis of the tumor cells. We have evaluated the effect of drug loaded HA-NPs on human 

non-anticoagulated whole blood using the chandler-loop method. This study reveals that HA-NP mitigated the drug-

mediated complement and coagulation cascade and suppressed platelet aggregation. Thus, a stable and innocuous 

HA-derived nanoparticle system is designed that could effectively target CD44 receptors overexpressed on human 

cancers and mitigate the systemic immune activation and may augment local anti-tumor immunity. 
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Introduction 

Wound healing is a complex and fragile process. Failure to progress in the stages of wound healing can lead to 

chronic wounds. Chronic wounds do not show any healing tendency after 8 weeks of professional treatment. Most 

patients suffer from the consequences of a wound healing disorder for months or even years. The healing process 

usually stagnates in the inflammatory phase. Modern wound dressings are not specifically designed for the 

regeneration of certain wound types in defined wound healing phases, but are based solely on symptomatic 

treatment. Although the induction of vessel formation by growth factors has been proven in the literature as an 

essential part of wound healing in animal models, initial experiments with such factors have so far been only 

successful to a limited extent. This is mainly due to the uncontrolled release of active substances during local (topical) 

application and certainly also due to the lack of the possibility of being able to release various active substances in a 

controlled manner over a longer period of time in accordance with natural wound healing. 

Therefore, a wound dressing that releases relevant growth factors directly into the wound area is necessary. In 

contrast to foam dressings, fiber-based textile structures represent a special form of drug delivery systems because 

of the possibility to realize large surfaces for the release with simultaneously smaller carrier matrix quantities. 

Due to its hemostatic effects and cationic antibacterial character the biopolymer chitosan (CS) is regarded as an 

extremely promising matrix for targeted time-dependent release of active ingredients. Therefore, a textile wound 

dressing is developed, which consists of CS fibers that are functionalized with a model substance (horse radish 

peroxidase, HRP) to realize a targeted release profile which should enable growth factor delivery into the wound area 

for seven days. 

  

Experimental Methods 

Chitosans with different degrees of acetylation were processed into foils and spun into fibers. The influence of degree 

of acetylation, foil thickness, loading time and loading quantity on release kinetics of the model substance HRP were 

investigated. For this purpose, CS foils were loaded with HRP by diffusion. Then, release kinetics were quantified 

photometrically. In addition, HRP was covalently bound to chitosan foils and fibers by carboxyl-to-amine crosslinking 

using the carbodiimide EDC and Sulfo-NHS. HRP release profiles during degradation by lysoszym were investigated. 

In analogy to the experiments with HRP, chitosan fibers were functionalized with VEGF. These CS-VEGF fibers then 

were processed into 3D porous textile wound covers. Release profiles of VEGF from those fiber-based samples over 

7 days are currently being investigated in an in vitro wound model and the results will be presented at the ESB. 

  

Results and Discussion 

Initial experiments with CS foils showed that for loading with HRP by diffusion a loading time of 1 h is sufficient. 

Furthermore, layer thickness and degree of deacetylation have no influence on loading characteristics. 
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Functionalisation of CS foils and fibres with HRP by crosslinking with EDC/NHS results in covalent coupling of the 

enzyme to the CS matrix without any influence of HRP activity monitored by substrate turnover after incubation for 7 

days in PBS. Monitoring the release of HRP from HRP-CS-crosslinked foils or fibres during degradation of CS by 0.5 

mg/ml of lysozyme (lysozyme concentration in serum during acute phase: 3,3 mg/ml) over 7 days showed a strong 

influence of deacetylation level on HRP release. After an initial burst release (12 h), HRP is continuously released 

from the chitosan foils with 80 % of deacetylation over 7 days. In contrast, HRP release from chitosan foils with 90% 

deacetylation was much lower even with higher amounts of the degrading enzyme lysozyme (20 mg/ml). 

  

Conclusion 

Using crosslinking of HRP to CS foils and fibres with different percentages of deacetylation a targeted drug release 

profile for chronic wound care was established successfully. 
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Introduction 

One of the most common hereditary craniofacial anomalies in humans are cleft lips, cleft alveolar bone with or without 

cleft palate. Clinically, the augmentation of the persisting alveolar bone defect, called alveolar cleft osteoplasty, is 

performed by using autologous bone grafts. The accompanying disadvantages are leading to an intensive search for 

alternatives [1]. Objective of the present study was the in vivo application of 3D printed and simultaneously tissue 

engineered bone grafts and their evaluation regarding the potential to promote osseous defect healing [2]. 

  

Experimental Methods 

Scaffolds were designed according to the particular defect geometry and produced by 3D printing of a calcium 

phosphate cement paste (Innotere Paste CPC, Innotere) under mild conditions. An open pore design could be 

achieved by 60° rotation of the strand orientation of consecutive layers during the printing process. Afterwards the 

pores were immediately infiltrated by a hydrogel (Tissuecol, Baxter) containing murine mesenchymal stromal cells. 

Artificial bone defects with a diameter of 3.3 mm were created surgically in the palate of 16 adult Lewis rats. Each 

defect was augmented with one bone graft. After 6 and 12 weeks, microCT and histology analysis to quantify the 

remaining defect width and bone formation were performed. 

  

Results and Discussion 

The clinical application of all bone grafts was easy and their fitting very good. 12 of 16 rats completed the study. 

Histology showed a homogenous and continuing bone formation occurring from the defect margins. After 6 weeks 

healing time new bone formation measured 82.426 µm2 ± 30.960 µm2 (mean ± SD) and after 12 weeks 251.639 µm2 

± 41.827 µm2. No complete osseous defect healing was observed and the remaining defect width was 2.998 µm 

±137 µm (mean ± SD) after 12 weeks. The cell-laden hydrogel was not detectable after 6 or 12 weeks anymore, 

whereas the cement part of the scaffolds showed no signs of resorption. 

  

Conclusion 

3D printing of calcium phosphate cement paste in combination with a MSC-laden hydrogel is suitable for building 

scaffolds, which fit exactly into an artificial alveolar defect. As a next step the simultaneous printing of both 

components as well as further modifications of the scaffold materials are planned. One option could be the application 
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of combinations of CPC and mesoporous bioactive glass composites to improve the in vivo resorbability of the 

scaffold [3]. 

The creation of a 3D printed and tissue engineered bone graft for alveolar cleft osteoplasty could preserve patients 

from donor site morbidity. 
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Introduction 

Osteoporosis (OP) is a worldwide disease with a substantial incidence in aged population. It is characterized by a 

low bone mass due to microarchitectural and structural deterioration of bone tissue, that leads to enhanced bone 

fragility and consequent increase in fracture risk.1 The extracellular matrix (ECM) of OP bones undergoes important 

modifications with changes in protein content and chemical structure that lead to an increase in mineral/matrix 

ratio.2 In the frame of the ERC project BOOST, which aims to develop and 3D print a scaffold mimicking human bone, 

we matched different morphological and structural approaches and techniques to acquire a wide-ranging knowledge 

of healthy and OP bone structure. 

  

Experimental Methods 

Human femoral and humeral heads, discarded during surgical interventions on orthopaedic patients (healthy and 

osteoporotic), have been harvested. Histological staining, immunohistochemistry and western blotting analyses have 

been executed to evaluate differences in bone tissue morphology and expression of the main ECM components (i.e. 

Collagen Type I, TGF-β, IGF-1, Osteocalcin, Osteopontin, Decorin and Bone Sialoprotein-2). Raman spectroscopy 

and X-ray diffraction (XRD) analysis have been performed to investigate the bone matrix organization and the 

structure of the inorganic phase, respectively. Furthermore, bone samples have been subjected to micro-computed 

tomography (micro-CT) analysis to study the overall 3D trabecular organisation as well as its tissue mineral density. 

  

Results and Discussion 

Micro-CT and histological staining showed a narrowing of OP bone trabeculae. Furthermore, OP bone trabeculae 

resulted to have a preferential orientation and a lower interconnection, probably due to a loss of transversal 

trabeculae (Fig.1A). Micro-CT analysis revealed also an increased tissue mineral density for OP samples, indicative 

of an increased inorganic phase amount. This result was also confirmed by XRD analysis that detected an increase 

of hydroxyapatite crystal size in the OP bone. Moreover, both histological observation and Raman spectroscopy 

suggested a less organized structure in OP tissue at the nanoscale in comparison to healthy one. Histological 

analysis revealed indeed a disordered tissue morphology (Fig.1B), while Raman spectroscopy detected an increased 

contribution of random coil configuration of ECM proteins. In addition, western blotting identified the appropriate ratio 

of the main proteins in bone ECM, whilst immunohistochemistry defined their correct localization. 

  

Conclusion 

Biological and chemical/physical techniques allowed a detailed investigation of the structure and composition of 

healthy and OP bone. From the results obtained through these analyses, it is possible to affirm that OP bone presents 

an altered structure and morphology at both the microscopic and the nanometric scale. The knowledge of the healthy 
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and OP bone features is mandatory for the development of biomimetic 3D-scaffolds with a suitable architecture and 

a punctual localization of molecules to favour a correct bone remodelling. Studies are also ongoing for the setting up 

of appropriate biomaterials suitable for the 3D printing process of BOOST smart scaffolds. 
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3D reconstruction and histological 

representation of OP bone 
A) 3D micro-CT representation of an OP bone 

sample. Circled in red the not-bridging 

transversal trabeculae; B) Histological section 

(H&E) of bone tissue in OP subject showing the 

irregular morphology of lamellae. 
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Introduction 

Currently, osteosarcoma is the most common bone cancer which mainly affects young people. Surgical resection of 

tumor followed by chemotherapy for micro-metastasis inhibition constitutes the current standard procedure to cure 

65% of osteosarcoma cases. However, chemotherapy treatment uses pharmacological agents with the effect of 

blocking cell proliferation, without any distinction between healthy and cancer cells. In recent years, several studies 

have focused the attention on the use of Photodynamic Therapy (PDT) as minimally invasive therapeutic procedure 

that can apply a selective cytotoxic activity toward cancer cells [1]. In this context, we propose the use of 2D substrate 

based on few-layer black phosphorous (2D bP) as an alternative tool for osteosarcoma treatment and report how 2D 

bP can inhibit cancer cell proliferation and in the same time to stimulate newly forming bone tissue generation after 

osteosarcoma resection [2] without photothermal treatment. In our study, we have developed an in vitro model to 

evaluate the efficacy of 2D bP material with and without near-infrared light irradiation treatment on healthy (HOb, 

hMSC) and cancer (Saos-2) cells and we also propose an in vitro co-culture model (SAOS-2 and HOb cell lines) in 

order to study the effect of 2D bP on inflammatory response related to cancer. 

  

Experimental Methods 

The biological studies were performed to investigate the effect of 2D bP on cell proliferation and osteogenic 

differentiation of human healthy (hMSC and HOb) and cancer cells (SAOS-2) with and without near-infrared 

irradiation treatment (NIR). The cell morphology was evaluated by scanning electron microscopy, confocal 

microscopy and hematoxylin-eosin staining. The biocompatibility and osteogenic differentiation were checked in vitro 

by Alamar blue assay and ALP activity, respectively. Furthermore, the reactive oxygen species (ROS) production 

was evaluated with and w/o NIR treatment by in vitro model inflammation. Moreover, the effect of 2D bP on 

inflammatory response through pro and anti-inflammatory cytokine investigations on co-culture model consisting of 

SAOS-2 and HOb, was also investigated. 

  

Results and Discussion 

Our investigations suggested that NIR had no effect on HOb proliferation because 2D bP without NIR stimulation 

promoted the HOb viability with the best expression of early marker of osteogenic differentiation at day14, thus 

inducing higher proliferation values than control. Conversely, 2D bP with and without NIR, induced a significant 

reduction in SAOS-2 proliferation and inhibition of ALP activity. Furthermore, 2D bP is able to increase 

antinflammatory cytokines generation on co-culture model and to inhibit pro-inflammatory mediator synthesis thus 

suggesting the opportunity to prevent cancer-related inflammation. This study demonstrated that 2D bP enhances 

the growth and osteogenic differentiation of human healthy cells (HOb and hMSC) and inhibits the proliferation of 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1699 of 1893 

osteosarcoma cells (SAOS-2) without NIR treatment. The inhibition of cell proliferation (SAOS-2) of 2D bP reveals 

its antinflammatory activity on an in vitro co-culture model of cancer-related inflammation. 

  

Conclusion 

The role of exfoliated black phosphorous (2D bP) as a substrate for an experimental in vitro model of osteosarcoma 

(SAOS-2) was investigated. Its effect was also analyzed on healthy bone derived cell line (HOb) in order to test its 

potential toxicity on tumor-surrounded tissue. The beneficial effects of 2D bP, from one side the enhancement of 

HOb growth and the osteogenic differentiation, in the other side the inhibition of SAOS-2 proliferation by blocking 

inflammatory processes without any photothermal treatment, prompt the application of 2D bP as a highly promising 

candidate for bone biomedical applications. 
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Introduction 

Osteoporosis (OP) is a common systemic metabolic osteopathy characterized by decreased bone mass per unit 

volume and changes in bone microstructure, which is common in postmenopausal women and elderly men. The 

serious consequence of osteoporosis is osteoporosis fractures (brittle fractures), which may occur even after minor 

trauma or during daily activities. After fracture, biomaterials are needed to aid in bone formation. Once the scaffolds 

entrance in vivo, biomaterials undergo modifications as a result of endogenous proteins adsorbed on their surface, 

which determines the interaction between the materials and the cells. The formation of protein corona is affected by 

various factors, such as the physical and chemical properties of materials, protein source, protein concentration and 

so on. Cytokines are continuously secreted during cell culture, and then influence cell - cell interactions. Osteoblast 

(OB) and Osteoclast (OC) are the most common bone-associated cell, which can coordinate the dynamic balance of 

bone formation and bone resorption. The study of osteoblast and osteoclast co-culture is helpful to explore the 

process of bone remodeling, especially to have a comprehensive understanding of bone metabolic diseases. Hence, 

we established a system of osteoblast and osteoclast co-culture to study the effect of specific cytokines secreted by 

osteoblasts and osteoclasts on the formation of protein corona onto the surface of biomaterials at different dynamic 

culture times, which might explore how does the different material specific adsorption of proteins on the surface affect 

the communication between osteoblast and osteoclast and the relationship of dynamic process of the osteoporosis. 

  

Experimental Methods 

In this article, the magnetic hydroxyapatite scaffolds and hydroxyapatite scaffolds were selected as different potential 

bone substitutes. At the first, the osteoporosis model was established by removing ovaries of SD rats and analyzed 

by micro CT. Then primary osteoblasts and bone marrow mononuclear cells (induced as osteoclasts by adding 

cytokines) were isolated and extracted under the condition of osteoporosis. We inoculated osteoblasts and 

osteoclasts on hydroxyapatite and magnetic hydroxyapatite scaffolds, and the effects of magnetic hydroxyapatite 

and hydroxyapatite scaffolds on cell behavior and protein corona formed on their surface were studied at 1 d, 4 d, 

and 7 d under co-culture conditions. The CCK8 kit was used to test the proliferation of osteoblasts and osteoclasts, 

tartrate acid phosphatase staining was used to the formation of osteoclasts, and the formation of dynamic protein 

corona was systematically studied by bicinchoninic acid protein assay kit, sodium dodecyl sulfate polyacrylamide gel 

electrophoresis. 

  

Results and Discussion 

The micro CT results showed that the osteoporosis model was successfully constructed. Tartrate acid phosphatase 

staining proved that mononuclear cells of bone marrow could be induced into osteoclasts by cytokine induction for 6 

days. We successfully established the osteoporosis model and isolated osteoblasts and osteoclasts from the model 

animals. The CCK8 results showed that the MHA scaffold promoted osteoblasts proliferation. The results of the 
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bicinchoninic acid protein assay kit and sodium dodecyl sulfate polyacrylamide gel electrophoresis showed that there 

were no distinct differences in the total amount of protein adsorption, but the composition of the proteins significantly 

changed (Fig 1.). 

  

Conclusion 

Under the osteoblast/osteoclast co-culture system, osteoblasts and osteoclasts continuously secreted biomolecules, 

which caused dynamic changes of protein corona on the surface of bone repair scaffolds, and the analysis of dynamic 

protein corona may be helpful to reveal the internal relationship between osteogenesis and osteoclast in the process 

of osteoporosis. 
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Fig. 1. Osteoporosis osteoblasts- osteoclasts co-culture system 

and the dynamic protein corona of hy 
A) Micro-CT images of the distal femurs OVX osteoporosis model; B) 

CCK-8 assay for proliferation of primary osteoblasts on HA and MHA 

scaffolds for 2, 4 and 6 days in osteoblasts /osteoclasts co-

cultured system. C) The amount of adsorbed proteins on HA and MHA 

scaffolds by the BCA assay in osteoblasts /osteoclasts co-cultured 

for different time; D) SDS-PAGE gel (12%) of the dynamic protein 

corona obtained from HA and MHA in osteoblasts /osteoclasts co-

cultured for different time. 
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Introduction 

Back pain has been found to be the leading cause of disability worldwide, affecting 8 out of 10 adults (1). One of the 

major causes of back pain has been identified to be intervertebral disc (IVD) degeneration. The disc being the largest 

avascular tissue in the body, it relies primarily on the nutritional pathways from the adjacent vertebral endplates 

(VEPs) (2). 

The VEPs are characterized as a bilayer of cartilage and bone, which acts as a boundary between the IVD and the 

vertebral bone (3). Previous work done by Lotz et al. has shown the presence of an intricate network of vascular 

canals in the VEP through which nutrients are carried to the IVD and waste products are removed (4). However, the 

variance of structural properties of the VEP at different spinal levels and the quantitative evaluation of these canals 

throughout the spine are yet to be carried out. 

The aim of this work is to use non-invasive imaging technology, micro-computerized tomography (micro-CT), 

combined with ScanIP to enable the structural characterization of the VEP and the 3D investigation of this intricate 

canal network. 

  

Experimental Methods 

VEPs were sampled from mature sheep spines and sectioned into a grid as shown in Figure 1a. Caudal and cranial 

VEP sections were sampled from lumbar ovine spines and imaged in wet conditions using high-resolution micro-CT 

at 4.92 µm pixel size.  CTAnalyser was used to reconstruct the images to compare different regions of the VEP, as 

shown in Figure 1b.  Thickness, porosity, bone mineral density, curvature and number of openings at the disc 

boundary were measured for VEPs at spinal levels L1 to L3 for both caudal and cranial sides. ImageJ and ScanIP 

(Simpleware, Synopsys Inc., USA) was then used to create 3D rendered volumes of the canal network found in the 

VEP using the reconstructed micro-CT images using segmentation and flood fill to isolate the vascular network. 

Centrelines were added and enabled the quantitative analysis (diameter, length, orientation and connectivity) of 

individual canal. 

  

Results and Discussion 

Figure 1b shows thinner VEP layer with a greater concentration of pores at the central regions of the VEP (region of 

interest marked R7) whereas a thicker layer with fewer pores were seen at R4 on the periphery. The average 

thickness of the 6 VEP samples from the central region was 0.57 ± 0.18 mm and 1.22 ± 0.23 mm for peripheral region 

samples. The trabecular structure underlying the VEP at all locations was found to be similar. 

A table of comparative analysis was generated to compare the trends observed (Figure 2a), where the arrow points 

towards the location with higher value for the given property. For example, thickness is higher in cranial regions than 

caudal regions but decreases from L1 to L3 down the spine. The extracted 3D network was shown to consist of a 

bed of canals running almost parallel to the disc, as shown in Figure 2b. 
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The 3D rendered images obtained from ScanIP, shown in Figure 2c enabled the measurement of length, diameter 

and orientation of individual canals and the proposal of schematic diagrams for the blood supply network in the VEP 

adjacent to the central and peripheral regions of the disc. 

  

Conclusion 

This work demonstrates that micro-CT, coupled with ScanIP is an extremely useful tool for the structural 

characterization of the VEP and quantitative analysis of the 3D vascular network. It shows the direct correlation 

between the architectural structure, concentration of vascular canals and their location with respect to the central or 

peripheral regions of the disc. The next steps will be the comparison of the network in VEP adjacent to degenerated 

discs to understand the relationship between disc degeneration and the nutritional pathway to the disc. 
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Figure 1 
The sectioning of samples and locations of 

regions of interest are shown in (a) and microCT 

images showing differences in terms of thickness 

and porosity between samples from centre and 

periphery of a caudal VEP at L3 shown in 

(b)       

 

Figure 2 
Figure 2(a) shows comparative table between the 

structural properties of the VEP measured at 

different locations, (b) shows an example of the 

differences in thickness across ROIs in the VEP, 

(c) shows the isolation of the 3D network and 

(d) shows centerlines used to characterise the 

individual canals. 
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Introduction 

Bone substitute Materials (BSM) are important for regeneration of lost bone tissues. Currently, the autologous bone 

remains the “gold standard” in this area of application because of its well proven osteogenic, osteoinductive and 

osteoconductive properties. However, the application of autologous bone materials, requires a parallel surgery to 

gain the bone tissue. This might be associated with a variety of clinic complications. Therefore, BMS plays an 

important role in clinic implantology in particular in dental surgery. BMS derived from human or animal (allogeneic or 

xenogeneic) is obtained from the hydroxyapatite (HA)-based bone matrix of the donor tissues. Synthetic BSM are 

mostly composed of HA and b-tricalcium phosphate (b-TCP) which are often failed to replace the biological functions 

from the natural matrix due to the lack of organic component from extracellular matrix in particular the collagen. 

Additionally, synthetic BSM has significantly different structural properties compared to the natural bone, leading to 

less support of the bone regeneration. Thus, the development of collagen-based BMS as scaffolds is an important 

issue. 

Collagen has been extensively studied since more than a century as one of the most widely applied biomaterials in 

clinic practice and research fields. Dried collagen sponges have been used as hemostatic wound dressing or soft 

tissue filler in surgical treatments. Collagen from different animal derived materials e.g. bovine and porcine skin, 

pericardium are commonly used. Mostly commercially available collagen (for research) is isolated via extraction using 

low concentrated acidic solutions such as acetic acid, citric acid. This procedure delivers collagen with high purity of 

the isolated triple helical molecules. The acidic extraction procedure has different drawback such as (1) long duration 

of up to 3 weeks (2) low yield of only soluble collagen molecules. Insoluble large collagen fibers are in the residual 

material; (3) random acidic hydrolysis of the collagens resulting in coexisting of collagen molecules and undefinable 

collagen peptides. 

In this study we developed collagen-based foam materials as BSM for dental surgery. The main advantages of the 

physical processing procedure established in this study compared to conventional acidic collagen extraction are (1) 

short processing time; (2) Use of collagen fibrils (not soluble collagen molecules) with higher efficiency; (3) Very good 

foamability and collagen foam can be directly used as scaffold for cell cultivation and potentially as BSM without 

further processing; (4) high density of the collagen of up to 50 mg/cm3compared to the classical collagen products 

(e.g. rat tail tendon is normally available as solution with a concentration of 3-6 mg/ml). 
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Experimental Methods 

Collagen foam preparation 

Raw material (bovine/porcine) dried split skin is rinsed in acidic solution. The wetted skin is mechanically 

homogenized to a collagen-suspension. Based on the selection of tools and power of the homogenisator, the fiber 

size is in the range of 10 to 50 µm. The suspension is then foamed using a foam generator.  

Foam characterization 

Dynamic foam analysis (DFA 100, Krüss) was applied to measure the bubble size and bubble distribution. Cryo-FIB-

SEM: Cryo FIBSEM was performed to evaluate the structure of the foam and the assembly of the collagen fiber/fibrils 

in the foam scaffold. 

Biocompatibility test 

Resazurin assay test with L929 fibroblasts cell culture was applied to prove the biocompatibility of the prepared 

collagen foams. The test delivers information about the viability of cells in contact with the collagen foam quantitatively 

determined by measuring the fluorescence. 

  

Results and Discussion 

The prepared collagen foams have a density of 10 to 50 mg/cm3 depending on the adjusted process conditions. The 

foams are homogeneously prepared in relatively large volume (200 cm3) with a bubble size distribution from 20 to 80 

µm depending on the density of the collagen foams. The foam properties such as bubble size, visoc-elastic 

characteristics and density can be controlled by adjusting of the process parameters. The foams can be easily stored 

either at room temperature or cooled in refrigerator without destruction. The simulated storage stability test at 30 °C 

degrees showed no dissolving or destruction of the collagen foam even incubated in PBS solution for 21 days. L929 

fibroblasts showed very good activity as measured by resazurin assay similar to that of fibroblasts cultivated in the 

tissue treated cell culture dishes used as a control. First functional study with osteoblasts has been performed and 

evaluation of the data is still under processing. 

  

Conclusion 

The foam might be applied as an injectable dental BSM. If compared to the commercially available injectable gel the 

collagen foam could be produced in a simple process and the foams showed more natural ECM-properties. The 

Process could be easily upscaled for industrial process.  

  

Acknowledgement 

The authors would like to thank the group of intelligent surfaces at Reutlingen University. The project is financially 

supported by the program "ZIM Kooperationsprojekt ZF4585501AW8 vom Bundesministerium für Wirtschaft und 

Technologie".  

  

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1706 of 1893 

PS2-12-438 

In vitro and in vivo investigation on artificial extracellular matrices for 

bone regeneration 

Sabine Schulze1,2, Yvonne Förster1,2, Christin Neuber3, Suzanne Manthey1,2, Annett Wenke1,2, Ute 

Hempel4, Jens Pietzsch3,5, Stefan Rammelt1,6 

1University Hospital Dresden, UniversityCenter for Orthopedics and Trauma Surgery, Dresden, DE; 2Medical 

Faculty, TU Dresden, Centre for Translational Bone, Joint and Soft Tissue Research, Dresden, DE; 3Helmholtz-

Zentrum Dresden-Rossendorf, Institute of Radiopharmaceutical Cancer Research, Department 

Radiopharmaceutical and Chemical Biology, Dresden, DE; 4Medical Faculty, TU Dresden, Institute for 

Physiological Chemistry, Dresden, DE; 5Technische Universität Dresden, Faculty of Chemistry and Food 

Chemistry, Dresden, DE; 6DFG-Center for Regenerative Therapies Dresden, Dresden, DE 

 
Introduction 

Treatment of critical size bone defects after trauma, infection or tumour resection is particularly sophisticated [1]. The 

same applies for fracture healing or osseointegration of implants in patients with impaired bone healing due to cancer 

or metabolic diseases. Administration of growth factors achieved considerable progress in bone regeneration. 

However, the results are not yet reproducible despite substantially increased treatment costs. Adjuvant approaches 

pursue biomaterials to stimulate bone healing either by enhancing new bone formation or by inhibiting 

osteoclastogenesis. 

A promising strategy is to strengthen biomaterials by modification with components of the extracellular matrix (ECM). 

The ECM mediates adhesion, migration, proliferation and differentiation of cells and thus orchestrates processes that 

are essential for healing. In bone healing, ECM suppots the maturation of mesenchymal precursor cells into 

osteoblasts, which contribute to regeneration through synthesis of the organic bone matrix and its mineralization [2]. 

Therefore, artificial ECM (aECM) entered the focus of research on bone healing and osseointegration of implants. 

Here, the impact of sulfated glycosaminoglycan derivatives (sGAG), i.e. sulfated hyaluronan and chondroitin sulfate 

(CS) on osteoblasts and osteoclasts, respectively, was investigated in vitro and in vivo. 

  

Experimental Methods 

Bone fragments and blood samples were obtained from patients who either suffered from diabetic neuropathy or 

posttraumatic osteoarthritis during reconstructive foot and ankle surgery. Osteoblasts were isolated from bone 

fragments. Monocytes were isolated from patient’s blood and differentiated into osteoclasts. sGAG-related alterations 

in osteogenic differentiation were investigated by qPCR. Osteoclastogenesis with and without sGAG was analysed 

by using a quantitative resorption assay. The expression of osteoclast-specific genes was determined by qPCR. 

The impact of sGAG on bone regeneration was also examined in critical size defects in rats. sGAG-coated PCL 

scaffolds were implanted in femoral defects. Alteration in cytokine pattern and bone volume were analysed using 

microdialysis and µCT. 

  

Results and Discussion 

sGAG altered the expression of RUNX2, osteocalcin and alkaline phosphatase. In patients suffering from 

osteoarthritis but with otherwise physiological bone metabolism the expression of these bone-specific genes was 

induced by sGAG in comparison to osteoblasts from diabetic patients. Osteoclasts derived from blood samples of 

diabetic patients revealed massive resorption activity which was, but this was significantly decreased by sGAG. 
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sGAG-coated implants caused an altered cytokine release and faster bridging of critical size bone defects, as seen 

in vivo in rats. 

  

Conclusion 

Sulfated glycosaminoglycans (sGAG) display osteogenic properties and simultaneously inhibit osteoclastic bone 

resorption Reduced osteoclast activity together with activated osteogenesis can lead to improved bone healing. 

These findings are in keeping with earlier reports [3, 4]. sGAG appear to partially offset the impaired balance of bone 

resorption and formation in diabetic patients. 
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Introduction 

Orthopedic implants are designed to mediate the healing of bone fractures. An extensive research field in 

regenerative medicine is to study the impact of invasive electrical stimulation - the irritation of the tissue / cells by 

applied electric fields. The mechanism of interaction of cells upon electrical stimulation, in particular the role of 

electrical parameters like intensity, frequency, duration, of the electric field) to cell physiological processes, is not yet 

understood. 

In the current in vitro study, we investigated the effect of electrical stimulation on osteoblast adhesion and growth. 

For the study, a commercially available multi-channel system (IonOptix) as a model system was used. In addition to 

the in vitro studies, we determined physical and electrical stimulation parameter. 

Electric field stimulation opens up new possibilities to optimize healing processes. 

  

Experimental Methods 

For electrical irritation, a multi-channel electrical stimulator – a voltage generator and 12-well C (culture)-Dish (C-

Pace EM, (IonOptix, Milton, MA) – were used as model system. The pair of graphite electrodes (distance 11 mm) 

were located from the lid to the bottom of the 12-well plate (Greiner) and thus directly contacted with culture medium. 

This system generates rectangular electronic bipolar pulses for electrical stimulation with the frequencies 0.01 to 99 

Hz, pulse duration of 0.4–10 ms, and a peak voltage of up to ± 40 V. The connection of the generator to the electrodes 

via a thin cable allows the stimulation of the cells in the incubator. 

The influence of the electric fields on the media was characterized by determining the temperature and the pH ranges. 

Moreover, the applied electric field strength was evaluated by means of numerical simulations for a voltage of 1V. 

The cell biological investigations were performed with human osteoblasts MG-63 (passage number 5 to 30, ATCC® 

CRL-1427™, Bethesda, USA) [1]. The osteoblasts were cultured in DMEM (Dulbecco’s Modified Eagle Medium; 

Thermo Fisher Scientific, Waltham, MA USA) with FCS (10 % fetal calf serum; Biochrom FCS Superior, Merck KGaA, 

Darmstadt, Germany) and antibiotics (1% Gentamicin; Ratiopharm GmbH, Ulm, Germany) in incubator under 

standard culture conditions (5% CO2/95% air at 37 °C). The cell experiments were studied by microscopy (FE-SEM, 

cLSM) and flow cytometry within 24 h. 

  

Results and Discussion 

The physical experiments to analyze the media under electrical stimulation (15 min) revealed no change in pH or 

temperature up to 10 V. 

The numerical simulation of the electric field distribution between the two electrodes for a voltage of 1V indicated that 

the cells are exerted to a field with roughly homogeneous distribution about 90 V/m (Fig. 1). For greater voltages this 

value is expected to change linearly w.r.t the voltage. 
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The first cell experiments with electrical stimulation (10 min) indicated an influence on the initial adhesion and growth 

of the MG-63 osteoblasts. These effects were found preferentially for electric fields above 100 V/m. 

Ercan and Webster [2] could show, using a similar stimulation system, that low voltages promote the proliferation of 

osteoblasts. 

  

Conclusion 

The results suggest that the impact of electrical stimulation may improve osteoblast behavior. The use of electrical 

stimulation has the potential for novel therapeutic treatment for various medical applications. 

  

References 

[1] S. Staehlke et al., Cell Biol Int. 2019; 43: 22-32. 

[2] B. Ercan and T.J. Webster, Int J Nanomedicine 2008; 3: 477-485. 

  

Acknowledgement 

This research was supported by the German Research Foundation (DFG) within the Collaborative Research Centre 

1270 ELAINE. 

  

 

Fig. 1: 
Electric field distribution between the 

electrodes for 1V. Contour lines indicate the 

area with a more or less homogeneous field 

distribution. 
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Introduction 

Bone replacement for critical sized defetcts after infection or cancer debridement is a major issue in bone surgery. 

Therefore, the aim of the presented work is the development of a biodegradable implant material which can combat 

bacterial infection and support the formation of new bone at the same time. 

  

Experimental Methods 

In a first step nano- and macroporous bioactive glass scaffolds are produced by a sponge replica method. A 

polyurethane sponge is soaked with a precursor solution containing TEOS, as a silica source, ethanol, water, 

hydrochloric acid and F127 as structure directing agent. Additionally, it is possible to add a calcium source. After 

coating and drying the initial sponge is removed together with the SDA by calcination at 600 °C [1]. For improved 

mechanical stability of the scaffolds these are coated with biodegradable polymers, like chitosan or a mixture of 

chitosan and gelatin. For a further functionalization the nanopores can be loaded with antibacterial agents like silver 

nanoparticles. Another option is the delivery growth factors like bone morphogenetic 2 (BMP2). The materials are 

characterized via scanning and transmission electron microscopy, X-ray diffraction, sorption experiments and X-ray 

microscopy. Biocompatibility is tested in cell culture investigations with primary osteoblasts. Antibacterial efficiency 

ist investigated with S. oralis in suspension. 

  

Results and Discussion 

The sponge replicas show nanopores of about 5 to 6 nm and open macropore structure. The nanopores of the 

replicas were loaded with silver nanoparticles as antibacterial agent. They show an antibacterial effect against S. 

oralis. The polymer coatings lead to increased mechanical stability while the macropore structure was maintained. 

Additionally, it was possible to deliver the bone growth factor BMP2 at different levels. First in-vitro investigations of 

the  base materials with human osteoblasts showed a good general biocompatibility. 

  

Conclusion 

The developed multifunctional scaffolds are promising candidates for an effective bone replacement material. 
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Introduction 

Xenograft materials such as processed bovine bones bear structural and morphological similarities to human bone1. 

Despite being a cheaper alternative to synthetic biomaterials, significant risks of disease transmission in xenografts 

have limited their potential for widespread use as a bone replacement material. Hydroxyapatite (HA) has been the 

widely explored choice of bone analogue biomaterial due to its bioactivity and biocompatibility2. There have been 

several studies aimed at extracting hydroxyapatite from bovine bones (BHA) but often used processing methods 

entailing high production costs1. A previous study by our research group developed a xenograft from NZ sourced 

bovine cancellous bones using a simple, cost-effective subcritical water extraction (SCWE) process to produce BHA. 

The prion-free material exhibited excellent physicochemical properties and biocompatibility3. However, a decline in 

compressive mechanical properties of the bovine bone were inevitable due to the loss of collagen, major component 

of the bone’s organic matrix due to the sintering temperature used in the processing. The present study investigated 

the effect of chitosan infiltration into the prepared BHA scaffolds aimed at restoring the latter’s mechanical properties. 

Changes the physicochemical and biological properties were also evaluated. 

  

Experimental Methods 

The BHA scaffolds were prepared according to our previous study by Ratnayake et al3were used as controls. The 

Chitosan/Hydroxyapatite scaffolds (CS-HA) were prepared according to the protocol by Huang et al4.Briefly, 2 wt.% 

of low molecular weight chitosan (CS) was dissolved in 0.1M acetic acid under constant stirring. The BHA cubes 

were soaked in the CS solution under ultrasonic vibration for 15min to encourage infiltration of CS. The soaked 

scaffolds (CSHA) were then air-dried for 12h to reduce pore blockage by dripping out the excess CS and dried in a 

vacuum oven at 50˚C overnight to produce a uniform coating of chitosan on both interior and the exterior surfaces of 

the scaffolds.  

The scaffolds (BHA & CSHA) were characterized using SEM, µCT, EDX, XRD and FTIR analyses to evaluate the 

physicochemical properties. In vitro chemical stability (pH changes) and degradation behaviour of the scaffolds (n=3) 

were tested by immersing them in simulated body fluid (SBF) (T= 37˚C, pH 7.4) for 21 days. An Instron 3369 universal 

testing machine operating with a 500N load cell was used to evaluate the compressive mechanical properties of the 

scaffolds (n=9). The scaffolds (n=3) were also characterized using Live/Dead® assay to evaluate in vitro cellular 

biocompatibility on osteoblast-like SaOS-2 cells. All statistical results, interpreted using GraphPad Prism were 

considered significant at P<0.05. 

  

Results and Discussion 

The SEM and µCT analyses of BHA and CSHA scaffolds showed an interconnected open porous structure with pore 

sizes ranging from 120µm-530µm optimal for osteoconductivity5 comparable to commercial products such as 
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Cerabone®6.  Characteristic vibrational peaks of HA and CS were observed in CSHA scaffolds confirmed the 

infiltration of CS into the BHA scaffolds supported by results of the EDX analysis. The presence of HA phase in BHA 

& CSHA were also confirmed by XRD. CSHA scaffolds demonstrated satisfactory chemical stability and degradation 

behaviour required for a biomaterial when immersed in SBF (no significant difference with BHA). We observed the 

compressive strength of the CSHA scaffolds doubled and Young’s modulus, nearly thrice as much as the BHA 

scaffolds. The results were found to be statistically significant and the mechanical properties of CSHA scaffolds were 

comparable to that of trabecular bones7. Live/Dead® assay showed improved cell viability on CSHA scaffolds over 

the observed period of 72h. 

  

Conclusion 

The infiltration of chitosan produced significant improvements in the mechanical properties and biocompatibility of 

the BHA scaffolds prepared by the SCWE process. The present study hence provides a simple, cost-effective 

methodology to produce mechanically reinforced xenograft HA biocomposite scaffolds sourced from New Zealand 

bovine cancellous bones suitable for applications in bone tissue engineering. 
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Compressive Mechanical Properties of the 

prepared BHA & CSHA scaffolds 
Compressive Mechanical Properties of BHA & CSHA 

scaffolds. Bars in graph reported as ± standard 

error of means. *-P<0.05 **-P<0.01 

 

 

Scanning Electron Micrographs of BHA & CSHA 

scaffolds showing interconnected porosity 

 

 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1715 of 1893 

PS2-12-442 

Development of Injectable Bone Composites for Biomedical and 

Surgical Applications 

Dhivyaa Anandan1, Ankita Das2, Arunai Nambiraj1, Amit K. Jaiswal1 

1Vellore Institute of Technology (VIT), Centre for Biomaterials, Cellular and Molecular Theranostics (CBCMT), 

Vellore, IN; 2Vellore Institute of Technology (VIT), School of BioSciences and Biotechnology (SBST), Vellore, IN 

 
Introduction 

Tissue engineering and regenerative medicine is becoming the new standard for treatments, especially bone tissue 

engineering [1]. With the drawbacks in the current treatment methods like bone grafts and metallic implants, 

researchers and clinicians are looking for treatment methods that are economical, easy to fabricate and non-toxic 

[2]. Presently, there are a lot of studies focusing on fabrication of scaffolds for bone tissue engineering but there are 

few studies supporting the formulation of bone composites that can be used in different forms for various effective 

treatments [3-11]. This study aims at fabricating a composite that can be used as bone adhesive, bone cement and/or 

a scaffold to carry drugs for regeneration purposes. These novel bone adhesive biomaterials will provide an easy 

and rapid method to fixate fractures without the need for removal after bone healing. 

  

Experimental Methods 

The bone composite here is being formulated using a natural polymer, namely carboxymethyl cellulose, 

hydroxyapatite, citric acid and calcium nitrate tetrahydrate (CNTH). The study not only focused on fabricating a 

unique combination to form a bone composite but also focuses on a comparative analysis of different concentrations 

of components in composite structure being formulated for different biomedical and surgical application. The optimum 

concentration of the composite has been decided based on the sample that gives the minimum setting and hardening 

time, higher compression time and lower degradable properties. Accordingly, the samples have been further 

characterized. s. The composites have been evaluated based on their swelling studies, mechanical testing, as well 

as subjected to Fourier transform infrared microscopy (FT-IR), X-ray diffraction (XRD). Biocompatibility of the 

optimised scaffolds with optimum citric acid and calcium nitrate tetrahydrate compositions were analysed using 

osteosarcoma (MG63) cells. Also the cell adherence to the scaffolds was checked by fixing them and checking their 

morphology using scanning electron microscopy. 

  

Results and Discussion 

FT-IR peaks corresponding to carboxylic acid salt and nitrate ions had appeared, which confirms that citric acid and 

CNTH helped in crosslinking the whole structure. XRD spectra showed that presence of CNTH did not interfere with 

the structure of hydroxyapatite. Setting time and hardening time were found to be the minimum for composites 

containing CNTH, which means that CNTH serves to be an accelerator in setting and hardening of the composite, 

which is very significant in terms of bone cement applications. However, degradation was found to be higher for 

composite structures containing CNTH. Also, CNTH containing composite structures had a higher swelling degree 

(at the end of 72 hours) compared to composite structures without CNTH. Even though CNTH helps in accelerating 

the process of setting and hardening, it had some deleterious effect in terms of the degradation and swelling 

properties. Mechanical strength of the composite structures was measured at three different conditions, set state 

(immediately after setting), dry state (after hardening) and wet state (hardened structures immersed in PBS for 24 
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hours). In all these states, composite structures with CNTH had the higher compressive strength respectively. The 

cytotoxicity evaluation was performed using MTT assay using osteosarcoma (MG63) cells and composites were 

found to be non-toxic with a high proliferation rate. 

  

Conclusion 

The fabricated composite can be used as bone grafts because of its good strength and its capability to keep its shape 

intact. It can be used as injectable cement because of its viscous nature and ability to be injected out using a syringe. 

The study requires more characterization to claim its multipurpose application and that will be tested in the future as 

the composite has shown positive results in the basic characterization. 

  

References 

[1]    S. Kashte, A.K. Jaiswal, S. Kadam, Artificial Bone via Bone Tissue Engineering: Current Scenario and 

Challenges, Tissue Engineering and Regenerative Medicine. (2017). 

[2]    T. Wu, S. Yu, D. Chen, Y. Wang, Bionic design, materials and performance of bone tissue scaffolds, Materials. 

10 (2017). 

[3]      P.W. Ahmed Fatimi, Jean-Francois Tassin, Monique A. V. Axelos, The stability mechanisms of an injectable 

calcium phosphate ceramic suspension, Journal of Material Science: Materials in Medicine. 21 (2010) 1799–1809. 

[4]      P. Taylor, S. Sethuraman, L.S. Nair, Development and Characterization of Biodegradable Nanocomposite 

Injectables for Orthopaedic Applications Based on Polyphosphazenes, Journal of Biomaterials Science. 22 (2011) 

733–752. 

[5]      H.-W.K. Roman A. Perez, Kapil D. Patel, Novel magnetic nanocomposite injectables: calcium phosphate 

cements impregnated with ultrafine magnetic nanoparticles for bone regeneration, RSC Advances. (2015). 

[6]      K.L. Low, S.H. Tan, S. Hussein, S. Zein, J.A. Roether, V. Mourin, Calcium phosphate-based composites as 

injectable bone substitute materials, Journal of Biomedical Materials Research. Part B. 94 (2010) 273–286 

[7]      S. Larsson, G. Hannink, Injectable bone-graft substitutes : Current products , their characteristics and 

indications , and new developments, Injury. 42 (2011) S30–S34. 

[8]      R.A. Perez, S. Shin, C. Han, H. Kim, Bioactive Injectables Based on Calcium Phosphates for Hard Tissues : A 

Recent Update, Tissue Engineering and Regenerative Medicine. 12 (2015) 143–153. 

[9]      G. Daculsi, Biphasic calcium phosphate concept applied to artificial bone, implant coating and injectable bone 

substitute, Biomaterials. 19 (1998) 1473–1478. 

[10]      M. Habib, G. Baroud, F. Gitzhofer, M. Bohner, Mechanisms underlying the limited injectability of hydraulic 

calcium phosphate paste, Acta Biomaterialia. 4 (2008) 1465–1471. 

[11]      M.D. Este, D. Eglin, Acta Biomaterialia Hydrogels in calcium phosphate moldable and injectable bone 

substitutes : Sticky excipients or advanced 3-D carriers ?, Acta Biomaterialia. 9 (2013) 5421–5430 

  

Acknowledgement 

The authors thank DST-SERB for the travel grant (International Travel Support) that will be provided for attending 

the conference. This research received the specific grant (VIT/Regr./2018/19) from VIT Vellore. 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1717 of 1893 

 

Different forms of Composite Structure 
(a) Setting gel, (b) Hardened composite 

structure, (c) Injected Composite, 

(d)  Composite hardened over a surface, (e) 

Hardened composite structure before (left) and 

after (right) compression, (f) Composite served 

as adhesive for 2 tubes filled with water, and 

(g) Hardened composite structure maintaining 

structure after 24 hours PBS immersion. 
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Introduction 

In designing biorecognition surfaces on implants with immobilized growth factors the term 'recognition' is focussed 

not only on the molecular but more so on a cellular level. Two kinds of effects can be expected from immobilized 

growth factors such as BMP-2 or VEGF165 on implants (i) juxtacrine effects and (ii) chemotactic effects [1]. Non-

releasing surfaces, involving a stable covalent attachment of e.g. BMP-2, display local juxtacrine properties for direct 

cell adhesion. Surfaces with non-covalently immobilized BMP-2 display chemotactic long-distance actions by 

adsorbate release for cellular attraction and homing to the surface. In this latter respect electrospun hybrid PDLLA 

Scaffolds pose interesting chemoattractive surfaces because of their multimodal and resorptive properties. 

Growthfactors can either be encapsulated within the PDLLA nanofibers or adsorbed to the outer surface scaffolds 

[2]. 

Our aim is to create a multimodal electrospun, scaffold for rhVEGF and rhBMP exhibiting controlled release at 

different rates for chemoattractive triggering of periimplant bone healing in vivo. 

  

Experimental Methods 

In addition to classical 2D fleeces or mats, scaffolds in the form of 3d tubes were created on a custom-made 

electrospinning instrument [2] under focusing conditions by depositing poly(D,L-lactide) nanofibers on a rotating 

mandrel. Temperature, spinning voltage and the rotational speed of the mandrel were adjusted to avoid bending 

instabilities. Bioactive pure rhBMP-2 and rhVEGF were obtained from Morphoplant GmbH (D-44799 Bochum) and 

were labeled with 125I [3]. Ferritin for controls was obtained from Sigma-Aldrich, D-82024 Taufkirchen. Electron 

microscopy was performed on JEOL 1400+ TEM and ZEISS FIB-SEM 540 instruments. Desorption kinetics were 

measured in continuous flow chambers in sterile PBS and fitted according to a two-phase exponential decay [3]. 

  

Results and Discussion 

The 2D-fleeces were loaded with 7-9 mg/g 125I-rhBMP-2 and 125I-rhVEGF165 by adsorption for 20 hours at 26°C. In 

desorption experiments 125I-rhBMP-2 was released in a 2-phase exponential decay over 25 days with rate constants 

in the burst phase of kI
-1 = 4.57 ± 11.4 x 10-4 [s-1] and a sustained-release phase of kII

-1 3.28 ± 1.11 x 10-8 [s-1], the 

latter of which corresponds to a half-life of ~245 days. In contrast rhVEGF165 was released with rate constants in the 

burst phase of kI
-1 = 1.04 ± 0.70 x 10-4 [s-1] and a sustained-release phase of kII

-1 = 4.30 ± 1.56 x 10-7 [s-1], the latter 

of which corresponds to a half-life of 18.7 days. The tubular spinning geometry and fiber diameter were optimized by 

using a focused electrospinning method. Visualization of single nanofibers in electrospun tubular scaffolds by REM 

revealed differences in inner and outer fiber structure. On these materials, adsorption of rhBMP-2, rhVEGF will be 

performed subsequently. TEM experiments with adsorbed Ferritin revealed monolayers of the protein on the fiber 

surface, as well as monomeric and oligomeric forms. 
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Conclusion 

It can be shown that 125I-rhVEGF165 is release from the fibers with a ~13-fold higher rate (t1/2 = 18.7 days) in 

comparison to 125I-rhBMP-2 (t1/2 = 245 days). Novel electrospun tubular scaffolds will be created and loaded with 

growth factors, which will be tested in vivo for applications in regenerative medicine. 
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Introduction 

The enthesis is a specialised zonal tissue interface between tendon and bone, essential for adequate force 

transmission and composed by four distinct zones, namely tendon, fibrocartilage, mineralized fibrocartilage and bone. 

Following injuries and surgical repair, the enthesis is often not reestablished and traditionally used tissue substitutes 

have lacked to reproduce the complexity of the native tissue. In this work, we hypothesised that a collagen-based 

three-layer scaffold that mimic the composition of the enthesis, in combination with bioactive molecules, will enhance 

the functional regeneration of the enthesis. 

  

Experimental Methods 

A three-layer sponge composed of a tendon-like layer (collagen type I), a cartilage-like layer (collagen type II) and a 

bone-like layer (collagen type I and hydroxyapatite) was fabricated by an iterative layering freeze-drying technique. 

The scaffolds were cross-linked with 1 mM 4-arm polyethylene glycol (PEG) and biophysical, biological and 

mechanical properties were assessed by free amines assay, enzymatic degradation with collagenase and 

compression testing, respectively. Scaffold porosity and structural continuity at the interfaces were assessed through 

SEM analysis. Bone-marrow derived stem cells (BMSCs) were seeded by syringe vacuum assisted technique on the 

scaffold. Scaffolds were cultured in basal media for 3 days before switching to differentiation media (chondrogenic, 

tenogenic and osteogenic). BMSCs metabolic activity, proliferation and viability were assessed by alamarBlue, 

PicoGreen and Live/Dead assays, respectively. At D21 the scaffolds were fixed, cryosectioned and Alizarin Red and 

Alcian Blue stainings were performed in order to evaluate BMSC differentiation towards osteogenic and chondrogenic 

lineage. The presence of collagen I and tenascin in the scaffolds was evaluated by immunofluorescence staining at 

D21 in order to evaluate tenogenic differentiation of BMSCs. Subsequently, the cartilage-like layer was functionalized 

with insulin growth factor 1 (IGF-1), seeded with BMSCs and cultured in basal media up to D21. 

  

Results and Discussion 

The three-layer collagen sponges cross-linked with 1 mM PEG showed a 70 ± 5 % reduction in free amines, 60 ± 8 

% resistance in collagenase after 24 hours and a compression modulus of 30 ± 5 kPa. Structural continuity at the 

interfaces was confirmed by SEM and scaffold porosity was assessed as >98% (Fig. 1). The scaffolds supported cell 

proliferation and infiltration homogeneously throughout all the layers up to D21. The scaffolds promoted osteogenic 

differentiation of BMSC selectively in the bone-like layer as confirmed by Alizarin red staining (Fig.2A top) in scaffolds 

cultured in basal and osteogenic media. Alcian blue staining revealed the presence of proteoglycans (Fig.2A bottom) 

selectively in the cartilage-like layer in scaffolds cultured in chondrogenic media but not in basal media. Increased 

expression of the tenogenic markers collagen I and tenascin was observed in the tendon-like layer of scaffolds 
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cultured in tenogenic but not in basal media for 21 days (Fig.2B). The presence of IGF-1 increased osteogenic and 

chondrogenic differentiation of BMSCs, whereas no difference was observed for tenogenic differentiation. 

  

Conclusion 

In conclusion, a 3-layer collagen sponge was successfully fabricated with distinct but integrated layers; the different 

collagen composition of the non-functionalized 3-layer sponge was able to regulate BMSC differentiation in a 

localized manner within the scaffold. The scaffold functionalization with IGF-1 accelerated chondrogenic and 

osteogenic BMSC differentiation. Ongoing work is evaluating gene expression relevant to the enthesis and it is 

establishing the synergistic effect between IGF-1 and platelet-derived growth factor functionalized within the tendon-

like layer. Overall, functionalization of the 3-layer scaffolds holds promising potential in developing novel and more 

efficient strategy towards enthesis regeneration. 
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SEM pictures of the three-layer scaffolds 
Fig.1 Gross picture of the three-layer scaffold 

(A), SEM image of the whole scaffold (B), scale 

bar 500 µm and magnifications of the individual 

layers (C, D, E), scale bar 250 µm 

 

BMSC differentiation towards osteogenic, 

chondrogenic and tenogenic lineage 
Fig.2 Alizarin Red (A top) and Alcian blue (A 

bottom) stainings, scale bar 500 µm (whole pic) 

and 100 µm (magnified pic); tenascin and DAPI (B 

left) and collagen I and DAPI (B right) 

stainings in tendon, cartilage and bone-like 

layers, scale bar 100 µm 
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Introduction 

Articular cartilage has a low intrinsic repair capacity due to its avascular and aneural nature. Once damage occurred 

in the cartilage and exposes the underlying bone, the defect will propagate causing osteoarthritis. Researchers are 

designing new biomaterials and 3D constructs, which should regenerate functional cartilage; however, most 

constructs rarely mimic the naturally occurring countercurrent gradients of molecules in cartilage. These gradients 

are observed from the superficial layer towards the bone and vice versa (e.g. collagen II and X). Across these 

gradients, the chondrocytes and their extracellular matrix slowly transform into osteogenic cells and tissue. Our goal 

is to design a 3D printed (3DP) construct in which countercurrent gradients of biological factors are present to control 

human mesenchymal stromal cells (hMSCs) differentiation in a gradual fashion across the construct. As biological 

factors, we combined TGF-β and BMP-2 derived peptides, which induce either chondrogenic or osteogenic 

differentiation, respectively (figure 1A). Polycaprolactones (PCL) with either terminal azides or maleimides have been 

synthesized to allow click-type functionalization on the surface of the printed fibers (figure 1B). An in-house developed 

single extruding printhead, which is connected to two polymer reservoirs, mixes the melted polymer solutions to 

create countercurrent gradients of functional groups in each layer. Here, we present the road towards this new 

construct. 

  

Experimental Methods 

Firstly, azides or maleimides are introduced at the terminal positions of PCL to couple peptides to the surfaces. PCL-

azide (PCLA) is synthesized via a two-step reaction. The terminal hydroxyl group of PCL45k is reacted with a tosyl 

chloride yielding 1, followed by a substitution of the tosyl with an azide yielding PCLA (2). For the PCL-maleimide 

synthesis (3, PCLM), a ring-opening polymerization of ε-CL was performed using a (2-hydroxyethyl)maleimide as the 

initiator group. Secondly, we 3D printed these materials into scaffolds. Thirdly, either copper induced alkyne-azide 

click chemistry or Michael addition was performed to react TGF-β and BMP-2 derived peptides onto the 3D printed 

fibers. Standard techniques such as NMR, FT-IR, GPC and WCA were used to characterize the synthesized 

polymers. Surface functionalization was investigated with XPS measurements. Finally, we did cell experiments with 

hMSC in which their spreading and differentiation was assessed. 

  

Results and Discussion 

For the characterization of 2, a (partial) upfield shift is observed in the NMR for the protons adjacent to the terminal 

hydroxyl group. A 1H-15N 2D NMR confirms that two nitrogens are coupled to these shifted protons, which are the 

N’s of the azide. After the ring opening polymerization to yield 3, additional peaks appear in the NMR, which are 

characteristic of a maleimide group. The printability of the polymers was assessed and we were able to fabricate 

homogenous scaffolds of PCLA and PCLM (figure 2A). To measure the surface functionalization on the fibers, XPS 

measurements have been performed. In initial cell experiments with 2D surfaces of 2 and 3, RGD peptides were 

reacted to assess hMSC binding and spreading. In figure 2B, although the amount is low, cell spreading is observed 
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on the surfaces with peptides, even when blocking protein adsorption with pluronic. Also, an increase in amount of 

cells at the surface is observed. 

  

Conclusion 

In this study, we investigate new biomaterials and 3DP which may be used for functional cartilage regeneration. To 

this end, two different PCL-derived polymers with terminal azides and maleimides were synthesized. Furthermore, 

we have demonstrated that these materials can be 3DP in a homogenous manner. More extensive in-vitro 

experiments have to be completed to investigate hMSC fate in response to the functional materials. After complete 

analysis of homogenously functionalized surfaces or constructs, gradients of commercial PCL and functionalized 

PCL will be investigated. 
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B) Live dead staining of hMSC on 2D surfaces, which are coated 

with pluronic. Living cells are green, death cells are red. 

White arrows indicate spreading cells. Insets show zoom-ins of 

   spreading cells. 

 

  

 

Schemes of our design and chemistry 
Figure 1: A) schematic representation of our 3D 

printed scaffold with countercurrent gradient of 

TGF-β and BMP-2 derived peptides. B) Reaction 

schemes for PCLA (2) and PCLM (3). In the green 

and blue circles, the newly introduced 

functional groups are highlighted. 

 

Assessment of material printability and cell 

adhesion on materials 
Figure 2: A) PCLA (top, round) and PCLM (bottom, 

donut) scaffolds can be punched from larger 

fiber meshes. 
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Introduction 

Regeneration of cartilage defects is a challenge for reconstructive surgery. Conventional surgical procedures 

possess limitations such as restricted availability of donor tissue, donor site morbidity and the formation of scar tissue 

accompanied by deficient aesthetic outcome. In the field of tissue engineering (TE) and cartilage reconstruction, 3D 

bioprinting has gained increased attention as it offers the ability of creating complex and vital patient individual 3D 

tissue analogues applying autologous chondrocytes. However, 3D bioprinting for cartilage TE requires biocompatible 

hydrogels with high hydration capacity and plasticity while mimicking structure and composition of the natural 

extracellular matrix (ECM). Oxidized alginate di-aldehyde (ADA) combined with covalently bounded porcine gelatin 

(GEL) presents an excellent bioink for 3D bioprinting [1]. Microbial transglutaminase (mTG) is considered a promising 

enzyme system for the crosslinking of protein-based hydrogels for TE and application in regenerative medicine [2, 

3]. It recently demonstrated excellent results regarding cell adhesion, delivery, proliferation and differentiation [3, 4]. 

Therefore, a cross-linking solution of CaCl2 supplemented with mTG was chosen for crosslinking of highly printable 

ADA-GEL hydrogels. In this study, novel ADA-GEL-mTGs hydrogels were analyzed in comparison to control ADA-

GEL hydrogels and examined in vitro regarding printability, biocompatibility and suitability as a cartilage replacement 

matrix in combination with primary human nasal chondrocytes (hNC). 

  

Experimental Methods 

ADA-GEL hydrogel was prepared by thoroughly mixing 7.5% (w/v) ADA solution with 7.5 or 15% (w/v) aqueous 

solution of gelatin under constant stirring at 37°C. The final concentration ratios of ADA: GEL were 3.75/3.75% (1:1) 

and 3.75/7.5% (1:2). The hydrogels were examined regarding their chemical composition using FTIR. Microstructure 

and porosity over 28d incubation time were analyzed by SEM. Degradation/swelling experiments were conducted 

after several time points. ADA-GEL stiffness was investigated using nanoindenation after 1h, 1, 3, 7 and 14 d of 

incubation. Cytotoxic effects due to crosslinking or hydrogel components were examined. Subsequently, hNC were 

embedded in ADA-GEL hydrogel precursor at a cell density of 4x106 cells mL-1. Cross-linking was performed in 400 

mM CaCl2 solution containing 2.5% mTG (81 – 135 U/g) for ADA-GEL-mTGs hydrogels. ADA-GEL cross-linked in 

400 mM CaCl2 served as control. Cell-laden hydrogel beads were generated. 3D bioprinting of grid shaped hNC 

laden ADA-GEL was performed using a BioBot Basic (Advanced Solutions Inc.). ADA-GEL bioink was filled into 10 

ml cartridges and extruded at 165 – 283 kPa at a speed of 5mm/sec at RT, followed by cross-linking in CaCl2 + 2.5% 

mTG solution. Beads and scaffolds were cultured for up to 14 d. At days 7 and 14, cell viability, metabolic activity 

and proliferation rate were analyzed. The chondrogenic phenotype of hNC and neo-synthesis of cartilage specific 
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components was examined on protein level by immunohistochemical staining. Printability, degradation and shape 

stability were assessed. 

  

Results and Discussion 

In cell-laden ADA-GEL-mTG beads and scaffolds as well as respective controls, a high cell viability and homogenous 

cell distribution was detected (Fig. 1a). ADA-GEL-mTG bioink offered an improved shape and size stability during 

3D longterm culture compared to control beads cross-linked by 400mM CaCl2. Cytotoxic effects on the indicator cells 

L929 were found neither for ADA-GEL-mTG hydrogels nor for the respective controls. In ADA-GEL-mTG beads, the 

chondrogenic phenotype of hNC was maintained in longterm 3D culture. Protein expression and 

immunohistochemical analyses revealed that ADA-GEL-mTG hydrogels support chondrogenesis of hNC and neo-

synthesis of cartilage-specific collagen type II and proteoglycan (Fig. 1b). The composition and porosity of the 

hydrogel constructs provided optimal nutrition and oxygen supply of embedded hNC. No restrictive influence of 

enzymatic cross-linking on proliferation was detected. In 3.75/3.75 ADA-GEL-mTG a significantly higher proliferation 

of hNC was found compared to 3.75/7.5 ADA-GEL-mTG and respective controls. 

  

Conclusion 

In this study we demonstrated that non-cytotoxic ADA-GEL-mTG hydrogels provide a biologically relevant micro-

environment promoting chondrogenic redifferentiation while offering excellent printability and matrix properties. 

These characteristics make ADA-GEL-mTG hydrogels a promising tool for patient-individual cartilage defect 

reconstruction by 3D bioprinting. 

  

References 

1. Zehnder T, Sarker B, Boccaccini A.R., Detsch R. Evaluation of an alginate-gelatine crosslinked hydrogel for 

bioplotting, Biofabrication (2015), 7. doi:10.1088/1758-5090/7/2/025001. 

2. Chen T, Janjua R, McDermott M K, Bernstein S L, Steidl S M, & Payne G F. Gelatin‐based biomimetic tissue 

adhesive. Potential for retinal reattachment. J Biomed Mater Res B Appl Biomater (2006), 77,2, 416-422. 

3. Yang G, Xiao Z, Ren X, et al. Enzymatically crosslinked gelatin hydrogel promotes the proliferation of adipose 

tissue-derived stromal cells. PeerJ. (2016), 4:e2497. doi:10.7717/peerj.2497. 

4. Yung C W, Wu L Q, Tullman J A, Payne G F, Bentley W E, Barbari T A. Transglutaminase crosslinked gelatin 

as a tissue engineering scaffold. J Biomed Mater Res A (2007), 83, 4, 1039-1046. 

  

 

Human nasal chondrocyte (hNSC) laden ADA-GEL-mTG 

hydrogels. 
a) Live/Dead staining of 3D printed scaffolds 

after 7d. b) Immunohistochemical detection of 

collagen type II staining (red) in ADA-GEL-mTG 

beads after 14 d (blue: DAPI, cell nuclei). 
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Introduction 

Tissue adhesives play an important role in clinical applications and may aid in the treatment of cartilage defects for 

improved cartilage integration. Due to their injectability and ability to also fill irregularly shaped defects, different 

adhesive hydrogels with in-situ hardening capacity are under investigation. However, many fail to satisfy the demand 

for adequate adhesion strength on wet tissue surfaces and to facilitate sufficient cell migration and extracellular matrix 

(ECM) deposition at the defect site. Here, we present poly(2-alkyl-2-oxazoline) (POx)-based polymers equipped with 

mussel-inspired adhesion moieties and tunable degradability. In combination with the natural wound sealant 

fibrinogen, we fabricated an adhesive biosynthetic hydrogel (Figure 1) with tunable mechanical properties and 

improved bonding strength. Utilizing a biomechanical in vitro model and tissue culture, the lateral integration strength 

and ECM synthesis was investigated over time. 

  

Experimental Methods 

POx polymers were synthesized with different degrees of catechol functionalization. The adhesive catechol group 

was attached to the side chain either with a stable amide- or with a hydrolyzable ester-linkage (0, 25 and 50% of total 

POx content), yielding adhesives with different degradability. Under oxidative conditions, different POx precursor 

solutions were reacted with fibrinogen to form an adhesive hydrogel. Young’s modulus of bulk hydrogels was 

recorded to analyze mechanical properties and degradation. The fine structure of the bonding interface between the 

adhesive hydrogel and articular cartilage was examined by scanning electron microscopy (SEM). To further evaluate 

the integrative potential, the adhesives were applied at the defect interface of a disc/ring in vitro model that was 

generated from porcine cartilage blocks. Using a biomechanical push-out device, adhesive strength was determined 

as measure for cartilage integration 1 day after application and after culture for up to 3 weeks. Fibrin served as control 

for immediate bonding strength. Biocompatibility was tested with MTT staining. ECM development and cell invasion 

at the defect site was analyzed histologically and immunohistochemically. 

  

Results and Discussion 

In biomechanical tests, all tested adhesives made from combinations of POx and fibrinogen possessed higher 

immediate bonding strengths (up to 20.08 ± 3.57 kPa ) than fibrin (7.64 ± 3.95 kPa). A higher catechol 

functionalization of POx polymers resulted in increased material stiffness and immediate bonding strengths. MTT 

staining showed no cytotoxic effects of the tested adhesives. SEM images revealed that the adhesive material 

smoothly penetrated the cartilage surface and that single collagen fibres were firmly attached within the hydrogel. 

Using fixed total concentrations of POx (7.5 % w/v) and fibrinogen (5 % w/v), but a varying ester content, had no 

significant influence on immediate bonding strength. However, variation of ester content decisively impacted the 

degradability of the adhesive and the tissue development at the defect site. For adhesives with POx containing 0 % 
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ester-linkages, histological and immunohistochemical analysis showed a lack of degradation and neither cell invasion 

nor ECM deposition. In strong contrast, incorporation of 25 or 50 % POx with ester-linkages allowed for glue 

degradation combined with enhanced cell invasion and strong cartilage-specific ECM deposition 

(glycosaminoglycans and collagen type II) bridging the defect (Figure 2). 

  

Conclusion 

Our study demonstrated that catechol-modified POx in combination with fibrinogen can function as biocompatible 

adhesive with tunable adhesion strength in a wet environment. Furthermore, enhancing the degradability of POx 

adhesives by ester-linkages particularly improved long-term integration at a cartilage defect in vitro. Future research 

may explore possibilities to further enhance mechanical characteristics and adhesive strength, and to further 

elucidate the adhesion mechanisms of the developed hydrogels. 
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Figure 2: Long-term cartilage integration with 

POx adhesives of different degradability 
Immunofluorescent staining for cartilage ECM 

markers collagen type II and aggrecan at d21 at 

the defect interface , epifluorescent signal of 

non-degraded POx the adhesive is seen as green 

fluorescence. 

 

Figure 1: Catechol-modified Poly(oxazoline)s as 

Cartilage Adhesives 
Schematic illustration of the catechol-based 

cross-link and adhesion mechanisms in POx 

biosynthetic hydrogels. 
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Introduction 

Methotrexate (MTX) is one of the main drugs used for treatment of rheumatoid arthritis (RA) due to its effectiveness 

and tolerability 1. However, MTX can not promote itself the regeneration of the damaged joints after the treatment2. 

In this regard, divalent cations such as strontium, zinc and magnesium have been shown to promote musculoskeletal 

regeneration processes and can be coordinated with MTX providing synergic therapeutic activities and antimicrobial 

activity3. For these reasons, the main objectives of the present work were synthesizing and characterizing by different 

physicochemical techniques novel methotrexate derivatives containing these divalent cations (M-MTX) and test their 

antibacterial properties and bioactivity. In addition, some of these compounds were tested in vitro to analyse their 

potential use as musculoskeletal regenerative drugs. Finally, polymeric encapsulation of M-MTX derivatives into 

chitosan microparticles was performed. 

  

Experimental Methods 

Three different methotrexate derivatives were synthesized following a previously described analogous methodology 

for folate derivatives: strontium-, zinc- and magnesium-methotrexate derivatives4 (Fig. 1A). The compounds were 

physicochemically characterized by ATR-FTIR, DSC, TGA, EDS and XRD. In addition, cytotoxicity of the different 

drugs was analysed in Raw264.7 cells and primary human chondrocytes-articular cultures by the alamar blue assay. 

Glycosaminoglycans deposition by M-MTX-treated chondrocytes was measured by the dimethylmethylene blue 

method. Anti-inflammatory properties of the synthesized compounds were studied by the Griess assay measuring 

NO release by LPS-activated macrophages. Antibacterial activity against Staphylococcus epidermidis and 

Escherichia coli was assessed by standard disk diffusion method. Furthermore, chitosan (Mw= 47kDa   , DA= 90% ) 

microparticles were synthesized by double emulsion followed by spray drying and their morphology, size dispersion 

and encapsulation efficacies were determined by SEM, Coulter and spectrophotometrically methods. 

  

Results and Discussion 

All the compounds were successfully synthesized in high yields (>95%) with no other co-precipitates. The obtained 

characterization results demonstrated a higher thermal stability of the complexes when compared with non-

coordinated methotrexate due to the monodentate bond coordination between the methotrexate moiety and the 

cations. 

Secondly, in vitro cell studies performed with methotrexate derivatives showed that ZnMTX could prevent the 

methotrexate-related cytotoxic effects at determined doses in chondrocytes as well as it could decrease nitric oxide 

production by pro-inflammatory stimulated macrophages. On the other hand, SrMTX slightly increased the 

glycosaminoglycans deposition in the matrix while its cytotoxicity did not significantly vary when compared with non-
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complexed methotrexate. MTX and M-MTX showed inhibition against Staphylococcus epidermidis while only Zn-

MTX was able to inhibit the growth of Escherichia coli but to a limited extent. (Fig. 1B). Finally, spray-dried chitosan 

microparticles containing methotrexate derivatives were synthesized showing spherical morphology (Fig. 1C) and 

achieving high encapsulation efficacies. Complete drug release of all the compounds was reached in 24 h. Around a 

90% of the total drug releases was achieved in the first 6 h. 

  

Conclusion 

In conclusion, this work serves as a proof-of-concept for future studies focused on musculoskeletal regeneration due 

to use of methotrexate bearing bioactive divalent cations and their interesting biological properties and their possibility 

to be encapsulated in biodegradable chitosan micro In conclusion, this work serves as a proof-of-concept that 

methotrexate bearing bioactive divalent cations showing interesting biological properties can play a role on 

musculoskeletal regeneration and open a frame for future studies focused on their encapsulation in microparticles 

using other polymeric systems. 
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Figure 1. 
A: Scheme of the reaction conditions for 

methotrexate-derivatives syntheses.  B: Disk 

diffusion test on M-MTX against Staphylococcus 

epidermidis and Escherichia coli. C: SrMTX-

loaded spray-dried microparticles. 
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Introduction 

Previous observations of implanted biomaterials in vivo and clinically, indicate, that the physicochemical 

characteristics of a biomaterial determine the inflammatory cellular response. The focus of this study was to 

investigate how the physical properties of a collagen biomaterial influence the inflammatory milieu of a cell complex 

in vitro and the biomaterial-cellular reaction in vivo. For this purpose, the physical characteristics of an equine-derived 

collagen biomaterial were modified while preserving the same chemical properties and compared to its original 

presentation.   

  

Experimental Methods 

The biomaterial’s physical characteristics were altered by applying external pressure using a sterile stainless steel 

cylinder until the material was flattened. A sponge collagen biomaterial (Parasorb fleece HD®; PF) and the pressed 

biomaterial (PF-P) were cut into segments of 1 cm2. Ex vivo, the biomaterials were cultured during 3 and 6 days with 

a cell complex derived from human blood called platelet-rich fibrin (PRF) and histologically stained. The supernatant 

was collected and the concentration of pro-inflammatory growth factors (TNF-alpha and IL-8) was measured using 

ELISA. The results from culturing PRF alone were used as a baseline. Subsequently, the biomaterials were implanted 

in Wistar rats using a subcutaneous model and compared to a control group sham-operated (CG). The biomaterials 

were explanted at 3, 15 and 30 days. The samples were histologically and immunohistologically stained with CD 68 

antibody (monocyte lineage), CD206 (M2 macrophages) CCR7 (M1 macrophages) and α-Smooth Muscle Actin (α-

SMA; vessel identification). The results were qualitative and quantitative evaluated to assess the biomaterial’s 

degradation kinetics, macrophages polarization into M1/M2, multinucleated giant cells (MNGCs) and the 

vascularization pattern. Statistically analyses were carried out with intra and inter-groups comparison. 

  

Results and Discussion 

Ex vivo: histologically, the depth of penetration of cells into the biomaterial’s body differed between the two 

biomaterials. PF allow the penetration of cells and PF-P impede cells penetration. The cell culture of PRF+PF-P 

produced higher concentrations of TNF-α and IL-8 compared to PRF+PF after day 3 (P <0.05) and to PRF alone 

after 3 and 6 days (P <0.05). In vivo: after 3 days of implantation, both biomaterials were found in the implantation 

bed. PF maintained its pores structure and cells penetrated PF’s surface. PF-P preserve the appearance of a pressed 

structure and cells were accumulated on the surface. The inflammatory reaction of both biomaterials was mainly 

composed of CD68 + cells and M1. The number of CD68+, M1 and M2 cells/mm2 in the CG were higher than the 

experimental groups (P <0.05). After 15 days, PF was fully invaded by cells, the presence of vascular lumens was 

identified inside the biomaterial’s center (P<0.5) and showed a faster degradation of its structure compared to PF-P 

(P <0.05). Cells in PF-P invaded only the outer-third of the biomaterial’s body, vascular lumens were observed 

surrounding the biomaterial and the biomaterial preserved its structure. Both groups showed a higher inflammatory 
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reaction composed of positive CD-68+ cells and M1 without statistical differences. The inflammatory reaction in the 

CG reduced considerably and was statistically significant compared to the experimental groups (P<0.5). A few 

numbers of MNGCs were observed in experimental groups. After 30 days PF and PF-P fully degraded. CD68+ cells 

and MNGCs expressing the CCR7 marker were observed surrounding the remaining fibrils of the biomaterials. Micro-

vessels were observed within the implantation bed. The implantation area seems to be achieving homeostasis and 

entering a reparative stage as a similar shift towards an anti-inflammatory pattern was observed in the control and 

the experimental groups, characterized by a transition towards a higher presence of M2 macrophages. 

  

Conclusion 

Changing the biomaterials physical characteristics induced a statistically significant higher inflammatory protein 

release ex vivo during the early time point of cultivation. Additionally, it was shown to have an effect over the 

biomaterial’s degradation kinetics, vascularization pattern and the inflammatory cellular reaction. A collagen 

biomaterial of equine origin induced an inflammatory cellular reaction and degradation governed by macrophages, 

mainly M1, with a reduced number of MNGCs. The remaining MNGCs in the implantation bed expressing the pro-

inflammatory marker CCR7 after 30 days, support their involvement in chronic inflammation. 
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In vivo biomaterial implantation 
Collagen biomaterial in its original form (PF; 

A-B) and pressed biomaterial (PF-P; C-D). After 

15 days of post-implantation, cells have invaded 

PF completely and it is showing signs of 

degradation (A). Cells remain on the surface and 

outer third of PF-P with no signs of biomaterial 

degradation (C). The dash lines represent the 

perimeter of the biomaterials. Vascular 

structures are pointed by arrows (B, D) with 

alpha smooth muscle actin (α-SMA) 

immunohistochemical staining; scale bar = 

1000/100 µm. 
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Introduction 

An increasing number of patients suffering from tooth loss opt for a supply with dental implants to replace missing 

teeth and to improve comfort, function and/or aesthetics. Success of dental implants largely depends on quality and 

quantity of the available bone in the recipient region. Due to tooth loss, periodontal disease and trauma or after 

tumors resection the augmentation of inadequate bone volume may be necessary. For this purpose, different 

methods and a wide variety of materials are clinically established e.g. guided bone regeneration (GBR), application 

of onlay/inlay bone blocks or split-crest technique. Although these surgical procedures can be successful, possible 

shortcomings are the risk of overfilling of the planned area or an insufficient augmentation. Due to its benefits for 

healing, function and aesthetics an accurately fitted scaffold is of high clinical importance. 

Currently, autologous bone is considered as the “gold standard” for bone augmentation. However, this requires 

harvesting from a second surgical site potentially causing donor site morbidity. Nowadays, synthetic scaffolds are 

frequently used. Not only should the ideal scaffold fit easily and perfectly into the recipient site it should also be 

biocompatible, bioactive and with good mechanical and chemical properties.  Beyond these properties, it needs to 

be osteoconductive and ideally, osteoinductive too. This means, it needs to be capable of guiding growth and 

proliferation of osteoblasts on its surface and furthermore, stimulate the differentiation of mesenchymal stem cells 

into the osteoblastic lineage. 

For bone tissue regeneration, bone-like calcium phosphate-based materials, especially hydroxyapatite-forming 

calcium phosphate cements (CPC), play a major role. These minerals are useful for bone repair due to their unique 

properties such as easy shaping and injectivity in practical use, excellent biocompatibility and 

biodegradability.  Beyond these advantages, it is also capable of bonding to bone, forming a functional interface by 

enhancing cell attachment and osteoblastic phenotype expression. While synthesis of other bioceramics involves 

high temperature sintering, CPC can set and harden at room or body temperature at nearly neutral pH. This in turn 

allows chairside manufacturing. 

Today, digitally planned and performed dental implant insertion is the state-of-the-art in oral rehabilitation. Based on 

a computed tomography (CT, Fig.1) and following a three-dimensional reconstruction of the gained data, number 

and position of implants as well as geometric dimensions can be determined prior surgery. Moreover, in order to 

provide a sufficient bone volume for implant insertion, three-dimensional CPC scaffolds adapted to the topography 

of the alveolar ridge can be virtually designed and subsequently plotted from a calcium phosphate paste. 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1734 of 1893 

The assigned purpose of this project is the development and application of an integrated digital workflow for planning, 

modelling and industrial engineering of individually designed CPC scaffolds for bone augmentation in maxillofacial 

surgery. These structures are printed three-dimensionally to obtain the individual shape of the implants without 

mechanical post-processing. Therefore, the currently established workflow for the computerized dental implant 

insertion needs to be entirely integrated. Furthermore, to generate optimal conditions for the surgeon and to close 

the gap between surgeon and design software, novel tools need to be created for planning of shape and position of 

the scaffolds. Different designs will be gathered under consideration of medical aspects and the encountered 

individual situation. These different scaffold structures will be investigate considering their porosity, stability and 

different biological aspects e.g. colonization, biodegradability and biocompatibility and will be compared with other 

commercial bone substitutes. 

Concerning these requirements and medical aspects, a novel scaffold design is planned to be generated, fitting in 

complex defect shapes and containing a graded structure with a dense layer to the outside and an open pored 

structure inside. Moreover, the development of novel surgical instruments is a necessary adjustment to increase 

accuracy and precision as well as aid in the reduction of required operating time. Those surgical aids will help to 

reduce the time required for surgery. 

Finally, an individual, made-to-measure product for the maxillofacial area, associated with corresponding instruments 

and software as an integrated workflow are to be transferred to an applicable medical service of the highest quality 

(Fig.1). 
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Figure 1 
Working scheme from anamnesis to implant 

insertion using the example sinus lift surgery. 

(A) CT, frontal plane (B) CT, horizontal plane 

(C) CT, sagittal plane (D) CT, 3D reconstruction 

(E) 3D printer (F) individual printed scaffolds 

(G) printed scaffold, close-up view (H) cutting 

line for sinus lift surgery (I) surgeon 

(J)  maxillary model with inserted scaffold (K) 

insertion of scaffold in patient. 

 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1735 of 1893 

PS2-13-451 

Numerical Study of the Influence of Partial Dentures on the Contact 

Mechanics between the Oral-Mucosa, Abutment Tooth and the Denture 

Anantha Narayanan Ramakrishnan1,2, Oliver Röhrle2, Andreas Kiesow1, Stefan Schwan1 

1Fraunhofer Institute for Microstructure of Materials and Systems IMWS, Biological and Macromolecular Materials, 

Halle, DE; 2University of Stuttgart, Civil and Environmental Engineering, Stuttgart, DE 

 
Introduction 

The application of restorative solutions like removable partial dentures in the dental arch of an edentulous person 

significantly impacts the  contact characteristics and stress state of the Oral-mucosa and the abutment tooth. The 

emergence of numerical techniques can provide a whole new dimension to explore this paradigm. Aim of this study 

was to study the contact mechanical state caused by biting forces on the oral-mucosa and abutment tooth upon 

insertion of partial dentures into the assembly. 

  

Experimental Methods 

Computer tomography data was employed to construct detailed 3D models of a removable partial denture supported 

by three abutment tooth, incorporated into the dental arch of the mandible. The proposed Numerical model employed 

these models and took into account the various contact regions involved to understand the stress state of the 

assembly. 

  

Results and Discussion 

Bite forces applied on the denture generated a stick condition on the denture-oral mucosa interface which indicated 

a positive retention of the denture onto the oral-mucosa. The maximum contact pressures experienced by the oral-

mucosa are comparable to the pressure pain threshold values(~0.3MPa) for the oral soft tissue, beyond which the 

patients experience discomfort and pain. The mechanical stresses on the three abutment tooth surfaces due to the 

same load indicates the effect of bending moments generated. 

  

Conclusion 

Making the pressure distribution uniform and lowering the magnitude of the contact pressures on the oral-mucosa 

could be better addressed by focusing on the gaps in the contact regions between the denture and the soft tissue. 

Modelling of connecting elements like denture relining materials or retaining mechanisms for the denture to the soft 

tissue and the abutment tooth could provide significantly improved results in the this regard. 
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Introduction 

Scarring on the surface of the skin and eyes can result in significant psychosocial and functional problems.  In the 

majority of cases, a fibrotic response results from localised inflammation and the elevation of pro-fibrotic molecules 

such as TGFβ1.  These molecules act to stimulate the differentiation of cells within the tissue into phenotypes that 

more rapidly secrete collagen and contractile proteins.  In addition, the TGFβ1 can drive the deposition of new 

collagen directly by stimulating the SMAD pathway.  There has been a drive towards the development of drugs that 

can prevent scarring by inhibiting TGFβ1.   Decorin is one such drug, which has a region that specifically binds 

TGFβ1 and prevents it from activating the SMAD pathway.  A major challenge, however, is the delivery of decorin to 

tissue surfaces, with persistent retention of the drug molecule.  We have developed a a new shear structured material 

that enables the delivery of decorin and potentially other matrix modifying molecules.  These materials are formed 

from a range of polysaccharides that have been sheared during processing, the resulting suspensions of particles 

exhibit shear thinning properties and have been show to adhere to tissue surfaces [1].  Here we report on the efficacy 

of these materials for preventing ocular fibrosis through the delivery of decorin.    

  

Experimental Methods 

Fluid gels were fabricated by applying a controlled shear to hydrocolloids of gellan gum that were dispersed in water 

at a temperature of 80ºC. During shearing, a reduction in temperature initiated gelation. As gelation occurred, the 

shear disrupted the formation of a fully interconnected network, resulting in the formation of discrete spherical and 

ribbon-like particles, which interact, resulting in thickening when at rest. The capacity of the gel to be retained on 

surfaces was determined by application of the material to the surface of live rat eyes or harvested skin, retention was 

determined by optical coherence tomography and by visual inspection, respectively. In order to determine the 

potential of the material to deliver drug molecules to the surface of an infected eye, the fluid gel was combined with 

decorin at a dose of 0.24 mg/mL. The formulated eye drop was finally tested in a murine, in vivo model of scarring 

initiated with microbial keratitis (P. aeruginosa). The gel was applied on a every four hours for thirteen days beyond 

resolution of the infection. The tissues from sacrificed mice were embedded and processed to evaluate the extent of 

scarring as determined by histological markers of scarring and corneal opacity. 

  

Results and Discussion 

OCT images of the rats eyes demonstrated that the gellan-based fluid gel material were cleared much more slowly 

from the surface of the rat eyes than the PBS-based drops. While the PBS drops were cleared in under an hour, 

there was still detectable fluid gel 120 mins following application. Interestingly, the layer of fluid gel across the surface 

of the cornea was more uniform than the PBS-based eye drop, which was significantly thicker (>600um) in the nasal 

aspect than it was temporally (Figure 1).  When applied to the mouse eyes post-infection, the surface of the cornea 

returned to full transparency within a period of 16 days, with significantly higher levels of transparency in the treatment 
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group, than in the gold-standard.  When the eyes were analysed using immunohistochemistry, the decorin bearing 

drops were shown to reduce the intensity of markers of scarring including α-SMA, fibronectin, and laminin (Figure 2) 

[2].  The fluid gel treatment groups demonstrated full regeneration of the corneal surface by the end of the 

experiment.  Interestingly, the fluid gel eye drop exhibited superior regeneration to the PBS based treatment, even 

in the absence of decorin, suggesting that the material has a significant influence on healing alone. 

  

Conclusion 

Structuring eye drops using polymeric gels increases viscosity, and thereby enhances the retention of eye drops on 

th ocular surface, in addition to improving the homogeneity of the drop thickenss across the surface of the eye.  We 

have demonstrated that gellan-base fluid gels can deliver a sustained dosage of decorint that mediates corneal 

regeneration and prevents scarring in a mouse model of microbial keratitis.  

  

References 

[1] Cooke, Megan E., et al. "Structuring of hydrogels across multiple length scales for biomedical 

applications." Advanced Materials 30.14 (2018): 1705013. 

[2] Hill, Lisa J., et al. "Sustained release of decorin to the surface of the eye enables scarless corneal regeneration." 

NPJ Regenerative medicine 3.1 (2018): 23. 

  

Acknowledgement 

We would like to acknowledge the MRC (MR/N019016/1) and the EPSRC (EP/L016346/1) for funding this research. 

  

 

 

  

 

Fig 2. IHC evaluation of healing across the 

corneal surface in a murine model. 
The delivery of fluid gel with and without 

decorin, to the surface of the eye during 

treatment, allowed for superior regeneration of 

the corneal surface and resulted in a 

significant reduction in markers of scarring. 

 

Fig1. Retention of fluid gel on the surface of a 

rat eyes in a blinking model, compared with PBS. 
OCT images of eye drops on the surface of the 

cornea (fluid gel, left; PBS, right).  When the 

thickness of the drop was measured with time, 

the fluid gel exhibited enhanced retention with 

a homogenous layer of the material remaining in 

place after 60 mins. 
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Introduction 

Posterior lamellar keratoplasty (DSAEK, DMEK) currently is the gold standard for treating patients with a corneal 

endothelial cell pathologies resulting in functional impairment. This surgical approach depends on the availabil ity of 

human donor corneas. An artificial biomimetic graft carrying human corneal endothelium could minimize this 

dependency giving access of this surgical method to larger numbers of patients. Thus, waiting lists could be reduced. 

In this study, electrospun polycaprolactone (PCL)-collagen nanofibers were tissue-engineered with corneal 

endothelial cells (HCEC) and analysed with regard to their potential application as artificial posterior lamellar grafts. 

  

Experimental Methods 

Membranes were produced from nanofibers obtained by electrospinning of a polymeric solution: A blend of PCL (80 

kDa) and purified collagen type I from bovine skin was dissolved in diluted acetic acid (90 % AcOH, ratio of 2:1, final 

concentration of 0,12 g/ml). Nanofibers were electrospun with a voltage of 15 kV and a flow rate of 1 ml/h (distance 

needle tip counter electrode: 15 cm). The fabricated membranes were characterized regarding fiber diameter, fiber 

orientation and membrane thickness. Therefore, a contact-less method was established using a laser scanning 

microscope. Human corneal endothelial cells (HCEC-12) were seeded on the membranes in culture medium F99 

with an initial cell count of 20.000 cells per well in 24 well plates and cultivated for 5 days. Suitability check for the 

nanofiber membranes as posterior lamellar graft was done using microscopic methods and focusing on cell 

morphology and cell-cell interface. For light microscope imaging cells were stained with haematoxylin and eosin (HE 

staining). Expression on the tight junction associated protein zonula occludens-1 (ZO-1) was analysed by 

immunostaining of HCECs. Additionally, cell morphollogy was studied using scanning electron microscopy. 

  

Results and Discussion 

Electrospinning of PCL-Collagen blends provided membranes in a non-woven, fibrous structure with a random fiber 

orientation and fiber diameter of 288 (±96) nm. With a spinning time of 5 minutes membranes with an average 

thickness of 10 µm were obtained, a thickness similarly to a Descemet’s membrane. HCECs grown on the PCL-

collagen membrane expressed ZO-1, typically for the corneal endothelium to perform as barrier between the cornea 

and the anterior chamber. Further imaging shows well-spread cells grown on the nanofiber membranes. 

  

Conclusion 

Randomly electrospun PCL-collagen nanofibers offer an interesting opportunity to overcome the shortage of posterior 

lamellar grafts. Further studies are needed to evaluate functional performance in both ex vivo and in vivo settings. 

  

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1739 of 1893 

PS2-13-454 

Regeneration of functional bladder using cell seeded amniotic 

membrane and P(LA/CL) scaffold covered with omentum 

Tsunehito Horii, Kazuyoshi Jonin, Hiroyuki Tsujimoto, Masayuki Nagasawa, Kenichi Kobayashi, Akeo 

Hagiwara, Akihiro Kawauchi 

Shiga University of Medical Science, Department of Urology, Otsu, JP 

 
Introduction 

Currently, augmentations with gastrointestinal segments are basically used for neo-bladder in the surgery of bladder 

cancer, neurogenic bladder. However, because it carries a risk of short and long term complications, new strategies 

for creating neo-bladder without using gastrointestinal segment are desired. In this study, we used amniotic 

membrane and biodegradable poly lactic acid and ε- caprolactam scaffold(P(LA/CL)). Previously, we confirmed the 

regenerative tissues without scar using oral mucosa cells seeded on the amniotic membrane and P(LA/CL) scaffold 

rolled to abdominal greater omental for 3 weeks. 

  

Experimental Methods 

Ⅰ.In vitro examination 

(1)Creation of amniotic membrane seeded oral mucosa cells (o-MEM) 

Oral mucosa cells were derived from rabbit oral mucosa. The cells were cultured with the epithelium medium 

supplemented fetal bovine serum for a week and seeded on the amniotic membrane for another week. 

(2)Creation of P(LA/CL) scaffold seeded stomach smooth muscle (s-SF) 

Stomach smooth muscles were resected from a rabbit stomach. The cells were cultured with Dulbecco's modified 

Eagle medium supplemented fetal bovine serum for two weeks and seeded on the P(LA/CL) scaffold for another 

week.  

  

Ⅱ.In vivo examination 

Using the created cell seeded amniotic membrane and P(LA/CL) scaffold compared with non-treated control, in vivo 

examination carried out within two steps surgeries. 

  

(1)First surgery 

The two layer o-MEM and s-SF were put on greater omentum and rolled using plastic tube for two weeks. Sufficient 

blood flow from greater omentum provides nutrition to two layer tissues for creating neo-bladder. 

(2)Second surgery 

After two weeks, a part of upper bladder was resected and two layer tissues with greater omentum covered the 

resected areas of the bladder. 

Non-treated control group was just resected upper bladder part. 

  

Ⅲ. Assessment of regenerated bladder 

Urodynamics study, cystography and muscle strip study of regenerated bladder were conducted to observe the 

bladder form and check the bladder function for 6 month to 12 month, compared with non-treated control. Also, 

immunostainings were performed to evaluate the bladder tissue regeneration. 
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Results and Discussion 

At first, the rolled cell seeded materials covered with omentum after two weeks weren’t found scar formation and 

could find the separated epithelium and muscle layers. Next, in order to evaluate the regenerated bladder form and 

bladder function, urodynamics study, cystography and muscle strip study were conducted. Then, peristaltic 

movement could be found in the regenerated bladder in cytstogryphy. Also, the bladder capacity was a little increased 

after 6 month and 12 month, compared with non-treated control. Muscle strip study showed the regenerated bladder 

reacted with electric stimulation. These results are indicated the regenerated bladder using two layer materials 

covered with omentum showed great bladder form and function. Moreover, bladder epithelium and bladder muscle 

were confirmed in HE immunostainings. 

  

Conclusion 

Cell seeded amniotic membrane and P(LA/CL) scaffold covered with omentum showed regenerated functional 

bladder and formed bladder epithelium and bladder muscle. 
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Introduction 

Tendons and ligaments are necessary for movement. Ligaments connect two bones and serve to guide and support 

the joints, while tendons transmit force between the soft muscles and the hard bones. Injuries lead to pain, movement 

restrictions as well as to reduction of mobility and quality of life. 

Surgery of large defects usually require replacement materials in order to bridge the defect or to reinforce a rupture. 

The gold standard is the use of the patient's own tissue. However, availability of those materials is limited and removal 

is associated with an increased risk of complications (donor morbidity) and disadvantages (e.g. movement restrictions 

and postoperative muscle atrophy). 

Synthetic implants are manufactured from resorbable and non-resorbable polymers using textile processes like 

braiding, knitting and weaving. Those implants show material-related disadvantages: 1) Resorbable materials based 

on polyurethane-urea block polymer (PUUR) and poly-L-lactide acid (PLLA) lead to inflammatory reactions due to 

degradation products. 2) The resorption process is too short and thus not adapted to the healing process. 3) Non-

absorbable implants exhibit integrity-decreasing creep, material abrasion and fatigue, resulting in a high risk of 

inflammatory reactions and rerupture. However, those implants have a constant geometry over length, so 

deformation properties and attachment of synthetic tendons and ligaments to bones and muscles do not meet the 

anatomical requirements and therefore there is an acute risk of creep and rupture. 

Therefore, biomimetic woven structures for tendon and ligament implants should be developed from silk yarns. Those 

structures should exhibit variable structure and porosity over length, different deformation properties and high 

strength. Thus, a simulation-supported approach comparing different weaving technologies for design of new textile 

devices for tendon and ligament replacement will be presented. 

  

Experimental Methods 

First, the unit cells of homogeneous base woven fabrics (leno, multi-layer and ORW binding) were developed as 

micro-scale models on the basis of digital elements. The unit cells were then transferred into a structural model and 

material behavior determined into corresponding nonlinear material models. With corresponding boundary conditions 

for bearing and force application, tensile tests were simulated virtually and the deformation behavior of woven fabrics 

were determined. A twisted silk yarn with round cross-section was used for systematic development of suitable 

biomimetic textile structures. 

  

Results and Discussion 

First, a woven fabric model with silk yarn was designed. The mechanical tensile behaviour in axial direction was 

determined. An isotropic material model with plasticity was used to reproduce the tensile behaviour and to transfer 

the non-linear mechanical tensile elongation behaviour. Draft behaviour in the yarn draft simulation reflects the real 
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experimental data accurately. Then, the numerical models of the fabrics were virtually loaded under applied periodic 

boundary conditions and investigated for their structural stiffness. Through virtual modelling, the tensile force-

elongation behavior of the silk yarns was mapped in a numerical FEM model. In addition, several multi-layer woven 

fabrics were transferred into multi-layer woven fabric models and examined. Thus, differences in stiffness could be 

detected. In order to achieve the necessary structural-mechanical properties, multilayer bonds with different 

incorporation of the material were analyzed and the models required for the simulation were developed. Then, basic 

weave pattern (plain wall, twill and atlas bindings) were developed into multi-layer woven fabrics. 

  

Conclusion 

Simulation based development of woven fabrics from silk yarn is a promising approach to develop biomimetic textile 

implants for tendon and ligament replacement. 
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Introduction 

Every year thousands of people suffer from total or partial rupture of the anterior cruciate ligament. Although for the 

majority of the patients, belonging to young and active population, the conventional treatment (autograft) takes from 

six to ten months to recover. Despite good results of the artificial PET ligament prosthesis, autograft is still preferred 

because of the reluctance of healthcare personal and patients to the use of artificial and permanent materials. That 

said, the challenge consists in presenting a new proposal, using a biocompatible biointegrable polymer, exhibiting 

good mechanical properties and controlled biodegradablility. Amongst these requirements poly(caprolactone) (PCL) 

emerges with bright prospects in the domain. Combining PCL with surface functionalization to improve the cell 

response,  PCL prosthesis could become an optimized support for growing a new ligament which will slowly replace 

the biodegraded material. In this scenario, mechanical properties are primordial for the prosthesis success, and the 

closer the mechanical assays come to the daily activities the more relevant the results will be. 

  

Experimental Methods 

All assays were performed over PCL arranged in bundles of 20 fibers delimited by ties (30 ±10 mm length). The fibers 

were supplied by Texinov Technical Textiles (France). For the thermal grafting process the surfaces were first 

submitted to ether Soxhlet extraction to remove spin finish components, then activated by ozonation for 10 min at 30 

°C in distilled water, followed by 1 h NaSS polymerization at 45 °C. The samples molecular weight Mn were 

determined by SEC, the crystallinity was assessed by DSC and the grafting rate determined by toluidine blue 

colorimetric assay. For the mechanical properties characterization, traction assays were achieved at room 

temperature in water at different temperatures. Moreover, in a third set of experiments samples were submitted to a 

cycle of efforts simulating human regular walking before the traction assay to rupture. The strain rate used in all 

experiments was 3.6 mm.min-1. Stress strain curves until rupture were plotted and Young’s Modulus, elongation and 

the ultimate tensile stress were determined. 

  

Results and Discussion 

The samples molecular weight (Mn) was estimated at 78 kg/mol, with average crystallinity of 60%. The grafting 

process does not modify these parameters significantly. The mean sample grafting rate was 0.7  mmol/g. Traction 

tests carried out in air showed a reduction of the Young modulus after the Soxhlet extraction and grafting, naturally 

accompanied by an increase of the  elastic deformation. The ultimate tensile stress was not affected by surface 

treatment. In the case of  assays in water, the behavior of grafted and ungrafted samples showed opposite tendencies 

face to temperature variation, displaying an increased Young modulus for grafted samples when approaching body 

temperature. Finally, traction assays realized after walk simulation showed the influence of exercise on the 

mechanical properties of the material, overlapping the influence of surface treatment on such features. 
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Conclusion 

The assays performed during this study allowed to evaluate the influence of the thermal grafting, temperature and 

environment, as well as daily activities on the mechanical characteristics of a biodegradable polymer. It is crucial to 

note that, although the influence exists, in all tested conditions the values presented by the PCL fibers are much 

higher than those found in the natural ligament, showing not only the importance of the test conditions for validation 

of the material choice, but also the adaptability of the PCL to conditions close to human physiology. 
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Introduction 

The use of polycaprolactone (PCL) in the field of medical devices is largely recognized for properties such as easy 

manufacturing, scalable mechanical properties and the possibility of functionalization. The last one becomes 

especially important since it allows the modification of the surface to enhance the biological response. However, in 

applications intended to withstand mechanical stress, another property must be carefully studied: the degradation 

rate. Each year around 30,000 adult humans suffer rupture of the anterior cruciate ligament (ACL) in France. This 

number, found in the general population, grows considerably considering the high-risk groups as high-level athletes. 

Unlike some other ligaments in the human body, ACL does not self-heal and the autograft procedure most commonly 

used today has slow and often problematic recovery. In this context, a biocompatible and biodegradable prosthesis 

could be the expected evolution of the existing treatments and the sodium polystyrene sulfonate (NaSS) grafted PCL 

surfaces are ideal candidates, if the following question can be answered: For how long this material will resist during 

the degradation process? 

  

Experimental Methods 

Two sets of samples were used: PCL films (14 mm diameter) and fibers (100 mm diameter). The fibers were 

graciously supplied by Luxilon Industries (Belgium). Surface functionalization of the samples was achieved as 

follows:  ozonation at 30 °C NaSS thermal grafting for 3h at 45°C under stirring. Grafted and ungrafted PCL samples 

were then immersed in PBS at 25 and 37 °C for time points ranging from 2 weeks to 2.5 years. The degradation 

solution was renewed every 3 months and the pH of the solution was measured after each change. The weight loss 

of the films was assessed after each time point, as well as the molecular weight variation by SEC, crystallinity degree 

by DSC, and nanotopography by AFM images. The cell behavior over degraded films was studied by fluorescence 

microscopy. Chemical degraded samples with molecular weight after 2.5 years of degradation were assessed by 

MTT to evaluate the cell viability in the presence of degraded material. Primary sheep ACL cells were used for both 

experiments. Mechanical assays were performed only on the PCL fibers bundles samples. Stress strain curves were 

recorded and Young’s Modulus, elongation  and the ultimate tensile stress (UTS) were determined. 

  

Results and Discussion 

Whilst ungrafted samples had linear weight loss during the first six months before stabilizing, grafted samples 

degraded at 37 ° C maintained their initial mass for the same period, for then start to reduce, ending the experiment 

15% lighter than the other groups. All studied groups had the molecular mass linearly reduced to stabilize after one 

year of degradation, such reduction was accentuated in the case of the grafted samples. On the other hand, the 

degradation process led to an increase of the material crystallinity. On this parameter, however, the degradation 

temperature had more influence than the surface treatment, with higher crystallinity values for samples kept at 37 ° 

C. AFM images showed variation in the samples roughness along the degradation process. Although both conditions 

presented higher roughness, the effect is amplified on ungrafted surfaces. Regarding cell behavior the degradation 
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had no influence on cell morphology. Cell viability is also unchanged in the presence of degradation products. Finally, 

mechanical tests showed decrease in mechanical properties over the study period for all degraded groups, however 

Young modulus, elastic deformation and ultimate tensile stress values remain higher than those found in natural ACL 

for at least 12 months of degradation. 

  

Conclusion 

The combination of the results obtained over this study confirms that PCL hydrolyzes by a bulk degradation mode, 

with strong influence of the degradation temperature. Nonetheless, to all appearances, functionalized surfaces 

degrade via a bulk degradation with autocatalysis. In this model the PNaSS grafting will operate as a protector barrier 

which will conserve the core of the material for at least 6 months before starting the degradation. 
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Introduction 

Skin tissue is hierarchically organized from three parts with totally different characters, the epidermis, the dermis, 

and the subcutaneous. Additionally, skin tissues include various kinds of cells, and they form appendage of the skin 

such as hair follicles, sweat glands, sebaceous gland, blood vessels, etc. These hierarchical structures and 

appendage are essence for multifunction of skin tissues. A method of regenerating skin tissue complete with 

hierarchical structures and appendages is important issue for long term. Injectable hydrogels are biomaterials that 

have the potential to provide scaffolds to cells for in situ tissue regeneration with a minimally invasive implantation 

procedure. The success of skin tissue regeneration utilizing injectable gels depends on providing cells with 

appropriate scaffolds that present an instructive extracellular microenvironment, which strongly influences the 

survival, proliferation, organization, and function of cells encapsulated within gels. One of the most important abilities 

of injectable gels to achieve this function is to adsorb and retain a wide variety of requisite bioactive molecules 

including nutrients, extracellular matrices, and growth/differentiation factors within gels. Recently, we developed a 

new type of injectable gel, self-replenishing injectable gel, which is able to adsorb and retain a wide variety of 

bioactive molecules in synchronization with the degradation [1]. In this study, we evaluated the potential utility of the 

self-replenishing injectable gel as new method for regeneration of whole skin tissue. 

  

Experimental Methods 

The self-replenishing injectable gels were fabricated by simple combination of common biodegradable copolymers, 

poly (lactide-co-glycolide)-b-poly(ethylene glycol)-b-poly(lactide-co-glycolide) (PLGA-PEG-PLGA), and synthetic clay 

nanoparticles (LAPONITE®). Human dermal fibroblast (HDFs), endothelial cells, human umbilical vein endothelial 

cells (HUVECs), adipose-derived human mesenchymal stem cells (ADSCs) were seeded onto gels made on a 96-

well plate and then incubated at 37°C. After a predetermined time, cells growing on the gels were quantified using a 

WST-1 assay. Similarly, cell growth in the hydrogels was also investigated. PLGA-PEG-PLGA gel, LAPONITE® gel, 

and Matrigel were examined as controls. We made skin tissue-injury model mice that have 7 mm square wound on 

the back, then the mice were treated with the self-replenishing gels, and wound area was analyzed by H&E staining 

for 2 weeks. 

  

Results and Discussion 

HDFs, Endothelial cells, HUVECs, and ADSCs cultured on the gels exhibited native morphology at day 7 and high 

proliferative capacity. By contrast, cells did not adhere to control PLGA-PEG-PLGA gel and exhibited a round shape, 

with no proliferation detected. Next, three-dimensional cell proliferation within the gels was investigated. Large 

numbers of cells can be readily encapsulated within the self-replenishing injectable gels due to thermal-gelation, and 

almost of the encapsulated cells (>95%) were alive, whereas the viability of cells encapsulated within PLGA-PEG-

PLGA gel was significantly lower. None of the cell types examined proliferated in PLGA-PEG-PLGA gel. By contrast, 
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cells encapsulated within the self-replenishing gels exhibited continuous proliferation over 14 days. Importantly, self-

replenishing gels demonstrated significantly higher proliferation of all cell types examined in comparison with Matrigel 

as positive control, indicating that an appropriate extracellular microenvironment was engineered within the self-

replenishing gels. skin-injury model mice treated with the self-replenishing injectable gels significantly enhanced 

regeneration of skin tissue as compared with PLGA-PEG-PLGA gels. Importantly, hierarchical structures, the 

epidermis, the dermis, and the subcutaneous was reconstructed at the wound site treated with the self-replenishing 

gels, and the appendage such as hair follicles, sweat glands, sebaceous gland, blood vessels were also observed. 

  

Conclusion 

In conclusion, the self-replenishing injectable gels possess unique abilities to self-replenish the regenerative 

extracellular microenvironment within the gels in the skin tissues, and the gels have potential utility as injectable gels 

for regenerative medicine for the whole skin tissues. 
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Introduction 

Data from the World Health Organisation (WHO)1 indicate that every year an estimated 300.000 deaths are caused 

by fire-related burns. Burns can be very complex making them concomitant with their own field of specialty within 

medicine. Malodorous burn wounds tend to negatively influence the patient’s wellbeing. A combination of (an)aerobic 

and proteolytic bacteria, necrotic tissue, poorly vascularized tissue and high levels of exudate causes these 

malodours. Currently available odour adsorbing wound dressings, like CarboFlex and Askina CarboSorb, are not 

useful for strong exudating wounds. They require regular changing and are expensive. Therefore, there is an urgent 

need for new improved technologies for odour adsorbing wound dressings with the added benefit of absorbing large 

amounts of exudate. This will not only result in more cost-effective products, but will also improve the efficiency of 

wound management by healthcare providers. 

Electrospun fibre mats (nanofibres generated by the electrospinning technique) provide an excellent environment to 

promote wound healing due to their high surface-to-volume ratio, good porosity levels, allowance of gaseous 

exchange and mimicking of the natural extra-cellular matrix. These characteristics promote cell respiration, skin 

regeneration, haemostasis, exudate removal and moisture retention. The interconnected nano-porosity prevents 

microbial infiltration. 

In this project, a wound dressing was created using an innovative technique called co-axial electrospinning by which 

two different materials are electrospun simultaneously, creating core-shell nanofibers. For the core, an acrylate-

endcapped, urethane-based precursor (AUP)2 was used, selected for its mechanical properties and good 

biocompatibility. For the shell, alginate was used for its high absorption capacity and haemostatic properties. In the 

current work, cross-linkable moieties (methacrylates) were incorporated into alginate to enable controllable covalent 

cross-linking. 

  

Experimental Methods 

The AUP2 polymer and methacrylated alginate (algMOD)3 were synthesized according to standard in-house 

protocols. These polymers were then processed into films and (co-axially) electrospun nanofibrous mats. The 

developed structures were then characterized by measuring the gel fraction and swelling properties in water and 

PBS buffer. Moreover, the moisture uptake capacity was determined by dynamic vapour sorption (DVS) and the 

mechanical properties were evaluated by tensile testing and rheology. In order to assess the cytotoxicity of the 

prepared materials, indirect cell tests were performed with Human Dermal Fibroblasts. The spun nanofibers and the 

core-shell structure of the co-axial spun fibers were confirmed using scanning and transmission electron microscopy 

respectively. Subsequently, activated carbon (AC) was added to the dressings to add an odour adsorption capacity 

to the dressings. Crystal violet was used as a proof of concept to identify the adsorption capacity of the structures 

with and without AC. 
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Results and Discussion 

• AUP with variable PEG backbone molecular weight (8k – 20k g/mol) combined with modified alginate (algMOD) 

was successfully processed into films and (co-axial) electrospun nanofibrous beds with tunable fiber diameters 

ranging between 200 nm and 1.5 µm 

• The combination of AUP and algMOD led to tunable physical and mechanical properties, with high gel fractions 

above 85%, a swelling ratio ranging between 10 and 125 gwater/gpolymer, a moisture uptake capacity up to 90% at 

95% relative humidity with a very limited hysteresis and Young’s Modulus between 0.1 - 0.6 MPa. 

• Indirect cell tests showed compatability of the AUP > 95%. 

• Core-shell structure of co-axial electrospun fibers (AUP shell and algMOD core) was identified through TEM 

(Figure 1, left). 

• Faster and stronger (11%) crystal violet sorption was observed by the AC incorporated wound dressings 

indicating significantly better odour absorption capacities (Figure 1, right). 

  

Conclusion 

To conclude, the processed wound dressings perform physically and mechanically better than current commercial 

dressings. 

  

References 

1. Mock, C., et al. Confronting the global burden of burns: A WHO plan and a challenge. Burns 35, 615–617 (2009). 

2. Houben, A. et al. Flexible oligomer spacers as the key to solid-state photopolymerization of hydrogel precursors. 

Mater. Today Chem. 4, 84–89 (2017). 

3. Mignon, Arn, et al. "Combinatory approach of methacrylated alginate and acid monomers for concrete 

applications." Carbohydrate polymers 155 (2017): 448-455. 

  

Acknowledgement 

This project has received funding from the Interreg 2 Seas programme 2014-2020, co-funded by the European 

Regional Development Fund under subsidy contract No 2S01-027. Arn Mignon received post-doctoral fellowship 

from Research Foundation Flanders No. 12Z2918N. 

  

 

Figure 1. 
TEM image identifying the AlgMOD and AUP PEG 

10k  in a core-shell co-axial electrospun fiber 

bed (left). Percentage of crystal violet removal 

by the AUP PEG 10k at different incubation times 

(18, 24 and 42h) (right). 
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Introduction 
Wound healing is a fundamental process to ensure skin integrity and survival of all higher organisms (1). It is a tightly 

regulated process, but comorbidities can produce early and late complications that lead to delayed healing, placing 

a massive financial burden on healthcare systems (2). Researchers have turned to nanomaterials for the 

development of novel treatments to address the complexity of wound healing, since they can enter the wound site, 

deliver drugs and regulate cell behaviour (3,4). Indeed, wound healing has been found to be regulated by microRNAs 

(miRs), which are post-transcriptional regulators controlling many vital physiological processes (5). Herein, we aim 

to encapsulate RNA antisense oligonucleotides (ASO) with the sequence of miR-31 into nanoparticles (NP) by 

electrostatic interaction with RALA, a novel 30-mer cationic peptide (6). miR-31 shows promise as a successful 

genetic therapy towards wound healing as its upregulation has been shown to participate in angiogenesis (7), cell 

proliferation and migration (8). In addition, electrospinning is a versatile technique that uses electric fields to convert 

a polymer solution into nanofibres (NF) resembling the extracellular matrix, acting as suitable dressings and drug 

delivery systems for wound healing (9). Therefore, NP as vectors for ASO encapsulated within electrospun NF are 

expected to constitute an innovative genetic nanomedicine that could manage and promote tissue repair. Figure 1 

shows a schematic overview of the experimental approach planned for this research programme towards the 

production of NP-loaded electrospun NF. 

  

Experimental Methods 

NP at different N:P ratios were synthesized by the self-assembly of cationic RALA with  anionic ASO having the 

sequence of miR-31. Particle size, polydispersity, mean count and zeta potential were measured using a Nano ZS 

Zetasizer (Malvern Instruments, UK). NP were processed using an electrophoretic mobility shift assay. ASO were 

labelled (Cy3-ASO) with a Label IT® siRNA Tracker Intracellular Localization Kit, Cy®3 (Cambridge Bioscience, UK) 

and NCTC-929 fibroblasts (ATCC, USA) were transfected with RALA/Cy3-ASO. Cells were then studied with optical 

microscopy and flow cytometry (BD Accuri C6 Plus, BD Biosciences, USA). Moreover, an MTS  assay (Thermo 

Fisher Scientific, USA) of cells transfected with RALA/ASO was performed. 

  

Results and Discussion 

Figure 2 shows the Z-average size of RALA/ASO and RALA/Cy3-ASO, and their cellular uptake and viability when 

incubated with NCTC-929 cells. RALA and ASO were condensed into NP of approximately 150 nm from N:P ratio 8 

onwards. For N:P ratio 6 onwards, zeta potential was found to be in the +10-14 mV range, which is optimal to facilitate 

transport through the cell membrane (6). RALA/Cy3-ASO showed Z-average sizes of approximately 130 nm from 

N:P ratio 6 onwards. However, as was the case with RALA/ASO NP, the polydispersity index was higher than 0.3, 

revealing lack of homodispersity in the sample. Zeta-potential of RALA/Cy3-ASO was found to be in a +10-15 mV 

range for N:P ratio 6 onwards. A gel electrophoresis assay showed that ASO are neutralised by RALA at N:P ratio 

4, with almost total condensation from N:P ratio 8 onwards. 
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NCTC-929 cells were transfected with RALA/Cy3-ASO in reduced serum and complete media, showing transfection 

efficiencies at least of 90% for both media, with fluorescence intensity being significantly higher for cells transfected 

in reduced serum. Viability of cells transfected in serum showed a gradual increase as N:P ratio increased from 1 to 

6 and then a gradual decrease until N:P ratio 12. Whereas viability of cells transfected in complete media was 

comparable to the control. These results could indicate that ASO are transfected in a sufficient amount in serum to 

promote an increase in cell viability owing to the effect that miR-31 has in cell proliferation (8). Whereas cells 

transfected in complete medium do not incorporate a sufficient amount of ASO to promote this effect. 

  

Conclusion 

RALA/ASO has shown promise to constitute an advanced genetic nanomedicine to treat impaired wound healing. 

Herein, RALA successfully condensed miR-31 ASO into NP with a particle size of 150 nm and a net positive zeta 

potential, which facilitated cellular uptake into NCTC-929 fibroblast cells. Further studies will include confocal 

microscopy, ELISA, wound scratch assays and tubule formation assays to determine device performance for wound 

healing applications. Finally, a biodegradable-based polymer blend will be electrospun to produce NF, which will be 

eventually used to encapsulate RALA/ASO. The ability of the NP-loaded NF patch to promote wound healing will be 

assessed using in vitro an in vivo studies. 
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Production of nanoparticle-loaded electrospun NF 
Diagram showing the milestones required for the 

production of NF encapsulating RALA/nucleic acid 

nanoparticles. 

 

 

Z-average size, zeta potential and transfection 

of RALA/ASO and RALA/Cy3-ASO 
a) Z-average size and zeta-potential of RALA/ASO 

and RALA/Cy3-ASO; b) Transfection efficiency of 

NCTC-929 cells transfected with RALA/Cy3-ASO in 

reduced serum and complete media, and viability 

of NCTC-929 cells transfected with RALA/ASO in 

reduced serum and complete media; c) NCTC-929 

under a Texas Red filter after transfection with 

RALA/Cy3-ASO at N:P ratio 6 in reduced serum and 

complete media 
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Introduction 

In the US alone more than 6.5 million patients are suffering from chronic wounds 1–4. While the exact cause for chronic 

wounds remains mostly unknown 6, a persistent inflammatory state characterized by increased amounts of 

inflammatory cytokines and chemokines have been described 10,11. The resulting unrestrained inflammatory response 

impairs the resolution of the inflammation and therefore the progression of the wound into a healing stage. Biohybrid 

starPEG-heparin hydrogels have previously been demonstrated to offer a possible therapeutic tool to control the 

imbalance of inflammatory and regenerative signaling mediators in wound healing12. These biomaterials were tailored 

to utilize the strong affinity between glycosaminoglycans, such as heparin, and pro-inflammatory chemokines to 

selectively scavenge these chemoattractant factors from the wound and thus neutralize their activity. In here, we 

applied composite dressings made of a textile support and starPEG-heparin coatings on top to the chronic porcine 

excision wounds, which closely resemble human skin physiology, and assessed the capacity to promote wound 

closure and tissue repair. 

  

Experimental Methods 

The binding capacity of the materials were assessed by incubating the hydrogel composite discs with a range of 

cytokines relevant in the wound environment for 24 h and the remaining quantities in the supernatants were quantified 

by multiplex bead-based immunoassay (Thermo). To evaluate the in vivo effects of the hydrogel-based chemokine 

scavenging, streptozotocin-treated female Danish X Large White Crossbred pigs were inflicted with 2x2cm full 

thickness wounds. Following the excision starPEG- glycosaminoglycan hydrogels composites were placed on the 

wounds and covered with a transparent adhesive semipermeable film dressing (Hartmann). After 28 days the wound 

tissue was harvested, fixated in 4% formaldehyde (Sigma Aldrich), embedded in paraffin, sectioned in the middle of 

the wound and histologically analyzed to evaluate the overall tissue structure, collagen deposition, angiogenesis and 

immune cell presence in the wound. 

  

Results and Discussion 

To attract cells, chemokines form a gradient by binding to the glycosaminoglycans of the surrounding extracellular 

matrix 26. Based on the selective and robust interaction between negatively charged glycosaminoglycans and various 

chemokines 27,28, we build a hydrogel composite material that utilized selectively desulfated heparin derivatives to 

scavenge and inactivate chemokines, while leaving growth factor levels nearly unaffected (Figure 1). After 24h 

incubation of the scaffolds with the signaling mediator cocktail, the N-desulfated heparin hydrogels bound nearly 80% 

of the IL-8 and MCP-1 from solution, while the 6ON-desulfated heparin did sequester a slightly lower quantity of 70% 

for both mediators, (Figure 2, left). The effects of the heparin-based hydrogel composites on chronic non-healing 

wounds were analyzed with 4 cm2 full thickness excision wounds in the diabetic pigs. After 28 days, an increased 

closure rate could be observed in the wounds treated with the heparin-based wound dressing (Fig 2, left), which 

supported nearly full wound closure in all treated animals 28 days post wounding. In addition to the faster wound 
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closure, increased collagen deposition was observed by Masson Trichrome stain as well as increased vascularization 

depicted by the immunohistological stain against CD31. 

  

Conclusion 

Through the selective binding of inflammatory chemokines by glycosaminoglycan-based scaffolds, the wound 

signaling environment could be modulated to a more pro-regenerative state. Consequently, inflammation in the 

wound is resolved, facilitating the formation of new tissue and accelerating angiogenesis in the porcine diabetic 

wound. The high relevance of the pig wounds to human wounds provides evidence of the high potential for the clinical 

translation of the developed heparin-based hydrogels which can pave the way to more etiologically defined 

regeneration strategies for wound healing. Certainly, the strategy of selective chemokine scavenging to balance the 

inflammatory signaling environment could ultimately benefit for other diseases, such as multiple sclerosis, respiratory 

diseases (e.g., asthma) or atherosclerosis, as a new opportunity for therapeutic intervention 17. 
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Figure 2: 
Left: Scavening of IL-8 and MCP-1 into the GAG-

based hydrogel dressing after 24 hours. Right: 

Wound area of excisional wounds in diabetic pigs 

after 28 days of treatment. Line represents 

initial area at day 0. Bars represent mean +/- 

SD. n=6. 

 

 

Figure 1: 
Mechanism of chemokine scavenging by starPEG-

Glycosaminoglycan based hydrogel dressing 
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Introduction 
Tissue adhesives are emerging as an alternative or adjunct to sutures and staples for wound closure owing to their 

ease of preparation and application, strong adhesion to the wound site, and effective sealing of body fluids[1]. The 

glue-type tissue adhesives have recently gained attention as they can flow into the wound cracks providing strong 

adhesion between the tissues and the glue, effectively preventing leakage of body fluids[2,3]. In addition, it can be 

prepared in situ, and the mechanical properties can be tuned to suit the surrounding tissue, which enables it to be 

used for tissues with different geometry and dimensions. However, limitation of commercially available cyanoacrylate-

based adhesives still has certain limitations such as poor flexibility, weak adhesion in wet and dynamic conditions, 

and a toxic degradation product, which limits its application to only topical use[4]. Taking into consideration the 

limitations exhibited by the currently available tissue adhesives on the market, there is a need for a tissue adhesive 

that has strong adhesion to the tissue under wet and dynamic conditions for a long period of time to allow for wound 

healing. In this work, we engineered an in situ photocrosslinkable tissue adhesive based on hyaluronic acid, a well-

known biopolymer. Hyaluronic acid (HA), a naturally occurring linear polysaccharide, has been widely used as a key 

biomaterial in a range of scarless wound healing processes and therapeutic applications[5,6]. Its excellent 

biocompatibility and bio-functions related to tissue regeneration encourage the development of HA-based hydrogels 

to expand its applications. This study details an in situ forming surgical glue based on photocrosslinkable HA, 

providing tunable mechanical properties and firm tissue adhesion under wet and dynamic conditions. 

  

Experimental Methods 

HAMA with a low and high degree of methacrylation (DM) was synthesized and confirmed by 1H NMR. First, the 

mechanical properties of hyaluronate methacrylate (HAMA) hydrogels prepared from different concentration (5%, 

10%, and 20% (w/v)) of precursor solutions at a low and high DM were investigated using a tensile test to evaluate 

its tunability. Then, we evaluated the adhesive properties of the HAMA hydrogels produced from a high DM. The 

results were compared to that of the gelatin methacrylate (GelMA) hydrogels produced from a high DM. Its 

mechanical and adhesive properties were investigated by several standard tests including the tensile test, in vitro 

wound closure test, and lap shear test. Finally, to determine the adhesion capability of the HAMA hydrogels under 

wet and dynamic conditions, the HAMA hydrogels photocrosslinked to porcine skin were placed under wet and 

dynamic conditions and their survival on the porcine skin was recorded for several weeks. 

  

Results and Discussion 

Photocrosslinkable methacrylate groups are generally incorporated into an HA polymer backbone by reacting it with 

MA under aqueous basic conditions. This suggested HAMA hydrogels exhibited relatively higher stiffness. 

Nevertheless, comparing the overall mechanical properties of the HAMA and GelMA hydrogels produced from a high 

DM, the engineered HAMA hydrogels have better cohesive properties. For adhesives consisting of hydrophilic 
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polymers, HAMA hydrogels were more than ~3.2-fold higher than that of the reported value for fibrin glue (4.0 kPa), 

which is one of the most widely used biologically derived adhesives in clinical applications[7]. Next, we conducted ex 

vivo tests to determine the adhesion capability of HAMA hydrogels under wet and dynamic conditions similar to that 

of the physiological conditions (salt and temperature). Most parts of the hydrogel remained intact until 3 weeks. These 

results suggest strong adhesion to the porcine skin as well as the stability of 10% (w/v) and 20% (w/v) HAMA 

hydrogels under wet and dynamic conditions. Swelling of hydrogels in wet environments could lead to a decrease in 

mechanical strength and subsequently breakage of the hydrogel[8]. Because of the limited water uptake in the highly 

crosslinked hydrogels[9], HAMA hydrogels, especially prepared from high polymer concentration, would undergo less 

swelling and thus are expected to have good mechanical stability at the wound site. Thus, hydrogels prepared from 

higher concentrations of HAMA solutions are expected to last longer in physiological environments. 

  

Conclusion 

In this work, we have developed an in situ photocrosslinkable tissue adhesive based on HA. Although cytotoxicity 

and biocompatibility need to be investigated to transfer this work into clinical applications, the tunable mechanical 

properties, as well as strong adhesion to porcine skin under both dry and wet conditions, makes HAMA an ideal 

candidate for tissue adhesive applications. 

  

References 

1. N. Annabi, Y.-N. Zhang, A. Assmann, E. S. Sani, G. Cheng, A. D. Lassaletta, A. Vegh, B. Dehghani, G. U. Ruiz-

Esparza, X. Wang, S. Gangadharan, A. S. Weiss, A. Khademhosseini. Sci. Transl. Med. 2017, 9, eaai7466. 

2. N. Annabi, D. Rana, E. S. Sani, R. Portillo-Lara, J. L. Gifford, M. M. Fares, S. M. Mithieux, A. S. Weiss. 

Biomaterials 2017, 139, 229. 

3. C. Ghobril, M. Grinstaff. Chemical Society Reviews 2015, 44, 1820. 

4. F. Leonard, R. K. Kulkarni, G. Brandes, J. Nelson, J. J. J. Cameron. J. Appl. Polym. Sci. 1966, 10, 259. 

5. J. Voigt, V. R. Driver. Wound Repair Regen. 2012, 20, 317. 

6. M. Etscheid, N. Beer, J. Dodt. Cell. Signal. 2005, 17, 1486. 

7. O. Jeon, J. E. Samorezov, E. Alsberg. Acta biomater. 2014, 10, 47. 

8. B. Johnson, D. Beebe, W. Crone. Materials Science and Engineering: C 2004, 24, 575-581. 

9. E. A. Kamoun, E.-R. S. Kenawy, X. Chen. Journal of advanced research 2017, 8, 217-233. 

  

Acknowledgement 

This research was supported by the National Research Foundation of Korea (NRF) funded by the Ministry of Science 

and ICT (NRF-2018R1A4A1025623), the Tech Incubator Program For Startup (TIPS) (201738070002) funded by the 

Ministry of SMEs and Startups (MSS, Korea). 

  

 

In situ photocrosslinked hyaluronated methacrylate hydrogel for 

surgical glue 
This study details an in situ forming surgical glue based on 

photocrosslinkable HA, providing tunable mechanical properties 

and firm tissue adhesion under wet and dynamic conditions. 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1761 of 1893 

PS2-15-463 

Physical and biological properties of newly developed thermally cross-

linked gelatin film for anti-adhesion material with peritoneal 

regeneration 

Tsunehito Horii1,2, Hiroyuki Tsujimoto1,2, Kazuyoshi Jonin2, Masayuki Nagasawa2, Kenichi Kobayashi2, 

Toshitaka Takagi1, Yoshito Ikada1, Akeo Hagiwara2, Akihiro Kawauchi2 

1Doshisha University, Department of Life and Medical Science, Division of Medical Life System, Kyotanabe, JP; 
2Shiga university of medical science, Department of Urology, Seta, JP 

 
Introduction 

Currently, hyaluronic acid and carboxymethyl cellulose film is most conventionally used in clinical setting as an anti-

adhesion material (the conventional film). The conventional film reduces adhesion by acting as a mechanical barrier 

to separate the adjacent traumatized serosa during the critical period of re-peritonization. However, the conventional 

film hasn’t decreased the incidence of bowel obstruction in clinical trials, although it reduced the incidence of severe 

cases requiring re-operation. In addition, the film has several disadvantages, such as difficulty in handling because 

of its fragility and the potential risk of anastomotic leakage. Indeed, several studies have reported that leakage 

occurred more frequently when the conventional film was wrapped directly along the suture or staple line of bowel 

anastomosis. 

In order to create more excellent anti-adhesion materials, we developed a thermally cross-linked gelatin film. Gelatin 

is a denatured form of collagen, which is included in connective tissues of human and animal bodies, made by heat 

denaturation and bio-absorbable materials hydrolyzed by enzymes. The purpose of this study is to reveal the handling 

properties, anti-adhesion effect and revealing the anti-adhesion mechanism. 

  

Experimental Methods 

we examined physical strength (tensile test under dry and wet condition) and the adhesiveness to tissues (pull 

adhesive test, shearing stress test). Moreover, in order to reveal the anti-adhesion mechanism, we examined the 

biological properties such as the anti-adhesion effect, the influence on cell proliferation and the cytotoxicity, especially 

in comparison with the conventional film. 

  

Results and Discussion 

In the present study, the maximum tensile stress of the gelatin film under dry conditions was twice higher than that 

of the conventional film. In addition, the tensile stress of the gelatin film under wet conditions was five times higher 

than that of the conventional film. These results indicated that the gelatin film has better physical strength than the 

conventional film under both dry and wet conditions. In addition, the maximum fracture strain of the gelatin film was 

significantly higher than that of the conventional film. The result suggested that the gelatin film had better ductility at 

least under dry condition than the conventional film. In the pull adhesion test, there was no significant difference in 

the maximum adhesive stress between the two films. However, in the shear stress test associated with both the 

physical strength and the adhesiveness of the materials, the shear load of the gelatin film was higher than that of the 

conventional film. From these results, we consider that gelatin film can provide better handling than the conventional 

film, due to its excellent physical strength and ductility. 
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The results of anti-adhesion effect test showed significantly much lower adhesion scores of the gelatin film than the 

conventional film, although the scores of the conventional film were significantly lower than that of the control. This 

result indicates that gelatin film has a more excellent anti-adhesive effect than the conventional film. 

To clarify the mechanisms underlying the difference in the anti-adhesion effect between the two films, we conducted 

a cell proliferation test on each film using fibroblasts at first. In the result, the cell numbers on the gelatin and the 

conventional films were significantly lower than in the control (no material), suggesting that both films achieve their 

anti-adhesion effect by suppression of fibroblast proliferation on the films. Interestingly, the cell proliferation on the 

gelatin films increased at each time point after culturing for 1, 3, 5, and 7 days, while no proliferation was observed 

on the conventional film during culturing. In our previous and preliminarily studies, both the gelatin and the 

conventional films dissolved mostly within one week in both in vitro and in vivo degradation tests. Therefore, the 

difference in the cell proliferation between the films may be associated with their cytotoxicity. 

To address this issue, we conducted further cytotoxicity test using a colony assay and Live/Dead assay. In the colony 

assay, the colony-forming rate of the gelatin film was not different from that of the control. However, the colony-

forming rate of the conventional film was markedly low, especially at higher extract concentrations. Furthermore, in 

the Live/Dead assay, the cell viability with the gelatin film extract was almost 100%. In contrast, the cell viability with 

the conventional film extract decreased by 50%. These results suggest that the conventional film has cytotoxicity in 

extract form, whereas the gelatin film does not. 

  

Conclusion 

Therefore, the gelatin film provides better handling than the conventional film, due to better physical strength and 

ductility of the film. In addition, the gelatin film has a significantly greater anti-adhesion effect than the conventional 

film without any cytotoxicity. 
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The results of anti-adhesion effect test. 
(a) Anti-adhesion score (Extent) 

 (b) Anti-adhesion score (Severity) 
*: p<0.05, **: p<0.01 

 

 

      (b) Maximum fracture strain in dry condition 
                    (c) Stress-strain diagram in dry condition 

      (d) Maximum tensile stress in wet condition 
          *: p<0.05, **: p<0.01 

 

  

 

The results of tensile tests. 
(a) Maximum tensile stress in dry condition 
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Introduction 

Keloid scars are unsightly and uncomfortable epidermal growths which result from a dysfunctional wound healing 

process1. Small keloids can be treated with physical dressings, topical creams or by injection, with the intent to curtail 

further growth and manage symptoms. These approaches have varying success and aim at management rather than 

removal, so are not a cure. Direct excision via surgery is complicated by keloid scars' notoriously high chance of 

recurrence, so is combined with chemotherapy, laser therapy or radiotherapy to discourage this. These treatments 

can lead to cure, but are costly, time consuming, and require specialist facilities and expertise. 

The development of new treatments requires better understanding of the molecular and cellular biology of keloid 

scarring. The keloidal mass features a hypoxic core containing a persistently activated and apoptosis-resistant 

population of pathological keloid fibroblasts (FBs)2. These recruit and activate other cells, inducing excess production 

of collagen, cellular proliferation and expansion of the keloidal mass. The factors underlying formation of this structure 

during normal wound healing are incompletely understood, and several possible underlying initiating cellular and 

molecular causes have been outlined3. How these differ from keloid to keloid, and from patient to patient, is an 

important consideration for new treatment development. 

One factor hindering research is the difficulty in obtaining keloid samples to test new treatments. From 1997 to 2003, 

the Restoration of Appearance and Function Trust (RAFT) stored keloid FBs from patients undergoing treatment at 

the plastic surgery unit at Mount Vernon Hospital, resulting in 30 potential individual primary kFB strains. These cells 

are being characterised and expanded to develop a distributable cell bank resource to aid keloid research, both at 

RAFT and in the wider community, and could model the potential of new treatments in different types of keloids. 

We aim to use this resource to create a dermal replacement scaffold engineered to reduce keloid recurrence, for use 

after surgical removal of the keloid mass. Our approach would aim to prevent re-colonisation of the disease site with 

kFBs, whilst permitting the influx of a patient’s normal primary fibroblasts from surrounding areas using a cell-selective 

dermal matrix. Cell-selective biomaterials have a rich history in other applications such as bioabsorbable stents. 

  

Experimental Methods 

Initial culture 

Keloid fibroblast cell lines were created by expansion from low passage initial biopsy cultures via standard methods 

in supplemented DMEM. The Keloid Cell Bank was created following the principles set out by Geraghty et al.4 

Mycoplasma-free status was confirmed by PCR assay. 

Cell identity 

PCR assay using HeLa microsatellite genetic markers was used to rule out the possibility of historic cross-

contamination. The expression of fibroblast differentiation markers and structural proteins was demonstrated by 

Western blot, to rule out labelling errors with contemporaneous archival cells. 

Proliferation and metabolism 
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Cell line replication and metabolism was determined by direct cell count in Haemocytometer and by metabolic 

reduction of AlamarBlue colorimetric reagent. The kinetics of cell growth in its phases of recovery, conditioning, 

exponential growth and contact inhibion was studied by plating at different cell densities. Metabolic assays were used 

to determine inter-cell line hetereogeneity by low density multiwell cell plating and examination of significantly 

metabolically more active wells. 

Colonization of dermal scaffolds 

The ability of kFBs to colonise natural polymer dermal scaffolds was assessed, both alone and in combination with 

primary dermal fibroblasts. Cell attachment and viability was demonstrated by reduction of Alamarblue reagent. 

  

Results and Discussion 

It is widely reported that Keloid FBs are more proliferative and metabolically active than normal human dermal FBs, 

but evidence is mixed in the literature, and may represent underlying variation in keloid biology. Keloid FBs have 

distinct proliferation kinetics to normal human DFs. Individual Keloid cell lines showed greater variation with both 

higher and lower proliferation and metabolism rates than normal human dermal fibroblast controls. 

Keloid FB cell lines also showed greater inter-cell line heterogeneity than controls, suggesting that certain cells within 

the swarm cause abnormal paracrine effects. 

Keloid FBs showed a greater avidity for a fibrin, rather than collagen, based scaffolds, unlike normal human dermal 

fibroblasts. 

  

Conclusion 

This work establishes functional similarities between independently derived kFBs, and how these differ from normal 

primary human fibroblasts, which could be exploited to preferentially select one over the other using a selective 

matrix. 
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Introduction 

Persistent inflammation during dermal wound healing is often associated with impaired repair and dysfunction of the 

regenerated tissue and is often attributed to cell-cell and cell-matrix miscommunication. The underlying mechanisms 

are still insufficiently understood. 3D in vitromodels offer striking opportunities to study these interactions by allowing 

to mimic microstructure, mechanics and molecular composition of the extracellular microenvironment at pathological 

and physiological situations. We developed a modular matrix engineering platform based on fibrillar 3D collagen I 

matrices, which facilitates detailed examinations of various cell-cell interactions in vitro. In the present study we 

applied it to the analysis of the interaction between primary human fibroblasts (FB) and macrophages (MΦ) during 

early as well as late stages of wound healing. 

  

Experimental Methods 

Our model system is based on fibrillary 3D matrices reconstituted from collagen I. Pore size, fibril diameter and matrix 

stiffness were adjusted by reconstitution conditions and optional modifications by subsequent cross-linking or 

functionalization with other ECM molecules, e.g. glycosaminoglycans (GAGs) or fibronectin, as previously shown in 

other studies.1,2,3 Primary human dermal FB and human monocyte-derived MΦ were examined in their response to 

these matrices in coculture studies over 6 days. MΦ were either polarized into inflammatory or regulatory phenotype, 

achieved by distinct differentiation protocols after isolation. Cells were seeded inside the 3D matrix during collagen 

matrix reconstitution. FB were optionally stimulated by TGF-β1 to trigger a myofibroblasts (MyoFB) differentiation. 

We analyzed changes in cell distribution and matrix properties over the time course of the coculture study. 

Proliferation behavior of FB was examined using commercial WST-1 assay. 

Gene expression analysis of markers of MyoFB phenotype (αSMA, matrix protein synthesis) and 

immunofluorescence of αSMA incorporation into the actin stress fibers were used to study FB differentiation and 

dedifferentiation. We further determined IL-10 cytokine secretion using ELISA. 

  

Results and Discussion 

Inclusion of cells during collagen matrix reconstitution did not alter matrix properties in terms of pore size, fibril 

diameter and elasticity. Moreover, homogeneous distribution of cells remained stable during cultivation time. 

Coculture experiments of MyoFB and regulatory M2-MΦ revealed a dose-dependent regulation of MyoFB 

proliferation and differentiation. Proliferation of MyoFB increased whereas the total amount of MyoFB decreased in 

dependence on the amount of cocultivated regulatory M2-MΦ. The analysis of gene expression related to the 

formation of new ECM proteins (Coll I; Coll III and EDA-FN) confirmed these results of altered MyoFB phenotype. 

Additionally, regulatory M2-MΦ were shown to be the main source of secreted IL-10 cytokine. These findings 

indicated a direct paracrine impact of IL-10 secreted from M2-MΦ to the ascending de-differentiation of MyoFB in 

coculture. 
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Additional experiments with inflammatory M1-MΦ demonstrated a converse effect. Gene expression data showed a 

dose-dependent increase of MyoFB characteristic gene expression with cocultivated inflammatory M1-MΦ and a 

persistent MyoFB phenotype. IL-10 secretion of M1-MΦ in the absence of MyoFB was generally low, whereas the 

presence of MyoFB led to a dose-dependent increase of IL-10 in the supernatant, indicating additional paracrine 

effects of MyoFB on inflammatory M1-MΦ. 

  

Conclusion 

In sum, our 3D collagen I based matrices resemble a highly relevant biomimetic model of early and late stages of 

wound healing with a control of proliferation and differentiation of MyoFB by MΦ in coculture. 

Perspective experiments will uncover the regulation of the paracrine IL-10 and TGF-β1signal exchange between both 

cell types by an interaction with GAG-modified 3D matrices. 
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Introduction 

The inflammatory reaction initiates fracture healing and directly influences the osteoinductive effect of bone tissue 

engineering scaffold 1-3, but the underlying mechanism remains to be elucidated. Protein corona as a real biological 

identity of biomaterial significantly affects the biological function of bone regenerative scaffold 4-5. Hence, we 

developed a simple and effective in vivo dynamic model for the protein corona of MHA scaffolds to predict the 

correlation between the inflammatory reaction and bone wound healing, as well as the underlying mechanism 

governing such process. 

  

Experimental Methods 

In this article, the MHA scaffolds were selected as a potential bone substitutes and HA scaffolds were used as control. 

We implanted the HA and MHA scaffolds into the sites of femoral defect in rats for 15 min, 1 h, 24 h, 7 d, and 14 d 

to obtain the dynamic protein corona. Then the formation of dynamic protein corona was systematically studied by 

bicinchoninic acid protein assay kit, sodium dodecyl sulfate polyacrylamide gel electrophoresis and LC-MS/MS 

analysis. Several bioanalytical tools, such as Uniprot, KEGG and David, were used to further analyze the bound 

proteins according to biological processes. In addition, the role of inflammatory and immune response in protein 

corona-mediated osteogenesis was investigated by HE staining and immunocytochemistryof inflammatory cells in 

vivo and the effect of specific inflammatory factors on pre-osteoblast proliferation in vitro. 

  

Results and Discussion 

The results showed that the proteins related to immune and inflammation, bone and wound healing increased in the 

protein corona of magnetic nanoparticles (MNPs)-infiltrated scaffolds with time-dependent manner. Meanwhile, the 

enriched proteins related to immune and inflammation adsorbed on MHA scaffolds correlated well with the 

significantly enhanced bone wound healing, as suggested by the same variation tendency of proteins related to bone 

and wound healing, and immune and inflammation (Fig. 1A and B). The presence of MNPs suppressed chronic 

inflammatory responses and highly promoted acute inflammatory responses. More importantly, the activation of the 

acute inflammatory responses led to the recruitment of immune cell, remodeling of extracellular matrix and even 

acceleration of bone healing. After 7 days of implantation, few lymphocytes were observed on the HA scaffold while 

more lymphocytes were clearly found on the MHA scaffold. The presence of IL-6 and C3 was effective to improve 

pre-osteoblast cell (MC3T3-E1) proliferation in vitro model (Fig. 1C and D). This results further corroborated the 

critical involvement of inflammatory reaction enhanced bone wound healing. 

  

Conclusion 

The dynamic protein corona formed on bone repair scaffolds under the in vivo bone repair model plays a significant 

role in acute inflammation, i.e. immune response, and ultimately bone wound healing. Our results highlight the 

important role of acute inflammation (i.e. immune response) on osteogenesis. Up-regulated immune response was 
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strongly correlated with the significantly enhanced bone wound healing. The current study constitutes a basis for the 

development of superparamagnetic scaffold biomaterials, exploring the role of the immune response in tissue repair 

and its potential relevance to magnetic scaffold design. 
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Fig. 1. The dynamic protein corona influences immune-modulating 

osteogenesis. 
A) proteins related to immune and inflammation; B) proteins 

related to bone and wound healing; The effect of IL-6 and C3 on 

MC3T3-E1 proliferation: C) CCK-8 assay for proliferation of 

MC3T3-E1 cultured on HA, HA-IL-6 and MHA for 1, 3 and 5 days; D) 

CCK-8 assay for proliferation of MC3T3-E1 cultured on HA, HA-C3 

and MHA. 
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Introduction 

Monocytes and the macrophages derived therefrom are important cells of the innate immune system. They 

participate in the elimination of pathogens by phagocytosis, initiation of inflammatory reactions, and tissue repair. 

They can differentiate into pro-inflammatory M1 and anti-inflammatory M2 macrophages depending on environmental 

cues, such as implanted biomaterials [1]. Together with multipotent human mesenchymal stromal cells (hMSCs), 

they contribute to tissue renewal and anti-inflammatory reactions. Due to these properties, the research about both 

cell types is of great importance for regenerative medicine and tissue engineering [2]. Besides the cell-cell 

communication, the interaction of cells with the material is of special interest. Here, the co-culture can provide new 

insights into the immunomodulatory functions of biomaterials. In this study, we established a functional co-culture 

system of human monocyte-derived macrophages and human mesenchymal stromal cells (hMSCs) for biomaterial 

assessment based on the example of 3D porous melt-electrowritten scaffolds. 

  

Experimental Methods 

Primary monocytes were isolated from human buffy coats via density gradient centrifugation and negative 

immunoselection. They differentiated spontaneously into macrophages over a culture period of seven days. HMSCs, 

derived from trabecular bone, were isolated via plastic adherence.  As material, melt-electrowritten 3D scaffolds with 

mesh widths of 60 µm and 80 µm, respectively, as well as a 2D film made of poly(ε-caprolactone) (PCL) were used. 

The co-culture of both, 3D and 2D constructs, and thus the cell-cell and cell-material interactions were investigated 

via direct and indirect (conditioned medium) conditions [3]. Changes in gene and protein expression, cytokine 

release, phagocytic activity of macrophages as well as the general behavior of both cell types by scanning electron 

microscopy and fluorescence microscopy were investigated. 

  

Results and Discussion 

We have successfully established a model system and protocols for the analysis of the immunomodulated outcome 

after co-cultivation of human macrophages and hMSCs on 3D porous scaffolds. Thus, we were able to detect 

changes in gene and protein expression as well as in the cytokine release profile of macrophages cultivated on 

scaffolds in co- and mono-culture, respectively. Our results suggest, that it is extremely important to evaluate the 

immunomodulatory response provoked by biomaterials not only based on monocultures, but also in combination with 

other cell types present in the natural tissue environment. Hence, co-cultures can provide more accurate insights into 

the biological processes, since they more closely resemble the in vivo conditions. 

  

Conclusion 

In this work, we focused on a functional co-culture system of human macrophages and hMSCs as a tool for 

biomaterial assessment. By establishing numerous protocols for the investigation of immunomodulatory effects using 

the example of 3D porous scaffolds, we determined the importance of evaluating co-cultures for the improved 
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characterization of materials to be used in tissue regenerative applications. This system can be easily applied to 

other 3D scaffolds made of polymers, as well as to many further biomaterials with minor adaptions. 
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Introduction 

The inflammatory response of vascular tissue to infection and tissue damage is undeniably a key process in re-

establishing homeostasis and defending our body against pathogens. However, when disturbed or prolonged, 

inflammation can exert detrimental effects on the surrounding tissue and impede successful regeneration. Although 

the underlying mechanisms often remain elusive, an overabundance of pro-inflammatory factors and insufficient 

supply with pro-regenerative signalling molecules has been associated with the chronicity of inflammation and 

impaired regeneration in many cases. For example, recent studies suggest that healing of chronic dermal wounds 

can be improved significantly by either scavenging of pro-inflammatory chemokines (e.g. MCP-1 and IL-8) or by 

controlled release of anti-inflammatory/pro-regenerative cytokines and growth factors (e.g. IL-4, VEGF and TGFβ) 

from topically applied starPEG-heparin hydrogels [1-3]. 

  

Experimental Methods 

In order to render the bulk material injectable, thus enabling local administration of the immunomodulatory system 

directly at the site of inflammation, we have developed a robust microfluidics platform for processing the starPEG-

heparin gel matrices into microgels with adjustable size, mechanical and biochemical properties. 

  

Results and Discussion 

The in-situ crosslinking of thiol terminated 4arm starPEG and maleimide functionalised heparin via Michel type 

addition resulted in highly monodisperse microgels with tunable sizes over a range of 25 - 160 µm and highly 

comparable mechanical properties. The modulation of the heparin concentration within the microgels as well as the 

sulfation pattern/sulfation degree of the heparin allows for precise control over the space charge density and thus the 

affinity of the microgels for respective signalling molecules. Ultimately, this can be utilised to fine tune the release of 

heparin-affine proteins which was demonstrated for the pro-angiogenic growth factor VEGF165. The 

hemocompatibility of the hydrogel system and the ability of the microgels to reduce leukocyte migration from the 

blood through sequestration of pro-inflammatory chemokines such as MCP-1 and IL-8 have been proven in ex-vivo 

studies with human whole blood. 

  

Conclusion 

These findings corroborate the suitability of starPEG-heparin microgels for in-vivo applications and demonstrate their 

potential for the treatment of deep irregularly formed wounds and internal inflammations. On the basis of the in-

vitro/ex-vivo studies, the capacity of the microgels to modulate inflammation and promote tissue regeneration via 

scavenging and release of relevant signalling molecules is currently investigated in-vivo using mice models of 

inflammation. 
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A 3D immunomodulatory platform using liquefied microcapsules 
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Introduction 
Traditional tissue engineering (TE) strategies for tissue regeneration commonly neglect the role of the immune 

system in regulating tissue dynamics. However, accumulating evidences have indicated that macrophages (Mɸ) act 

positively in the progress of tissue regeneration. In fact, only an efficient and timely switch from proinflammatory M1 

to regenerative M2 Mɸ phenotype results in a tissue remodelling cytokine release, which appears mandatory to tissue 

healing and successful regeneration. Furthermore, most TE applications involve assembling cells into conventional 

porous hybrid scaffolds or solid supports to facilitate the new tissue formation. An alternative to avoid the practice of 

fixed geometry structures and open surgery implantations is the use of our well-established Liquefied Capsules (LC) 

system [1], already tested in vivo [2]. LC are composed by a permselective multilayered membrane obtained through 

layer-by-layer assembly, using biocompatible polyelectrolytes. Furthermore, LC present a liquefied core loaded with 

microparticles that act as cell adhesion sites. Herein we propose to establish for the first time the immunomodulatory 

ability of LC when in an indirect culture with human Mɸ. We have previously studied in 2D the influence of different 

surface modifications performed on poly(L-lactic acid) films on the differentiation of human monocytes into Mɸ [3]. 

Here, we evaluate the influence of different types of polyelectrolytes in the last layer of the capsules when in contact 

with Mɸ. Additionally, the effect that the different polarization stages of Mɸ have on the biological performance of the 

encapsulated stem cells, in terms of proliferation and stemness maintenance, is also evaluated. 

  

Experimental Methods 

Alginate microgels are generated by electrohydrodynamic atomization (EHDA) technique. For that, under the 

influence of electrical forces (10 kV), a liquid jet of alginate containing a dispersion of cells (5x106cells/mL) and 

polycaprolactone microparticles (µPCL, 30 mg/mL) breaks up into droplets. After crosslinking in calcium chloride, 

microgels encapsulating cells and µPCL are obtained. Then, layer-by-layer is performed using chitosan (CHT), 

alginate (ALG) and poly(L-lysine) (PLL) as polyelectrolytes to produce a 10-layered membrane surrounding the 

microgels. Three different encapsulation systems were developed, each one ending with a different polyelectrolyte. 

Ultimately, the core is liquefied by chelation with EDTA, and LC are obtained. Then, THP-1 (human monocytic cell 

line) were cultured in RPMI 1640 supplemented with 10% fetal bovine serum and 1% penicillin/streptomycin. 

Monocyte-derived Mɸ were obtained after incubation with 50 ng/ml of phorbol myristate acetate for 48h. Then, LC 

presenting different last layers were placed on the top of the 2D culture of Mɸ. 

  

Results and Discussion 

We developed successfully LC encapsulating µPCL by EHDA. LC with µPCL were placed on top of a 2D culture of 

THP-1 Mɸ for 7 days. Live-dead assay shows that, after 24h, the viability of the Mɸ was not jeopardized by the 

presence of LC (fig.1B). Additionally, fluorescence staining of F-actin filaments shows that, regardless of the ending 

polyelectrolyte layer of the LC, the Mɸ present similar morphologies. However, by the analysis of surface antigens 

expression differences could be noticed. Interestingly, the expression of CD209 (M2-like marker) increased with 

increasing culture times, revealing that over time the LC prompted the polarization of Mɸ into a more regenerative 

phenotype (fig.1C). Moreover, the expression of the inflammatory marker CD80 remained low, suggesting that either 
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PLL, ALG or CHT do not induce an inflammatory response by Mɸ, evidencing the biotolerability of the multilayers of 

the LC system. Furthermore, the release of the anti-inflammatory IL-10 cytokine increased over time, with a more 

pronounced activity for the marine-origin polymers ALG and CHT, in particular for the latter (fig.1D). We also assess 

how LC encapsulating stem cells influence different polarization stages of Mɸ activity, as function of culture time. At 

different time-points, LC with or without stem cells will be added to 2D cultures of Mɸ polarized through M1 or M2 

phenotypes, or Mɸ without any stimuli. 

  

Conclusion 

LC were tested for their ability to be used as an indirect co-culture system for the interaction of immune and skeletal 

systems. After assessing the biotolerability of LC, our main aim is to subsequently encapsulate stem cells, create 

microtissues within LC, and evaluate their interaction with an indirect co-culture with Mɸ. Future results might 

determine the perfect timing of implantation of the proposed system prior to in vivo studies. With the immune system 

contribution recognized as a crucial component influencing the regenerative process of tissues, we believe that the 

present study can give important insights to ameliorate the outcomes of stem cell encapsulation systems as medical 

implants and TE therapies. 
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Figure 1 
(A) Light microscopy of LC encapsulating µPCL on 

top of a 2D culture of THP-1 Mɸ. Scale bar 

represents 100 μm (B) Live-dead and DAPI-

phalloidin fluorescence assay in Mɸ cultured 

with LC ending with different polyelectrolytes, 

after 24h of interaction. Living cells were 

stained by calcein (green) and dead cells by 

propidium iodide (red). In the DAPI-phalloidin 

fluorescence assay is possible to observe the Mɸ 

cultured below the LC. The dotted lines 

represent the membrane of the LC. Cells nuclei 

were stained by DAPI (blue) and F-actin 

filaments by phalloidin (pink). Scale bars 

correspond to 100 μm. (C) Flow cytometric 

analysis of surface antigen expression on Mɸ 

cultured with LC ending with different 

polyelectrolytes, after 1, 4 and 7 days of 

interaction. (D) IL-10 protein release measured 

by ELISA of LC after 4 and 7 days of culture. P-

values *<0.05 were considered statistically 

significant. 
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A model for the evaluation of neutrophil degradation for covalently 

bound peptides on a polymeric matrix and a method to prevent it 

Carina Blum, Mehmet B. Taskin, Katrin Schlegelmilch, Tatjana Schilling, Jürgen Groll 

University of Würzburg, Department for functional materials in medicine and dentistry, Würzburg, DE 

 
Introduction 

Innate immune response is the immediate reaction of the human body to biomaterials after implantation or injection, 

and thus a pivotal criterion for the materials success or failure.1 As one of the most abundant immune cells circulating 

in the bloodstream, neutrophils are the first cells being recruited to the site of tissue injury. With their phagocytotic 

activity they effectively attack invading microorganisms. Moreover, neutrophils produce antimicrobial substances and 

proteases such as human neutrophil elastase (HNE), stored in cytoplasmic granules, that can be released into the 

extracellular space to tackle an infection and are known to degrade extracellular matrix proteins such as fibronectin, 

laminin, and collagen IV. Also biomaterials are exposed to this machinery, which may lead to partial or complete 

degradation of surface biofunctionalization of an implant.2 

In order to analyze the innate immune response towards a biomaterial with covalently immobilized peptides on a 

fibrous polymeric matrix, we present a proof-of-principle in vitro model resembling the neutrophil attack by the 

exposure to HNE. In addition, we developed a hydrogel coating as transient protection to protect the surface 

modification from being destroyed through the neutrophil attack. To make the functionalized fiber surface available 

again after the initial neutrophil attack, the hydrogel coating should be short-lived, i.e. being dissolved within a few 

hours/days in vivo. This will allow for the initial preservation of the surface modification and hence enable to exert its 

effect on the regulation of cell signaling and recruitment to foster a regenerative outcome. 

  

Experimental Methods 

Fiber meshes of poly(ε-caprolactone) (PCL), the functional additive NCO-sP(EO-stat-PO), and a HNE-specific 

peptide containing a cleavage site for HNE as well as an integrin-binding motif, were produced via solution 

electrospinning and afterwards embedded in a hydrogel. Fiber meshes with and without hydrogel coating were 

incubated with different concentrations of HNE prior to in vitro culture with L929 fibroblasts. Cell attachment was 

analyzed by the determination of the DNA content, Live/Dead staining, and SEM analysis. Furthermore, the amount 

of degraded peptides on electrospun fiber meshes after HNE incubation was determined by a photometrically-based 

assay developed in-house. 

  

Results and Discussion 

The L929 cell attachment onto fibrous meshes of PCL, NCO-sP(EO-stat-PO), and the covalently bound peptide 

containing an integrin-binding, i.e. cell-mediating motif was significantly enhanced compared to a reference 

nonwoven of PCL and NCO-sP(EO-stat-PO) without immobilized peptide, where largely no cells adhered. The 

covalently bound peptides were degraded by HNE, leading to a reduced amount of integrin-binding motif, which was 

in accordance with the significantly reduced cell adherence compared to non-degraded peptide meshes. Thereby, 

the degradation of the covalently bound, HNE-specific peptide was enhanced with increasing HNE concentration. 

First results indicated that the fiber functionalization is protected from the neutrophil attack, when the nonwovens are 

endowed with a hydrogel coating. 
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Conclusion 

The neutrophil attack towards a covalently immobilized peptide on a fibrous polymeric matrix has been successfully 

mimicked in our model system using HNE. In addition, ongoing studies evaluate the possibility to tailor hydrogels as 

transient protection. The status of these examinations will be presented and discussed. 
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Introduction 

Immune cells play an important role in bone formation and repair and the main effectors of the immune response to 

implanted materials are represented by macrophages (MFG) [1]. Because of their remarkable plasticity and 

heterogeneity, MFG are a prime target for immunomodulation in order to enhance bone regeneration [2]. Studies 

have shown that polarization of MFG towards the anti-inflammatory M2 phenotype, rather than the pro-inflammatory 

M1 phenotype, promotes bone healing and long-term stability of the implants [3]. In addition, MFG tend to fuse and 

become foreign body giant cells (FBGCs) which are also a reaction to implant [4]. Therefore, the evaluation of the 

immune response generated by a material can be beneficial for the designation and optimization of bone implants 

[5]. 

The present study aims to determine the influence of TiO2 nanotubes (TNT) exhibiting a similar inner diameter (~78 

nm) but a different lateral spacing, meaning ~18 nm (TNT18) and ~80 nm (TNT80), respectively, on MFG polarization 

and FBGCs formation. The commercial pure titanium (Ti) has been investigated as reference material. 

  

Experimental Methods 

RAW 264.7 macrophages were seeded on the surface of tested materials and maintained under normal culture 

conditions or in the presence of a pro-inflammatory stimulus represented by bacterial lipopolysaccharide (LPS). The 

effects of the analyzed materials on MFG adhesion and morphological features were assessed by SEM. Further, 

fluorescence immunocytochemistry was used to show the early expression levels of pro-inflammatory M1 marker 

(CCR7) and the pro-regenerative M2 marker (CD163) by cells grown in contact with the tested surfaces. At the same 

time, the induction of FBGC formation was evinced by fluorescence labelling of the actin cytoskeleton and the nuclei. 

  

Results and Discussion 

SEM micrographs have shown that at 2 h post-seeding, MFG adopted a typical round morphology with numerous 

extensions, especially on the surface of TNT. After 24 h of culture, LPS-stimulated cells became larger and more 

elongated than those cultured in standard conditions, suggesting a predominant activation towards the M1-

phenotype. In the absence of the pro-inflammatory stimulus, the cells retained their normal, typical round morphology. 

Moreover, at the same incubation time point, immunofluorescence staining of the M1 (CCR7) and M2 (CD163) 

specific markers was performed. The results showed a reduced number of positive CD163-stained cells exhibiting a 

diffuse labeling on all analyzed surfaces. Likewise, a higher number of CCR7-stained cells were identified under 

LPS-stimulated conditions when compared with samples maintained in normal conditions as well as an increase in 

fluorescence intensity. More visible differences were observed at 72 h post-seeding when a higher number of CCR7-

positive cells were noticed on the Ti surface compared with the TNT. On the contrary, on the TNT surfaces a higher 

number of CD163-positive cells were evinced, especially in the case of TNT18. 
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In addition, the fluorescence labeling of actin cytoskeleton and nuclei demonstrated that under LPS-stimulation, the 

multinucleated MFG formed on the Ti surface exhibited larger cellular body than those grown in contact with TNT. 

Furthermore, they showed actin reorganization, ruffled membranes and more numerous filopodia. Therefore, in a 

pro-inflammatory micro-environment, the Ti surface causes a more severe response than the TNT. 

  

Conclusion 

Taken together, the results obtained demonstrated that the TNT, especially TNT18, are more potent in inducing M2 

phenotype expression and showed a lower capacity to stimulate FBGC formation in vitro. Hence, it can be concluded 

that the lateral spacing of TNT can influence cellular behavior. 
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Introduction 

T cell research has substantially aided our understanding of their role in health and disease. Our ever-expanding 

knowledge of T cell behaviour has facilitated development of treatments for cancer, infectious disease, transplant 

rejection and autoimmunity. However, the majority of pre-clinical studies are based on in vitro experiments, which 

deviate substantially from tissue environments. Although in vivo (animal)studies have been invaluable, these 

nevertheless do not fully represent the diversity of clinical subjects and new systems are required. The use of 

biomaterials could improve T cell research by providing 3-dimensional (3D) culture environments. In this research, 

self-assembling peptide hydrogel (SAPH) were used to culture human T-cells in 3D. The hydrogel is made from an 

octopeptide (FEFEFKFK; F: phenylalanine, E: glutamic acid; K: lysine), where β-sheet forming peptide entraps the 

cells and medium components into a nanofibrous architecture. The hydrogel has undefined environment, where 

biological components could be incorporated to make the cell specific environment. It is cost-effective, biocompatible 

and its mechanical properties could be adjusted to meet the specific tissue requirements. The aim of this research is 

to assess the hydrogel system for T cell culture, where the cells could proliferate, function, migrate and respond to 

the surrounding stimulus. Moreover, it is also to understand the extent of hydrogel’s capability of creating specific 

tissue environment (e.g. lymph node, tumour microenvironment) that supports cells behaviour as in vivo studies. 

  

Experimental Methods 

Several assays were done to assess CD4+ T cell viability in hydrogel system by looking at Live/Dead staining, 

cytokine secretion and proliferation by 3H-Thymidine incorporation assay. Different peptide concentrations (mg/ml) 

of hydrogel were assessed for their ability to support cell culture, especially once hydrogel’s density is increased. 

  

Results and Discussion 

The results have shown the ability of hydrogel (6mg/ml) to encapsulate cells, support their viability and allow the 

expansion of proliferating clusters of cells (Fig. 1). In cell proliferation assays the density of hydrogel has no impact 

on cell growth, indicating that cells are robust and were able to secrete similar levels of interferon gamma (INF-γ) 

(Fig. 2). This indicates T cell adaptability to a denser culture system. 

  

Conclusion 

In future, the hydrogel system will be further analysed for its ability to support co-culture system and different T cell 

phenotypes. Especially for creating a hydrogel with more defined biochemical structure to mimic an in vivo tissue. 

The outcome of this research would benefit various fields, as it will deliver an improved in vitro culture system and 

replace animal models for studies more relevant to man. Moreover, it could provide the foundation for biomaterials 

to achieve specific T cell function for creating clinical implants or developing advanced materials with multicellular 

networks. 
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Figure 2: Stimulated T cell growth in different 

peptide concentrations of hydrogel.  
There is no significant difference between 

hydrogel's concentrations on supporting T cell 

growth (One-way ANOVA with Tukey’s multiple 

comparison test, N=3, Mean±SD) 

 

 

Figure 1: Stimulated T cells in hydrogel 

(FEFEFKFK) culture system. 
Fluorescence image of Live/Dead staining of 

proliferating clusters of T cells in hydrogel 

system, Day 5. 
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Introduction 

For cancer treatments, such as surgery, radiation, and chemotherapy, the main strategy is attacking cancerous cells 

directly. On the other hand, recently, cancer immunotherapy aims to harness the body’s own immune system to fight 

cancer [1]. Among cancer immunotherapies, regulatory T (Treg) cell expressing CD4, CD25 and the transcription 

factor forkhead box P3 is one of the key cells because Treg cells suppress the activation of tumor-antigen-specific T 

cells [2,3]. So, reducing the number of Tregs from cancer patients is one of the important treatments. Our final goal 

is to develop a device that can capture and collect Tregs from the blood selectively and effectively for cancer 

immunotherapy (Fig 1). In this study, we developed a surface modified filter, on which cells are captured and released 

selectively. As a model cell, bone marrow cells, which are CD45 positive cells, and anti-CD45 antibody were used. 

The antibody was modified with desthiobiotin and immobilized on a surface by binding to avidin. Using this filter, the 

selective capture of target cells was investigated.   

  

Experimental Methods 

Four kinds of polyethylene (PE) filters have various hole sizes were used. The PE filters were treated by corona 

discharge and subsequently acrylic acid (concentration: 0.5%, 1%, 1.5%, 2%) was graft-polymerized on the surface. 

The PAA-PE was modified with biotin. Anti-mouse CD45(mCD45) antibody was conjugated with desthiobiotin and 

immobilized on the biotin-PAA-PE through biotin–avidin and desthiobiotin–avidin interactions. Bone marrow cells, 

CD45 positive cells, were harvested from a mouse. HL60 cells were used as CD45 negative cells. They were seeded 

on antibody-immobilized PE. After incubation for 1 hour, the non-adhered cells were removed by washing of PBS. 

The adhered cells were observed with a microscope and counted. 

  

Results and Discussion 

Acrylic acid was graft-polymerized to PE filters. The amount of grafted polymer increased with increasing 

concentration of feeded AAc for all filters. The CD45 antibody was conjugated with desthiobiotin and then immobilized 

on the biotin-PAA-PE through desthiobiotin-avidin and biotin-avidin interaction. By immunostaining, the 

immobilization of the antibody on the film was confirmed (Fig.2 upper). The antibody-immobilized filters through 

desthiobiotin–avidin and biotin–avidin interactions became uniformly brown. 

The HL60 cells and mouse bone marrow cells (mBMCs) were seeded on the corona-discharged PE, the PAA-PE, 

and the antibody immobilized PE. After incubation for 1hour, the non-adhered cells were washed out using PBS. For 

the corona-discharged PE, the cells, HL60 and mBM, were adhered. For the PAA-PE, both cells did not adhere. On 

the other hand, for the antibody-immobilized PE, although the HL60 cells did not adhere, mBMCs effectively adhered. 

From this result, it was found that the CD45 antibody-immobilized surface selectively captures bone marrow cells. 

  

Conclusion 

The filter having antibody-immobilized surface was prepared for capturing target cells. The filter having antibody-

immobilized surface could capture target cells, effectively and selectively. 
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Fig 2 
Fig. 2. Selective capture of target cells on the 

antibody immobilized PE. 

 

 

Fig 1 
Fig. 1.  Selective capture and release of target 

cells on an antibody immobilized filter. 

 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1788 of 1893 

2:45 p.m. – 3:45 p.m. 

Hall 1 / Exhibition Area 

PS2-17 | Cell/ material interactions 

 

 

  



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1789 of 1893 

PS2-17-475 

The effect of the needle-like calcium phosphate nanoparticles on 

cellular uptake and cell function 

Zhe Sun, Lenzo Jason, Holden James, O'Brien-Simpson Neil 

Melbourne university, Melbourne dental school, Bio21, Melbourne, AU 

 
Introduction 

Calcium phosphate nanoparticles (CaP-NPs) are one of the promising protein delivery carriers because of their 

specific properties such as non-toxic, biodegradable, pH-dependent solubility, cost-effective, and the protection of 

the antigens from degradation and elimination1. The interaction between CaP-NPs and cells has been extensively 

investigated 2, 3. However, the effects of needle-like shaped NPs on cell behaviours is rarely known. In this work, we 

will address if CaP-NPs will bind, migrate cell wall and induce a robust immune response. 

  

Experimental Methods 

Based on recent reported methods, CaP-NPs were prepared by a chemical precipitation technique4. Then, 

Ovalbumin as a model antigen was attached to the NPs by electrostatic interaction. The NP formulations were 

characterized by dynamic light scatting (DLS) and helium ion microscopy (HIM). The viability of epithelial cells and 

macrophages exposed to the CaP-NPs was measured by the MTS and LDH assay. To investigate the formulated 

NPs interaction with cells, we assessed their ability to enhance binding to oral epithelial cells; migrate epithelial cell 

wall; uptake by epithelial cells; phagocytosis, NF-κB activation and cytokine secretion by macrophages. Flow 

Cytometry was used to determine the level of binding, phagocytosis and cell surface marker expression. Cytokine 

secretion was measured by ELISA kits according to the manufacturer’s instructions. All experiments were done in 

triplicate. The one-way ANOVA (GraphPad Prism) was used to compare the difference between multiple groups. p 

< 0.05 was considered statistically significant. 

  

Results and Discussion 

Our results indicated that the obtained NPs had a hydrodynamic diameter of 261 ± 20 nm, with a zeta potential of -

17.5 ± 1.2 mV. The PDI value of 0.1 suggested the NPs are homogeneous, which meet the good sample quality. The 

NPs showed excellent stability in various solutions such as saline and cell culture media. HIM images demonstrated 

a needle-like shape of NPs with a length of 236 ± 19 nm. Those prepared nanoparticles showed no cytotoxicity within 

the tested concentration. Additionally, it was found that about 64 ± 5.5 % NPs could bind to epithelial cells at NP to 

cell ratio of 100. After 15 min incubation, 6.1 ± 2.1 % NPs migrated the cell monolayer, which was increased by longer 

incubation period.  Confocal microscope images apparently showed the nice fluorescence inside the cells (Fig 1). 

This suggesting OVA was successfully delivered into the cells by CaP-NPs. The NPs were phagocytosed by 

macrophages in a dose-dependent manner. In addition, at the ratio of 10, 000, the functionalized NPs significantly 

increased the marker expressions on the macrophage cell surface. NPs can also induce NF-κB activation and 

increase cytokine secretion. Compared with cells without NPs, cytokine secretion showed a significant increase at 

the NP to cell ratio of 10.000:1. 

  

 

 



ESB 2019 | Abstract Booklet 

Poster Sessions 

 

Page 1790 of 1893 

Conclusion 

In summary, our results demonstrated that needle-like CaP-NPs could effectively bind to epithelial cells, migrate the 

cell wall and successfully transport protein into cells in vitro. They can also stimulate macrophages maturation and 

activation. Our study provides a better understanding of the interaction between needle-like nanoparticles and cells. 

This could use as a further guide to define needle-like CaP-NPs as a promising protein carrier for vaccine studies. 
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Intracellular delivery of CaP NPs-OVA into 

epithelial cells 
Nanoparticle (green) were pre-labelled with Atto 

488, plasma membrane (red) were stained with FM 

dyes, and nuclei (blue) were stained with DAPI. 

Scale bar = 10 µm. 
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Introduction 

It is have been extensively studied that biophysical stimulus like topography can control cell morphology, adhesion, 

cytoskeleton organization , andmigration and provide an important role in biomaterials design in tissue repair. 

However, little is known about the individual guidance effect of wavelength and amplitude in dermal wound healing 

procedure. We report on the design of a topographically wrinkle gradient with gradually changed wavelength and 

amplitude, which were fabricated by combination of plasma oxidation and imprinting methods, provides an efficient 

platform to investigate fibroblast migration in vitro wound healing assay. The wound coverage rate was measured on 

three different wavelength size of 2 μm, 5 μm, and 8 μm on perpendicular or parallel orientation. Based on our 

experimental results, cells movement are guided by the topography and moves faster on the on the perpendicular 

direction and 2 μm wrinkle than other surface showed faster migration speed. What’s more, when the wavelength 

are same, cell moves faster on the smaller amplitude surface. However, when the amplitude are same, cell prefer to 

move to the bigger wavelength. Besides, we determined that topography surface facilitating the collective cell 

migration is not due to promoting the cell proliferation. These findings suggest the necessity of wrinkle gradient 

surface used for study wound healing and give guidance to designing the biomedical implants. 

  

Experimental Methods 

Fabrication of wrinkle gradient substrates 

Plasma oxidation 

Atomic force microscope 

Time-lapse imaging and single cell trajectory 

Immunostaining of proliferation assay 

  

Results and Discussion 

The 2 μm wrinkle than other surface showed faster migration speed. What’s more, when the wavelength are same, 

cell moves faster on the smaller amplitude surface. However, when the amplitude are same, cell prefer to move to 

the bigger wavelength. Besides, we determined that topography surface facilitating the collective cell migration is not 

due to promoting the cell proliferation. 

  

Conclusion 

The mechanism study indicates that cells can recognize the topographic of the wrinkle, resulting in different migration 

behavior. The decouple guidance effect of wavelength and amplitude were investigated. When the wavelength are 

same, the cell prefer to move toward the smaller amplitude surface from their initial positions. And 2 μm show the 

best promotional effect. However, when the amplitude are same, the cell prefer to move to the bigger wavelength 

surface. Furthermore, the fibroblasts migration behaviors response to the topographical orientation. Meanwhile, this 
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promotional effect was not due to accelerating cell proliferation but caused by wrinkle-enhanced effective collective 

cell migration. 
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Introduction 

3D Bioprinting is a promising and innovative technique in the field of tissue engineering with different challenges to 

be overcome. One of these issues is related to mechanical shear stress during the printing process. While a nozzle 

with a smaller diameter increases the printing resolution, the shear forces increase as well, which might lead to an 

impaired cell viability post-print. Once the cells are printed, their adherence behavior determines distribution in the 

hydrogel and interaction with the bioink environment. When printing tissue constructs with different cell types, 

adhesion control becomes more important to guide specific cells to specific areas in the hydrogel. To address these 

two aspects, our project aims to understand and apply metabolic glycoengineering to enhance the (a) glycocalyx 

mediated cell stability by altering the glycocalyx composition and density as well as the (b) cell adhesion within the 

hydrogel by chemically altering the bioink in addition. 

  

Experimental Methods 

For metabolic glycoengineering, cells were incubated with different tetraacetylated azido sugars (Ac4GlcNAz, 

Ac4GalNAz or Ac4ManNAz) for 48 h followed by a click reaction. While azido sugar treated human mesenchymal 

stromal cells (Az-hMSC) were incubated for 1 h with DBCO-Cy3 as click molecule (strain promoted alkyne-azido 

cycloaddition (SPAAC)), in case of the Cu dependent variant (CuAAC) Az-hMSC were incubated for 5 min with 

alkyne-Cy3 as click molecule in click buffer containing CuSO4, THPTA and sodium ascorbate. For the glycochip 

assay, commercial pre-treated glass slides were coated with different molecules via amino NHS-ester chemistry and 

incubated with hMSC for 24 h followed by HE staining. 

  

Results and Discussion 

We established the commonly used click reaction variants CuAAC and SPAAC in hMSC and could successfully 

detect the azido sugar expression up to 48 h via fluorescence microscopy. Since Ac4ManNAz showed the best results 

in terms of cell viability and incorporation efficiency into the glycocalyx, it was chosen for future experiments. To 

identify suitable molecules as binding partners for adhesion mediating glycoproteins like galectin‐1, a glycochip assay 

was designed as a screening tool. First experiments revealed no cell adhesion toward different monosaccharides, 

organic compounds or a highly specific galectin‐1 ligand. The adhesion difference between the control glass slide 

and RGD peptide coated fields as positive adherence control might point to a suboptimal basic functionalization of 

the glycochips. Interestingly, incubation with the ligand resulted in the appearance of non-adherent cell spheroids, 

but not in enhanced galectin‐1 mRNA expression. 
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Conclusion 

Since the metabolic glycoengineering is working, suitable molecules can now be identified to be introduced into the 

glycocalyx and evaluated for cell rigidity-increasing effects before and after 3D bioprinting. Furthermore, the overall 

glycochip design needs to be optimized for the screening of potential galectin‐1 binding partners and the impact of 

the galectin‐1 ligand on the cell-cell interaction will be further elucidated. 
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Introduction 

The central nervous system (CNS) contains some of the softest tissues found in the human body (1). Therefore, 3D 

in vitro cultures of neurons, astrocytes, and other cell types of the CNS are challenging as similarly weak hydrogels 

are often unstable and difficult to handle. This issue can be solved using fiber-reinforcement; it was previously shown 

that reinforcement with 3D-printed microfibers can result in up to 54-fold increased stiffness with only 7% volume 

reinforcement (2). 

  

Experimental Methods 

The aim of this study is to develop 3D models that offer optimal mechanical and biological environments for cells of 

the CNS. Melt-electrowritten polycaprolactone (PCL) scaffolds were used to reinforce soft to ultra-soft hydrogels, 

thus creating 3D matrix composites. The characterization of neuronal networks in matrix composites investigates the 

cellular maturation and synaptic transmission. Synaptic transmission is analyzed using electrophysiological 

measurements, e.g. patch-clamp recordings. So far, electrophysiological recordings on 3D cell cultures have been 

shown with the multi-electrode array technique. Recently, we were able to demonstrate functionality of transfected 

cell lines in 3D matrix composites using whole cell recordings with minor alterations to measurements in 2D cultures 

(3). 

  

Results and Discussion 

Here, we analyzed cell viability, network function, and maturation of mouse cortical neurons growing in 3D 

composites using the current “gold standard“ Matrigel as matrix, which is derived from secretions of Engelbreth-

Holm-Swarm mouse sarcoma cells. Cell viability assays and immunocytochemical staining were performed at days 

1, 7, 14, 21 in vitro and revealed a high initial viability comparable to 2D cultures and increasing network complexity. 

Spontaneous network activity was demonstrated by calcium imaging. The neuronal network was further 

characterized by functionality of voltage-gated sodium channels and the excitatory AMPA receptors. 

  

Conclusion 

In summary, we successfully exhibited a cortical neuronal network in scaffold-reinforced Matrigel. These results will 

be used as a baseline for future experiments that focus on creating and optimizing a synthetic matrix for cells of the 

CNS. 
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3D electrophysiological recordings from cortical 

neurons 
(A) Mouse cortical neurons encapsulated in a 3D 

matrix composite consisting of Matrigel and a 

PCL scaffold. The patch pipette (black arrow) is 

approaching the cell. 

(B) Whole-cell current evoked by 30 µM AMPA, applied on cortical neurons in a 3D matrix composite for 250 ms with a 

pressure of 1 bar. 
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Introduction 

In the last decade, nanomaterials have gained increasing research interest due to their unique properties and 

usefulness in biomedicine. The range of clinical applications of inorganic nanoparticles is broad, from contrast 

enhancers in diagnostic imaging to carriers of therapeutic biomolecules (e.g. antibodies or RNA) into eukaryotic cells, 

both in vitro and in vivo [1,2]. Calcium phosphate (CaP) nanoparticles have a high affinity to nucleic acids and 

therefore can serve as their carriers into cells in targeted delivery. They are characterized by high biocompatibility 

and biodegradability, as CaP is the natural inorganic component of human hard tissue (bone and teeth), and are 

readily taken up by cells. The process of nucleic acid delivery enables to modify and control gene expression in cells 

[3]. Small interfering RNA (siRNA) is a potent therapeutic biomolecule well known for its ability to inhibit gene 

expression in cells by RNA interference. siRNA-mediated silencing of genes involved in inflammatory processes, e.g. 

NF-κB p65, is a promising therapeutic strategy to overcome a variety of inflammatory diseases [4]. 

  

Experimental Methods 

Our aim was to synthesize and characterize fluorescent CaP nanoparticles (with and without p65-specific siRNA 

loading), and evaluate the cellular uptake of these nanoparticles as well as the gene silencing of NF-κB p65 in murine 

cells. Fluorescent CaP nanoparticles were synthesized by precipitation, stabilized with Cy5-labeled 

polyethyleneimine, loaded with p65-siRNA (functional or scrambled) and coated with a silica shell. The nanoparticles 

were purified by centrifugation, and characterized by dynamic light scattering (DLS), atomic absorption spectroscopy 

(AAS) and scanning electron microscopy (SEM). The nanoparticles were also tested for the presence of endotoxins 

(pyrogenicity). To evaluate the cellular uptake of the nanoparticles, mouse monocytes (cell line J774A.1) and mouse 

endothelial cells (SVEC4-10) were incubated with the fluorescent nanoparticles (without siRNA loading) in 2D 

cultures up to 48h. The uptake efficiency was determined by confocal laser scanning microscopy (CLSM). For 

evaluation of the gene-silencing efficiency, J774A.1 cells were incubated with siRNA-loaded nanoparticles in 2D 

cultures for 48h. The expression of the NF-κB p65 proteins and NF-κB p65 mRNA (messenger RNA) in cells was 

determined by Western Blot and Real-Time PCR, respectively. 

  

Results and Discussion 

CaP nanoparticles were spherical with an average size of 50 nm (by SEM) and a ζ-potential of +30 mV. The 

nanoparticles were colloidally stable, efficiently loaded with siRNA (approx. 95% of the biomolecules were 

incorporated) and non-pyrogenic. The concentration-dependent uptake of the nanoparticles was confirmed in both 

cell lines. Nanoparticle-mediated gene silencing was demonstrated in monocytes. The NF-κB p65 expression was 

decreased by the nanoparticles in a concentration-dependent manner up to 85% on protein level and 25% on mRNA 

level for the highest studied siRNA concentration (0.5 µg/mL). 
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Conclusion 

CaP nanoparticles can be used as tools for nucleic acid delivery and gene silencing in cells. They have the potential 

to be widely applied in the treatment of various inflammatory diseases. 
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Introduction 

Zinc oxide particles (ZnO) have many applications in biomedical materials technology, imaging, nanomedicine, health 

care, and consumer products [1]. Their biological properties are determined by size, particle shape, and surface 

chemistry. Besides positive aspects like a moderate antibacterial effect and a beneficial effect on tissue healing, 

potential risks after exposure have to be considered. These are particularly associated with a possible inhalation of 

particles during synthesis and processing, but also with applications like drug delivery and biological imaging. In this 

study the biological effects of ZnO particles with respect to their properties like size, shape, charge, and surface 

functionalization were analysed [2,3]. 

  

Experimental Methods 

ZnO particles with defined size (diameter 40 nm and 500 nm), shape (rod-like and spherical particles) and surface 

were synthesized based by solution-phase strategies in the presence of the capping agent poly(N-vinylpyrrolidone) 

(PVP). Their size and shape were determined by scanning electron microscopy (SEM) (see Figures A-D). Further 

characterization involved X-ray powder diffraction (XRD), dynamic light scattering (DLS), elemental analysis, 

thermogravimetric analysis (TG), and UV-Vis spectroscopy. The cell viability / metabolic activity was determined by 

propidium iodide staining / alamarBlue® and the activation of cells (reactive oxygen species (ROS) / cytokine release) 

by DCF assay or protein array. Uptake of particles into cells was determined by focussed ion beam milling (FIB) and 

SEM in combination with transmission electron microscopy (TEM) and energy-dispersive X-ray spectroscopy (EDX). 

  

Results and Discussion 

The biological effects of ZnO particles of different size and shape were evaluated in vitro after exposure to rat alveolar 

macrophages NR8383 by analysis of cytotoxicity and the expression of inflammatory markers (e.g. Eotaxin, GDF-

15, IFN-γ, TNF-α). The obtained data gave correlations between subtoxic particle concentration, particle size, shape 

and intensity of the macrophage reaction (i.e. release of inflammatory markers, chemotaxis, formation of ROS). 

  

Conclusion 

The intensity of cell response to ZnO particles depends on particle size, morphology, and concentration. 
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SEM micrographs 
Zinc oxide particles of various size and shape: 

microrods (75 nm • 400 nm) (A), nanorods (35 nm 

• 100 nm) (B), microspheres (500 nm) (C), and 

nanospheres (40 nm) (D). 
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Introduction 

The use of nanoparticles for intracellular drug delivery could reduce their toxicity and side effects. However, the 

uptake of these nanocarriers could induce adverse effects on cells and tissues [1]. Macrophages are among the first 

cell types which take up nanoparticles and they are primarily responsible for their trafficking in vivo [2]. These 

phagocytic cells play a central role in host defense, removal of dead cells and pathogens, inflammatory response 

regulation and modulation of adaptive immunity. The evaluation of the macrophage capability against pathogens 

after nanoparticle uptake is necessary in order to prevent infections associated with this kind of treatments. 

  

Experimental Methods 

In this study mesoporous nanospheres in the system SiO2-CaO (NanoMBGs) with a hollow core surrounded by a 

radial arrangement were prepared and labeled with FITC (FITC-NanoMBGs) [3]. To determine the effects of 

NanoMBGs on macrophage immunocompetence, we have evaluated by flow cytometry and confocal microscopy, 

the ability of murine peritoneal macrophages to phagocytose CAF2-dTOM2, a red fluorescent labeled strain of 

Candida albicans. For this purpose, different experimental strategies were carried out with two macrophage/fungus 

relationships (MOI 1 and MOI 5) in both competition assays and assays which involved the pretreatment of 

macrophages with NanoMBGs. 

  

Results and Discussion 

The percentages of red and green macrophages were detected by flow cytometry as a measure of fungal 

phagocytosis and NanoMBG uptake, respectively. In the competition assays, NanoMBGs induced an increase of the 

fungal phagocytosis percentage by macrophages compared to control phagocytosis, independently of the MOI 

employed and at a short time of interaction, suggesting a possible role of this nanomaterial in macrophage activation. 

On the other hand, green and red fluorescence intensities were measured by flow cytometry to know the intracellular 

amounts of FITC-NanoMBGs and red fungus, respectively. It was observed that, as the quantity of intracellular fungus 

increased, the number of intracellular FITC-NanoMBGs decreased in a MOI- and time dependent-manner. These 

results suggest that the exocytosis of these NanoMBGs is a dynamic mechanism which favors the fungal 

phagocytosis, in agreement with previous studies with other nanoparticles [4]. 
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Conclusion 

The present study evidences the importance of evaluating the effects of macrophage infection on the capability of 

this cell type to incorporate nanoparticles in order to design effective antimicrobial therapies based on these 

nanomaterials. 
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Introduction 

Despite their frequent use in modern medicine and continuous biomaterial improvements, implants still suffer from 

high rates of implant-associated infections. These are caused by bacterial biofilms, which firmly adhere to implant 

surfaces and embed themselves into a matrix of extracellular polymeric substances. Biofilms are inherently resistant 

to the hosts immune defense and common antibiotic therapy, making the treatment of implant-associated infections 

difficult. Therefore, new implant materials aim at preventing biofilm formation. A common approach focusses on 

surfaces, which aim at inhibiting stable bacterial attachment. The premise for the development of antiadhesive 

materials is a reliable measurement of bacterial adhesion forces to implant materials. 

  

Experimental Methods 

For this purpose, we used an atomic force microscope connected to a pressure control system mounted on an inverse 

microscope. The setup employs a hollow cantilever with a circular opening at the end, which enables the reversible 

immobilization of bacterial cells for spectroscopy by applying negative pressure (Figure 1). Thus, it circumvents 

difficult chemically-based cell fixation to cantilevers, which may impact bacterial surfaces, and allows measurement 

of more individual cells at higher throughput. 

  

Results and Discussion 

Measuring oral bacterial on common implant materials exhibits several obstacles for force spectroscopy. As implants 

are made from solid, nontransparent materials like titanium, a direct inverse targeting is impossible. Various surface 

topographies and morphologies used to create antiadhesive surfaces may interfere with cantilever approach and 

cause uncontrolled reflection of the irradiating laser beam. Additionally, most oral bacterial species are facultative or 

obligate anaerobes, which accounts for specific conditions during spectroscopy measurement. All aforementioned 

requirements were taken into account to design an appropriate experimental protocol for single bacterial force 

spectroscopy on implant materials. The setup was equipped with a glass ring that contains a cavity for at-grade 

insertion of the respective implant material. Bacterial cells could be targeted by inverse microscopy on the glass 

surface, grabbed, and transferred to the nontransparent material for force spectroscopy. To overcome artefacts by 

surface topography or morphology, the setpoint force was adjusted and a downstream quality control was 

implemented. To cope with oxygen sensitive bacteria, an alternative buffer solution was employed. 

  

Conclusion 

We were able to develop a new protocol to reliably measure single bacterial adhesion forces of various oral species 

at higher throughput on any solid implant material. 
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Figure 1. Principle of single bacterial force 

spectroscopy. 
An atomic force microscope connected to a 

pressure control system was used. Adherent 

bacteria are targeted with a hollow cantilever 

(left), negative pressure is applied and the 

cantilever is withdrawn (middle) until the 

bacterial cell is detached (right). 
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