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Scope of Symposium

Biomaterials have made important contributions to health care, medical device breakthroughs and new methods of drug 
delivery for cancer treatment and the new tissue engineering fields. It is believed that the next break through in science 
is working at the interface of one or more discipline. Advanced Biomaterials and Regenerative Medicine are considered 
key disciplines to drive this breakthrough. Biomaterials cover wide interdisciplinary topics which include biological,                             
cell-biomaterial interactions and surface modification to enhance biocompatibility. The scope of the present symposium 
will cover macro to nano scale biomaterials engineering, including integration of medical imaging, optical microscopy 
and computational materials modelling techniques to evaluate the performance of biomaterials and tissue engineered 
organs. While emphasis is placed on basic research findings, the manufacturing and the failure analysis aspects will also 
be addressed. The restoring of tissues with minimal host rejection through advances in tissue engineering will also be a 
key focus. The present conference brings the latest trends in advanced biomaterials and regenerative medicine.
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 A00008-00438 

Surface Bioactivation of Cobalt-base Alloy During 
Investment Casting Process 

Hossein MINOUEI; MohammadHossein FATHI; 
Mahmood MERATIAN; Ahmad KERMANPUR; 
Hossein GHAZVINIZADE 
Materials science and Engineering, Isfahan University of 
Technology, Isfahan, Iran

Cobalt-base alloys are widely used for manufacturing 
dental and orthopedic surgical implants due to their 
appropriate corrosion resistance and biocompatibility. 
Performing coatings on mentioned implants with bioactive 
materials improve their fixations in human body. For this 
purpose, different coating methods have been developed, 
but performing the operation during the casting process 
is very interesting due to the obtaining economical 
benefits and higher quality. The aim of this study was 
surface bioactivation of the Co-Cr alloy via performing 
the bioactive coating on the surface of alloy during the 
investment casting process, and evaluating the properties 
of the coating. The Co-Cr alloy (ASTM F-75) was poured 
into the investment mold which it’s internal surfaces were 
previously coated with hydroxyapatite powder. Obtained 
specimens were analyzed by x-ray diffraction (XRD), 
scanning electron microscopy (SEM), Energy-dispersive 
X-ray (EDX) spectroscopy and optical microscopy. In 
order to in vitro evaluate the bioactivity of the surface; 
specimens were immersed in simulated body fluid (SBF) at 
37 °C for 4 weeks. A bioactive coating enriched of phosphor 
and calcium with a thickness of 100-160 micrometer 
was formed on the surface of Co-Cr alloy. The results 
indicated that hydroxyapatite was partially transformed to 
other calcium phosphate. Formation of bone-like apatite 
on the surface of coated Co-Cr alloy specimen, after 
4 week immersion in SBF, was an indication of surface 
bioactivity of the obtained specimens. Hydroxyapatite 
coating preparing, during the investment casting process, 
is an economical method to form a bioactive surface on 
the metallic cast implants. Surface bioactivity of such as 
dental and orthopeadic implants would be able to promote 
the osteointegration and better biological fixation.

 A00011-00458 

Effect of Casting Parameters on Wear Behavior 
of ASTM F-75 Cobalt-base Alloy 

Hossein GHAZVINIZADEH; Mahmood MERATIAN; 
Ahmad KERMANPUR; Mohammad Hossein FATHI; 
Hossein MINOUEI 
Materials Science and Engineering, Isfahan University 
and Technology, Isfahan, Iran

The co-base alloy is widely used as a biocompatible alloy in 
medicine for manufacturing implants. In order to examine 
the effects of casting parameters on microstructures and 
wear behavior of this alloy, the wear resistances of cast 
Co-28%Cr-6%Mo alloy sliding against UHMWPE have 
been investigated using a pin-on disk type wear testing 
machine. The volume fraction of the M23C6 ‘‘blocky’’ 
carbides appears to be independent of the casting 
conditions; however, their size and spatial distributions 
determine the wear resistance of the cast alloys. The wear 
loss of UHMWPE against the cast alloy at mold preheating 
temperature of 700 °C was found to be much smaller than 
the other condition. The alloy with a refined grain size 
would exhibit excellent wear resistance compared to other 
alloy with coarse carbide.

 A00018-00104 

Effects of Freeze-Drying on Bovine Pericardium Tis

Virgilio TATTINI JUNIOR1; Marina MAIZATO2; 
Adolfo A. LEIRNER2; Marisa M. BEPPU3; 
Olga Z. HIGA4; Bronislaw POLAKIEWICZ1; 
Ronaldo N. M. PITOMBO1 
1. University of São Paulo Pharmaceutical Sciences 
School, São Paulo/SP, Brazil
2. Heart Institute (InCor), University of São Paulo 
Medical School, Sao Paulo/SP, Brazil
3. University of Campínas Chemical Engineering School, 
Campinas/SP, Brazil
4. Institute of Energetic and Nuclear Research, 
Sao Paulo/SP, Brazil

Bioprosthetic heart valves fabricated from glutaraldehyde 
pre-treated bovine pericardium aortic valve is commonly 
used to replace diseased human cardiac valves. There is 
a considerable interest in identifying and investigating 
alternative tissue treatments that preserve natural tissue 
but do not result in the deleterious side effects typically 
associated with glutaraldehyde treatment. One particularly 
promising methods is the chemical cross-linking using 
polyepoxy compounds. The preservation of pericardium 
is a very important step to tissue banks storage, can be 
accomplished by chemical preservation. However, freeze-
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drying technique has numerous advantages, due to the 
characteristics of the process. The freeze-dried material 
can be storage at room temperature, preserving the original 
physico-chemical properties. Also, the dried material can 
be easily shipped and handled to its final destination.

The objective of this paper was to investigate the effect 
of freeze-drying on the secondary structure bovine 
pericardium cross-linked using different chemical agents 
and also to analyze its influence on the glass transition 
temperature (Tg) of these freeze-dried tissues. Bovine 
pericardium tissues were chemically modified using 
glutaraldehyde and phenethylamine-diepoxy cross-linking. 
Raman spectroscopy was used to analyze the secondary 
structure of both collagen and elastin conformation before 
and after freeze-drying. Differential Scanning Calorimetry 
(DSC) was used to determine the Tg and specific heat 
(ΔCp) values of each freeze-dried material.

Both chemical modifications, glutaraldehyde and diepoxy 
cross-linking, preserved the secondary structure at Amide 
I, II and III bands when compared to native pericardium. 
However, after freeze-drying only the diepoxy cross-
linked pericardium maintained the same peak intensity 
at the Amide I band (1665 cm-1) and Amide III (1246 
and 1269 cm-1) when compared to glutaraldehyde cross-
linked sample. All cross-linked samples presented Tg well 
above room temperature optimizing the material storage 
conditions. However, it was observed a 2-fold increase on 
the ΔCp  for the diepoxy cross-linked pericardium when 
compared to native sample. This result confirms the bond-
bridges between collagen fibers and the cross-linker agent 
as response to the chemical modification. Freeze-dried 
bovine pericardium diepoxy cross-linked could be used as 
an alternative to glutaraldehyde cross-linked pericardium 
since it presented good collagen secondary structure 
preservation. Also, the freeze-dried bovine pericardium 
showed good Tg values optimizing its storage conditions. 
Moreover, the pericardium diepoxy cross-linked showed an 
increase on the ΔCp value confirming its strong capability 
to form bond-bridges between collagen fibers. 

 A00020-00587 

Fabrication of Three-dimensional Scaffolds Using 
Two-photon Polymerization

Maria FARSARI1; Anthi RANELLA1; 
Vasilia MELISSINAKI1; Carsten REINHARDT1;2; 
Arune GAIDUKEVICIUTE1; Frederik CLAEYSSENS3; 
Maria VAMVAKAKI1; Costas FOTAKIS1; 
Boris N. CHICHKOV1;2 
1. Institute of Electronic Structure and Laser (IESL), 
Foundation for Research and Technology Hellas 
(FORTH), Greece
2. Laser Zentrum Hannover e.V., Germany
3. Engineering Materials Department, 
University of Sheffield, United Kingdom

We present our investigations into the fabrication by 
direct laser writing of three-dimensional scaffolds 
using photosensitive biocompatible and biodegradable 
materials.

Direct laser writing by two photon polymerization is a 
nonlinear optical technique which allows the fabrication of 
three-dimensional structures with sub-micron resolution. 
The polymerization process is initiated when the beam 
of an ultra-fast infrared laser is tightly focused into the 
volume of a transparent, photosensitive material. Two-
photon absorption takes place within the focal volume; 
by moving the focused laser beam in a three-dimensional 
manner within the material, complex 3D structures can 
be fabricated. Recently, two-photon polymerization was 
explored for use in the construction of permanent scaffolds 
using the photosensitive organic-inorganic hybrid sol-gel 
ORMOCER® and the negative photoresist SU8.

Here, we present our most recent work into the structuring 
by two photon polymerization, cytotoxicity and cell 
proliferation, of a series of novel materials. These materials 
fall into the following two categories: (i) novel organic-
inorganic hybrid photosensitive materials, (ii) polymeric 
biodegradable materials. Our results show that two-photon 
polymerization presents an interesting fabrication route 
for microstructured materials to be used as both permanent 
and biodegradable tissue engineering scaffolds.
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 A00057-00069 

Carbon Nanotube-Reinforced Hydroxyapatite 
Composite Layers for Biomedical Applications

Cengiz KAYA1; Figen KAYA2; Cem B USTUNDAG3 

1. Metallurgical and Materials Engineering Department, 
Yildiz Technical University, Davutp asa, Istanbul, Turkey
2. Metallurgical and Materials Engineering Department, 
Zonguldak Karaelmas University, Zonguldak, Turkey
3. Vocational School, Yildiz Technical University, Maslak, 
Istanbul, Turkey

Sol-gel synthesised ultrafine (20-50 nm) hydroxyapatite 
(HA) powders were mixed with surface functionalized 
multiwalled-carbon nanotubes and then dispersed in 
water based suspensions. Nano-tube and nano-HA 
particle interactions were analysed using TEM technique. 
Electrophoretic deposition (EPD) was used to coat a 
variety of medical implants with bioactive ceramic 
powders reinforced with multi-walled carbon nanotubes 
(MWCNTs) to produce a new class of coating layers 
with better properties in biomedical field. The significant 
advantages of the EPD technique are controlled purity of 
coating layers, the use of lower sintering temperatures that 
does not cause any reduction in mechanical properties of 
the implant and also the absence of phase separation which 
may form undesirable phases, such as CaO. A completely 
new method of making nano-bioactive-composite layers 
reinforced with aligned carbon nanotubes which results 
in the formation of thin and thick films with controlled 
microstructures and phase distribution on metallic implants 
was introduced. Furthermore, the present work aimed to 
develop a better understanding and scientific approach 
in nano-bioceramic coatings and some of the common 
problems, such as cracking, peeling or pore formation 
associated with coating technologies of Ti based implants 
, were eliminated by the use of carbon nanotubes within 
the coating films. The final coating layers containing HA 
and carbon nanotubes can be used to coat various implant 
materials and hip resurfacing and also an active coating for 
tissue engineering scaffolds.

 A00098-00832 

Photothermal and Photocatalytic Cell-killing 
Effect of Au Colloidal Nanoparticles and Au-
capped TiO2 Nanocomposite Photocatalysts on 
HeLa Cell

Md. Abdulla- AL-MAMUN; Yoshihumi KUSUMOTO; 
Aki MIHATA; Bashir AHMMAD; 
Manickavachagam MURUGANANDHAM 
Department of Chemistry and Bioscience, Kagoshima 
University, Kagoshima, Japan

For the past quarter century, cancer nanotechnology has 
been devoted to the selective destruction of malignant tissue. 

Noble-metals such as gold nanoparticles are known to be 
the potential materials that selectively destroy malignant 
cells. The gold colloidal nanoparticles were prepared by 
the laser ablation on the gold metal plate in water solvent 
and the citrate reduction from HAuCl4·4H2O. The gold 
colloidal nanoparticles strongly absorb the light over the 
plasmonic band, which is converted to the heat energy 
due to the change in their size and shape. Interestingly, 
we found that the size and shape of the nanoparticles are 
changed from the sphere to the nanorod by light during 
the photothermal process in vitro. The photothermal 
heating therapy gives the cytotoxic effect on epithelial 
carcinoma cells. The cervical carcinoma cell line (HeLa 
cell) was incubated with the colloidal gold nanoparticles 
and then exposed to continuous visible light at 400-600 
nm with a heat cutoff filter. A distinct cell-killing effect 
was observed by this procedure. Very little photothermal 
cell destruction was observed in the absence of the gold 
colloidal nanoparticles.

The photocatalytic oxidation and reduction of 
semiconductor TiO2 are strongly enhanced by contact with 
noble metal gold nanoparticles. These unique properties 
provide the simultaneously photoexcited-semiconductor 
charge separation and enhance the photocatalytic malignant 
cell killing. The semiconductor/metal nanoparticles 
composites have been synthesized by chemically reducing 
HAuCl4·4H2O on the surface of TiO2 nanoparticles. 
The pore size of the blood vessel endothelium wall of a 
normal cell is ca. 10 nm while that of a cancer cell is 10-
100 nm. These gold capped TiO2 nanopellets (particles 
diameter 10-50 nm) were able to enter the malignant 
cell due to the anatomical structure of malignant cell 
blood vessel. Different molar ratios of gold capped TiO2 
were prepared and applied to compare with only TiO2 
on HeLa cell treatment. A distinct cell-killing effect was 
observed by treatment of Au-capped TiO2 under 350-600 
nm UV-visible 5 min light irradiation. It was found that 
the TiO2 nanoparticles capped with low concentration of 
gold (TiO2:Au molar ratio is > 1:1) killed more malignant 
(HeLa) cells by 50% than the same concentration of TiO2 
semiconductor nanoparticles.

 A00104-02117 

Electrochemical Behaviour of Titanium and 
Niobium in Fluoride Containing Artificial Saliva

Bavya Devi KARUPPASAMY 
Department of Chemistry, Anna University Chennai, 
Tamil Nadu, India

Titanium and Niobium owes their high corrosion resistance 
due to the presence of a thin surface layer of TiO2 and NbO2.  
The growth of these layers is generally accompanied by 
the development of internal stresses in the oxide. They 
are highly colonized by bacteria present in natural fluids.  
NaF and other fluoride compounds are frequently used 
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as prophylactic products in dental treatments to prevent 
dental plaque formation and caries development. The 
prophylactic action may be accompanied by the corrosion 
of metallic dental materials by this aggressive anion.  
Infiltration of fluoride containing saliva into the implant 
supported structure or contact between crowns and bridges 
with the saliva containing this anion may be the cause of 
the corrosive attack. The aim of this study was to compare 
Titanium with Niobium and to clarify the simultaneous 
effect of fluoride concentration and pH namely on the 
electrochemical behaviour in artificial saliva. Limits of pH 
value and fluoride concentration at which Titanium and 
Niobium corrosion behaviour changed could be established.  
The studies were carried out using open circuit potential, 
potentiodynamic polarization and electrochemical 
impedance spectroscopy.   Surface morphological studies 
such as SEM-EDAX were also made.  From the results, it 
is observed that the corrosion resistance decreases for both 
the metals with decrease in pH and increase in fluoride 
concentration.

 A00105-02167

Surface Modification of Titanium and its Alloys 
Using Hydrogen Peroxide Solution for Biomedical 
Application

Karthega Mani; Rajendran Nallaiyan 
Department of Chemistry, Anna University Chennai, 
Chennai/Tamilnadu, India

The future designs of implants and endoprothesis should 
be focussed on the use of new generation of biocompatible, 
corrosion and wear resistant materials or to modify the 
surface of currently used materials. The aim of the present 
work is to modify the surface of pure titanium and its 
alloys using various concentrations (5 wt. 5, 15 wt. % and 
25 wt. %) of hydrogen peroxide. The modified specimens 
were then tested for their biocompatibility in simulated 
body fluid solution. The treated surface as well as the 
formation of apatite on the surface was characterized using 
Raman spectroscopy, Scanning Electron Microscopy 
(SEM), Energy dispersive X – Ray analysis (EDAX) and 
Fourier transform Infra-red spectroscopy (FTIR).  Later, 
the corrosion behaviour of surface modified specimens 
in simulated body fluid solution were studied using 
electrochemical techniques such as open circuit potential, 
potentiodynamic polarisation and electrochemical 
impedance spectroscopy. The results have proved that 
the surface modification of titanium and its alloys using 
hydrogen peroxide solution found to improve their 
corrosion properties and induced apatite deposition within 
a short period of time.
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Experimental Studies on Engineering of 
Liposomal Preparations

Aditya MITTAL1;2; Rahul GROVER2 
1. School of Biological Sciences, Indian Institute of 
Technology Delhi, New Delhi, India
2. Department of Biochemical Engineering and 
Biotechnology, Indian Institute of Technology Delhi, 
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Liposomes are vesicles formed by self assembly of 
bilayer forming amphipathic molecules upon hydration. 
Production of liposomes with natural lipids and synthetic 
lipids has made them extremely useful tools for the study 
of diverse cellular phenomena, as well as in medical 
applications (e.g. controlled release of molecules). In 
many cases, however, the success of the use of liposomes 
as drug carriers or vaccines and in gene delivery depends 
entirely on both their formulation and the method of 
preparation.  The inability to reproduce liposomal 
preparations is a major problem, resulting in batch to batch 
variability in terms of encapsulation and controlled release 
of the encapsulated molecules. In this study we prepared 
liposomes, entrapping methylene blue as an indicator 
for encapsulation efficiency, from mixtures of dioleoyl- 
phosphatidylcholine, dioleoyl-phosphatidylethanolamine 
and cholesterol in different molar ratios. Utilizing a novel 
strategy, we obtained experimental data on partitioning 
of the lipids into liposomal (liposomes greater than 
200 nm) and non-liposomal phases for different molar 
concentrations in aqueous solvent environment. For the 
first time, we report experimentally derived parameters 
like the minimum hydration volume, maximum entrapped 
volume, and maximum volume of the (aqueous) solvent 
for which there is formation of liposomes, in presence of 
known amphipathic constituents in aqueous system. Our 
results provide a significant advancement in achieving the 
goal of devising robust experimental solutions (e.g. how 
much hydration volume would be required for a given 
phospholipids mixture to maximize the liposomal yield 
with high entrapment efficiency for a given amount of 
phospholipids) for engineering liposomal preparations. 
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Hybrid Plasmachemical Reactor for Biomaterials 
Processing

Tatiana VASILIEVA 
Aerospace Department, Moscow Institute of Physics 
and Technology, Dolgoprudny/Moscow Region, Russian 
Federation

Hybrid Plasmachemical Reactor (HPCR), in which the 
reaction bulk is formed by the joint action of the electron 
beam and RF-electromagnetic field on plasma-generating 
medium, was applied to modify biomaterials, create 
clusters containing biomaterials, and produce intermediate 
products for bio-composites. Atomic or molecular gases, 
organic or non-organic vapors, gas-vapor mixtures, and 
dusty media were used to generate plasma. For the last 
version both unordered aerosols and ordered dust-plasma 
structures levitating in plasma traps were considered. The 
vapor condensation in the plasma traps was studied as well 
and it was proved to be a promising process to produce 
bio-clusters or bio-composites. Bulky objects (e.g. implant 
materials), dispersed powders, porous materials, films, and 
membranes were processed in the HPCR.

Effective agents for drugs were produced by treating native 
peptides and amino acids. In particular, the substances 
inhibiting the aggregation of human blood platelets were 
obtained. Polymers (methyl-methacrylate and native 
biopolymers among them) with functional surface layers 
were obtained.  Ceramics, carbon, and metals were used 
for the hybrid plasma-assisted deposition to synthesize 
or deposit the uniform coatings on the object surface or 
on the surface of the powder particles. The substrates 
with therapeutics specially distributed over the substrate 
surface layer were obtained. This technique is likely to be 
applied to produce dressings, powders, and other medical 
materials with combined action. Hemostatic structures 
with antimicrobial and antiseptic agents or activators of 
the tissue cells proliferation incorporated into the structure 
are under development.

High densities (1010-1012 cm-3) of ionized and excited 
particles can be reached in the reaction bulk and, 
especially, near the body to be treated. Heavy plasma 
particles are chemically active even at low temperatures 
(<350 K). These particles together with fast electrons and 
secondary X-ray radiation are able to activate both the 
biomaterial and plasma-generating medium surrounding it 
simultaneously. The typical range of the gas pressure in the 
HPCR is 10−100 Torr that is sufficiently higher than the 
pressure in conventional plasmachemical reactors. Hybrid 
plasma volumes up to 1 m3 can be generated and there 
aren’t any physical reasons restricting the gas or material 
choice. The above circumstances are responsible for the 
advantages of the HPCR in comparison with the reactors 
using non-equilibrium plasmas of other kinds.

The reaction chamber filled with plasma-generating gas is a 
main part of the HPCR. RF-electrodes of a special shape are 
placed inside the chamber and combined with the substrate 
holders. The electron beam, preliminary formed in vacuum, 
is injected into or nearby the electrode system through the 
gas dynamic window. The powder is mechanically sprayed 
in the cloud generated by simultaneous action of the beam 
and RF-discharge. To support the generation of the vapor 
plasma an evaporable target is placed inside the chamber, 
the target being evaporated by the electron beam. The 
plasma generator of the HPCR is compact and light (total 
weight is about 70 kg) and has both continuous and pulse 
operation modes.

 A00181-01875 

Heparin-immobilized Gold Nanoparticles for 
Targeted Cancer Cell Death

Kyuri LEE; Hyukjin LEE; Ki Hyun BAE; 
Tae Gwan PARK 
Department of Biological Science, Korea Advanced 
Institute of Science and Technology, Daejeon, 
South Korea

Heparin is a negative charged linear 
glycosaminoglycan(GAG) composed of repeating sulfated 
disaccharide. It is widely used as an anticoagulant which 
prevents the formation of clots by inactivating thrombin 
and factor Xa. In addition to its common anticoagulant 
effect, heparin has various biological activities such as 
anti-inflammatory, anti-hypertensive, anti-proliferative 
effects by binding to several proteins or molecules that 
have heparin-binding domains. Surprisingly, heparin is 
known to have inhibitory effects on tumor progression and 
metastasis. For instance, heparin inhibits cancer metastasis 
through the mechanism, by prohibiting cell adhesion, 
ECM degradation and angiogenesis through acting as an 
inhibitor of selectins, vascular cell adhesion molecules, 
and heparanase, ECM degrading enzyme. Several recent 
reports revealed that once heparin is internalized into 
the cells, it triggers acute apoptosis by affecting several 
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transcription factors that are related with apoptosis. These 
remarkable results showed great potential of heparin as an 
anti-cancer agent via inducing apoptosis-mediated cancer 
cell death.

Recently, various inorganic nanoparticles have been 
developed for molecular imaging, nano-drug delivery 
system, diagnostics. In particular, gold nanoparticles 
(Aunp) are widely utilized in a variety of biomedical fields 
including biosensor, cell or protein labeling, hyperthermal 
therapy, nano-therapeutics, because of its facile preparation 
and simple surface modification and good biocompatibility. 
The good biocompatibility without comparison allows their 
use in diverse biological applications with no consideration 
in cellular toxicity. Moreover, gold nanoparticle (Aunp) 
is excellent nano-platform for building nano-sized 
aggregate of diverse biomolecules using strong thiol-gold 
interaction or catechol-mediated adhesion on the surface 
of nanoparticles. When the tumor-targeting ligand and 
anti-cancer agent is incorporated in a surface of gold 
nanoparticle, it can be utilized as an actively targeted 
cancer therapeutic agent.
In this study, we prepared heparin immobilized gold 
nanoparticle functionalized with arginine-glycine-aspartic 
acid (RGD) - poly(ethyleneglycol) conjugate (Aunp-Hep/
PEG-RGD) for targeted induction of heparin-mediated 
apoptosis. Small peptide, RGD was conjugated at the 
distal end of PEG (MW 3400) for the purpose of tumor-
targeted delivery of nanoparticles to αvβ3 integrin over-
expressing cancer cells by receptor-mediated endocytosis. 
End thiol-modified heparin was immobilized on the gold 
nanoparticle to function as an anti-cancer agent through 
intracellularly delivered heparin-induced apoptosis. The 
present nanoparticles (Aunp-Hep/PEG-RGD) effectively 
delivered free heparin molecules into the αvβ3 integrin 
over-expressing cancer cells and ultimately induced 
considerable apoptotic death of the cancer cells. 

 A00187-01058 

Physical, Chemical and Thermal Properties of 
8 MeV Electron Beam Irradiated C108 (Bombyx 
Mori) Silk Fibers

Sangappa SYHALABHAVI1; Ganesh Sanjeev 2; 
Subramanya 3; Somashekar RUDRAPPA4 
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2. Microtron Centre, Mangalore University, 
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4. Department of Studies in Physics, University of 
Mysore, Karnataka, India

The present work looks into the modification in physical, 
chemical and thermal properties in C108 (Bombyx mori) 
silk fibers, induced by electron irradiation. The irradiation 

process was performed in air at room temperature by use 
of 8 MeV electron accelerator at different doses: 0, 25, 50, 
75 and 100 kGy respectively. Irradiation of polymer can be 
used to crosslink or degrade the desired component or to 
fixate the polymer morphology. At the microscopic level 
polymer degradation is characterized by macromolecular 
chain splitting, creation of low mass fragments, production 
of free radicals, oxidation and cross-linking. The changes 
in physical, chemical and thermal properties in pure and 
EB irradiated silk C108 fibers have been studied using 
XRD, FT-IR and thermogrametric analysis (TGA). From 
the XRD, FT-IR and TGA studies we have quantified the 
micro structural changes, structural changes and mass loss 
(in %) of 8MeV electron irradiated and pure biopolymer 
fibers. 

 A00197-00376 

The Degradation Behavior of PLGA Blend and 
Gradient Coatings

Min QI 
School of Materials Science and Engineering, Dalian 
University of Technology, Dalian, China

Degradation kinetics of degradable biomedical polymer 
is critically important for drug-eluting stents to work. To 
control and improve curing function, films with multi-
layers of poly(lactic-co-glycolic acid) (PLGA) blend and 
gradient films was designed, and their degradation behaviors 
were investigated through Monte Carlo simulation and 
experiment. The blend films were prepared by mixing 
equivalent weight of PLGA50/50 and PLGA 70/30 
solution and casting, and the gradient films were prepared 
by organic solvent adherence to the sublayers, which were 
composed of gradual components of PLGA50/50 and 
PLGA 70/30.  

In Monte Carlo simulation, mass loss is considered to 
undergo only after polymers are degradated to water-
soluble products and transfer through aqueous medium. 
The simulation results indicated that the gradient structure 
prolonged the mass transfer time of the degradable films, 
and it induced smoother mass loss process than single- 
component or blend films.

The degradation behaviors of PLGA single-component, 
blend and gradient films were experimentally investigated 
by immersing them into PBS (pH 7.4, 37oC). The GPC 
results showed that molecular weight change appeared to 
deviate from the first order degradation kinetics for gradient 
films, and after 4 weeks, the molecular weight difference 
between blend and gradient films disappeared. The mass 
loss measurement suggested that gradient films had much 
lower degradation rate than other films. The experiment 
results are well in accordance with that simulated by 
Monte Carlo method. 
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Nixtric Oxide Detection Using Wavelength 
Modulation Spectroscopy and its Applications in 
Breath and Cell Death Diagnostics

MITRAYANA1; FJM HARREN2; Wasilah ROHMAH3 
1. Physics, Gadjah Mada University, Yogyakarta, 
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2. Molecular and Laser Physics, Radboud University of 
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3. Medicines, Gadjah Mada University, Yogyakarta, 
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We used a thermoelectrically cooled, continuous-wave, 
quantum cascade laser operating between 1891.3 and 
1907.6 cm−1 in combination with wavelength modulation 
spectroscopy for the detection of nitric oxide at sub-part-
per-billion volume (ppbv). The laser emission overlaps 
with the P7,5 doublet of NO centered around 1903.9 cm−1. 
Using an astigmatic multiple pass absorption cell with an 
optical path length of 76 m we achieved a detection limit 
of 0.8 ppbv at 100 mbar, with a total acquisition time of 30 
seconds. The corresponding minimal detectable absorption 
is 3.5 x 10 −10 cm−1Hz−1/2. We used that detector to detect 
the concentration of NO gas from the sample air from the 
breath and algae cell-death.

 A00238-00437 

Distinct Tissue Responses to Porous Silk Fibroin 
Scaffolds (PSFSs) and Polyvinyl Alcohol (PVA) 
Sponges in vivo

Guoping GUAN1; Lun BAI1; Baoqi ZUO1; 
Mingzhong LI1; Zhengyu WU1; Yonglin LI2 
1. College of Textile and Clothing Engineering, 
Soochow University, Suzhou, China
2. Department of Plastic Surgery and Burns, Affiliated 
First Hospital, Soochow University, Suzhou, China

Selection of raw materials and surface topography of 
biomaterials have been the focuses on development of 
biomedical materials. In this study, we used porous silk 
fibroin silk scaffolds (PSFSs) prepared by freeze drying 
method and polyvinyl alcohol (PVA) sponges, which 
have similar macro-structure such as average pore size 
and porosity. Both materials were implanted in muscles 
of rats. And then biocompatibility and biodegradation rate 
of both materials have been observed and compared by 
histological analysis and scoring method. Furthermore, 
the effects of surface topography of materials on immune 
responses and protein adsorption have been examined 
and analyzed. The results showed that PSFSs have better 
biocompatibility than PVA sponges in terms of protein 
adsorption, deposition of collagen matrix, remodeling 
of extracellular matrix (ECM), tissue regeneration and 
infiltration of inflammatory cells. However, PVA sponges 
evoked heavy and lasting infiltration of inflammatory cells 

when implanted. Even the moderate infiltration lasted up 
to 23 days after implantation. In summary, silk fibroin, 
as a natural protein, has incomparable biocompatibility 
for protein adsorption, ECM organization and tissue 
regeneration, and thus has promising applications in 
tissue engineering. This study might provide insights into 
molecular and cellular mechanisms involved in tissue 
formation by tissue inducing biomaterials based on silk 
fibroin.
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Preparation, Morphological Characterization and 
in vitro Biocompatibility of a Collagen-liposomes-
entrapped Chondroitin Sulphate Composite

Otilia ZARNESCU1; Lucia MOLDOVAN2; 
Oana CRACIUNESCU2; Mihaela TRIF3; 
Magdalena MOISEI3 
1. Faculty of Biology, University of Bucharest, Romania
2. National Institute R&D for Biological Sciences, 
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Liposomes have been used to deliver active pharmacological 
substances (APS) into cells because they can entrap 
water-soluble (hydrophilic) APS in their internal water 
compartment and water-insoluble (hydrophobic) APS into 
the lipid bilayer.

Chondroitin sulphate (CS) is a sulphated GAG composed 
of a long unbranched polysaccharide chain with a 
repeating disaccharide structure of N-acetylgalactosamine 
and glucuronic acid that has both anabolic effects on 
cartilage metabolism. Clinical studies has shown benefits 
of CS administration in patients with arthritic diseases, and 
intra-articular administration of anti-inflammatory drugs 
encapsulated in liposomes shows prolonged residence in 
the joint and reduction of inflammation.

The collagen-liposomes conjugates were found to deliver 
higher levels of active agent over a sustained period of time, 
in vivo, compared to normal collagenous preparations.

The aim of this study was light and electron microscopy 
characterization of a collagen-liposomes-entrapped 
chondroitin sulphate composite and to prove in vitro 
biocompatibility in a human dermal fibroblast culture 
system, in order to use it in the local treatment of rheumatic 
and inflammatory disorders.

For this study, we have prepared empty liposome and 
liposome containing CS. CS (10 mg CS/ml liposomes) 
was incorporated by the thin-film hydration method 
into liposomes composed of phosphatidylcholine (PC) : 
dioleoylphosphatidylethanolamine (DOPE) : cholesterol 
(Chol) : stearylamine (SA) (4.125 mg lipids/ml; 6:1:2:1 
molar ratio).
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In order to fabricate the composite scaffolds, a solution of 
COL type I (7.5 mg/ml) was mixed either with a solution of 
empty liposomes or with liposomes-entrapped chondroitin 
sulphate. The mixtures was gelled at room temperature 
and used for ultrastructural studies. For light microscopy 
and in vitro biocompatibility studies gels were frozen at  
- 40 0C and freeze-dried for 24 h.

Light and electron microscopic studies of the collagen-
empty liposomes and collagen-liposomes-entrapped 
chondroitin sulphate composite have shown that liposomes 
adhere to the surface of the collagen scaffold.

Comparative studies using collagen-empty liposomes 
and collagen-liposomes-entrapped chondroitin sulphate 
composite were performed in order to evaluate their 
effect on growth and morphology of fibroblasts after 24 
and 48 h of culture. Light microscopy indicated that both 
composites do not induce appreciable cytotoxic effects, 
and cells maintain normal morphology when compared to 
control fibroblasts.

This work was supported by Romanian Programme 4, 
Partnership in Strategic Domains, Project CARTBIOTECH, No. 
62-059/2008 
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The Influence of Galactosylated PDMS on 
Hepatocytic Function

Ko-Liang KUO; Hau-min LIOU; Fu-Yin HSU 
Department of Life Science, National Taiwan Ocean 
University, Taiwan

In this stud, we immobilized galactose on the PDMS 
surface since galactose was well known as ligand 
for ASGPR (asialoglycoprotein receptor) of primary 
hepatocyte. From the results of Fourier transform infrared 
spectroscopy-attenuated total reflectance (FTIR-ATR) 
and electron spectroscopy for chemical analysis (ESCA) 
indicated that we had galactosylated of the surfaces of 
PDMS successfully. Furthermore, we utilized primary 
hepatocyte to examine the effects of specific substratum for 
the cellular behaviors. The result of EROD assay proved 
that galactosylated PDMS could maintain the CYP1A1/2 
activity of primary hepatocyte more than one week.
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Influence of Molecular-scale Topography of 
Collagen and Gelatin Electrospun Fibrous on the 
Phenotype and Proliferation of MG63 Osteoblast-
like Cells
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Chang-Gung University, Taiwan
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Collagen is the most commonly used biomaterial in 
matrix construction for tissue engineering, and is known 
to affect the growth and differentiation of a variety of 
cells. Type I collagen, the most abundant structure protein 
found in animal, exists in connective tissues as fibers 
with diameters of about 30 to 300 nm.  Individual triple 
helix molecules of collagen undergo self-assembly to 
form fibrils with a characteristic banding pattern of 67nm 
period. Recently, electrospinning is one of the popular 
techniques to manufacture in vitro nanofibrous scaffolds 
for tissue engineering. It has been known that fluorinated 
alcohols such as 2, 2, 2-trifluoroethanol and 1, 1, 1, 3, 3, 
3-hexafluoroisopropanol (HFIP) are good solvents for 
polypeptide biopolymers such as collagen and gelatin. 
Unfortunately, most of the studies of electrospinning of 
pure collagen or hybrid collagen with other polymers out 
of fluoroalcohols showed the collagen matrix disrupted 
triple-helical and lacked the unique D-periodic structure. 
Therefore, the goal of this work is to evaluate the 
molecular-scale topography effects on the morphology and 
proliferation of cells. In order to investigate the morphology 
of cells on the collagen and gelatin nanofibrous matrix, 
the matrixes were examined under a scanning electron 
microscope. The morphology of attached cells varied 
depending on the type of carriers. The cells attached to 
the collagen matrix primarily exhibited a polygonal shape 
with extending lamellipodia. Cells exhibited spindle 
morphology with shorter pseudopodium on gelatin matrix. 
Cell viability on matrixes after culturing for 6 hours, 3 and 
7 days was quantified using water-soluble tetrazolium salt 
(WST-1) assays. From the results we observed that that 
MG63 osteoblast-like cells grown well on both collagen 
and gelatin nanofibers matrix. However, the proliferation 
of MG63 cells on the collagen carriers was faster than on 
gelatin matrix on day 7. Together our results demonstrated 
that although preparation pure collagen nanofibrous 
scaffolds by electrospinning involving fluoroalcohols 
resulted in alter the native protein structure. But the 
cellular behaviors also display different for collagen and 
gelatin nanofibrous matrix. Therefore, further experiments 
are necessary to understand how the molecular-scale 
structures of nanofibrous matrix by electrospinning affect 
on the gene expression, differentiation and other cellular 
behaviors.
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Study of regeneration mechanisms of tissues and organs, 
searching of new technologies, which could restore a 
lost function of organ or system, have brought about the 
appearance of new directions, evolved at the interfaces 
between Rapid Prototyping and Manufacturing technology, 
biotechnologies and medicine – tissue engineering, 
regenerative medicine and organogenesis. In their base a 
transplantation principle of stem cell on carrier matrixes 
lies.

Carrier matrix is synthetic or biological complex with 
demanded mechanical strength of construction, which could 
be layer wise synthesized via Selective Laser Sintering 
(SLS) method by before CAD file for each individual 
by 3D tomography dates. Then the process of adoption 
(penetration) in the matrix of stem cell culture had been 
carried out. The base criteria of biologically compatible 
matrix for building tissue engineering constructions should 
be: cytotoxicity lack; maintenance of adhesion; fixation; 
a proliferation and a differentiation, the cells located on 
its surface; lack of inflammatory reaction on the material 
and the immune answer; sufficient mechanical strength 
according to prescription; bioresorption due to metabolic 
routes.

At present paper a possibility of uses layer wise synthesized 
porous implants from titanium or NiTi (know as - nitinol) 
are discussed for creation of scaffold tissue constructions 
(matrix). Sufficient understanding of the nature of laser 
synthesized titanium and nitinol structures was developed 
in order to determine their suitability for use as functional 
implants. This resulted in superior tissue to implant fixation 
and the development of minimally invasive surgical 
procedures.

We investigated the role of the surface roughness of 
porous implants and cast stomatological titanium on the 
cell morphology, proliferation and adhesion. Test porous 
samples via SLS method with different surface preparations 
were prepared. Surface microstructure and roughness were 
analyzed by Scanning Electron and Optical Microscopy. 
Studies were carried out on primary cultures of dermal 
fibroblasts and mesenchymal stromal human cells during 6 
days culture: proliferation rate, morphology and adhesion 

are assessed. The possibility of cultivating bone marrow 
on the porous carrier matrix made from nitinol and pure 
titanium in vitro was determined.

The results reveal a clear influence of surface roughness 
of on cell proliferation, morphology and adhesion. A 
significant correlation is established between surface 
roughness and cell in growth. More the surface is developed 
more the osteoblasts proliferate and appear spread out on 
the test porous samples. In addition, the expression of cell 
adhesion varies with respect to the surface roughness. These 
results indicate a direct relationship between the decrease 
of cell adhesion and of cell proliferation on machining 
polished (cast) titanium. Pure titanium was well tolerated 
by the cells, but the number of focal contacts was lower 
than in the nitinol samples. 

 A00361-00703 

Narrowly Distributed Nano Hydroxyapatite 
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Method
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Nano hydroxyapatite [Ca10 (PO4)6(OH) 2], (NHA) powders 
has been widely researched because of its excellent 
biocompatibility. High surface area and energy associated 
with NHA particles, increases its reactivity in body 
fluids and makes it an excellent bone substitute. In the 
present work, a simple sol gel precipitation technique 
was employed to synthesize NHA powders. Calcium 
nitrate tetrahydrate (CNT) and phosphoric acid (PA) were 
taken as starting calcium and phosphorous precursors. 
Firstly, 0.25 M PA and 1M CNT solutions were prepared 
in double distilled water. Ammonia was added to the PA 
solution till a pH=10 was obtained. CNT solution was 
slowly added in PA-ammonia mixture while stirring. 
The pH of the above mixture was re-adjusted to 10 by 
further ammonia addition. White precipitates were formed 
during the addition of ammonia which slowly settled at 
the bottom of the mixture. This precipitated solution was 
stirred rigorously for 1 hr and kept for ageing for 24 hr 
in room temperature. The precipitates were filtered from 
solution using filter paper and repeatedly washed with 
double distilled water in order to remove the NH4

+ and 
NO3

-. The resultant precipitate cake was dried at 65 °C 
for 24 hours in an oven. The dried HA powders were also 
calcined at 200 to 800 °C for 30 min in an electrical furnace 
at a heating rate of 10 °C/min. Transmission electron 
microscope (TEM) image confirmed formation of NHA 
with prolate spheroidal phase structure. The particle size 



Symposium A - Advanced Biomaterials and Regenerative Medicine 
 (in conjunction with 2nd Asian Biomaterials Congress)

21

distribution (PSD) analysis of NHA powders showed a 
skewed distribution which centered to larger particle size 
(from 20 nm to 60 nm) with the increase in temperature. 
X-ray diffractrometry (XRD) patterns of the dried powders 
calcined at temperatures 600 °C and below showed peaks 
of HA and no characteristic peaks of secondary phases 
were observed, indicating that the product was of high 
purity. Heating HA at 700 °C and above induced a high 
crystalline HA diffraction peaks together with minor CaO 
peaks. Energy dispersive x-ray (EDX) analysis showed 
stoichiometrically stable NHA powder with a Ca/P ratio 
near to 1.67 at temperatures of 600 °C and below. At 700 °C 
and above, Ca/P ratio increased to 1.75, which was related 
to the formation of CaO phase.  Fourier transform infrared 
spectroscopy (FT-IR) results showed dissolution of small 
amount of CO32− into the NHA crystal. Since, application 
of NHA depends on its dissolution; the advantage of the 
current method is that NHA powders with wide range 
of crystallinity (the factor that determines dissolution) 
can be obtained. The NHA powder produced using this 
technique can be widely used from implant coatings to 
bone resorption applications.
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Millions of bone fractures occur every year worldwide. 
Among them, 5-10% show delayed healing, many persist 
for more than nine months and some termed in non-
unions fractures. In this context, there is a critical need for 
technologies that are able to enhance bone healing. One 
promising treatment is the use of bioactive glasses as bone 
graft substitutes. Bioglass® 45S5 has been known for many 
years as the most bioactive composition among numerous 
bone-bonding glasses. In addition, the Biosilicate®, a novel 
fully-crystallized bioactive glass-ceramic of the quaternary 
P2O5-Na2O-CaO-SiO2 system (patent application WO 
2004/074199), also showed a stimulatory effect on in 
vitro bone-like matrix formation. However, the effects of 
this biomaterial on bone consolidation on in vivo studies 
were not studied yet. Therefore, the aim of this study 
was to investigate and compare the effects of Biosilicate® 
and Bioglass® 45S5 (gold standard biomaterial) on the 
biomechanical properties of surgically created defects in 
rat tibias. 

METHODS: Thirty male Wistar rats were randomly 
distributed into three groups of 10 animals each: control 
group (bone defects without any fillers); Bioglass® 

45S5 group (bone defects filled with the gold standard 
biomaterial) and Biosilicate® group (bone defects filled 
with the biomaterial to be tested). A 2.5-mm-diameter 
non-critical size bone defects was surgically created at the 
upper third of the left tibia. Immediately afterwards, bone 
cavities were completely filled with the corresponding 
biomaterial in the treated animal groups. On day 20 after 
the surgical procedure, animals were euthanized and tibias 
were harvested for analysis. The biomechanical properties 
of the tibia were determined by a three-point bending test 
in an Instron® Universal Testing Machine. The maximum 
load at failure (N), structural stiffness (N/mm) and energy 
absorption (J) were obtained. Statistical analysis was 
made using the one-way analysis of variance (ANOVA), 
complemented by Kruskal-Wallis test. Values of p < 0.05 
were considered statistically significant. RESULTS: Bones 
which had the created defects filled with Biosilicate® could 
abide a significant large load before failure occurrence 
in comparison with unfilled bones (control group). The 
stiffness (N/m) was also higher in the Biosilicate group 
than in the control group. No other difference was 
found. CONCLUSION: This study reveals that the fully-
crystallized Biosilicate® has good bone-forming properties. 
The novel bioactive glass-ceramic was able of improving 
mechanical properties of the bone. Although further long 
term studies and clinical trials are required, the findings 
here presented point to a promising use of Biosilicate® for 
bone engineering applications.
 

 A00383-01822 

The Effects of Biosilicate® and Low Level 
Laser Therapy on Tibial Bone Consolidation in 
Osteopenic Rats: A Histological Study

Ana RENNO2; Paulo BOSSINI2; Renata GRANITO1; 
Renan FANGEL1; Nivaldo PARIZOTO1; Jorge OISHI1 
1. Physiotherapy, Federal University of Sao Carlos, 
Brazil
2. Bioscience, Federal University of Sao Paulo, Brazil

Osteoporosis is a clinical syndrome in which bone mass is 
lower than expected for individuals of a given age and race, 
resulting in bone weakness and increase of susceptibility 
to fractures. It is still controversial the influence of 
osteoporosis on bone consolidation. However, many 
authors state that there is an impairment on the process 
of fracture healing in osteoporotic people, with a delay 
in the callus formation and mineralization and a decrease 
in the biomechanical properties. In this context, a lot of 
methods for treating delayed and non-union fractures have 
been investigated including biomateriais and low level 
laser therapy (LLLT). Some studies have shown that both 
treatments are able to stimulate the osteogenesis of bone 
tissue. Therefore, the aim of this study was to investigate 
the effects of the Biosilicate® and the 830nm laser on tibial 
bone consolidation in osteopenic rats. 



22 Symposium A - Advanced Biomaterials and Regenerative Medicine 
(in conjunction with 2nd Asian Biomaterials Congress)

METHODOLOGY: It was used 40 female osteopenic rats, 
divided into 4 groups: osteopenic fractured control (OC); 
osteopenic fractured treated with Biosilicate® (FBio), 
osteopenic fractured treated with laser (OL); osteopenic 
fractured treated with Biosilicate® and laser (OFLBio). 
Biosilicate® is an osteogenic biomaterial developed by our 
research group which is a  novel fully-crystallized bioactive 
glass-ceramic of the quaternary P2O5-Na2O-CaO-SiO2 
system (Biosilicate®, patent application WO 2004/074199). 
Two months after the surgery of ovariectomy (to induce 
osteopenia), a 2.5-mm-diameter bone defect was created in 
the tibia of the rats. Immediately afterwards, bone cavities 
were completely filled with the corresponding biomaterial 
in the treated animal groups. The laser used was a GaAlAs 
laser, 830 nm, 100 mW, 120 J/cm2. The laser irradiation 
was performed during 12 sessions. On day 14 after the 
surgery, the animals were euthanatized and the left tibias 
were defleshed and prepared for a histological analysis. The 
specimens were embedded in paraffin and sectioned with 5 
micron thickness. Histological sections were stained with 
hematoxylin and eosin (H&E) and they were performed 
under a light microscope. Changes occurred in the surgical 
area, presence of fibrous granulation tissue, signs of bone 
neoformation and bone union were investigated per animal. 
RESULTS: Animals of the control group presented a high 
concentration of fibrous granulation tissue and a lower 
presence of neoformed bone. In the groups laser and laser 
and Biosilicate® it could be observed a lower presence 
of granulation tissue and a high presence of neoformed 
bone compared to control. Some of the animals of the OL 
and OFLBio groups showed signs of fracture union. The 
animals treated with Biosilicate presented histological 
findings similar to the controls. Conclusion: We can 
conclude that the laser irradiation and the association of 
laser and the biomaterial were able of accelerating bone 
consolidation. Our results showed that the Biosilicate 
alone did not cause any effect on bone consolidation.

 A00417-02304 

Synthesis and Characterization of Hybrid 
Biodegradable Films from Collagenous Wastes 
and Cellulose Derivatives for Biomedical 
Applications

Anu Mary A; Thanikaivelan PALANISAMY; 
Ashokkumar M; Chandrasekaran BANGARU 
Centre for Leather Apparel & Accessories Development, 
Central Leather Research Institute (Council of Scientific 
and Industrial Research), Chennai, India

Biodegradable polymers play an important role in the 
development of medical materials and thus have been 
paid much attention recently. In tissue engineering, 
biomaterials are used as wound dressings and scaffolds, 
which are generally required to disperse by resorption into 
the body after tissue generation. The choice of biomaterials 
play an important role, for instance inclusion of natural 

materials such as collagen, gelatin, cellulose, pectin, 
starch, chitin, alginate, polyamino acids and dextran 
has been shown to enhance the healing process. These 
biomaterials act as substrate to promote cell adhesion, 
proliferation, organization and direct the growth of cell 
to form extracellular matrix. Modern wound dressings 
significantly differ from traditional dressings in design and 
properties and include films, sponges, gels, hydrocolloids, 
powders, pastes and combinations thereof. Several methods 
have been developed in the preparation of biodegradable 
wound dressings and scaffolds. Most methods employ 
relatively toxic cross-linking agent. In this study, an 
attempt has been made to prepare hybrid biodegradable 
films from collagenous wastes (raw trimmings from 
leather industry) by combining with cellulose derivatives 
without employing a cross-linking agent. The collagenous 
wastes were converted into soluble collagen using a 
modified procedure in three different concentrations and 
blended with 25, 50, 75, and 100% (wt/wt) 2-hydroxyethyl 
cellulose. These blends were cast and dried into thin films 
of desirable size and thickness of 0.03±0.01 mm. The 
formed films were analyzed for structure, thermal and 
mechanical properties. It was found that the dry hybrid 
films have improved tensile strength in the range of 20±3.6 
to 55±5.8 MPa and fairly low elongation at break in the 
range of 3±1.2 to 9±2.5%, compared to the pure collagen 
films. The structure of select films was investigated using 
scanning electron microscope (SEM) and found to possess 
uniform smooth surface. Differential scanning calorimetry 
(DSC) and thermo gravimetric analysis (TGA) showed 
that the thermal stability of such select blend films was 
improved moderately. The infrared (IR) spectral values of 
synthesized hybrid films reveal the presence of functional 
groups from both collagen and cellulose. The equilibrium 
swelling analysis of the prepared films, carried out in 
phosphate-saline buffer (PBS) medium at physiological pH, 
reveals that the prepared films possess nearly 600±150% 
water uptake potential. In-vitro biodegradability analysis 
using an alkaline protease in PBS medium proved that the 
presence of cellulose derivative could noticeably improve 
the biostability of the hybrid films leading to controlled 
degradation compared to the pure collagen films, which 
obviates the necessity for a cross-linking agent. The 
results demonstrated that the developed hybrid collagen/
cellulose films are potential candidates to be applied as 
new biomaterials for skin tissue engineering.
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In Vitro Evaluation of Osteoblasts Response to 
Various Shaped Hydroxyapatite Powders

Jinling XU1; Khiam Aik KHOR1; Jianjun SUI2; 
Jianhua ZHANG2; Wei Ning CHEN2 
1. School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore
2. School of Chemical and Biomedical Engineering, 
Nanyang Technological University, Singapore

The majority of bone consists of extracellular matrix 
proteins and the mineral hydroxyapatite (HA). HA has 
been well characterized chemically and mechanically 
as its benefits are demonstrated in both short- and long-
term clinical results. It does not induce local or systemic 
toxicity, inflammation, or foreign body response, or 
intervening fibrous tissue between implant and bone. 
The biocompatibility of HA have evaluated with the use 
of simple immersion tests in simulated body fluids with 
ionic concentration, showing that formation of apatite 
deposition on the surface of the material immersed in the 
fluid. The precipitated apatite layer is desirable to result 
in the formation bond between bone and materials. Many 
papers dealt with the synthesis of nano HA, currently one 
of the most demanding challenges for producing new 
biomaterials. However, it also should consider carefully 
about the fast dissolution rate of the nano HA as the 
dissolution may not only accelerate the precipitation of 
apatite but also elicit some toxicity effects.  It has been 
documented numerously that the use of synthetic HA as 
bone substitute has called for the influence on the adjacent 
cells in vitro.  Aspetic lossening after total joint arthroplasty 
is a major problem in orthopedic surgery. Small particles 
from material wear have been reported as the main cause of 
implant failure. Interactions of bone cells with HA surfaces 
are mediated by adhesion receptors belonging to the 
integrin family. The present report investigate the possible 
injurious effects of nano HA powder to osteoblasts (bone 
forming cells) and how osteoblast cells respond to HA on 
a molecular level. To test this hypothesis, we examined the 
protein profile and several marker gene expressions in the 
osteoblasts cultured with the presence of dissimilar shaped 
HA nanoparticles. The cells cultured on the polystyrene 
Petri dish were employed as control groups. In this study, 
the effects of nano-sized hydroxyapatite powders with 
different shapes on osteoblasts were investigated using 
proteomic research to understand the relationships between 
the material and proteins. We report the first study of 
protein profile in osteoblasts from human osteoblastic cell 
line incubated separately in the presence of various shaped 
HA nanoparticles at the initial culturing stage of 4 days. 
The results suggested there was a significant decrease in 
cell population after adding the HA nanoparticles to the 
osteoblasts. The results from proteomics study and gene 
expressions involved in calcium regulation confirmed the 
differences in the cells responses on a molecular level to 
dissimilar shaped HA nanoparticles.

 A00421-00804

On the Origins of Fracture Resistance and its 
Biological Degradation in Human Bone

Robert RITCHIE1;2 
1. Materials Science and Engineering, University of 
California Berkeley, Berkeley/CA, United States
2. Materials Sciences Division, Lawrence Berkeley 
National Laboratory, Berkeley/CA, United States

The age-related deterioration of both the fracture properties 
and the architecture of bone, coupled with increased life 
expectancy, are responsible for increasing incidences of 
bone fracture in the elderly segment of the population.  In 
order to develop effective treatments, an understanding of 
the mechanisms underlying the structural integrity of bone, 
in particular its fracture resistance, is essential.  The origins 
of the toughness of human cortical bone are described in 
terms of the contributing micro-mechanisms and their 
characteristic length scales in relation to the hierarchical 
structure of these mineralized tissues.  It is shown that 
although structure at the nanoscale is important, it is 
microstructural features at the scale of one to hundreds of 
microns (e.g., the Haversian systems present in the cortical 
bone of mammals) that are most important in determining 
its fracture properties.  We specifically find that the origins 
of fracture resistance in human cortical bone are extrinsic, 
i.e., associated primarily with crack growth, and are related 
to such toughening mechanisms as gross crack deflection/
twist and crack bridging, both processes that are induced by 
preferential microcracking (primarily at the cement lines).  
In particular, our results, in terms of full nonlinear elastic 
crack-resistance curve measurements, show that human 
cortical bone is actually much tougher in the transverse 
orientation than has been previously thought.  
In this context, realistic short-crack measurements of 
both crack initiation and growth toughnesses performed 
on human and animal bone are used to evaluate the 
effects of aging and certain therapeutic treatments (e.g., 
steroids and bisphosphonates).  These measurements 
are combined with structure characterization using UV 
Raman spectroscopy, small-angle x-ray scattering and 
transmission electron microcopy and imaging studies 
involving two-dimensional in situ fracture tests performed 
in an environmental scanning electron microscope and 
three-dimensional ex situ examination of crack paths 
derived using synchrotron x-ray computed tomography, 
to determine the microstructural features that underlie 
the toughness of bone and how this can degrade with 
biological factors.



24 Symposium A - Advanced Biomaterials and Regenerative Medicine 
(in conjunction with 2nd Asian Biomaterials Congress)

 A00429-00812 

Nanoparticles as Biochemical Sensors

Afaf EL-ANSARY 
King Saud University, Riyadh, Saudi Arabia

The development of sensors is an area of great interest. A 
biochemical sensor is a device capable of quantitative or 
qualitative recognition of a target species of interest, for 
example peptides, metabolites, molecules or ions. In the 
area of bio-detection there are many diagnostic methods 
used to detect disease pathogens, hormones, antibodies, 
and such like, in body fluids. Common clinical diagnostic 
methods include, for example, the enzyme-linked 
immunosorbent assay (ELISA), Western blotting, lateral 
flow test (LFT). These are well-established techniques, 
however a multi- step process is typically required and 
in many cases it takes a number of hours and/or days 
to determine a result. There is increasing interest in the 
concept of using nanoparticles as the sensing elements in 
biosensors. Nanoparticles display a very large surface and 
thus layers of functional nanoparticles adsorbed to a solid 
substrate display an increased amount of receptor sites per 
area. By suitable functionalization with antibodies they 
can be employed as markers for proteins of all kinds. This 
review is a trial to trace different applications of the use 
of nanoparticles as biochemical sensors. Special attention 
will be given to selected nanoparticles like silver, gold and 
iron in the field of clinical diagnosis.

 A00454-02778 

Apatite Forming Ability of α, α +β and β Titanium 
Alloys After Chemical and Thermal Treatment

Tamil Selvi SENGODAN; Raman VEDARAJAN; 
Rajendran NALLAIYAN 
Department of Chemistry, Anna University, 
Tamilnadu, India

In order to improve the bone bonding ability and inducing 
bioactivity, titanium and its alloys was chemically treated 
and followed by immersion in simulated body fluid (SBF) 
solution. Pure Ti (∞), Ti-6A1-7Nb (∞+ β) and Ti-15Mo (β) 
substrates were treated with 10 M NaOH aqueous solution 
and subsequently heat treated at 600°C. After treatment, 
the surfaces were characterized using scanning electron 
microscopy (SEM) and energy dispersive X-ray analysis 
(EDAX), Fourier Transform infrared (FT-IR) and Atomic 
force microscopy (AFM). The results revealed that a 
thin sodium titanate layer was formed on their surfaces. 
The treated specimens after immersion in SBF solution 
showed a dense and uniform bonelike apatite layer on their 
surfaces. The apatite formation on the surfaces of Ti and 
its alloys was assumed to be induced by a hydrated titania 
which was formed by an ion exchange of the alkali ion 
in the alkali titanate layer and the hydronium ion in SBF. 
The resultant surface structure changed gradually from 
the outermost apatite layer to the inner Ti and its alloys 
through a hydrated titania and titanium oxide layers.

 A00454-02780 

Surface Characterization and Corrosion Behavior 
of Chemically Modified Orthopaedic Ti-6Al-4v ELI 
Alloy in Simulated Body Fluid Solution

Tamil Selvi SENGODAN; Rajendran NALLAIYAN 
Department of Chemistry, Anna University, Tamilnadu, 
India

The titanium alloy namely Ti-6Al-4V ELI has subjected 
alkali treatment followed by heat treatment. The treated 
alloy was  immersed in SBF solution for various durations. 
Potentiodynamic polarization measurements were 
conducted for both untreated (UT) and alkali heat treated 
(AHT) specimens, immediately and after the optimum 
days of immersion in SBF solution, pre-determined from 
open circuit potential (OCP) studies and morphological 
characterization such as scanning electron microscopy 
(SEM) and energy dispersive X-ray analysis (EDAX). 
Fourier Transform infrared (FT-IR) spectroscopic analysis 
was carried out for the optimum period of immersion in 
SBF solution which confirmed the apatite growth on the 
treated alloys. Electrochemical impedance spectroscopic 
(EIS) measurements were also carried out during this 
period. The polarisation curves showed a shift in corrosion 
potential towards positive direction for both UT and 
AHT specimens after optimum days of immersion in 
SBF solution. EIS data obtained at different durations of 
immersion in SBF solution indicated a change in resistance 
and capacitance values.

 A00473-00872 

Electrospun Nanofibers of Composite 
Biomaterials as a Surgical Patch

Hai LU1; Bo JIANG2; Weijun CHEN1; Dajun YING1 
1. Department of Anatomy - Key Lab of Biomechanics 
and Tissue Engineering, Third Military Medical 
University, Chongqing, China
2. National Institute of Biomaterial Engineering, 
Sichuan University, Chengdu, China

Surgical patches must exhibit tissue-like functional 
properties, including good biocompatibility and appropriate 
biomechanical behavior comparable to the native tissues 
they are intended to replace. Aiming to develop a suitable 
surgical patch for clinical transplantation, combination of 
advantages of native protein and synthetic polymer was 
adopted in this study, and composite nanofibers of type 
I collagen, silk protein and polylactic acid (PLA) were 
prepared successfully by electrospinning process. The 
scanning electron microscopy (SEM) images showed that 
the patches were smooth and uniform with the interwoven 
and porous morphology. The biomechanical properties of 
the patches suggested no significant differences compared 
to that of fresh porcine pericardiuversus. After cultured 
with human umbilical vein endothelial cells (HUVEC) 
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for up to 2 weeks in vitro, the result demonstrated that 
the patches could significantly support cell attachment, 
proliferation and migration. And the patches were proved 
to be biocompatible with no local or systemic toxic 
effects elicited after implanted in subdermal pounches 
in adult mice for 4 weeks. All of these indicated that the 
combination of type I collagen, silk proten and PLA to 
create electrospun fibrous structures resulted in favorable 
biomechanical and biological properties and might be used 
as a suitable surgical patch in the clinical applications.

 A00494-00905 

Experimental Study on Angiogenesis Model 
within the Porous Silk Material Implanted in the 
Rat

Dongping WU; Guoping GUAN; Huifeng LIU; Min XIE; 
Lun BAI 
College of Textile and Clothing Engineering, Soochow 
University, Jiangsu, China

To explore the angiogenesis mode within the porous silk 
material in vivo. Twelve adult male rats were selected and 
divided into 6 groups randomly. The porous silk material 
(the pore size was 50-100μm, the porosity was 70%-90%.) 
were harvested on 5, 7, 10, 13, 17 and 24days after implanted 
into the subcutaneously of back and the femoral muscle 
of hind leg in each rat separately, in order to observe the 
angiogenesis around and within the porous silk material by 
means of histology and transmission electron microscopy 
(TEM) analysis. We found that the biocompatibility of 
the porous silk material was favorable. A number of 
regenerative blood vessels gathered around the implanted 
material and we can observe sprouting angiogenesis on 5, 
7 days after the operation; the number of blood vessels that 
grew into the implanted material which began to degrade 
increased observably on 10 days; with the integrity of 
structure to be missing because of degradation on 24 days, 
intussusceptive angiogenesis was already around and in 
the implanted material, when the cambium grew well and 
the blood vessels in these cambium were well-distributed. 
We conclude that there were sprouting angiogenesis 
around and gradually into the porous silk material during 
the early period after operation, and intussusceptive 
angiogenesis later for remodeling and regulating the new 
blood vessels network system in the cambium.

Nature Silk Fibroin material and Construction of the Inducing 
Function of its Tissue Growth (serial number: 2005Cb623906), 
subsidiary to “the Eleventh-five” National Key Basic Research 
and Developing Project: Basic Research of the Tissue Inducing 
Biomaterial Used in Medicine. 

 A00499-01826 

Surface Nanopatterning to Control Cell Growth

Federico ROSEI 
INRS-EMT, University du Quebec, Canada

Modifying materials at the nanoscale allows to tailor 
and optimize their properties. The key to designing 
improved biomaterials lies in controlling the interactions 
at the material-host tissue interface. Our strategy rests 
on creating molecular/topographic nanopatterns that act 
as surface cues and affect cell behavior by promoting 
or inhibiting cell growth. We illustrate a simpl chemical 
treatment for Ti-based materials that produces a unique 
nanostructured topography. Our work demonstrates how 
simple chemical treatment can generate multifunctional 
nanostructured surfaces that selectively control cell 
growth. This modification promotes the growth of certain 
cells while inhibiting that of others, without the addition 
of any exogenous biological or pharmacological agents. 
Nanostructured Ti surfaces selectively inhibit fibroblastic 
cell growth and promote osteogenic cell activity in vitro. 
The ability to control nanoscale features and further 
functionalize substrates will lead to a new generation of 
implantable biomaterials with “intelligent surfaces” that 
selectively influence cell behavior at the tissue-biomaterial 
interface. 

 A00500-00917 

Study on the Structure and Property of Tissue 
Inducing Regenerated Samia Cynthia Ricini Silk 
Fibroin Nanofibers Scaffold Materials

Baoqi ZUO; Mei XU; Feng ZHANG 
Modern Silk National Engineering Laboratory, Soochow 
University, Jiangsu, China

Recently, many researchers have investigate silk fibroin, 
mainly from Bombyx mori silk and Antheraea assama silk, 
as one of the candidate materials for biomedical applications, 
because it has several distinctive biological properties 
including good biocompatibility, biodegradability, and 
minimal inflammatory reaction. Few research reports on 
Samia cynthia ricini silk, one of the wild silks, whose 
amino acid composition is similar to Antheraea assama 
silk, but different content rate.

In this paper, Samia Cynthia ricini silks were boiled in 
an aqueous solution of 0.05% (w/v) sodium carbonate to 
extract the sericin proteins. The extracted silk was then 
dissolved in a lithium thiccyanate (LiSCN) solution. 
After being dialyzed in water for 4 days, the solution of 
silk fibroin was cast onto the plastic plate to prepare silk 
films. We prepared Samia Cynthia ricini silk fibroin non-
woven nanofibers with HFIP as a spinning solvent with 
electrospinning method.
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Scanning electron microscope (SEM), X-ray diffraction 
(XRD), Infrared spectra (IR) and thermal analysis (TG/
DTA) were used to investigate the morphology, structure 
and thermal properties of the non-woven fibers. Adhesion, 
spreading and proliferation of mouse fibroblast cells on 
electrospun fibers were characterized.

The results indicate that the diameter of regenerated 
electrospun Samia Cynthia ricini silk fibroin fibers was 
between 50nm~600 nm, and the diameter increase with 
the decrease of solution concentration(4%~10%w/w). 
The electrospinning parameters of voltage and distance 
did not affect the resulting fibers diameter. After ethanol 
post-treatment, β-sheet, α-helix and random coil structure 
co-existed in the non-woven fibers. MTT analyses 
demonstrated that the electrospun Samia Cynthia ricini 
silk fibroin nanofibers promoted mouse fibroblast cells 
attachment and proliferation over 5 days in culture, which 
is better than Bombyx mori silk fibroin nanofibers.

Compare to Bombyx mori silk, it is easier to control 
Regenerated Samia Cynthia ricini silk fibroin nanofibers 
which has an excellent cell biocompatibility. So, it 
is a promising candidate material for tissue inducing 
biomedical scaffold materials.
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Chitosan Hydrogels and Nanosized Structures 
Formed with Anionic Polysaccharides

Yury SHCHIPUNOV; Nadya IVANOVA; Sergey SARIN 
Institute of Chemistry, Russian Academy of Sciences, 
Vladivostok, Russian Federation

Chitosan is incapable of jellifying aqueous solutions 
itself that imposes severe restriction on biomaterial 
fabrication and areas of its application. At present, 
chemical modification of its macromolecules is usually 
used to prepare hydrogels, but that leads to a sacrifice of 
its main advantage being in the biocompatibility. A novel 
general approach was developed to form a MONOLITHIC 
hydrogel excluding precipitation and phase separation. This 
consists in polyelectrolyte complex formation with anionic 
polysaccharides. Alginate, carboxymethylcellulose, 
carrageenans and xanthan were used as counterparts 
to jellify chitosan solutions. Their mixing by common 
techniques results, as a rule, in complex precipitation. To 
exclude it, oppositely charged polysaccharides are brought 
into contact under strictly controlled pH. A hydrogel 
formation was observed with all the mentioned anionic 
polysaccharides. This allows a suggestion to be made 

that the developed approach is general to jellify chitosan 
solutions and form functional biomaterials on this base.
Prepared chitosan hydrogels and its complexing with 
anionic polysaccharides were characterized by means of a 
dynamic rheology, optical microscopy, scanning electron 
microscopy, IR spectroscopy. Experimental results obtained 
with these various physico-chemical techniques gained 
an insight into a dependence of the complex formation 
and properties on the nature, structure, chain rigidity, 
composition and charge of macromolecules. It was found 
that the morphology and mechanical properties of jellified 
solutions depended notably on all these factors. A tendency 
towards transition from particulate and plate-like structural 
organization to fibrils was mentioned when low-molecular 
anionic polysaccharides were exchanged for high-
molecular ones with rigid macromolecular chains having 
large persistence length. This phenomenon was typical of 
xanthan. Its mixing with chitosan gave nanosized fibrils at 
certain molar ratios of oppositely charged polysaccharides 
in solutions. Their appearance was accompanied with a 
sharp increase in mechanical strength of hydrogels.

Details concerning the hydrogel fabrication, morphology, 
mechanical properties, structure-property relationships 
and their dependence on the nature and structure of 
carbohydrate macromolecules are summarized in the 
presentation. 

 A00518-01399 

Fabrication of OCP-polymer Composite Materials 
through Aqueous Solution Process

 
Toshiki MIYAZAKI1; Hironobu IKEDA1; 
Eiichi ISHIDA2 
1. Graduate School of Life Science and Systems 
Engineering, Kyushu Institute of Technology, Kitakyushu, 
Japan
2. Faculty of Engineering, Kyushu Institute of 
Technology, Kitakyushu, Japan

Octacalcium phosphate (OCP) is known as precursor of 
hydroxyapatite in the process of hard tissue construction 
such as bone and teeth. Therefore OCP is attracting much 
attention as a candidate of novel bone substitutes for 
biomedical applications. In addition, OCP has ability of 
adsorption with proteins and harmful molecules such as 
formaldehyde due to layered structure of the OCP. It is also 
attractive for environmental materials. However, OCP has 
problems of low processibility due to its high hardness and 
low fracture toughness. If OCP can be coated on organic 
polymers, flexible OCP-based functional materials would 
be developed. In this research, we attempted preparation 
of composite materials coated with OCP on polymer thin 
films in aqueous media. We prepared composite films by 
addition of calcium carbonate (CaCO3) into solutions of 
various organic polymers including polyvinyl alcohol 
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(PVA), alginate and acetylcellulose, and subsequent 
drying at 60°C for 3 days. Mass ratio of CaCO3 / organic 
polymer was fixed at 1. Then they were treated with 15 
mol/L phosphoric acid solution at 60°C to precipitate 
calcium phosphates on their surfaces. Surface structural 
changes of the specimens were characterized by thin-
film X-ray diffraction and scanning electron microscopic 
(SEM) observation equipped with energy-dispersive X-ray 
(EDX) microanalyzer. OCP was successfully deposited 
on PVA films after treatment with phosphoric acid within 
6 hours. On the other hand, alginate and acetylcellulose 
films gave calcium hydrogen phosphate dihydrate and 
calcium dihydrogen phosphate hydrate, respectively. The 
calcium hydrogen phosphate is likely to be formed in 
more acidic conditions than OCP. Therefore acidity of the 
organic polymer may effect of the crystalline phase of the 
deposited calcium phosphates. In addition, strength of the 
OCP-PVA composite films was improved, when they were 
previously treated with glutaraldehyde to make cross-
linking in the polymer chains. In summary, OCP can be 
coated on organic polymer in appropriate condition and 
that crystalline phase of the formed calcium phosphates 
can be controlled by kind of organic polymer. 

 A00539-00988 

Preparation and Properties of Regenerated 
Antheraea yamamai/ Bombyx mori Silk Fibroin 
Blend Film

Yanqiong WEI; Shuqing YAN; Jiannan WANG; 
Mingzhong LI 
College of Textile and Clothing Engineering, Soochow 
University, Suzhou, China

Silkworm silk fibroin is a kind of natural biopolymer 
produced by domestic (B. mori) or wild silkworms. 
Silk fibroin, nontoxic and nonirritating, has good 
biocompatibility. And in recent years, B.mori has been 
widely studied as biomedical materials, such as controlled 
drug release carriers, artificial cruciate ligament, wound 
cover materials, bone tissue engineering scaffolds etc. 
Antheraea yamamai (A. yamamai) is one of wild silkworms. 
What is interesting, the tripeptide sequence Arg-Gly-Asp 
(RGD), which is known to exhibit special interactions with 
mammal cells, exists in A. yamamai silk fibroin but not 
detected in B.mori. Based on these features, A. yamamai 
silk fibroin may have excellent biocompatibility if be 
used as biomedical materials, such as tissue engineering 
scaffolds, cell culture medium. In this study, the regenerated 
A. yamamai/ B. mori silk fibroin film was prepared. The 
physico-chemical properties of blend films and the growth 
of fibroblast cells on films were also investigated.

See from the SEM images, the surface of blend films 
before ethanol treatment exhibit uniform microstructure, 
however, after treated by ethanol, the uneven distribution 
is observed. The cross section of blend films after ethanol 

treatment shows the phase separation microstructure, 
indicating that A. yamamai and B. mori silk fibroin may 
have a bad compatibility.

The X-ray diffraction profiles of all the blend films are 
similar to that of A. yamamai silk fibroin film. There were 
mainly α-structure and random coil in the regenerated 
silk fibroin blend film. When immersed into 80% 
ethanol solution, the molecular conformation of blend 
films obviously changes from random coil to β-sheet 
conformation. The result of FT-IR and Raman spectra 
closely correspond to those of XRD, few hydrogen bonds 
appear between the two types of fibroin chains, but there 
are more bands of α-helix structure are found after ethanol 
treatment, suggesting that there may be lots of α-helix 
chain segments has not yet form crystal structure.

Compare with the A. yamamai silk fibroin film, the broken 
elongation of blend films increases obviously with the 
increasing of B. mori silk fibroin content. The broken 
strength and initial tensile modulus in wet state show the 
similar tendency with increasing A/B ratio.

The result of  cells adhesion rate at different adhesion time 
shows that there are no significant change among tissue 
culture plastic, collagen, regenerated A. yamamai and 
B. mori silk fibroin films. However, all the blend films 
display a higher cells adhesion rate. The cells adhere well 
on all the film surfaces after 7h. According to the results 
of MTT, the fibroblast cells on blend films show higher 
viability comparable to that of tissue culture plastic or 
collagen. The cell proliferation was significantly higher on 
the blend silk films after 7d, indicating that the regenerated 
A/B silk fibroin film support cells attachment, spreading 
and growth in vitro, suggesting potential use of these 
biomaterial matrices as scaffolds for tissue engineering.

 A00545-01002 

Silk Fibroin/ Hyaluronic Acid Porous Scaffold for 
Dermal Wound Healing

Shuqin YAN; Jiannan WANG; Mingzhong LI 
College of Textile and Clothing Engineering, 
Soochow University, Suzhou, China

Today burn wounds are still big problems for the clinical 
treatment. Although autologous skin grafting is still a gold 
standard, it has difficulty in the treatment of extensively 
and deeply burned patients and new wound is created on 
the donor side. Silk fibroin (SF) as a natural protein, non-
toxic and non-irritating, has good biocompatibility and 
is beneficial for cells of human being and many kinds of 
mammals to adhere and proliferate. Hyaluronic acid (HA) 
is a mucopolysaccharide found in various types of tissues.
In this study, SF/HA porous scaffolds were prepared by 
using EDC as cross-linking agen t .  The SF and HA 
solutions were mixed together at weight ratios of 100/0, 
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95/5, 90/100, 85/15, 80/20, 75/25, and 0/100, respectively. 
The EDC, NHS and MES were added to give the weight 
ratios of 20%, 10% and 20% against the total weight 
of SF and HA in solution, respectively. Then the mixed 
solutions were poured into a stainless steel dish and 
freezing at desired temperature, the porous scaffolds were 
obtained by freeze-drying. Physico-chemical properties 
and structure of the scaffolds were determined by XRD, 
FT-IR and SEM, the attachment and growth of L929 on 
scaffolds were also investigated by confocal laser scanning 
microscope (CLSM), we also grafting the scaffolds on to 
the dorsum of sprague-dawley (SD) rats to evaluate the 
effect on promoting wound healing process.

SEM images shows that cross-linked scaffolds exhibited 
uniform microstructure, no phase separation was observed, 
inside of the scaffold is porous structure, the pore shape 
being anomalous, and is run-through between pores. The 
pore radius of the scaffolds are smaller when the freezing 
temperature is lower and the ratio of HA is bigger. By 
changing the technical condition, the SF/HA porous 
scaffolds can be prepared with the average pore diameter 
from 32.22 μm to 383.82 μm, and the porosity from 74.1% 
to 96%.

X-ray diffraction profile shows that the condensed 
structure of the SF/HA scaffolds is mainly random coil. 
FT-IR shows that the characteristic absorption bands of SF 
film are around (1661, 1654, 1227, 661cm-1), indicating 
that there are mainly random coil in the cross-linked SF/
HA scaffolds. It also shows slightly increase of ester bonds 
(1119, 1080 and 1042 cm-1) after the addition of EDC. It 
suggests that carboxyl groups of HA reacted with both 
amino groups of SF and hydroxyl groups of SF or HA 
favor the formation of amide and ester linkages.

CLSM results show that the SF/HA scaffolds can support 
the L929 adhesion and proliferation well. The scaffolds 
can support the fibroblast cells adhesion and proliferation 
and have a positive effect on promoting wound healing 
process.

 A00590-01077 

Biofunctionalization of Metals with Biofunctional 
Molecules and Biomolecules

 
Takao HANAWA 
Institute of Biomaterials and Bioengineering, Tokyo 
Medical and Dental University, Tokyo, Japan

(Invited lecture on session “Biofunctional metals”)

Recently, biofunctions are required for metals for 
biomedical use.  For example, stents are placed at stenotic 
blood vessels for dilatation.  Blood compatibility or 
prevention of adhesion of platelet is necessary for the stents.  

In guide wires and guiding cathetels, sliding lubrication 
in blood vessel is important when those are inserted 
into there.  In addition, if metals were used for a sensing 
device, the control of cell adhesion is necessary.  On the 
other hand, major reason of retrieval of surgical implant 
devices during service is infection due to the formation of 
biofilm on the devices.  Therefore, the inhibition of biofilm 
formation on metals is required.  For these purposes, the 
fundamental property is inhibition of protein adsorption.  
Poly(ethylene glycol), PEG, is a biofuctional molecule 
on which adsorption of proteins is inhibited.  Therefore, 
immobilization of PEG to metal surface is an important 
event to bio-functionalize the metal surface.  No successful 
one-stage technique for the immobilization of PEG to base 
metals has ever been developed.

In this study, PEG modified both terminals or one terminal 
with amine bases was immobilized onto titanium surface 
using electrodeposition.  PEG modified at both terminals 
or one terminal with amine bases was immobilized onto 
titanium surface.  The electrodepsition was carried out 
with -5V for 300 s.  Immobilization manner of PEG was 
characterized using XPS, GD-OES, and FTIR-RAS.  As 
a result, not only electrodeposition but also immersion 
led to the immobilization of PEG onto titanium surface.  
However, more terminated amines combined with titanium 
oxide as an ionic NH-O by electrodeposition, while more 
amines randomly existed as NH3

+ in the PEG molecule by 
immersion.  Moreover, the difference of amine termination 
led to different bonding manner, U-shape in PEG terminated 
both terminals and brush in PEG terminated one terminal.  
In addition, concentration of active hydroxyl groups on 
surface oxides on metals influences the immobilization 
amounts of PEG.  PEG-immobilized surface inhibited 
the adsorption of protein, adhesion of cells, adhesion of 
platelet, and adhesion of bacteria on titanium.

The effect of a cell-adhesive peptide containing Arg-Gly-
Asp (RGD) immobilized through PEG on titanium (Ti) 
on calcification by MC3T3-E1 cells was investigated 
to develop a new surface modification technique using 
biofunctional molecules.  RGD was immobilized on Ti 
through PEG, both terminals of which were terminated 
with -NH2 and -COOH to combine with the Ti surface and 
RGD.  PEG was immobilized on Ti with electrodeposition, 
and RGD, with immersion.  As a result, the level of cell 
calcification on RGD/PEG/Ti was the highest.  Therefore, 
the hard tissue compatibility of Ti is improved by 
immobilizing RGD through functional molecules which 
have a long molecular chain.
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 A00596-01091 

Up-regulation of Endogenous HO-1 Gene by 
Customized Artificial Transcription Factor

Hongfeng GUO; Yong WEI; Dajun YING 
Department of Anatomy, Third Military Medical 
University, Chongqing, China

Heme oxygenase-1 (HO-1) is an anti-inflammation 
conducive gene, it catalyzes the rate-limiting step in heme 
degradation, protects against oxidative stress and shows 
potent cytoprotective effects. Up-regulation of endogenous 
HO-1 gene by customized artificial transcription factor 
(ATF) provides a new possible way for the prevention and 
cure of cardiovascular diseases. Here we investigated the 
mechanism of the transcriptional control of human HO-1 
gene and selected a sequence from its enhancer as the 
target site of zinc finger protein (ZFP), which was used 
as the DNA-binding domain of ATF. The sequence was 
submitted to Zinc finger tools 3.0 to obtain the amino acid 
sequence of the ZFP, homologous modeling indicated that 
the spatial structure of the ZFP is stable. We then combined 
the ZFP with function domain to form integral ATF with 
or without nuclear localization signal (NLS). RT-PCR 
and immunofluorescence showed that the integral ATF 
could normally express in ECV304 cells. Dual-luciferase 
reporter assay and real-time PCR operated respectively 
later had proven that the up-regulative effect of the ATF 
towards endogenous HO-1 gene is unique and valid. All of 
these suggested that the customized artificial transcription 
factor could effectively up-regulate human endogenous 
HO-1 gene, it may be applied to the prevention and cure 
of cardiovascular diseases provided more subsequent 
experiments.

 A00597-01892 

The Control of Anchorage-dependent Cell 
behavior within a Hydrogel / Microcarrier System 
in an Osteogenic Model

Chunming WANG; Dong-an WANG 
Division of Bioengineering, Nanyang Technological 
University, Singapore

Briefly, the story is about how to deliver anchorage-
dependent cells (ADCs) with injectable hydrogel in spread 
morphology so that cell focal adhesion can remain intact 
and cell viability and functionality can be ensured.

The background of this study lies in the wide applications 
of hydrogels in tissue engineering as scaffolds and cell-
delivery vehicles. For this purpose, hydrogels do have lots 
of superiorities (injectability, permeability, etc.); whereas 
due to their inherent high hydrophilicity and 3D-enlacing 
mechanism of cell-encapsulation, it is hard for the delivered 
cells to settle focal adhesion nor to further spread out inside 
the gel bulk. This condition may benefit the development of 

few cell types, such as chondrogenesis with chondrocytes 
or chondrocytic progenitors; however, for much broader 
types of therapeutic cells that either belong to anchorage-
dependent lineage or desirably undergo differentiation/
commitment to anchorage-dependent lineage, lack of focal 
adhesion will either induce their apoptosis or failure of 
targeted differentiation. Efforts to graft bioactive molecules 
as cell attachment moieties have achieved limited success. 
This problem has become a common headache of tissue 
engineers.

This study aimed to answer two questions: 1) why do the 
ADCs die in general hydrogels; 2) how can the ADCs 
be delivered, free of apoptosis, within the injectable 
hydrogels while all the advantageous features of which 
can be maintained. Accordingly, we have offered both 
mechanism investigations and methodological solutions. 
Firstly, we elicit the mechanism behind cellular survival/
death therein, by finding that, the fulfillment of ligation 
between cellular integrins and extracellular ligands, instead 
of the expression of integrins per se, is essential to avoid 
apoptosis in gel-encapsulated ADCs. Absence of such 
ligation brought about mass cell death in our osteogenic 
model with osteoblasts (as representative of ADCs) 
and failure of osteogenic commitment of mesenchymal 
stem cells (as representative of anchorage-dependent 
progenitors). Secondly and technically, we designed 
and applied a gel-based composite system that works as 
a suspension of injectable cell-laden microcarriers in 
hydrogel (precursor solution, first; then, gel bulk). Injectable 
microscopic anchors not only provide platforms for cell 
focal adhesion but also facilitate the cells to overcome 
gel enlacement and therefore fully spread out into their 
natural morphology, which means greater competence 
than the reported hybridization of cell adhesive peptides 
(RGD and so on) into gel scaffold. Further in vitro and in 
vivo osteogenic investigations show the composites, with 
desirable osteogenic phenotype at molecular, cellular to 
histological levels, to be a competent potential injectable 
vehicle for the conveyance of ADCs and regenerations of 
bone and other tissues.
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Improved Bone Implants by Allylamine Plasma 
Polymer Coated Titanium Surfaces

Birgit FINKE1; Karsten SCHRODER1; 
Henrike JESSWEIN2; Barbara NEBE2; 
Joachim RYCHLY2; Andreas FRITSCHE3; 
Rainer BADER3; Uwe WALSCHUS4; 
Michael SCHLOSSER4; Andreas OHL1 
1. Plasma Surface Technology, Leibniz Institute for 
Plasma Science and Technology (INP), Greifswald, 
Germany
2. Department of Internal Medicine, University Rostock, 
Rostock, Germany
3. Department of Orthopaedics, University Rostock, 
Rostock, Germany
4. Medical Biochemistry & Molecular Biology, 
University Greifswald, Greifswald, Germany

Titanium and its alloys are in widespread use as load 
bearing materials for bone implants. The crucial factor of 
the implant ingrowth is here the rapid cellular acceptance 
by the surrounding tissue. The initial interaction of the 
oxide ceramic surface with bone regenerating osteoblasts 
plays an important role for the successful integration in the 
body. These interactions may be improved by additional 
bioactive coatings.

Gas-discharge plasma processes could be very valuable for 
the modification of titanium surfaces to improve implant 
performance. Surface properties determine cellular 
acceptance, a crucial factor of implant healing. There 
already exists fundamental knowledge about the influence 
of physicochemical surface properties like roughness, 
titanium dioxide modifications, cleanness, and coatings on 
cell behaviour in vitro and in vivo. In this process, the cell 
adhesion and spreading via integrins was recognised to be 
a prerequisite for the occupancy of an orthopaedic implant 
surface.

But recent findings indicate an additional adhesion 
mechanism. Hyaluronan seems to play a key role in the 
very first encounter with the substrate. Based on this 
adhesion mechanism of osteoblasts with their negatively 
charged hyaluronan coat, a new surface functionalization 
strategy was developed utilizing a positively charged metal 
surface.

For this purpose, titanium was coated with a microwave 
plasma polymer made from optimized allylamine 
(PPAAm) by different pulse-pause regimes to boost the 
initial adhesion processes. The process development 
was accompanied by physicochemical surface analysis 
like XPS, FTIR, contact angle, SEM, and AFM. A very 
thin, adherent, cross-linked, pinhole- and additive-free 
PPAAm layer could be deposited, which is resistant to 
hydrolysis and delamination and equipped with a high 
density of positively charged amino groups. This titanium 

surface functionalization was found to be advantageous 
concerning osteoblastic focal adhesion formation and, 
in consequence in differentiated cell functions in vitro. 
Intramuscular implantation of test samples in rats revealed 
a reduced inflammation reaction compared to uncoated 
titanium in vivo.

These optimized gas-discharge plasma-based PPAAm 
surface modification processes could be an alternative to 
improve the biocompatibility of titanium implants.

 A00632-01196 

Fabrication and Evaluation of Calcium Phosphate 
Films Coated on Blast-treated Ti-6Al-4V 
Substrate

Takayuki NARUSHIMA 
Department of Materials Processing, Tohoku University, 
Sendai, Japan

(Invited lecture on session “Biofunctional metals”)

Since titanium and its alloys can be directly connected 
to living bones at the optical microscopic level, i.e., 
osseointegration, they are widely used in dental and 
medical implants. Coating titanium implants with calcium 
phosphate is one of the techniques used to improve the 
osseointegration of titanium implants. The radiofrequency 
(RF) magnetron sputtering has several advantages such 
as low processing temperature and excellent adhesion of 
the coating film to metallic substrates. In the fabrication 
of calcium phosphate films on titanium, the phase, 
crystallinity and preferential crystallographic orientation 
of the films can be controlled by changing the sputtering 
parameters. In this study, calcium phosphate films were 
fabricated on blast-treated titanium substrates by RF 
magnetron sputtering, and the properties of the films were 
evaluated in vivo and in vitro.

0.5-μm-thick calcium phosphate films were fabricated 
on blast-treated Ti-6Al-4V plates (10×10×1 mm) and 
implants (φ3.3×8 mm) using an RF magnetron sputtering 
system and hot-pressed β-TCP (tricalcium phosphate) 
targets. The average roughness of the blast-treated Ti-
6Al-4V plates and implants was 4.6 μm. In the sputtering 
process, the substrate was not heated intentionally. The 
bonding strength between the films and the blast-treated 
Ti-6Al-4V plates was evaluated using an aluminum 
stud with epoxy glue. The aluminum stud was pulled in 
tension, and the maximum load was recorded and used to 
evaluate the bonding strength. The blast-treated Ti-6Al-4V 
implants coated with calcium phosphate film were inserted 
into the femurs of Japanese white rabbits. These animals 
were sacrificed two or four weeks after the implantation. 
The removal torque of the implants was measured, and 
the surface of the implants was observed. The interface 
between the bone and implants was examined using an 
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optical microscope and a scanning electron microscope.
Oxyapatite and amorphous calcium phosphate films 
were obtained on the Ti-6Al-4V plates by RF magnetron 
sputtering. The oxyapatite phase is regarded as being 
dehydroxylated from hydroxyapatite. The crystalline 
phase, oxyapatite, was detected under the conditions at 
high RF powers and high oxygen concentration in the 
sputtering gas. The bonding strength between the calcium 
phosphate films and the Ti-6Al-4V plates was greater than 
60 MPa. This value is greater than the bonding strength 
reported in the case of plasma-sprayed calcium phosphate 
films fabricated on blast-treated titanium substrates. The 
removal torque of the coated Ti-6Al-4V implants in the 
femurs of Japanese white rabbits increased with the duration 
of implantation, and the removal torque of the coated Ti-
6Al-4V implants is higher than that of the uncoated Ti-
6Al-4V implants. A large area of the surface of the coated 
Ti-6Al-4V implants was covered with bone as compared 
to the uncoated Ti-6Al-4V implants. The microscopic 
bone-implant contact appears to have increased because 
of the coating films. In vitro and vivo studies indicate that 
coating titanium implants with calcium phosphate films by 
sputtering is effective in improving the biocompatibility of 
these implants.

 A00646-01160 

Novel Glycosurfaces by Surface-Initiated ATRP

Anca MATEESCU1;2; Jianding YE3; Ravin NARAIN3; 
Maria VAMVAKAKI1;4 
1. Foundation for Research and Technology, Institute of 
Electronic Structure and Laser, Heraklion, Greece
2. Department of Chemistry, University of Crete, 
Heraklion, Greece
3. Department of Chemistry and Biochemistry, 
Laurentian University, Sudbury, Canada
4. Department of Materials Science and Technology, 
University of Crete, Heraklion, Greece

Natural saccharides or carbohydrates have been recognized 
to play a key role in many important biological processes. 
Inflammation, fertilization, immune defense, cell growth 
and cellular recognition are some of the biological functions 
in which carbohydrates participate through the interaction 
of their corresponding saccharide protein recognition 
receptors. Synthetic polymers containing sugar moieties, 
also known as glycopolymers, have attracted great 
attention lately as they exhibit similar functionalities with 
the natural occurring polysaccharides and are expected to 
mimic their biorecognition capabilities. Such carbohydrate 
based polymers have been increasingly proposed for use 
in many promising applications. Due to their excellent 
biocompatibility and hydrophilicity, glycopolymers have 
been proposed for use as scaffold materials in tissue 
engineering to enhance the selective interactions between 
the scaffold and the cells. Synthetic glycopolymers are 
also employed to help elucidate the molecular recognition 

functions of saccharides. The mechanism of carbohydrate-
protein interactions is still not well understood due to the 
weak attractive forces which are involved in the binding 
events. In the past decade it has been acknowledged that 
the strength of binding in biological systems is enhanced 
by multivalent interactions which occur between clustered 
carbohydrates and the protein receptors which contain 
multiple saccharide recognition sites. These multivalent 
interactions lead to a stronger affinity and a greater 
specificity than the sum of successive monovalent 
interactions. The ability and ease in controlling the 
molecular structure of synthetic glycopolymers have 
made them emerge as important tools for investigating 
the multivalent interaction mechanism in biosystems.  In 
the present work we describe the direct synthesis of well 
defined sugar methacrylate-based homopolymer brushes 
of high grafting densities based on D-gluconamidoethyl 
methacrylate and 2-lactobionamidoethyl methacrylate 
from functionalized gold substrates was carried out using 
surface-initiated Atom Transfer Radical Polymerization 
(ATRP). A good control of the polymerization leading to 
an increase in the dry film thickness with the reaction time 
was achieved in mixed methanol/water solvent media. 
However, grafted glycopolymer films of low thicknesses, 
which did not increase further for longer polymerization 
times were synthesized in water, suggesting the premature 
termination of the polymerization in the aqueous solvent. 
Attenuated total reflectance-FTIR spectroscopy confirmed 
the successful grafting of the glycopolymer brushes on the 
modified gold substrates, while atomic force microscopy 
(AFM) verified that the anchored film covered the substrate 
surface completely and homogeneously. The surface 
roughness found by AFM was below 1 nm suggesting 
the preparation of very smooth glycopolymer films. 
The grafting of the glycopolymer chains onto the gold 
substrates afforded an increase in the surface hydrophilicity 
as confirmed by contact angle measurements. The protein 
recognition properties of the prepared glycopolymer chains 
were monitored by SPR. The synthesized glycopolymer 
films exhibited strong binding interactions with specific 
lectins via the “glycocluster” effect. Future work will 
involve the study of the interactions of the glycosurfaces 
with different cell lines. The distinct properties of the 
prepared glycopolymeric films are expected to influence 
their binding activities with the cell cultures.
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B-Tricalcium Phosphate and Bovine 
Hydroxyapatite in Sinus Lift of Rabbits: 
Histomorphometric and Immunohistochemical 
Analysis

Mariza MATSUMOTO1; Leandro NUNES1; 
Renato OLIVEIRA1; Hugo NARY FILHO1; 
Leandro HOLGADO1; Marco BRESAOLA1; 
Daniel RIBEIRO2 
1. Oral Surgery, Universidade Sagrado Coração, 
Bauru, Brazil
2. Biosciences, Universidade Federal De São Paulo, 
Santos, Brazil

Several biomaterials are available and indicated for sinus 
lift procedures associated or not with autogenous bone, 
presenting different biological behaviors due to their 
origin, shape, size, and level of degradation. However, 
little is known about the molecular basis involved in 
their biological behaviour. The aim of the present study 
was to analyze and to compare two biomaterials: bovine 
hydroxyapatite (HA) (Bio-Oss™) and β-tricalcium 
phosphate (β-TCP) (Cerasorb™) in sinus lift procedures by 
means of histomorphometry and immunohistochemistry. 
Male rabbits underwent bilateral sinus lift procedures 
under general anesthesia and were randomly divided into 
three groups, with four animals each, as follows: Group 1 
(control): particulate autogenous bone; Group 2) bovine 
HA; and Group 3) β-TCP, to be sacrificed after 7, 14, 30 
and 60 days. The microscopic analysis showed similar 
repair pattern and satisfactory tissue response between 
test groups (2 and 3), and clear osteoconductive capacity 
of both materials. New bone formation, soft and medular 
tissue, remain material or particulate bone graft area were 
obtained by histomorphometric analysis and submitted to 
ANOVA and Tukey tests (p<0,05). After 14 days, significant 
statistical differences in new bone formation were found 
between Group 1 (27,76±7,8) and Groups 2 (14,22±3,23) 
and 3(11,1±7,74) and in relation to remain material or 
bone graft between the same groups, Group 1 (16,72±14,9) 
and Groups 2 (60,55±6,28) and 3 (46,96±10,01). After 30 
days, significant statistical differences were detected in 
bone formation between Group 1 (31,39±36,57) and 2 ( 
14,13±3,21). The last period showed differences in bone 
formation between Group 1 (17,04±34,1), and Groups 
2 (47±12,1) and 3 (27,33±8,7) and between Groups 2 
(10,52±2,27) and 3 (40,62±8,46) in relation to soft tissue. 
Expression of Cbfa-1 was similar in Groups 1 and 2 
during the first and second periods, and VEGF expression 
was similar in all groups during the analyzed periods by 
immunohistochemistry. In conclusion, both biomaterials 
permitted bone tissue growth and did not interfere in bone 
remodeling in the late period, with a slight improvement in 
bone tissue formation when using HA.

Granted by FAPESP # 07/04767-3.

 A00657-01185 

High Density Porous Polyethylene in 
Alveolar Ridge of Rabbits: Histological and 
Immunohistochemical Analysis

Mariza MATSUMOTO1; Renato OLIVEIRA1; 
Leandro NUNES1; Leandro HOLGADO1; 
Hugo NARY FILHO1; Daniel RIBEIRO2 
1. Oral Surgery, Universidade Sagrado Coração, Bauru, 
Brazil
2. Biosciences, Universidade Federal De São Paulo, 
Santos, Brazil

The lost of one or more teeth leads to damage of alveolar 
process due to the varying degrees of bone resorption, 
depending on the causes or the affected region. Maxilla is 
especially susceptible to resorption, mainly in the anterior 
region for its bone characteristics. For local rehabilitation, 
autogenous bone grafts are usually employed, favoring 
dental implants insertion, connective tissue grafts for 
aesthetics purposes, or even prosthetic adaptation. For 
aesthetic purposes, other materials are being tried, as the 
high density porous polyethylene (HDPP), especially 
when filling and contouring of regions such as chin 
and zygoma are desired, for its high biocompatibility, 
easy manipulation, and satisfactory maintenance. The 
possibility of bone formation into its pores is also presented 
in literature. The present study suggested the use of HDPP 
in alveolar process as an alternative to autogenous grafts 
and prosthetic devices in regions presenting enough bone 
tissue for endosseous dental implants insertion, but buccal 
contouring is needed. New Zealand rabbits underwent 
surgical procedure to receive HDPP onlay implants in 
buccal face of dentate mandibular alveolar process, 
fixed with titanium screws. After 7, 15, 45, and 90 days, 
the animals were killed and the specimens retrieved for 
histological and immunohistochemical analysis. No 
implant loss or infection was detected at the retrieval of 
the specimens. The microscopical analysis presented 
satisfactory integration of the material to the bone surface, 
with new bone formation in the receptor bed and inside 
the pores of the material, observed from the 45º day. 
Immunohistochemistry showed low expression of Cbfa-
1 and moderate of VEGF at all observed periods. These 
results encourage the indication of use of HDPP in alveolar 
ridge when aesthetic recovery is needed.

Granted by FAPESP # 07/04767-3.
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Preparation and Characterization of 
Hydroxyapatite Nanoparticles by Wet-chemical 
Process

Pat SOOKSAEN; Phidchayakan SUTTIPHAN; 
Ek-U-Ma KIMCHAIYONG; Nuttatape JUMPANOI 
Materials Science and Engineering, Silpakorn University, 
Nakhon Pathom, Thailand

Hydroxyapatite (HA) is a good candidate for bone 
substitutes due to their chemical and structural similarity 
to bone minerals. The bone mineral consists of small 
hydroxyapatite crystals in the nanoregime. Nano-
hydroxyapatite is also expected to have better bioactivity 
than coarser crystals. This study investigated the formation 
of nano-hydroxyapatite via wet chemical method and aimed 
at studying the effect of the concentration of precursors, 
pH of solution and heat-treatment profile on the structure 
and morphology of hydroxyapatite (HA) nanocrystals. 
The starting precursors were Ca(NO3)·4H2O dissolved in 
absolute ethanol and (NH4)2HPO4 dissolved in distilled 
water. Various quimolar solutions of starting precursors 
were prepared by vigorously stirring at room temperature 
for 24 h. The required pH (10 – 12) of each mixed solution 
was adjusted by NaOH aqueous solution. The dried 
gels were calcined at varoius temperatures between 800 
and 1200°C for 4 h and characterized for physical and 
chemical properties. Data from Fourier transform-infrared 
spectroscopy (FT-IR) and X-ray diffraction (XRD) of 
calcined powders indicated the presence of hydroxyapatite. 
Particle size and morphology were studied by transmission 
electron microscope (TEM) which found that the particles 
generally had spherical shape and crystal size increased 
with increasing calcination temperature. Nanoparticles 
synthesized in this study have size varied from 5 - 30 nm. 
Degree of crystallinity and crystal size were therefore 
closely related to the solution composition, the pH and the 
calcination temperature.
 
The authors would like to thank Department of Materials Science 
and Engineering, Silpakorn University, Thailand and Center 
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Crystallization of Fine Grained Leucite-based 
Glass-ceramics as Materials for Restorative 
Dentistry
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Materials Science and Engineering, Silpakorn University, 
Nakhon Pathom, Thailand

Glass-ceramics in dental applications have unique 
properties such as good optical properties, chemical 
durability, as well as mechanical and thermal properties. 
Leucite-based glass-ceramics were prepared by controlled 
crystallization of aluminosilicate glass powders. Three 
glass compositions were prepared based on SiO2 – Al2O3 
– K2O – Na2O – CaO – TiO2 systems. Different SiO2/
K2O ratios were chosen for structural and chemical 
characterization. Each glass batch was melted in electric 
furnace and ∼1300°C for 2 h and subsequently quenched 
to retard devitrification. Fine as-quenched glass powder 
was crushed, sieved and hydraulically pressed into pellets. 
Differential Thermal Analysis (DTA) was used to study for 
any thermal transitions of glass powders. Crystallization 
of K-feldspar or leucite (KAlSi2O6) was carried out under 
isothermal heat treatment between 800 and 1000°C 
for 4 h. X-ray diffraction (XRD) found leucite crystals 
as well as secondary phases in all heat treated samples. 
Microstructures of crystallized samples were studied by 
Scanning Electron Microscope (SEM) and compressive 
strength of crystallized samples was also measured. In 
this study it was found that different glass compositions 
and heat treatment profiles resulted in different phase 
evolution, microstructures and colours in appearance.

The authors would like to thank Department of Materials Science 
and Engineering, Silpakorn University, Thailand and Center 
of Excellence for Petroleum, Petrochemicals and Advanced 
Materials, Chulalongkorn University, Bangkok, Thailand for 
financial support 
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Enhancement of Cell Adhesion onto Electrospun 
PCL Scaffolds via Simple Protein Absorption, Air 
Plasma Treatment, and Protein Immobilization 
Methods

Sineenat SIRI1; Vittaya AMORNKITBAMRUNG2; 
Santi MAENSIRI2 
1. Department of Biochemistry, Khon Kaen University, 
Khon Kaen, Thailand
2. Integrated Nanotechnology Center, Khon Kaen 
University, Khon kaen, Thailand

Although, poly(ε-caprolactone) (PCL) is one common 
synthetic, biodegradable polymers used for tissue 
engineering and wound dressing, these nanofibers may 
not serve as suitable substrates for cell adhesion due to its 
nature. In this work cell adherence onto the as-spun PCL 
scaffolds was enhanced via simple protein absorption, air 
plasma treatment, and protein immobilization methods. 
The as-spun PCL fibers had average fiber diameter of 
475.99±194.52 nm with average porosity of 72.29±1.90%. 
The laminin-absorbed scaffold exhibited 20% increase of 
cell adhesion compared to the original scaffold. The as-spun 
PCL scaffold treated with air plasma was less hydrophobic 
and exhibited 66% increase in cell adherence compared 
to the original scaffold. The plasma-treated scaffold with 
laminin absorption showed cell adhesion upto 84%. The 
laminin immobilized scaffold, with argon/oxygen plasma 
treatment followed by protein grafting with acrylic acid, 
showed the highest result of cell adhesion (96%). The 
results of this work demonstrated the comparison of 
various means to enhance cell adhesion onto the as-spun 
PCL scaffolds in order to make them more suitable as the 
cell substratum.

This work is partially supported by The Integrated Nanotechnology 
Research Center, Khon Kaen University, and The National 
Nanotechnology Center (NANOTEC), NSTDA, Ministry of 
Science and Technology, Thailand, through its program of Center 
of Excellence. 

 A00688-01243 

The Growth Morphous and the Mechanism of the 
Arteriole Angiogenesis in the Porous Silk Fibroin 
Films

Xiaoyan TAN; Guoping GUAN; Huifeng LIU; Ming 
XIE; Dongping WU; Jianmei XU; Lun BAI 
School of Textile and Clothing Engineering, Soochow 
University, Jiangsu, China

After the implantation of the porous silk fibroin film 
(PSFF) into the rat, the growing state of the arterioles into 
the material and their growth morphous were observed, 
as well as the quantitative analysis of the arteriole 
growth state in the material. The affecting factors on 
the arteriole angiogenesis in the material were further 

discussed, and the regenerate mechanism of the arteriole 
in the adjacent region between the material and the tissue 
was also analyzed, which afforded basic theoretical and 
experimental basis for the rational design of the PSFF 
wound-repairing biomaterials.

 A00762-01344 

Improvement in Mechanical Properties of Dental 
Cast Ti-29Nb-13Ta-4.6Zr Alloy by Microstructural 
Control

Harumi TSUTSUMI1; Mitsuo NIINOMI1; 
Toshikazu AKAHORI1; Masaaki NAKAI1; 
Hisao FUKUI2; Michiharu OGAWA3 
1. Institute for Materials Research, Tohoku University, 
Sendai, Japan
2. School of Dentistry, Aichi-Gakuin University, Nagoya, 
Japan
3. Daido Steel Co., Ltd., Nagoya, Japan

Ti-29Nb-13Ta-4.6Zr (TNTZ) composed of non-toxic and 
non-allergic elements has been developed for biomedical 
applications. TNTZ is expected to be applicable not only 
for dental implants but also for dental products such as 
crowns, dentures and inlays. Dental precision casting 
process is, in general, widely used for fabricating these 
products. However, the mechanical properties of TNTZ 
fabricated by dental precision casting process are poor 
as compare with those of the wrought ones. Therefore, 
the improvement in mechanical properties of the dental 
precision cast TNTZ is required. The microstructure of 
the dental precision cast TNTZ is controlled variously 
by heat treatments. The mechanical properties are 
closely related to microstructures. The improvements in 
mechanical properties of the dental precision cast TNTZ 
are possibly achieved by the microstructural control via 
heat treatments.

Dental precision cast TNTZ disks were aged at 598 K, 673 
K, and 723 K for various time after solutionized at 1063 
K for 3.6 ks. Vickers hardness values of the aged TNTZ 
disks were measured, and then the age hardening curves 
were obtained. Aging time for reaching under aging (20% 
of the maximum hardness value, UA), peak aging (the 
maximum hardness value, PA), and over aging (8% of the 
maximum hardness value, OA) at 598 K, 673 K, and 723 
K were determined from the age hardening curves. The 
microstructural observations, X-ray diffraction analysis, 
and tensile tests of the dental precision cast TNTZ subject 
to the UA, PA, and OA treatment at 598 K, 673 K, and 723 
K were carried out.

Consequently, from the X-ray diffraction pattern and 
microstructural observation, the ω phase is found to 
precipitate in the β phase of the dental precision cast 
TNTZ subject to UA, PA and OA treatment at 598 K while 
the α phase is found to precipitate in the β phase of the 
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dental precision cast TNTZ subject to UA, PA, and OA 
treatment at 723 K. The volume fraction of the precipitated 
ω or α phase increases with increasing aging time. On the 
other hand, at aging temperature of 673 K, the ω phase 
precipitates at the early stage of the aging, UA, but the 
α phase precipitates at a relatively longer aging time, PA 
and OA. The tensile strengths of the dental precision cast 
TNTZ aged at 598 K, 673 K, and 723 K increase with the 
increasing aging time up to a PA time. However no changes 
are observed in the tensile strength from PA to OA time at 
every aging temperature. While the elongation of the dental 
precision cast TNTZ decreases with increasing aging time 
at every aging temperature. Especially, the dental precision 
cast TNTZ subject to aging treatment at 598 K exhibits 
almost no elongation because of the ω phase precipitation. 
The best balance of strength and elongation in the dental 
precision cast TNTZ is obtained by the PA treatment at 673 
K after solution treatment at 1063 K for 3.6 ks.

 A00772-01356 
Comparison of Electrospun PCL Fibrous Mats 
Containing Cupper and Silver Ions in Inhibiting 
Bacterial Growth
Worawoot RACHAREE; Sineenat SIRI 
Department of Biochemistry, Khon Kaen University, 
Khon Kaen, Thailand

Although, electrospun mats containing silver ions have 
been fabricated to possess antibacterial activity, cupper 
ions, also possessing antibacterial activity, have not been 
used in antibacterial mats. Therefore, this study was aimed 
to prepare electrospun mats of poly(ε-caprolactone ) (PCL) 
containing silver and cupper ions and to compare their 
antibacterial activities. PCL fibrous mats were fabricated 
using 8% PCL containing either 3.5% silver or cupper 
ions in a mixed solvent of dimethylformamide / methylene 
chloride (DMF/MC; 7:3). Average fiber diameters of PCL, 
PCL-Ag and PCL-Cu mats were 381.1±99.5, 308.4±97.9 
and 650.7±151.1, respectively. Wettibility of the as-
spun mats were 113.79±0.98, 119.16±1.68 and 0 degree 
as determined by the water contact angles, respectively. 
Antibacterial inhibition against Staphylococcus aureus 
(2.4x104 cfu) of PCL-Ag and PCL-Cu mats (0.28 mm2) 
were 99.99% and 99.99%, respectively. Interestingly, PCL 
mat did not inhibit bacterial growth but instead promoted 
bacterial growth to 98.16%, which was probably due to an 
increase surface area for bacterial growth of the as-spun 
mat. The results of this study suggested that the electrospun 
PCL mat containing cupper ions possessed antibacterial 
activity as well as silver ions.

This work is partially supported by The Integrated Nanotechnology 
Research Center, Khon Kaen University, and The National 
Nanotechnology Center (NANOTEC), NSTDA, Ministry of 
Science and Technology, Thailand, through its program of Center 
of Excellence. Thanks also giving to Assoc. Prof. S. Meansiri for 
his electrospinning unit.
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Preparation and Characterization of Alpha-lipoic 
Acid and ReoPro® Eluting Dual Drug Coated Stent 
by Plasma Polymerization Followed by Grafting 
of Drugs
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Kyung Hwan KIM1; Jun PARK1; Yu Jeong PARK1; 
Dong Lyun CHO1; In Kyu PARK2; Myung Ho JEONG2 
1. Center for Functional Nano Fine Chemicals & School 
of Applied Chemical Engineering, Chonnam National 
University, Gwangju, South Korea
2. The Heart Center of Chonnam National University 
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The drug-eluting stents, consequently, reduced the rate 
of restenosis as compared with bare metal stents by 
preventing proliferation or thrombus formation. Late 
in-stent restenosis, however, still occurs even after 
implantation of drug-eluting stent and thereby remains 
problems to be solved. In our previous results, it was 
demonstrated that abciximab eluting stents were effective 
in the prevention of coronary restenosis in humane and 
porcine. It was well known that abciximab (ReoPro®) is 
a potent platelet aggregation inhibiting agent that blocks 
the final pathway to platelet coagulation, which prevents 
platelets from sticking together and causing thrombus 
formation within the coronary artery. We also reported 
that ALA coated stents were blood compatible as well as 
to be applied for inhibition of stent restenosis since ALA 
has anti-inflammatory, anti-proliferation and anti-oxidant 
activity. However, some intrinsic drawbacks still remain 
since ALA may be not only lack of anticoagulation effect 
in application of stent restenosis but also hardly eluted 
from ALA coated stent because ALA is mono-functional 
compound.

In this study, it was investigated that dual drug-coated 
stents simultaneously grafting abciximab and ALA onto 
the stent surface has potential to improve the blood 
compatibility and drug eluting ability as well as prevent in-
stent restenosis. Low temperature plasma polymerization 
reaction with DACH (1,2-diaminocyclohexane) was 
performed to deposit amine containing polymeric film 
onto stent surface. The stent was pretreated with argon and 
hydrogen plasma. Then, DACH monomer was drifted to 
tubular reactor as constant dose (0.96 SCCM) and plasma 
was generated using radiofrequency power generator. 
The power for polymerization of plasma was 100 W for 5 
minutes and then 60 W for 15 minutes. For the grafting of 
dual drugs (ALA and abciximab) onto the DACH deposited 
surface, the modified stent was immersed in 2 milliliters 
of ALA and abciximab mixed solution for 1 h at ambient 
temperatures. After grafting reaction stent was taken out 
and allowed to dry for more than 24 hours. The drug coated 
stent was rinsed with deionized water for 1 minute to 
remove weakly bounded drugs. Characterization by ATR 
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FT IR and ESCA showed that DACH deposited surface 
contains amine functional groups. It was also suggested 
that abciximab and ALA was chemically grafted to DACH 
deposited surface. The surface morphology of prepared 
dual drug-coated stent was ascertained by SEM, indicating 
that the coating surface was smooth and uniform. In the 
results of in vitro drug release measurement, drugs were 
eluted during 1 month from abciximab and ALA coated 
stent surface. The in vitro blood compatibility tests were 
performed by platelet adhesion test using humane blood 
platelet rich plasma. This result showed that anticoagulation 
property of this drug eluting stents is superior to those for 
bare metal surface and DACH deposited surface.
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In Vivo Osteoinduction of rhBMP-2 Contained 
Demineralized Bone Matrix Gel Type
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Joo-Woong JANG 
Department of Biotechnology, The Institute of 
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INTRODUCTION
Demineralized bone matrix (DBM) is an allogenic graft 
material with inherent osteoinductive property, therefore 
which has an extensive utility in bone tissue repair, 
replacement and engineering. Recombinant human 
bone morphogenetic protein-2(rhBMP-2) induces the 
differentiation of mesenchymal stem cells into osteoblasts 
and bone formation. It has been reported that rhBMP-2 in the 
blood stream is rapidly diffused, and that the osteoinductive 
potency of rhBMP-2 is significantly increased when it 
is implanted with a biomedical scaffold. Although many 
potential scaffolds for BMP have been evaluated, suitable 
scaffolds for BMP have not yet been substantiated. In 
this study, we composed bovine demineralized bone and 
rhBMP-2 with the various carrier mixtures and screened 
the best osteogenic composite of rhBMP-2 –DBM gel in 
vivo.

METHODS AND MATERIALS
Preparation of bovine demineralized bone matrix: Bone 
powder was milled and sieved to 300~700μm. DBM was 
harvested by sequentially HCl treatment and finally freeze-
dried. We sterilized the DBM by gamma irradiation.

Freeze-Dry of rhBMP-2 and DBM: Sterilized DBM and 
rhBMP-2 were soaked in aseptic Freeze-dry stabilizing 
solution and gently mixed at 4℃. The mixture was poured 
to Freeze-Dry bottle and freeze-dried for 24hour. 

Manufacture of DBM gel and rhBMP-2 contained 
DBM gel: We prepared the following tested groups: #1 
rhBMP-2+atelocollagen sponge, #2 DBM+CMC, #3 
DBM + atelocollagen gel(COL), #4 DBM+CMC/COL 1, 
#5 DBM+CMC/COL 2, #6 rhBMP-2- DBM+CMC, #7 
rhBMP-2- DBM+COL, #8 rhBMP-2- DBM+CMC/COL. 
We used 50μg/ml of rhBMP-2. All mixtures were mixed 
and vacuum evaporated by Paste mixer except group#1. 
We filled the final mixtures to impression syringe in aseptic 
zone.

Implantation of the mixtures to mouse: Nude mice 
(BALB/c nu/nu) were subjected to in vivo experiment. 
After anesthesia, subcutaneous tissue was dissected 
and implanted underneath the subcutaneous tissue. Skin 
closure was done in the usual manner. Nude mice were 
kept alive for 2, 4 and 8 weeks after implantation surgery. 
Mice were then killed in order to perform gross finding 
and histological examination of implanted mixtures.

RESULTS
CMC is a thickener and collagen is a biomaterial origin 
from porcine skin. We confirmed all groups were very 
well harmonized. However CMC contained groups were 
showed highly immune response, especially macrophage 
increase. The best of only DBM groups was DBM+COL 
mixture. Group#1 was showed unsatisfied osteogenic 
phenomina and increase fat cell differentiation. But 
group#7 and #8 were showed newly bone formation and 
well defined bone architecture. The best of experimental 
group was group#8.

DISCUSSION
Application of this type for rhBMP-2 delivery system 
could present a feasible option for a powerful and safe 
osteoinduction. In vivo application with big animal would 
be next study. 
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Synthesis of Aryl Sulfides via Decarboxylative 
C-S Cross-Couplings

Zhongyu DUAN; Sadananda RANJIT; Xiaogang LIU 
Department of Chemistry, National University of 
Singapore, Singapore

Aryl sulfides are used in advanced materials and industrial 
chemicals such as organic semiconductors, herbicides, 
lubricants and high boiling point solvents. They are also 
key intermediates for the preparation of pharmaceuticals. 
Despite the phenomenal growth of synthetic methodology, 
the primary method for the synthesis of aryl sulfides is 
limited to the condensation reaction between a metal thiolate 
and an alkyl or aryl halide. Organohalides are a health and 
environmental concern and organohalide waste requires 
costly remediation, particularly on an industrial scale.  In 
contrast, carboxylic acids are generally environmentally 
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benign and readily prepared reagents. Decarboxylation 
of carboxylic acids by loss of carbon dioxide has 
recently emerged as a promising coupling reaction, but 
only in the context of C-C, C-N and C-Se bond-forming 
transformations. To the best of our knowledge, a process 
for decarboxylative C-S bond formation has never been 
proposed or experimentally validated in the literature.  We 
reasoned that the direct decarboxylative C-S coupling of 
arylcarboxylic acids and thiols, if possible, would provide 
an alternative access to aryl sulfides without the need for 
halocarbon precursors.  Herein, we present our preliminary 
findings on transition metal-catalyzed synthesis of a broad 
range of aryl and diaryl sulfides by decarboxylative C-S 
cross-couplings. 
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Human Osteoblast-like Cells on Composites 
of Carbon Nanotubes and Non-degradable 
Polymers
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Lucie BACAKOVA1; Aneta FRACZEK2; 
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The unique mechanical, electrical and particularly 
bioactive properties of carbon nanotubes (CNTs) make 
them promising for tissue engineering applications, i.e., as 
cell carriers in a form of layers, meshes or composites with 
natural and synthetic polymers.

Therefore, we have studied the adhesion, growth and 
maturation of human osteoblast-like MG63 cells in 
cultures on composites of CNTs and a terpolymer 
of polytetrafuoroethylene, polyvinyldifluoride and 
polypropylene, or CNTs and polysulfone.

The first part of the study was performed on the terpolymer 
mixed with single-wall carbon nanohorns (SWNH) or 
multi-wall nanotubes (MWNT), both in a concentration of 4 
wt%. The addition of carbon nanotubes markedly improved 
the adhesion and growth of MG63 cells. The cells were 
well spread, polygonal and contained distinct beta-actin 
filament bundles, whereas cells on the pure terpolymer 
were often rounded and clustered into aggregates. The cells 
on the material with 4 wt.% SWNH contained a higher 
concentration of vinculin (i.e., protein of focal adhesion 
plaques associated with integrin adhesion receptors) in 
comparison with the values found in cells grown on the 
pure terpolymer (by 64 ± 15%) or on the tissue culture 
polystyrene dishes (by 69 ± 12%). The concentration of 
talin (another integrin-associated protein) was also higher 
in cells on samples with 4 wt.% of SWNH (by 35 ± 6%) 

in comparison with the pure terpolymer. On samples with 
MWNT, the cells showed a higher proliferation activity, and 
on day 7 after seeding, they reached the highest population 
density. The concentration of osteocalcin, an important 
marker of osteogenic cell differentiation, was similar 
in cells on all nanotube-modified and pure terpolymer 
samples, as well as on polystyrene culture dish.

In the second set of experiments, the tested materials 
involved pure polysulfone and polysulfone containing 0.5, 
1 or 2 wt.% of SWNH or MWNT. Unlike the terpolymer, 
polysulfone in its pristine state gave good support for the 
adhesion and growth of MG63 cells, which was probably 
due to a relatively high wettability of polysulfone. Thus, 
on day 1 and 5 after seeding, the cell numbers on all 
nanotube-modified polysulfone samples were similar to 
the values obtained on the pristine polysulfone and control 
polystyrene dishes, Only on day 3, the cell number on the 
composite containing 1 wt.% of MWNT (16603 ± 6185 
cells/cm2) was significantly higher than that on the pure 
polysulfone (8133 ± 884 cells/cm2).  The cell viability 
was more than ~90% in all tested culture intervals, and 
had increasing tendency with the time of cultivation. The 
concentration of intercellular cell adhesion molecule-1 
(ICAM-1), a marker of cell immune activation, as well as 
osteopontin, a marker of osteogenic differentiation, was 
similar in cells on all tested materials.

It can be concluded that all tested polymer-nanotube 
composites supported their colonization with bone-derived 
MG63 cells. This can be attributed to the material surface 
nanostructure provided by prominences of nanotubes on 
the material surface
.
Supported by the Academy of Sciences of the Czech Republic 
(Grant No. KAN400480701). 
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Synthesis of Temperature Sensitive Hydrogel 
Containing Glycyrrhetinic Acid and In Vitro Cell 
Compatibility Study
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In order to improve the biological compatibility and hepatic 
targetability of poly(N-isopropylacrylamide) (PNIPAAm) 
thermo-responsive hydrogel, glycyrrhetinic acid(GA) 
with favorable biological compatibility and hepatic 
targeting property was introduced to prepare poly(N-
isopropylacrylamide-co-acrylic acid-glycyrrhetinic acid) 
(P(NIPAAm-co-AAC-GA))  hydrogel. The structure, 
temperature responsibility and swelling properties of 
copolymerized hydrogel were investigated by FTIR, 1H 
NMR, DSC and gravimetric method. It has been found 
that P(NIPAAm-co-AAC-GA) hydrogel was temperature 
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sensitive, the swelling ratio(SR) decreased with the 
increasing of the temperature. The lower critical solution 
temperature (LCST) of P(NIPAAm-co-AAC-GA) 
hydrogel and PNIPAAm hydrogel occured at 30.00℃ and 
31.21℃ in distilled water. However, these values shifted 
to 28.22℃ and 29.16℃ in cell culture media. P(NIPAAm-
co-AAC-GA) hydrogel exhibited reversible temperature 
responsibility. The deswelling kinetics indicated that 
P(NIPAAm-co-AAC-GA) hydrogel deswelled more rapidly 
than PNIPAAm hydrogel . The cell culture experiment 
showed that addition of glycyrrhetinic acid in the hydrogel 
facilitated the growth of the cells and poly(NIPAAm-co-
AAC-GA) hydrogels exhibited good cell compatibility.
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History and Use of Biomaterials, Implants and 
Prostheses in Ancient Cultures
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Since the beginning of recorded history, disabled people 
played a special role in our societies.

The first leg prosthesis is recorded in the Indian poem Rig-
Veda 3000 BC, which tells the tragic story of Queen Vishpla, 
a warrior woman. She lost her leg in a battle and got an 
iron prosthesis, which made her able to go back to battle. 
Tezcatlitoca, the Aztec god of creation and revenge, lived 
without a right foot, and in Egypt were found extraordinary 
toe replacements. Although several relics have shown 
surgical challenges such as tibiae replacement by wooden 
sticks, most of the prosthetic devices were just wooden or 
steel pegs. Leg prostheses were worn by the famous Peter 
Stuyvesant, the Polish general Józef Sowiński, and Captain 
Ahab in the novel Moby Dick. Leg or foot pegs seem even 
so current that they were represented on pre-Columbian 
ceramic vessels.

In other mythological tales, Pelops, killed by his father 
Tantalus for a meal for the Olympic gods, got an ivory 
shoulder after putting him back into life; New Hah, an 
Irish god, was a left arm amputee who had a four fingered 
prosthetic hand made of silver; and Aia Paec, a Peruvian 
god, was missing one of his forearms. Hand protheses 
were developed from the Roman general Marcus Sergius 
(218 BC) to the Viscount Nelson (18th) and the Captain 
Hook, the infamous pirate in the story of Peter Pan. The 
most famous one is certainly the German knight Goetz 
von Berlichingen (16th) who had his right arm amputated 
and got the first known articulated prosthetic limb, 
allowing him to fight with a sword. Rare are the pictural 

representations of these disabled personalities, probably 
for the psychological battle they daylily fought with their 
handicap, well described by Herman Melville in his novel 
Moby Dick.

The human head was a favourite place for implants and 
prostheses. Trepanation was a current surgical challenge 
in all ancient cultures. Skulls showing bone repair are the 
witness for the physiological but not neurological success 
of the surgical act. In multiple cases, silver and gold 
plates were inserted to protect the brain against external 
aggression.

In December 2006, archaeologists discovered the world’s 
earliest artificial eyeball (2900 BC) in Shahr-i Sokhta in 
the southeast of Iran. A great evolution was then made 
from the Maya eye prostheses via the 4 $ irisising glas-
ball to the bionic eyes and the nowadays biosensors, which 
would have changed the philosophy of blind Homer.

The most frequently implants and prostheses, however, 
were in all cultures and all times the teeth. Single iron tooth 
implants and multi-material bridges composed of gold 
teeth and carved dog and veal teeth joined by gold plates 
and wires, were found in Phoenician, Roman, Greek and 
in particular Etruscan tombs. The pre-Columbian Maya, 
Moche and Inka cultures had a preference for shaped and 
with precious stones decorated teeth, a technique still 
applied in our days with little diamonds giving a brilliant 
shining to a beautiful smiling.
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Effect of ZnO Addition on Characterization of  
Bioactive Glass-ceramics in Simulated Body 
Fluid

Sang-Hyeok IM; Nam-Jin KIM; Young-Hoon LA; 
Bong-Ki RYU 
Division of Materials Science and Engineering, 
Pusan National University, Busan, South Korea

In this study, glass–ceramics containing zinc oxide were 
prepared by modification of the composition of the glass–
ceramic A–W(Apatite-Wollastonite). Zinc oxide was 
selected to control the reactivity of the glass–ceramics 
since zinc is a trace element that shows stimulatory effects 
on bone formation.

The nucleation and crystallization behavior of bioactive 
glass-ceramics samples was determined by differential 
thermal analysis (DTA). The formed crystalline phases 
were identified using X-ray diffraction investigation. 
Complete surface analyses were performed utilizing 
scanning electron microscopy. Also, the infrared reflection 
spectroscopy of the bio-glass–ceramics were measured 
before and after immersion for prolonged times in 
simulated body fluid and the results were compared with 
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the same behavior for the parent bio-glasses.
Experimental results indicate the formation of two main 
crystalline phases of calcium phosphate silicate beside 
three other crystalline phases formed according to the 
change in the bio-glass composition. The bioactivity 
rate determined by the infrared reflection spectroscopy 
generally revealed slight diminution with increasing ZnO 
contents of bio-glass–ceramics. The chemical durability of 
the glass–ceramics increased with increasing ZnO content 
and their apatite-forming ability decreased concomitantly.
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Encapsulation of Paclitaxel by Self-Emulsifying 
O/W Formulations Prepared from Mixed Nonionic 
Surfactants
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Paclitaxel is a promising anti-cancer agent but with poor 
water solubility (6 ppm (w/v)). The U.S. Food and Drug 
Administration has approved Taxol for use against breast 
cancer, ovarian cancer and non-small cell lung cancer. At 
present, the clinical formulation is 50:50 (v/v) mixture of 
Cremophor EL and dehydrated ethanol which precipitates 
upon dilution and causes hypersensitivity reaction even 
death. Thus, in this research, it was expected to acquire 
less-toxicity vehicle for paclitaxel transportation. The 
key points to this research are that how to prepare stable 
formulation by addition of mixed surfactant to stabilize 
and larger amount of paclitaxel could be incorporated in 
the carrier. Moreover, in consideration of requirement for 
intravenous administration particle size of the emulsion 
had better range from 70nm to 200nm.

From the experimental results, it reveals that tributyrin, 
ethyl caproate, ethyl caprylate have higher solubility 
for paclitaxel among the chosen oils including edible 
oils, triglycerides, fatty ester. The paclitaxel solubility in 
tributyrin, ethyl caproate and ethyl caprylate are separately 
around 28000 ppm (w/v), 12500 ppm (w/v) and 5000 ppm 
(w/v).Through trials in many kinds of combinations of 
various surfactants, two more stable formulation were 
discovered. Those two system forms stable microemulsion 
by combination of P 74/Tween 80 and P 74/ Cremopher EL. 
The microemulsion region were confined in ratio of P 74/
Tween 80 from 0.66 to 1.5 and of P 74/Crmophor EL from 
0.3 to 1.2. In addition, the passable amounts of paclitaxel, 
around 120 ppm~150 ppm, could be encapsulated in 
the carrier. Furthermore, particle size of emulsions was 
approximately 80 nm ~ 150 nm which was allowed 
to carry out intravenous administration. Toxicological 
evaluation was conducted on these formulations. It shows 
that cell viability of these formulations with surfactant 
concentrations equal to 50 ppm and 200 ppm are still above 
60% after 24 hours. Hereby, from the results mentioned 
above, the delivery systems for hydrophobic drug are 
promising and worth further investigation.

 A00859-01494 

Freeform Fabrication of Fiber Reinforced 
Hydrogels

Paul CALVERT; Swati MISHRA; Animesh AGRAWAL 
Materials and Textiles, UMass Dartmouth, MA, 
United States

Extrusion freeform fabrication has been used by our group 
to build 3D structures from a wide range of materials from 
metals to hydrogels.  A computer-controlled syringe writes 
out lines to build the object, either in air or in a liquid.  The 
goal of this work is to develop strong, tough hydrogels that 
could be used as a cartilage substitute or as a support for 
cell growth in tissue engineering or biotechnology.

Polyurethane fibers down to 1 micron diameter can be 
written from solution to form porous scaffolds.  These 
can be filled with gel either during the writing process 
or subsequently.  Fibers can also be formed by writing a 
photocurable monomer and simultaneously laser-curing 
it, by writing monomer into a solution of polymerization 
catalyst or by writing one polymer into a solution of a 
second polymer with which it forms an insoluble complex.   
Similar approaches can be used to form the gel matrix.
We will report the relationship between structure and 
properties of these gels.  While we have a good understanding 
of the source of modulus, strength and toughness in hard 
composites, there is little basic understanding of the 
mechanical properties of gel composites.  It is notable that 
few synthetic gels approach the toughness and strength of 
natural cartilage or marine gels.  A biomimetic philosophy 
would suggest that we should be seeking nanofiber-
reinforced ionic hydrogels.

 A00864-01965 

Doped Lanthanum Manganite with Designable 
Curie temperature for Application in Hyperthermia 
Cancer Treatments

Xiao-Lin WANG; Xing-min WANG; Shixue DOU; 
Zhenxiang CHENG; Yi DU 
Institute for Superconducting and Electronic Materials, 
University of Wollongong, NSW, Australia

Lanthanum manganite compounds doped with Sr, Zn or Bi 
were prepared by using traditional solid-state and solution 
methods of synthesis of magnetic ceramic particles. The 
magnetic properties of the obtained materials establish them 
as potential candidates for self-regulated power-absorbing 
and temperature-controlling materials in hyperthermia 
cancer treatments. It was found that the Currie temperatures 
can be adjustable around 40 - 45 oC depending on the 
doping levels of various dopants. In comparison with other 
commercial magnetic particles, such as Fe3O4 and others 
with Currie temperature far above 40 C, the assessment 
on power absorption based on magnetic measurements 
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indicate that the doped Lanthanum manganite compounds 
have the same level of power absorption but with better 
temperature controlling performance. We will also 
show our assessment on the bio-compatibility of these 
magnetic particles with and without coating. Our studies 
show that silica-coated lanthanum manganites magnetic 
particles with designable Curie temperature offer wide 
range of possibilities of adapting the material to practical 
instrumental setups in drug delivery and hyperthermia 
cancer treatments.

This work is partially supported by the Australian Research 
Council and Shandong Yi Du medical university.

 A00898-01571 

Surface Nano-Patterning to Regulate Platelet 
Response on Polymeric Surfaces

Li Buay KOH1; Isabel RODRIGUEZ2; 
Subbu S. VENKATRAMAN1 
1. School of Materials Science and Engineering, 
Nanyang Technological University, Singapore
2. Patterning and Fabrication, Institute of Materials 
Research and Engineering, Singapore

When blood comes into contact with a foreign material, 
surface topography is one primary factor influencing 
the interaction and biological behavior on an artifical 
surface. Reactions such as thrombosis and inflammation 
are the frequent responses to medical devices implanted 
in the body. This work aims to study the influence of nano 
topography on platelet adhesion and related formation of 
thrombus. Nano-structured fillers of ~90 nm in size and 
0.2-1 µm in height are prepared on poly(lactide-co-glycolic 
acid) (PLGA) films by infiltrating a PLGA solution into an 
ordered nano porous anodized alumina (NPAA) template. 
Platelet activation and adhesion on the nanostructured 
surfaces are characterized and quantified by a number of 
techniques including enzyme linked immunosorbent assay 
(ELISA), lactate dehydrogenase assay (LDH), recalcified 
clotting time studies, flow cytometry and microscopy. The 
results show that there is a significant reduction in platelet 
adhesion, activation and aggregation on a high aspect 
ratio nano-structured PLGA surface when compared to 
a pristine surface. The results signify that platelets can 
respond significantly to the nanotopographic features on 
the NPAA-PLGA film, suggesting that nanotopographical 
modification of surfaces may hold a great promise for 
low thrombogenic materials in blood-contacting medical 
applications.

 A00936-01638 

Cell-selective Films for Layered Vascular Tissue 
Engineering

Mark CHONG1;2; Swee Hin TEOH2; Chuen Neng LEE3; 
Mahesh CHOOLANI1; Jerry CHAN1 
1. Department of Obstetrics and Gynaecology, 
National University of Singapore, Singapore
2. BIOMAT Centre for Materials, Application and 
Technology, National University of Singapore, Singapore
3. Department of Surgery, National University of 
Singapore, Singapore

Cell-sheet assemblies are currently being studied for tissue 
engineering. However, tissues engineered from completely 
biological cell sheets lack substrate cues and possess poor 
mechanical strength. Recent studies demonstrate the use 
of synthetic bioresorbable films as scaffolds that may 
address these issues. Here, we describe the application of a 
microthin, biaxially stretched polycaprolactone (µXPCL) 
with surface modifications for layered tissue engineering. 
Here, we present the results of biphasic cell-sheet constructs 
using surfaces optimised for specific cell types.

Polyacrylic acid (PAAc) was grafted onto µXPCL film 
surfaces by low-pressure plasma immobilization. This 
provided a surface suitable for perivascular cells, forming 
the medial compartment. Subsequently, endothelial 
progenitor cell (EPC)-selective CD34 antibody was 
conjugated onto the reverse surface (intimal compartment) 
to select and anchor EPCs for improved adhesion and 
proliferation. Blood compatibility was assessed, and found 
to be improved by the conjugation of CD34 antibody.

Using the blood vessel as a model, a biphasic culture 
system was then set up to represent a tunica intima 
(endothelial cells) and tunica media (smooth muscle 
cells). When suitable cell types were cultured in the 
corresponding compartments, confluent layers of the 
respective populations were achieved distinctively from 
each other. These results demonstrate the use of μXPCL 
films with cell-selective modifications for layered co-
cultures towards the generation of stratified tissue.
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In Vitro Maturation of Large hfMSC-PCL/TCP Bone 
Tissue Engineered Construct through Long Term 
Culture in a Biaxial Perfusion Flow Bioreactor

Yuchun LIU1; Mark CHONG2; Zhiyong ZHANG1; 
Woon Shin CHONG3; Toon Tien FOO3; 
Yhee Cheng CHNG3; Mahesh CHOOLANI2; 
Jerry CHAN2; Swee Hin TEOH1 
1. Department of Mechanical Engineering, National 
University of Singapore, Singapore
2. Department of Obstetrics and Gynaecology, National 
University of Singapore, Singapore
3. Centre for Biomedical and Life Sciences, Singapore 
Polytechnic, Singapore

One of the challenges facing the engineering of thicker 
tissue grafts is to enable tissue survival and viability at the 
core beyond 200 µm due to the limitations of conventional 
mass transfer.  Here we investigated the ability of a bi-
axial bioreactor to generate bone tissue engineered 
grafts. Human fetal mesenchymal stem cells (hfMSC) 
seeded within 10mm thick 70% porous polycaprolactone-
tricalcium phosphate (PCL/TCP) scaffolds were cultured 
over 28 days in a biaxial perfusion flow bioreactor. 
Bioreactor culture resulted in high cellularity with the 
maintenance of cellular viability 5,000 µm from the surface 
(FDA/PI staining, Picogreen dsDNA) in contrast to the 
cellular necrosis associated with static culture. In addition, 
bioreactor culture was associated with more robust 
osteogenic differentiation (mineralisation, osteogenic 
gene induction). This study has showed the efficiency 
of the biaxial bioreactor in facilitating mass transfer and 
thus, allowing for the generation of highly osteogenic and 
viable thick cellular scaffolds which is necessary prior to 
implantation in large animal models.

 A00942-01658 

Mechanical Biofunctionalization of Titanium 
Alloys by Lowering Young’s Modulus

Mitsuo NIINOMI1; Hattori TOMOKAZU2 
1. Institue for Materials Research, Tohoku University, 
Sendai, Japan
2. Department of Materials Science and Technology, 
Meijo University, Nagoya, Japan

(Invited lecture on session “Biofunctional metals”)

Young’s modulus of metallic biomaterials for reconstructing 
failed hard tissue (cortical bone) is required to be similar to 
that of the cortical bone in order to inhibit the atrophy of the 
cortical bone and enhance the bone remodeling. Young’s 
moduli of titanium and its alloys are much smaller that 
those of stainless steels and Co-Cr-Mo alloys, but greater 
than that of the cortical bone. Young’s moduli of β-type 
titanium alloys are in general smaller than that of α- and (α 

+ β)-type titanium alloys. The authors have developed low 
modulus β-type Ti-29Nb-13Ta-4.6Zr referred to as TNTZ 
for biomedical applications.  Young’s modulus of TNTZ 
is approximately 60 GPa in the lowest case. The effect of 
low Young’s modulus of TNTZ on bone atrophy and bone 
remodeling should be cleared. The bone plates were made 
of TNTZ, Ti-6Al-4V ELI, and SUS 316 L stainless steel in 
this study: their Young’s moduli measured by tensile tests 
are 58 GPa, 108 GPa, and 161 GPa.    Each bone plate 
was implanted into the fracture model made in the tibia of 
rabbit. Then the healing process of the bone fracture was 
followed up by X-ray photos. C. M. R of bone under the 
bone plate of proximal, middle, or distal level was also 
taken at 48 weeks after implantation. The bone atrophy 
and remodeling in each material case was investigated.
Further decrease in Young’s modulus of metallic 
biomaterials can be achieved by fabricating porous ones. 
Young’s modulus of porous titanium with a porosity of 
approximately 30% is similar to that of the cortical bone. 
However the strength of it becomes to be very poor. 
Improving strength of porous titanium with keeping its 
Young’s modulus being equal to that of the cortical bone 
will be achieved by combining with medical polymer such 
as PMMA. The sophisticated process for fabricating porous 
titanium and PMMA composite was also investigated in 
this study. The porous titanium and PLLA composite were 
also fabricated by the modified process for fabricating 
porous titanium and PMMA composite.    
The period of beginning of bone atrophy is the longest in 
the case of TNZT bone plate. The diameter of the bone 
of the implanted side in the case of TNTZ bone plate 
is greater than that of the unimplanted side, but such 
phenomenon is not observed in the cases of Ti-6Al-4V ELI 
and SUS stainless plates. Low modulus TNTZ is proved 
to be effective to inhibit bone atrophy and enhance bone 
remodeling.

Nearly 100% of pores are plugged with PMMA by newly 
developed processing.  The tensile strength of porous 
titanium and PMMA composite is increased with keeping 
its Young’s modulus equal to that of the cortical bone. 
Porpus titanium and PLLA composite is successfully 
fabricated by modified process for fabricating porous 
titanium and PMMA composite.
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Preparation of Alpha-lipoic Acid Coated Stent by 
Low Temperature Plasma Polymerization and 
Chemical Grafting

Yu Jeong PARK1; Sun-Jung SONG1; Kyung Seok KIM1; 
Kyung Hwan KIM1; Gyeong-Taek LIM4; Jun PARK1; 
Dong Lyun CHO1; Byung-Hoon KIM2; Yeong-Mu KO2; 
Myung Ho JEONG3 
1. Center for Functional Nano fine Chemicals & 
School of Applied Chemical Engineering, 
Chonnam National University, Gwangju, South Korea
2. Department of Dental Material, Chosun University, 
Gwangju, South Korea
3. The Heart Center of Chonnam National University 
Hospital, Chonnam National University, Gwangju, 
South Korea
4. Research Institute for Catalysis and Center for 
Photonic Materials and Devices, Chonnam National 
University, Gwangju, South Korea

In this presentation, it was investigated to prepare more 
adhesive drug containing polymeric thin film onto the 
metallic stent using low temperature plasma polymerization 
process and to improve blood comparability by grafting 
α-lipoic acid (ALA). It has been reported that ALA may 
be used to inhibit the develop neointimal hyperplasia. 
So, metal stent surface was modified with DACH 
(1,2-diaminocyclo hexane) to have amine functional 
group on the surface of metal stent by low temperature 
plasma polymerization process at first. Then, the amino 
group on the surface of stents could chemically grafted 
with carboxyl group in ALA to form the amino bond in the 
presence of carbodiimides. In a typical procedure, stents 
were placed in tubular R.F. plasma reactor and 50 mL flask 
containing liquid DACH monomer was connected to the 
reactor. Plasma was generated with a radiofrequency power 
generator under vacuum. They were pretreated with Ar+ 
plasma at 60 W for 5 minutes. Then, DACH vapour was 
drifted to the reactor at a flow rate of 0.89 SCCM. Plasma 
polymerization was carried out at 100 W for 5 minutes and 
then at 60 W for 15 minutes for the deposition of polymer 
matrix. 10.0 mL (1.21 mmol) of ALA solution and 0.36 
g (1.21 mmol) of 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide methiodide were dissolved in 4.00 mL 
of 0.075 M trisodium citrate at pH 5. The solution was 
activated for 1 hour at room temperature followed by 
DACH coated stents were immersed into the activated 
ALA solution to promote covalent bonding through the 
formation of amide bond between amine groups in the 
DACH deposited polymer matrix and carboxylic groups 
of ALA molecules. After 1 hour, ALA grafted stents were 
taken out from the solution, washed with distilled water (5 
mL x 3 times), and dried. Surface morphology of prepared 
ALA grafted stent surface was observed by SEM. Chemical 
structure of the coated polymer matrix was analyzed 
with FT IR and ESCA. The identity of attachment ALA 
grafted polymeric thin film between metal washing test 

was performed. The in vitro blood compatibility of ALA 
grafted was investigated.

 A00972-01690 

Biodegradable Poly[(R)-3-hydroxybutyrate] (PHB) 
– Based Thermogelling Polymers for Drug Delivery 
and Tissue Engineering Applications

Xian Jun LOH1;2;3; Jun LI1;2;3 
1. Institute of Materials Research and Engineering, 
Singapore
2. Division of Bioengineering, National University of 
Singapore, Singapore
3. Graduate School for Integrative Sciences and 
Engineering, National University of Singapore, Singapore

Thermogelling copolymers are interesting materials. 
When dissolved in water, it is soluble at low temperatures 
and forms a gel at higher temperatures. We will present 
data on a new series of biodegradable thermogelling 
poly(ether ester urethane)s based on poly(ethylene 
glycol) (PEG), poly(propylene glycol) (PPG), and 
poly[(R)-3-hydroxybutyrate] (PHB) blocks. Poly[(R)-
3-hydroxybutyrate] (PHB) is a bacteria-derived 
biodegradable polyester, which is highly crystalline and 
hydrophobic. This work represents the first time that PHB 
has been incorporated into a thermogelling copolymer 
system. The new copolymers are biodegradable, show 
great resilience as well as possessing a low critical gelation 
concentration (CGC) of 2 wt%. These properties make it 
useful for possible long-term drug delivery applications. 
Cell culture studies also showed that the incorporation 
of PHB into the thermogelling copolymer enhances the 
cell adhesion capability compared to the commercially 
available Pluronics F127 thermogelling copolymer.

 A00972-01694 

Thermosensitive Polyrotaxane Nano-Capsules 
for the Controlled Delivery of Chemotherapeutic 
Drugs

Jun Yi PHUA4; Nicholas YEO4; Tiong Hian YEO4; 
Teck Tian WONG4; Xian Jun LOH1;2;3; Jun LI1;2;3 
1. Institute of Materials Research and Engineering, 
Singapore
2. Division of Bioengineering, National University of 
Singapore, Singapore
3. NUS Graduate School for Integrative Sciences and 
Engineering, National University of Singapore, Singapore
4. NUS High School of Math and Science, Singapore

A thermosensitive polyrotaxane based on the poly(ethylene 
glycol)-poly(propylene glycol)-poly(ethylene glycol) 
(PEG-PPG-PEG) triblock copolymer and α-cyclodextrin 
(α-CD). A thermosensitive polyrotaxane is formed 
because α-CD selectively includes the PEG segment in 
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the triblock copolymer while leaving the thermosensitive 
PPG segments uncovered. Based on this starting material, 
we fabricated novel thermosensitive nano-capsules. These 
nano-capsules swell at low temperatures and shrink at high 
temperatures due to the temperature –induced change in 
hydrophilicity of the PPG segments. Chemotherapeutic 
drugs, such as doxorubicin, were encapsulated in the nano-
capsules. Temperature controlled release of these drugs 
was demonstrated. These nano-capsules were evaluated 
for their cytotoxic capabilities against a variety of cancer 
cell lines such as HeLa and MCF-7.

 A00985-01713 

Synthesis, Spectroscopic, Crystallographic and 
In-Vitro Antimicrobial Investigation of Fe(III) 
Complexes Derived from Tetradentate Schiff 
Base Pyrazolone 

Kirankumar SURATI 
Department of Chemistry, Sardar Patel University, 
Gujarat, India

Pyrazolone-5 derivatives, especially 4-acyl pyrazolone, 
form an important class of organic compounds and 
represent a big scientific and applied interest in biological, 
analytical applications, catalysis, dye and extraction 
metallurgy, etc. Furthermore, 4-acyl pyrazolone derivatives 
have the potential to form different types of coordination 
compounds due to the several electron-rich donor centers 
and tautomeric effect of the enol form and keto form.

The Schiff base tetradentate ligands N,N-bis-(3,5-dimethyl-
1-p-tolyl-1H-pyrazol-4-ylmethylene)-ethane-1,2-diamine 
(H2L

1) ; N,N-bis-(3,5-dimethyl-1-p-salfonyl-1H-pyrazol-
4-ylmethylene)-ethane-1,2-diamine (H2L

2) ; N,N-bis-
(3,5-dimethyl-1-p-tolyl-1H-pyrazol-4-ylmethylene)-
benzene-1,2-diamine (H2L

3) and N,N-bis-(3,5-dimethyl-
1-p-salfonyl-1H-pyrazol-4-ylmethylene)- benzene 
-1,2-diamine (H2L

4) were prepared from the reaction 
between 5-hydroxy-3-methyl-1-p-tolyl-1H-pyrazole-4-
carbaldehyde or 4-(4-formyl-5-hydroxy-3-methyl-pyrazol-
1-yl)-benzenesulfonic acid and o-phenylenediamine 
or ethylenediamine. The corresponding Schiff base 
complexes of Fe(III) were prepared by condensation 
FeCl3⋅6H2O with ligand   H2L

1, H2L
2, H2L

3 and H2L
4. All 

the compounds have been characterized by elemental 
analysis, magnetic susceptibility, X-ray crystallography, 
conductometry measurement, 1H-NMR, FT-IR, electronic 
spectra, mössbauer study at the performed at R.T. and 
L.N.T. and observed results state high spin with octahedral 
geometry. Thermal stability, kinetic order heat capacity 
and activation energy of thermal degradation of these 
complexes were determined by TGA and DSC. In-vitro 
antimicrobial activities of the synthesized teradentate 
ligands and its corresponding Schiff base complexes were 
also reported. 

 A01007-02056 

Phase Transfer Cell Culture for Self-Forming 
Cartilage Regeneration

Kai SU; Yihong GONG; Dong-an WANG 
School of Chemical and Biomedical Engineering, 
Nanyang Technological University, Singapore

Hydrogels have been widely used as cell-laden vehicles 
for engineered therapeutic transplantation in regenerative 
medicine because of the superior properties for tissue 
regeneration. However, the sophisticated applications with 
plain “gel-encapsulating-cell” model are still encountering 
challenges in long-term tissue developmental efficacy. The 
major bottleneck lies in the space limitation for neo-tissue 
generation, including the proliferation of encapsulated 
cells per se and the accommodation of their endogenous 
extracellular matrices in gel bulk. It arises from two 
backgrounds. The first one is a material-based conundrum, 
which has not been perfectly conquered: scaffold 
degradation fails to keep up with the pace of neo-tissue 
growth. The second one, which is from the experimental 
findings, is non-homogeneous tissue regeneration. The 
chondrocytes distributing near the hydrogel interface are 
found more viable than those at the inner site. The fast-
growth chondrocytes will aggregate as cell colonies and 
penetrate the hydrogel with favorable culture conditions. 
It is noted that some of escaped cells utilize the hydrogel 
as a basement to proliferate, secrete and form a tissue shell 
around the hydrogel quickly. This transferred cell growth 
behavior (from gel phase to medium phase) is defined as 
“phase transfer cell growth” (PTCG). The secretion level 
and histological morphology of the tissue shell are much 
better than those of the inner hydrogel, and very similar 
to the natural cartilage tissue. As most of the phenomena 
are found in the edge of hydrogel, we designate this 
tissue shell as “edge flourish (EF) layer”. However, this 
phenomenon is uncontrollable and could hardly occur in 
vivo due to limitation of surrounding tissue. As a result, in 
order to overcome the deficiency of such random PTCG 
phenomenon and meanwhile dramatically improve the 
living space for the engineered neo-tissues, while still 
reserve all the beneficial talents of injectable hydrogels, 
we developed a novel “phase transfer cell culture” 
(PTCC) strategy to enable bona fide neo-tissue formation 
in artificial graft. This invention serves to upgrade the 
function of hydrogel scaffold from an assembly of man-
made niches for isolated cells to an integration of micro-
incubators that catalyzes self-formation of scaffold-free 
neo-tissue islets and further expands to achieve full 
tissue occupation in the grafting area. With this purpose, 
spherical cavities are created in chondrocyte-encapsulating 
hydrogel bulk via a retarded dissolving of co-encapsulated 
gelatin microspheres. By proliferative expansion, the 
encapsulated chondrocytes spontaneously escape from 
hydrogel phase, form neo-tissue islets refilling the cavities 
which are totally scaffold-free and proven to be equivalent 
of EF layer, and further extend around contributing for full 
cartilage regeneration.
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 A01010-01766 

A New Method of Producing Homogeneous 
PLGA Microspheres with High Encapsulation 
Efficiency

Xigeng MIAO 
Queensland University of Technology, QLD, Australia

Microspheres of various biodegradable polymers have been 
widely used to deliver proteins, drugs and growth factors 
in a controlled manner in both vitro and vivo conditions. 
The typical methods of producing microspheres include 
double emulsion, acoustic excitation and electrostatic field. 
The common drawbacks for the double emulsion are wide 
size distribution and low encapsulation efficiency. On the 
other hand, while acoustic excitation and electrostatic field 
show good size control, they still have the problem of low 
encapsulation efficiency. To improve the quality and the 
encapsulation efficiency of microspheres, a new method 
involving electrostatic force and freeze drying was used in 
this study to produce homogeneous poly(lactic-co-glycolic 
acid) (PLGA) microspheres loaded with proteins or growth 
factors. The surface morphology and the internal structure 
of the microspheres were observed using scanning electron 
microscopy (SEM). The encapsulation efficiency was 
measured and the distribution of the encapsulated proteins 
in the microspheres was determined using fluorescent IgG 
antibody.  It was shown that the microspheres had highly 
porous structure with a lot of radial tubular macropores, 
and the sizes of the microspheres were 700 ± 100 µm. 
The encapsulation efficiency was 80 ± 1.7 % and an 
even distribution of proteins in the microspheres was 
observed. Thus, it was concluded that the new method 
was effective and efficient for producing growth factor-
loaded microspheres, which would be useful for tissue 
engineering scaffolds.

 A01052-01824 

Development of Low Elastic Modulus Titanium 
Alloys for Implants using Experiments  and First-
principles Calculations

Yangsoo KIM1; Daehee WON2; Dongju YOON2; 
Minho LEE3; Taesung BAE3; Ohseong KOWN4; 
Hyunchul JUNG4; Byungil KIM5 
1. Sunchon Center, Korea Basic Science Institute, 
Sunchon, South Korea
2. Hub University for Industrial Collaboration, 
Sunchon National University, Sunchon, South Korea
3. Department of Dental Biomaterials - Institute of Oral 
Bioscience, Chonbuk National University, Jeonju, 
South Korea
4. Yulim Industrial Co., Ltd, Sunchon, South Korea
5. Department of Materials Science and Metallurgical 
Engineering, Sunchon National University, Sunchon, 
South Korea

This study purposes new titanium alloys with a low 
elastic modulus to prevent the stress shielding caused by 
the difference in elastic moduli between the bone and the 
implant when titanium material is implanted into the human 
body. Alloys with a low elastic modulus were designed 
using a discrete variational Xα (DV-Xα) using Ta, Zr and 
Nb alloys. The Md values of the new alloys were designed 
to range between 3.04 and 3.15 and the Bo values between 
2.64 and 2.72. The three types of alloy developed were Ti-
32.79Nb-6.71Ta-8.20Zr, Ti-26.47Nb-10.31Ta-7.94Zr and 
Ti-32.06Nb-5.08Zr. The tensile strength of these alloys 
ranged from 694.10 to 784.48 MPa and the low elastic 
modulus was between 54.93 and 59.96 GPa.
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In Vitro Study of Magnesium Alloys Treated by 
Anodic Oxidation Using Pulse Power

Yu Kyoung KIM; Yu BAI; Madhav Prasad NEPANE; 
Hyeoung Ho PARK; Il Song PARK; Min Ho LEE; 
Tae Sung BAE 
Department of Dental Biomaterials, Chonbuk National 
University (Brain Korea 21 Program), Jeon Ju, 
South Korea

Magnesium is essential to human metabolism and is 
toxic-free. Therefore, it is possible to develop a kind of 
biodegradable magnesium implant, since gradual release 
of magnesium ion into the human body is acceptable. 
However, it was found that magnesium alloys corroded 
too rapidly, resulting subcutaneous gas bubbles, and 
consequently the approach of using magnesium alloys 
as permanent bio-materials was abandoned. So in this 
study, the micro-arc oxidation by pulse DC was applied 
on magnesium alloys (AZ91D, AZ31B) valued in vitro 
test on the surface of oxide film for corrosion. Samples 
of AZ91D, AZ31B were cut and immersed in α-MEM 
during 2 days for soaking out. Then the cell was fixed 
and staining. The cells were fixed and stained prior to 
morphological analysis by stereoscopic microscopy. For 
agar test, the samples were prepared to fix on the agar. 
The passive control was made of filter paper dipped in 
distilled water. The petri-dish contained each samples 
were observed size of decolorize zone index by optical 
camera. Anodized groups had decolorized zone index that 
was smaller than untreated groups as 10mm in agar test. 
So the AZ31B groups were shown good biocompatibility 
than AZ91D groups. 

“This work was supported by the Korea Research Foundation 
Grant funded the Korean Government (MOEHRD)” (KRF-2007-
313-E00471)
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Electrophoretic Deposition of Carbon nanotube–
reinforced Hydroxyapatite Coating on Titanium 
for Biomedical Applications

Yu BAI1; Yu Kyoung KIM1; Dae Hee WON2; 
Hyeoung Ho PARK1; Min Ho LEE1; Tae Sung BAE1 
1. Department of Dental Biomaterials, Chonbuk National 
University (Brain Korea 21 Program), Jeon Ju, 
South Korea
2. Hub University for Industrial Collaboration, 
Sunchon National University, Sunchon, South Korea

Hydroxyapatite (HA) is attractive biomedical materials 
owing to its excellent biocompatibility and nontoxicity. 
However, its poor tensile strength, and fracture toughness 
compared with bone make it insuitable for major load-
bearing devices. As a result, one of its major applications 
is as a covering material for titanium or other metal 
used in implants. Recently, electrophoretic deposition 
technique is widely used to fabricate HA coating or HA 
composite coating. Although electrophoretical deposited 
HA coatings have successful improvement on promoting 
bone attachment and integration of the implants, the 
long-term stability of these coatings is a very challenging 
issue. Therefore, there are needs for improving further the 
mechanical properties of these coating materials and the 
bond strength of HA/metal interface. It is well-known that 
carbon nanotubes (CNTs) have exceptional mechanical 
properties. So, CNTs–reinforced hydroxyapatite coating 
might possess tailored properties.

In this study, at first, CNTs were oxygenated by concentrated 
acid and CNTs/HA composites were chemically synthesized 
by using an in-situ method and characterized by infrared 
spectrum, x-Ray diffraction and transmission electron 
microscopy. The results showed that CNTs functionalized 
with hydroxyl and carboxyl groups from an efficient 
matrix for the growth of HA crystals. Nano-HA crystals 
were uniformly adsorbed on the CNTs and formed good 
interfacial bonding at the same time. Secondly, the CNTs-
reinforced HA were coated on a titanium substrate using 
electrophoretic deposition method. Alcohol suspensions 
were used under constant voltage condition, with 
deposition time ranging from 0.5-10min. The thickness 
of the coatings was controlled by variation of voltage and 
deposition time during electrophoretic deposition. And it 
was demonstrated, in vitro cell culture test, that the CNTs/
HA composite coating was of a good biocompatibility. It 
was promising to develop a new hard tissue biomaterial 
with satisfied mechanical and biological properties.

This work was supported by the Korea Science and 
Engineering Foundation(KOSEF) grant funded by the Korea 
government(MOST) (No. R01-2007-000-20488-0)
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Tae Sung BAE1; Eun Mee BAEK1; Byung Il KIM2; 
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The purpose of this study was to investigate the bone 
conduction of Ti-6Al-4V alloy modified by anodic 
oxidation and precalcification treatments. Specimens of 
20×10×2 ㎜ in dimensions were polished sequentially 
from #300 to #1000 SiC paper, ultrasonically washed with 
acetone, then rinsed with deionized water, and dried in 
an oven at 50℃ for 24 hours. The electrolyte solution for 
anodization process consisted of 0.5 M Na2SO4 and 0.4 
wt% NaF. Anodization was carried out by pulse signals at 
a potential of 20 V and current density of 20 ㎃/㎠ for 3 
hours. Pulse signals were adjusted with on/off time 10/90 
㎳ and 90/10 ㎳ during 100 ㎳. TiO2 nanotubes were heat-
treated at 500℃ for 2 hours and precalcified by soaking 
in Na2HPO4 solution for 24 hours and then in saturated 
Ca(OH)2 solution for 5 hours. To evaluate the bioactivity 
of the precalcified TiO2 nanotube layer, hydroxyapatite 
formation was investigated in a simulated body fluid with 
pH 7.4 at 36.5℃ for 10 days.

The results obtained were summarized as follows;
1. The structures of TiO2 nanotubes treated in pulse on/off 
time 90/10 ㎳ were more dense structure than those treated 
in 10/90 ㎳.
2. Ti, Al and Na were examined but V was not examined in 
TiO2 nanotube layer.
3. The bone conduction of TiO2 nanotubes were more 
enhanced by precalcification treatment in the solution 
containing Ca2+ and PO4

3- ions.

This work was supported by the Korea Science and 
Engineering Foundation(KOSEF) grant funded by the Korea 
government(MEST: No. R01-2008-000-20556-0).
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Using titanium-based alloys as biomaterials is increasing 
because they have reduced elastic modulus, superior 
biocompatibility, specific strength, good corrosion 
resistance, superior strain controlled and fatigue resistance 
compared to conventional stainless steel and Co-Cr alloy. 
However, when implanted into human body these metals 
are problematic because they do not show direct bonding 
with living bone. Surface treatment play an important role 
in nucleating calcium phosphate deposition on surgical 
titanium alloys implant. The purpose of this study is 
to examine whether the precipitation of apatite on Ti-
10Ta-10Nb alloy is affected by surface modification in 
H2O2 solution. Specimens were chemically treated with 
a solution containing 30 wt% H2O2 at 80℃ for 1 hour, 
and subsequently heat-treated at 400℃ for 1 hour. All 
specimens were immersed in the SBF(Simulated Body 
Fluid) with pH 7.4 at 36.5℃ for 7 days, and the surface 
were examined with XRD, SEM, EDX and in vitro test. 
The microstructure of Ti-10Ta-10Nb alloy after etching 
with Keller’s etchant showed Widmanstatten pattern. The 
micro vickers hardness number was 236.44 ± 4.99. The 
surface roughness was increased by surface treatment. The 
wettability after surface treatment was better than non-
treated  surface. The resistance of cytotoxicity is decreased 
by chemical surface treatment(P<0.05)

This work was supported by the Korea Science and 
Engineering Foundation(KOSEF) grant funded by the Korea 
government(MOST) (No. R01-2007-000-20488-0)
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Surface functional groups, such as OH, NH2 and COOH 
groups play important roles in nucleating calcium 

phosphate and protein absorption on surgical titanium 
implants. In this study, various functional groups were 
introduced onto the surface of commercially pure titanium 
plates using different chemical methods. The chemical 
compositions, the formation of various functional groups 
and wetability were investigated by using  XPS, FTIR 
and contact angle measurements, respectively. In order 
to evaluate the nucleating abilities of various functional 
groups, calcium phosphate deposition experiment was 
carried out by mixing Ca2+ and (PO4)3- containing solution. 
And also, the electrochemical characteristic properties, 
one of the important biocompatibility factors, such as 
corrosion potential(Ecorr), corrosion current density(icorr) 
were investigated by using potentiodynamic scan method 
in SBF.

This work was supported by the Korea Science and 
Engineering Foundation(KOSEF) grant funded by the Korea 
government(MOST) (No. R01-2007-000-20488-0)
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Adenovirus (AD) has been known as a good gene 
delivery vesicle due to high transduction efficiency of 
foreign gene into cells. However, adenovirus vector has 
crucial problems for clinical applications such as severe 
immunogenicity, short half-time circulation in the blood 
stream, and integration into various cell types. To overcome 
these limitations, several strategies based on surface 
modification of adenovirus with polymers and genetic 
modifications with targeting motif have been popularly 
studied. Chemical modification with cationic polymers, 
lipids, viscous polyol, and calcium phosphate precipitates 
also increased yield of adenovirus mediated gene transfer. 
In this study, adenovirus encoding an exogenous green 
fluorescent protein (GFP) was physically immobilized 
with cationic graft or block polymers via ionic interactions. 
Negatively charges on the surface of adenovirus could be 
protected by cationic PEG based copolymers. The modified 
AD complexes significantly increased transduction activity 
into the cancer cell line (KB cell and MCF cell) as well 
as primary cell (mesenchymal stem cell). Poly-L-lysine 
(PLL) blocked or grafted with hydrophilic polymer block, 
poly(ethylene glycol) (PEG), coated on the surface of 
adenovirus exhibited enhanced gene expression compared 
to non-modified poly-L-lysine. PEGylated PLL in a block 
or graft copolymer form reduced nonspecific aggregation 
of adenovirus and interaction between AD capsids and 
other serum compounds due to steric hindrance effect of 
PEG. The degree of PEG graft per PLL influenced the 
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stability of adenovirus complex, in vitro transfection, and 
cytotoxicity. Furthermore, type of copolymer, PEG-PLL 
block copolymer or graft copolymer, also affected the 
extent of viral uptake into cells. AD coated with PLL -PEG 
block copolymer (PLL-b-PEG) showed the higher extent 
GFP expression than PLL-PEG graft copolymer (PLL-
g-PEG) modified AD under serum condition. Thus, the 
study suggests that AD coupled with PLL-b-PEG could be 
developed as gene delivery carriers for an efficient gene 
transfer and low cytotoxicity.

 A01110-01913 

Structural Study of Nano Powder Mollugo 
Nudicaulis Medical Herb

I.K. RAO 
Government Degree College for Women, 
Andhra University, India

India is a beautiful country where a large number of 
medical plants and herbs are available. Mollugonudicaulis 
is one excellent medical herb found in cultivated lands.  
It is useful mainly to prevent the existence of small ring 
worms in stomach, to control diabetics and to increase 
the life energy of blood cells.  The nano powders of the 
dried herbs were repeated in Metheanol medium. The 
powder was subsequently characterized by DEMO, XRD, 
FTIR etc and the DEMO data shows the phase diagrams 
indicates of  particles sizes in nano scales. XRD exhibited 
mainly the phases related to C16 H18 N4 O4, C19 H22 
C12 N4 O7 and C11 H12 NO2 etc. The XRF data confirms 
the presence of Ca kα, K kα, K kβ, Ca kβ, Ti kα, Ti kβ, Fe 
kβ, Mn kβ in this medical herb.  FTIR measurements are 
carried out in the wave member range of  600-3700 Cm-1.  
Other experiments are in progress.  The observed results 
are analyzed and explained on the basis of the existing 
understanding.
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Delivery of Basic Fibroblast Growth Factors 
Using Surface Modified Polycaprolactone 
Membrane

Farzana DARAIN; Wing Yue CHAN; Kerm Sin CHIAN 
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

Basic fibroblast growth factor (bFGF), a potent mitogen 
and chemotactic agent for smooth muscle cells may play an 
important role in developing engineered tissues that more 
closely mimic the structural and functional properties of 
native blood vessels. However, the bioactivity of bFGF is 
impaired when it is injected into the body in soluble form 
because of its short retention at wound sites and short 
half-life caused by susceptibility to enzymatic degradation 
in vivo. Thus, an effective delivery system of bFGF is 
required in order to overcome the shortcoming of bFGF 
therapy in a clinical setting.

In this paper we report the use of polycaprolactone (PCL) 
a biodegradable polymer often used in tissue engineering 
for soft tissue replacement to deliver the bFGF. PCL 
surface was treated with UV/ozone in aqueous media to 
functionalize its surface for bFGF grafting. The surface 
modified PCL was characterized by water contact angle to 
evaluate the hydrophilicity. The UV/ozone-treated PCL was 
also characterized by X-ray Photoelectron Spectroscopy 
and Fourier Transform Infrared Spectrometer. The grafting 
of bFGF on to the PCL surface was confirmed using 
Atomic Force Microscopy. The release kinetics of bFGF 
from UV/ozone-treated and untreated PCL films were also 
investigated and compared as well.

It was found that a prolonged release of bFGF from treated 
PCL was observed showing a sharp linear increase over 
the first 3 days followed by a moderate and slow release 
profile. The in vitro proliferation assay of the porcine 
eosophageal smooth muscle cells (PESMCs) revealed that 
the biological activity of bFGF fraction was maintained 
after releasing from the PCL membranes. bFGF released 
from treated PCL showed higher proliferation than that 
of untreated PCL membranes. The biological efficacy of 
released bFGF was also compared to that of non-released 
control bFGF.
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Effect of Electrolytic Temperature for Titanium 
Anodized by Using Pulse Current
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This study evaluated the effects of electrolytic temperature 
during the anodic spark oxidation of titanium used as dental 
implant. Anodic spark oxidation was performed while 
applying the pulse current from 230 V to 320 V. A mixed 
solution of 0.015M DL-α-GP (DL-α-Glycerophosphate 
Disodium salt) and 0.2M CA (Calcium Acetate) was 
used as the electrolyte. During the surface treatment, the 
temperatures of electrolyte were maintained at 5, 15, 25, 
35, and 45oC, respectively. After Anodic spark oxidation, 
hydrothermal treatment was performed at 300oC for 2 
hours. To evaluate the surface characteristics of anodized 
oxide layer and hydrothermally treated layer, SEM, EDX, 
and XRD analysis were carried out. As the temperature of 
electrolyte was increased, the time required for reaching 
to the preset anodizing voltage was increased, but the 
breakdown voltage was decreased. Numerous micropores 
were observed on the anodized surface of titanium. 
Moreover, the precipitated HA crystals were also observed 
on the hydrothermally treated surface. From the XRD results, 
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Anatase and rutile phases were observed on the anodized 
surface, and the hydroxyapatite phase was detected on the 
hydrothermally treated surface. A good bioactivity was 
observed on the hydrothermally treated surface immersed 
in Hanks’ solution for 2 weeks. From the MTT test, the 
cell viability of the anodized surface increased rather than 
untreated titanium surface. Especially, the cell viability of 
the surface anodized at 25oC was significantly higher than 
any other anodized groups. However, the hydrothermally 
treated surface after anodizing at 45oC had the highest 
value among the hydrothermally treated groups.

This work was supported by the Korea Science and 
Engineering Foundation(KOSEF) grant funded by the Korea 
government(MEST) (No. R01-2007-000-20488-0) 
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Drug Eluting Stent: Bio-inspired Surface 
Modification and Electrostatic Deposition of 
Therapeutic Agents
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Drug-eluting stent (DES) has been widely used for 
effective treatment of obstructive coronary artery disease, 
preventing the occurrence of restenosis that is mainly 
caused by hyper-proliferation of smooth muscle cells. A 
metal stent that could elute plasmid DNA in a controlled 
manner for substrate-induced gene transfection was 
fabricated by first coating anionic hyaluronic acid (HA) on 
the surface and subsequent deposition of cationic DNA/
polyethylenimine (PEI) nano-complexes via electrostatic 
interactions. Stainless steel (SS316L) surface was 
modified with dopamine-conjugated HA by mimicking 
a mussel adhesion mechanism. The HA coated metal 
surface became hydrophilic and very stable, as verified by 
various analytical techniques. Cationic plasmid DNA/PEI 
complexes were ionically adsorbed onto the HA-modified 
metal surface. The surface adsorbed DNA polyplexes 
preserved nano-granular morphological characters, and the 
complexed plasmid DNA was released out in a controlled 
manner for a period of 10 days with maintaining structural 
integrity. The resultant HA-modified metal surface 
deposited with green fluorescent protein (GFP) DNA/PEI 
complexes exhibited greatly enhanced gene transfection 
efficiency, possibly due to the substrate-induced and 
sustained cellular uptake of polyplexes, compared to that 
of a conventional solution-state gene transfection method. 
A DNA-eluting SS metal stent also exhibited effective cell 
adhesion and gene transfection.

We also demonstrate the immobilization of heparin on the 
metal surface via a bio-inspired manner and subsequent 
build-up of therapeutic lay-by-layer multilayer composed 
of paclitaxel (PTX) encapsulated poly(lactic-co-glycolic 
acid) grafted hyaluronic acid (HA-g-PLGA) micelles, 

heparin, and polyL-lysine (PLL). It was hypothesized 
that the heparinized metallic surface would create a non-
thrombogenic environment, while controlled release of PTX 
from the surface could induce anti-proliferation of smooth 
muscle cells. For the surface immobilization of heparin on 
the surface of cobalt-chromium alloy (L605), dopamine-
derivatized heparin was synthesized and anchored on 
the surface by a mussel-inspired adhesion mechanism. 
An amphiphilic graft copolymer of HA-g-PLGA was 
synthesized and utilized for the formation of anionic PTX 
loaded micelles. A PTX eluting multilayer composed of 
anionic HA-g-PLGA micelles, heparin, and PLL was self-
assembled on the metal surface by a layer-by-layer (LbL) 
fashion. The loading amount of PTX on the metal surface 
could be readily controlled with concomitantly achieving 
sustained release profiles of PTX over an extended period. 
The proliferation of human coronary artery smooth muscle 
cells (CASMCs) was successfully arrested by controlled 
released PTX from the therapeutic multilayer coated on 
the metallic substrate.
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An Improved Injectable Polysaccharide Hydrogel: 
Modified Gellan Gum for Long-term Cartilage 
Regeneration in vitro
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Polysaccharide-based hydrogels have been proven 
promising in tissue engineering applications due to their 
good biocompatibility, controllable properties and abundant 
resources, and are therefore in great demand as therapeutic 
cell vehicles. Gellan gum, as a natural polysaccharide and 
FDA-approved food additive, has been well exploited in 
food and pharmaceutical industries. For tissue engineering 
purposes, however, gellan-based hydrogels need to be 
modified in order to meet the requirement of encapsulating 
living cells while maintaining their injectability, because 
the gelling point of this temperature-dependent gel is too 
high (above 42ºC). This study started from chemically 
scissoring (via an oxidative cleavage) the gellan backbones 
to optimize the gelation temperature for injection as 
the result of down-regulating their molecular size. 
Chondrocytes were then seeded into the modified gellan 
gels, of which the cytocompatibility and the capability 
to promote in vitro tissue regeneration were evaluated. 
Notably, chondrocytic constructs based on modified gellan 
gel were kinetically monitored for 150 days in comparison 
with those based on agarose gel, showing superiority for 
long-term cartilaginous development in terms of many 
aspects such as cell proliferation and specific matrix 
formation. Biochemical analysis, histological staining, and 
immunofluorescent observation indicate that the modified 
gellan is apt to keep the chondrocytes viability, enhance 
the extracellular matrix (ECM) secretion and maintain 
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normal phenotype, which demonstrates that gellan is a 
potential and promising injectable vehicle for therapeutic 
chondrocytes delivery.
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A short double-stranded RNA (dsRNA) composed of 
21-23 nucleic acids, also called small interfering RNA 
(siRNA), has demonstrated its powerful ability to induce 
sequence-specific RNAi-mediated down-regulation of a 
complementary mRNA. siRNAs have been used as potential 
therapeutic agents for treating numerous diseases including 
cancer and genetic disorder. However, they have several 
delivery barriers for in vivo application. In our previous 
studies, poly(ethyleneglycol) (PEG) was conjugated to the 
3’ end of siRNA by a cleavable disulfide bond between 
PEG and siRNA. The siRNA-PEG conjugate, when 
complexed with cationic species, demonstrated enhanced 
resistance to degradation by nucleases, and improved 
target gene inhibition. In this study, we conjugated PEG 
to a sense strand, an antisense strand, or both of siRNA to 
synthesize A-B type (di-block) and A-B-A type (tri-block) 
copolymer of PEGylated siRNA.

The reducible disulfide linkage between siRNA and PEG 
was completely cleaved after DTT treatment, suggesting 
that PEG-siRNA conjugates could be dissociated in the 
cytoplasmic reducing condition and cleaved siRNA could 
be participated in the RNA interference (RNAi) mechanism 
without any steric hindrance effect of adjacently conjugated 
PEG chain. When compared serum stabilities between 
naked, diblock, and triblock copolymers of PEGylated 
siRNA, the triblock copolymer of PEG-siRNA-PEG was 
the most stable. We also compared gene silencing effects 
between the copolymers using Lipofectamine 2000TM 
and PEI25k coated QD. siRNA-PEG copolymers were 
transfected to GFP expressing MDA-MB-435 cells. The 
copolymers demonstrated almost similar gene silencing 
efficiencies even after PEG conjugation. There was no 
significant difference in gene silencing extents between 
sense strand-PEG di-block copolymer, antisense strand di-
block copolymer, and tri-block copolymer. The synthetic 
strategy of PEG-siRNA copolymers could also be applied 
to other polymers for efficient siRNA delivery.
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In the recent decades Ti have developed strongly cross link 
with bone to use dental implant and orthopedic implant. 
It has a predominant biocompatibility as biomaterials 
but unmodified Ti is weak connect to bone that might 
lead to implant failure. Gelatin is a natural biodegradable 
polymer derived from the hydrolysis of collagen. It has a 
property of imitating the extracellular matrix (ECM) for 
biocompatibility. 

We selected Gelatin and gold nano particle for an 
investigation because of their superior performance. Gelatin-
gold showed increasing osteoblast cell viability than that 
of gelatine on Ti surface. It has a good interaction with 
MAPKs followed by ECM kinase. Gelatin-gold induced 
ERK activation and decreased SAPK/JNK activation 
more than gelatin on Ti surface. In addition, gelatin-gold 
induced expressions of cell adherent molecules such as 
FAK, VEGF and SPART.

These results strongly suggest that gelatin-gold complex 
on Ti surface creates a favorable condition for osteoblast 
attachment. Furthermore, elevating level of ERK activation 
by gelatin-gold complex offers a good environment for 
osteoblast growth on Ti surfaces and may be used as a 
dental implant in various field of dentistry.

This work was supported by the Korea Science and 
Engineering Foundation(KOSEF) grant funded by the Korea 
government(MOST) (No. R01-2007-000-20488-0) 
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Jung Bok LEE; Sung Eun KIM; Sung In JEONG; 
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Dentistry, Kyung Hee University, Seoul, South Korea

Poly(L-lactic acid) (PLLA) is a biodegradable and 
biocompatible synthetic polymer that is commonly used 
as a scaffolding material in tissue engineering. Recently, 
researchers have been interested in the fabrication of 
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nanofibrous scaffold as an extracellular matrix (ECM) 
mimicking structure for the promotion of cell adhesion 
and proliferation. However, electrospun nanofibers have 
a big drawback for cell infiltration and proliferation due 
to their small pore size compared with three-dimensional 
(3D) scaffold prepared from other fabricating methods. 
To overcome these shortages, in this study, the pore size 
of nanofibers was enlarged by a sonication method in an 
aqueous or aqueous gelatin solution. Time-dependent/
sonicating power-dependent pore sizes, morphological 
changes, and cell infiltration potentials were evaluated on 
series of nanofibers.

PLLA was dissolved in a 1,1,1,3,3,3-hexafluoroisopropa
nol (HFIP) at a concentration of 6 wt.% and successfully 
electrospun. Electrospun PLLA nanofibers were immersed 
in deionized water (DW) or gelatin aqueous solution, and 
sonicated with a different time and power for enlarging the 
pore size and porosity. Under an uniform pulse stimulation, 
macroporous and nanofibrous scaffold could be fabricated. 
The thickness and pore size of sonicated nanofibers were 
observed by a scanning electron microscopy (SEM). To 
evaluate the cell filtration on the scaffold, NIH3T3 cells 
were seeded and cultured for 1 day, and the levels of 
penetrated cells into the inner part scaffold were monitored 
using the confocal laser scanning microscope (CLSM). The 
results showed that the pore size and porosity of sonicated 
nanofibrous scaffold were increased with increase of 
sonication time and power. Regarding the enlargement 
of pore size, gelatin aqueous solution was more effective 
than aqueous solution (without gelatin). Cell infilitration 
potential was much increased with increase of pore size and 
porosity which were observed by a confocal laser scanning 
microscopy. In conclusion, sonication method may be very 
useful to making optimized structured nanofibrous scaffold 
for tissue regeneration.
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In this research, the use of titanium(IV) n-propoxide, Ti(On-
C3H7)4, as an initiator for the ring-opening polymerization 
(ROP) of ε-caprolactone (CL) including kinetic studies by 
dilatometry were investigated.  Bulk ROPs of CL were 
carried out at 120°C for 72 hours using Ti(On-C3H7)4 as 
the initiator at various concentrations (0.02, 0.1, 0.2 and 
1.0% mole).

Low molecular weight PCL (Mn,GPC = 3.75×103) could be 
synthesized using 1.0% mole of Ti(On-C3H7)4 initiator and 
used to confirm the structure and evaluate the influence of 
chain architecture on the properties.  The 1H-NMR spectrum 
of the polymer shows a small signal at 0.93 ppm which is 
assigned to the methyl end-groups of the Ti(On-C3H7)4 and 
another small signal at 3.65 ppm which is assigned to the 
CH2 protons adjacent to the oxygen atom in Ti-(-O-CH2-).  
The average number of initiating Ti-O bonds, as calculated 
from the average degree of polymerization per arm (DPn/
arm) determined experimentally by 1H-NMR, was close to 
the theoretical value of 4, indicating that the shape of the 
PCL was mainly star-shaped.  DSC and TG results showed 
the star-shaped PCL to be characterized by a lower melting 
temperature, degree of crystallinity and decomposition 
temperature than linear PCL.  This is attributed to a shorter 
chain length and an increase in the number of free chain 
ends which probably disrupts the orderly folded chain 
pattern in the crystal.  It was also found that each of the 
Ti(On-C3H7)4 initiator concentrations was effective in 
ROP and gave a high yield of PCL (> 83%). The average 
molecular weight and rate of polymerization could be 
controlled by varying the initiator concentration.

Kinetic studies were carried out by dilatometry as a 
means of following conversion as a function of time and 
determining the rate constant of polymerization of CL 
initiated with 0.07% mole Ti(On-C3H7)4 initiator at 110, 
115, 120 and 125°C.  The results showed only very short 
induction periods since the Ti(On-C3H7)4 was readily 
soluble in the CL monomer.  The polymerization reaction 
adhered to first-order kinetics until the increase in viscosity 
resulted in the propagation and termination steps becoming 
diffusion-controlled.  The first-order rate constants, k1, at 
110, 115, 120 and 125°C were determined as 0.023, 0.025, 
0.036 and 0.055 min-1 respectively.  From these k1 values, 
an activation energy and frequency factor for the Ti(On-
C3H7)4-initiated ROP of CL could be determined from 
an Arrhenius plot as 73.65 kJ mole-1 and 2.31 ×108 min-1 
respectively.
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Micro/nano-grooved 3D Polymeric Scaffolds 
Fabricated by a Piezoelectric Transducer (PZT)-
assisted Bioplotter

SeungHyun AHN; Kim GEUNHYUNG 
Department of Mechanical Engineering, Chosun 
University, Gwang-ju, South Korea

The bio-plotter, which is one of the rapid prototyping 
systems, has been used to fabricate the various 3D polymeric 
scaffolds which could control strand size, pore size, and 
porosity. Due to the design based fabricating method, 
the bioplotter has several advantages. However, the main 
disadvantage of scaffolds fabricated by the system is that 
the strand surfaces are too smooth and tend to discourage 
initial cell attachment in the surface of the scaffolds. To 
overcome the problem, we suggest a new 3D plotting 
method supplemented by piezoelectric vibration system 
for fabricating scaffolds that have micro/nano-grooved 
surface structures, which increase the surface roughness 
of the scaffold. In the process, the grooved surface was 
characterized in respect of the surface roughness with the 
various applied frequencies and amplitudes. The surface-
modified 3D scaffold exhibited enhanced connect strength 
between the strands and improved initial cell attachment 
and proliferation. Cell culturing results demonstrated that 
the interactions between osteoblasts and the scaffold were 
much more favorable than those between the cells and 
conventionally plotted 3D scaffolds. This process provides 
a feasible new technique for fabricating high-quality 3D 
scaffolds for tissue engineering applications.

 A01214-02076 

Micro/nanofibrous Scaffolds Electrospun from 
PCL and SIS (Small Intestine Submucosa) Powder 
for Tissue Engineering

Sungee HONG; GeunHyung KIM 
Department of Mechanical Engineering, Chosun 
University, Gwangju, South Korea

SIS has the potential for use as a natural scaffold material 
because of the various cytokines and growth factors 
such as FGF-2. However, although the presence of good 
biocompatibility of SIS leads to superior physical strength 
and good cellular behaviors compared to synthetic 
polymeric scaffolds, the lack of reliable and reproducible 
shape controllability is a drawback. To overcome this 
problem, micro/nanosized SIS powder was electrospun 
with a biodegradable and biocompatible polymer, 
polycaprolactone (PCL). PCL/SIS fibrous scaffolds 
were fabricated with an electrospinning process using 
an auxiliary conical electrode to create stable micro/
nanofibrous scaffolds. The hydrophilicity, mechanical 
properties, and cellular behavior of the PCL/SIS fibrous 
scaffold were analyzed. To observe the feasibility as nerve 

tissue regeneration aligned PCL/SIS fibrous webs were 
fabricated using various collector rotation speeds. As the 
alignment of micro/nanofibers increased, the hydrophilicity, 
orthotropic mechanical properties, and cellular behavior 
of PC-12 cells were improved. The fabricated PCL/SIS 
fibrous scaffold has the great potential for a good natural 
biomaterial.

 A01218-02079 

Melt Rheological Evaluation of Poly(L-lactide-co-
caprolactone)

Chutima SAEHENG1; Winita PUNYODOM1; 
Robert MOLLOY1; Asira FUONGFUCHAT2 
1. Biomedical Polymers Technology Unit - Department of 
Chemistry, Chiang Mai University, Chiang Mai, Thailand
2. National Metal and Materials Technology Center, 
National Science and Technology Development Agency, 
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The rheological properties of a poly(L-lactide-co-
caprolactone), PLC, copolymer 50:50 mole % have 
been investigated in order to improve its melt extrusion 
process control.  PLC was synthesized by ring-opening 
polymerization (ROP) to give a product in high yield 
(97%).  The amorphous copolymer had a number-average 
molecular weight (Mn) and polydispersity (PD) from GPC 
of 90,000 and 1.9 respectively. Mechanical (tensile) testing 
of solvent-cast copolymer films of 0.11±0.02 mm thickness 
gave a tensile strength of 16.3±2.3 MPa, an elongation at 
break of 806.9±18.5 % and a Young’s modulus of 11.6±2.2 
MPa.  The glass transition temperature (Tg) from DMA 
was approximately -6.3°C, making the copolymer soft and 
flexible at body temperature (37°C), as would be suitable 
for use as a absorbable nerve guide tube.

Rheological evaluation of the copolymer using both 
rotational and capillary rheometers has been carried out with 
tests being performed in both dynamic and steady modes.  
In a strain sweep experiment at 150°C at a frequency of 
1 Hz, the PLC exhibited a long linear viscoelastic region 
with a critical strain (γc) of about 46%.  The frequency 
dependencies of the G′ and G″ moduli showed that the 
copolymer melt displays a high degree of elasticity with 
G′ only weakly dependent on frequency and greater than 
G″ over the rubbery plateau region.  On comparison of the 
master curves at reference temperatures of 140 and 150°C, 
the curves of G′ and G″ were quite similar, especially in the 
terminal zone, which is an indication that the PLC melts 
and flows homogeneously within this temperature range.  
To determine the rheological property variations of PLC 
during a temperature ramp of 10°C/min, a strain of 5% at 
a frequency of 1 Hz were used.  In this temperature sweep 
experiment, the PLC melt exhibited a transition from a 
solid-like to a liquid-like state at the crossover of G′ and 
G″ at 83°C.  The PLC exhibits pseudoplastic behavior but 
the Cox-Merz Rule is not obeyed.  PLC melts are likely to 
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have certain microstructures that respond differently upon 
the application of steady and dynamic shears.  Dynamic 
shear may be able to reveal the shear-thinning potential of 
materials but it does not alter the structure of the materials 
if applied within the linear viscoelastic region.  In contrast, 
steady shear can effectively rearrange the molecular 
packing of materials along the shear direction.
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TiO2 Coated Layers for the Preparation of Stable 
Drug Eluting Stent by Plasma Process
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3. Department of Dental Material - BK 21, 
Chosun University, Gwangju, South Korea
4. Research Institute for Catalysis and Center for 
Photonic Materials and Devices, Chonnam National 
University, Gwangju, South Korea

These days death rate is increasing owing to coronary 
sclerosis and generally stent insertion was used for remedy. 
But there were a few problem still remained such as in-
stent restenosis.Most conventional drug eluting stents 
were coated with polymeric matrix to combine drug. But 
polymer which was used to attach and release drug can 
induce problem to occur thrombus and inflammation. TiO2 
surface was known to be good blood compatible in general. 
Therefore stable TiO2 thin film was deposited to on the 
bare metal stent surface instead of the organic polymer and 
then surface modification was performed to combine drug 
compound onto the TiO2 surface.

In this study, bare metal stent surface was covered with 
stable TiO2 thin film by PECVD (Plasma Enhanced 
Chemical Vapor Deposition) process with TTIP (Titanium 
TetraIsopropoxide) as a precursor at 400 oC for 4 h. 
Different RF discharge power was applied to increase 
the stability and blood compatibility of TiO2 thin film in 
PECVD process. H2O plasma was used to modify TiO2 
thin film surface to enhance -OH containing surface 
functional groups for more effective drug grafting reaction. 
The surface modification experiments were conducted 

under different RF discharge power and treatment time in 
order to determine the optimal condition. Then carboxylic 
group in ReoPro® was grafted onto the hydroxynated TiO2 
surface in acid condition at 70 oC. Static contact angles of 
modified TiO2 surface using distilled water were measured. 
The structure and the atomic composition of stent grafted 
ReoPro® was identified by FT-IR spectrometer, ESCA 
(electron spectroscopy of chemical analysis). The result 
suggested that ReoPro® was grafted to the stent surface. We 
confirmed smooth layer coated onto the stent by FE-SEM 
(field emission-scanning electron microsope). In vitro drug 
eluting stent was performed in PBS buffer. Quantitative 
analysis of ReoPro® released from modified stent surface 
has carried out using UV-visible spectrophotometer.

In vitro studies for platelet adhesion were performed 
using human blood and the morphology of fixed platelet 
was observed by FE-SEM. The detail results will be 
discussed.
 
In vitro studies for platelet adhesion were performed 
using human blood and the morphology of fixed platelet 
was observed by FE-SEM. The detail results will be 
discussed.
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Synthesis, Processing and Property Testing of 
Electrospun Biodegradable Polyesters for Use as 
Nerve Guides
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Robert MOLLOY1; Puttinan MEEPOWPAN1; 
Pitt SUPAPHOL2 
1. Department of Chemistry, Chiang Mai University, 
Chiang Mai, Thailand
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The main objective of this work is to produce a porous nerve 
guide for use as a temporary scaffold in reconstructive nerve 
surgery.  The process for introducing microporosity into a 
biodegradable poly(L-lactide-co-caprolactone), PLC, tube 
have been improved to give a uniform pore size.

A PLC random copolymer 50:50 mole % was synthesized 
by ring-opening polymerization (ROP) of L-lactide 
(LL) and ε-caprolactone (CL) at 120°C for 72 hours 
using SnOct2 and 1-hexanol as the initiating system.  
The structures and properties of the copolymer were 
characterized by various techniques.  A high yield (96%) 
of the PLC random copolymer (LL:CL = 50.1:49.9 mole 
%) was obtained with Mw from GPC of 1.2×105 and 
intrinsic viscosity from dilute-solution viscometry of 
0.86 dl/g.  A tubular-shaped scaffold was fabricated by an 
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electrospinning technique and the optimal conditions for 
preparing porous tubes were studied.  Various parameters 
influence the morphology of the nanofibers such as the 
type of solvent, polymer solution concentration, voltage, 
distance between the needle and collector, and humidity.  
The optimal electrospinning conditions to produce 
consistent and uniform nanofibers were 10% (w/v) PLC in 
dichloromethane (DCM):dimethylformamide (DMF) (7:3 
v/v) at an applied voltage of 12-15 kV.  Electrospun nerve 
guide tubes with high elasticity and containing micropores 
(average diameter of 760 nm) with an internal diameter and 
wall thickness of 1.2 mm and 0.28-0.30 mm respectively 
were obtained.

Finally, a biological evaluation of the nerve guide tube 
was conducted as follows: in vitro hydrolytic degradation, 
cytotoxicity and biocompatibility testing (cell attachment, 
viability and proliferation).  The in vitro hydrolytic 
degradability of the tubes was evaluated by immersion in 
a phosphate buffer saline (PBS) solution at pH 7.40±0.01 
and a temperature of 37.0±1.0°C in an incubator for 32 
weeks.  The porous PCL tubes were found to be readily 
hydrolysable in the aqueous environment such as would 
exist in the human body.  From SEM micrographs, 
hydrolytic degradation was seen to proceed via bulk 
rather than surface erosion, and ultimately fragmentation. 
Cytotoxicity testing of the extracts in a culture medium 
with human fibroblast cells showed no significant 
difference in cell death when compared with the negative 
controls.  Experimental studies for repairing segmental 
nerve defects using these PLC tubes as nerve guides in the 
rat and pig models are currently being carried out.

The electrospinning process has been shown to be capable of 
producing PLC copolymer tubes with 3-D interconnecting 
fiber networks and a high porosity.  Porosity is considered 
to be beneficial because it allows for cell infiltration as 
well as fluid and nutrient diffusion from the surrounding 
tissue to the lumen of the tube.
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Cell Selectivity and Antithrombolytic Effect of 
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with Acrylic Acid
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Proliferation of arterial smooth muscle cells (SMCs) 
has held centre stage as the culprit in restenosis, 
many strategies for combating restenosis target SMCs 
replication. The endothelial cells (ECs) compete over 
SMCs to form monolayer on polyester (PET) vascular 
prostheses is considered to be crucial for restenosis 
prevention. Inhibition of initial platelet adhesion after 
vascular prosthesis implantation can also have beneficial 
effect in reducing platelet-thrombus. This study aimed at 
modifying PET vascular prosthetic material surface with 
acrylic acid (AA), in order to facilitate immobilizing 
bioactive molecules capable of preventing restenosis via 
grafted carboxylic groups, and thereby to attain a prosthetic 
surface with therapeutic activity.

The modification of PET material in the present 
investigation initiated with pre-activating PET surface by 
radio-frequency cold plasma treatment in an atmosphere 
of argon/oxygen mixture (85%/15%). Then AA grafting 
were accomplished by immersing PET in a flask 
containing AA (0.5 - 5 M) in an oil bath of 80°C for a 
duration of up to 6 hours. Thorough characterization on 
the modified PET surface were conducted via different 
techniques concerning the acrylic density measurement 
with Toluidine Blue-O (TBO) method, wettability 
determination by drop contact angle method, surface 
morphology observation by scanning electron microscope 
(SEM). The influence of grafted carboxyl groups on in 
vitro cell proliferation (involving human umbilical vein 
endothelial cells (HUVECs) and human pulmonary artery 
smooth muscle cells (HPASMCs)), and platelet adhesion 
were further evaluated via alamarBlue® method and lactate 
dehydrogenase (LDH) enzymatic assay respectively.

Different key parameters concerning AA grafting process 
were well investigated and optimised by TBO titration 
of grafted carboxylic groups. The optimal processing 
condition was finalized as: briefly pre-treating PET surface 
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in Ar/O2 cold plasma; following by AA grafting at 80°C 
under N2 degassing for 4 hours. The results also showed 
that the grafted carboxylic density on PET depended 
on the concentrations of AA applied for grafting, the 
surface wettability of grafted PET also increased along 
with it. The concentration of 2.5M has been applied 
to prepare the samples for biological assays, since the 
mechanical properties of PET were nearly not affected at 
this concentration. Moreover, SEM observation showed 
that the homogeneity of the grafted polyAA sheath all-
around the PET fibers. Cell proliferation assays showed 
that AA grafting resulted in a significant decrease (60% 
less than non-grafted PET control) on the proliferation 
of HPASMC, while very slight decrease (10% less) on 
HUVEC. Besides, platelet adhesion test revealed that AA 
grafting reduced the platelet adhesion (30% less) on PET 
surface comparing with control.

Conclusively, AA grafting intrinsically brings carboxylic 
function onto PET surface and preliminarily showed 
the selectivity towards EC than SMC on scale of cell 
proliferation; moreover, it could also considerably reduce 
the platelet adhesion. It implies that the administration of 
such surface modification on PET vascular prosthesis might 
favour the endothelialisation and reduce platelet-thrombus 
formation with the benefits of without introducing any 
therapeutic agent.
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Biomaterials Functionalised with Cyclodextrins 
for Prolonged Release of Antibiotics
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Guillaume VERMET1;2; Thomas LAURENT1;2; 
Stephane LEPRETRE2; Feng CHAI1; Christel NEUT1; 
Michel MORCELLET2; Bernard MARTEL2; 
Hartmut F. HILDEBRAND1 
1. Biomaterials Research Laboratory, 
University Lille Nord France, Lille, France
2. Laboratory of Organic and Macromolecular 
Chemistry, University Lille Nord France, 
Villeneuve d’Ascq, France

The use of CDs in the biomaterial field is increasingly 
reported in the literature. The inclusion properties of 
CDs towards a large variety of therapeutic agents, their 
interactions with proteins, and their biocompatibility are 
qualities that have convinced many researchers that CDs 
should offer solutions to some intrinsic problems to the 
applications of biomaterials. One of these problems are 
post-operative complications due to infection. In the 
vascular field, this concerns up to 6% of all cases with 
direct consequence for patient: 40% mortality for aortic 
localisation, and 10% for inguinal localisation. In the 
visceral or orthopaedic fields, this concerns 1-2% of cases 
and needs a new surgical act with further complications 
for the patient. Unfortunately, the systemic administration 

of drug is not efficient because of the bio-film formation 
to protect bacteria against antibiotics. Thus recent research 
projects aim to modify the biomaterial surface (silver 
coating, impregnation in antibiotics solution, etc..) to 
obtain an increased local antimicrobial activity.

The Laboratory of Organic and Macromolecular Chemistry 
have experience in textile finishing with cyclodextrins since 
about 10 years. Some applications were carried out in the 
field of depollution, perfumed textiles, and insect control. 
The Biomaterials Research Laboratory have experience in 
the evaluation of the biological behaviour of Biomaterials 
since more than 25 years. Together, we developed new 
applications where cyclodextrins are fixed on the surface 
to play a promising drug delivery role in medical devices.

This lecture will present how surface modification of 
biomaterials occurs, in order to obtain a grafting or a 
coating of CDs onto polyester, polypropylene, polyamide, 
polyvinyl difluoro ethylene, cellulose, and hydroxyapatite 
substrates. Characterization through SEM AFM, IRTF, 
drop angle measurement, and other techniques confirm a 
coating deposition of a CD polymer onto the fibres. Further 
interactions between CDs and some therapeutic agents were 
investigated by UV, NMR, …. In vitro batch experiences 
show that the CDs finished supports present the capability 
to adsorb increased amounts of antibiotics, and moreover, 
to release them within a prolonged period. Biological in 
vitro tests consisting of cell proliferation, adhesion, vitality 
and viability assessments confirm the non-toxicity of CD-
functionalised supports. Further microbiological tests show 
the prolonged antimicrobial activity of the functionalised 
devices impregnated with ciprofloxacin against S. 
epidermidis, S. aureus and Pseudomonas. Degradation 
studies of CD coating performed in vitro in human plasma 
show that the CD coating disappear in approximately 2 
months. Their biodegradability is also confirmed under 
in vivo condition in dogs. Other experiments performed 
in vivo conditions in rats confirm the biocompatibility of 
the with CD functionalised biomaterials. The necessary 
confirmation of hemocompatibility now allows to propose 
to surgeons a first CD-functionalised vascular prosthesis, 
to come on the market in 2009.
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Synthesis of the Imprinted Hybrid Organic-
Inorganic Sol-gel Matrix Toward the Specific 
Binding Investigation of Creatinine

Mei-Jywan SYU; Yong-Sheun CHANG; Ting-Hsien KO; 
Ting-Jung HSU 
Chemical Engineering, National Cheng Kung University, 
Tainan, Taiwan

Hybrid organic-inorganic polymeric sol-gel materials 
imprinted with creatinine template molecules were 
synthesized for the specific binding of creatinine. Creatinine 
is a metabolite from creatine and is the final product 
from kidney metabolism. Therefore, creatinine can be an 
important index to estimate the function of the kidney. It 
was then chosen as the target molecule in this work. To 
achieve the specific binding toward creatinine, molecular 
imprinting was used to create a polymeric matrix for the 
regarding purpose. Sol-gel was further added to create a 
rigid network structure for the absorption of creatinine. An 
inorganic precursor, tetraethoxysilane (TEOS), was mixed 
with an organic functional monomer, 2-acrylamido-2-
methyl-propanesulfonic acid (AMPS), and the creatinine 
template to form a hybrid organic-inorganic imprinted 
polymer. The chemical functionality was achieved as 
well as a confined matrix via the polymerization and the 
hydrolysis-condensation of the sol-gel. The imprinting 
effect from the hybrid materials against the corresponding 
non-imprinted was investigated. BET (Brunauer-Emmett-
Teller) analysis was carried out for the imprinted and 
the non-imprinted. Selectivity of the materials towards 
creatinine was obtained using mixture solutions in the 
presence of creatinine and its analogues. Reutilization and 
storage stability of the hybrid organic-inorganic imprinted 
material were also studied. Additionally, the affinity 
distribution of the hybrid imprinted materials derived from 
the allosteric model was also analyzed from the adsorption 
isotherm data.
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4-(2-Acryloyloxyethylamino)-7-nitro-2,1,3-
benzoxadiazole for the Synthesis of the Imprinted 
Fluorescent Polymer Matrix for the Fluorescent 
Detection of Creatinine

Mei-Jywan SYU; Ting-Hsien KO 
Chemical Engineering, National Cheng Kung University, 
Tainan, Taiwan

To able the specific detection of creatinine by the fluorescene 
approach, the synthesis of a fluorescent monomer, 
4-(2-acryloyloxyethylamino)-7-nitro-2,1,3-benzoxadiazole, 
is essential prior to the fabrication of the imprinted fluorescent 
polymer. 4-Chloro-7-nitro- 2,1,3-benzoxadiazole was used as 
the precursor for the formation of the target monomer, which 
is 4-(2-acryloyloxyethylamino)-7-nitro-2,1,3-benzoxadiazole. 

FTIR and NMR were used to identify the chemical 
structure as well as the purity of this fluorescent monomer, 
4-(2-acryloyloxyethyl-amino)-7-nitro-2,1,3-benzoxadiazole. 
The fluorescent characteristics of this compound were also 
investigated. Different fluorescent effects caused from 
different solvents for the suspension of the monomer were 
observed and discussed. The monomer was further used 
for the fabrication of the creatinine imprinted fluorescent 
polymer film. The monomer was mixed with an initiator, 
2,2-azobisisobutyronitrile (AIBN), another functional 
monomer, methacrylic acid (MAA), and a large proportion of 
the crosslinker, ethyl glycol dimethylacrylate (EGDMA). The 
solution was then applied onto the surface of gold. Heated 
polymerization was taken place to prepare the polymeric film 
imprinted with creatinine. After the extraction of creatinine 
templates by the appropriate porogen solvent, an imprinted 
fluorescent polymer film was prepared. The imprinting 
effect and the specific binding capacity toward creatinine 
were both investigated. The results from the HPLC and the 
photoflurometer were compared. The sedimentation effect 
and behavior of the fluorescent imprinted polymer particles in 
the solvent were also investigated. 
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Biocompatibility Evaluation of Biodegradable 
Magnesium Alloys
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Magnesium (Mg) and its alloys were first applied to 
orthopaedic implants in early 20’s century, since their 
young’s modulus is close to that of human cortical bone.  
Recent attempts on stent application of conventional 
magnesium alloys open a new stage of their use in medicine 
as a bioabsorbable metal.  For the success of biodegradable 
devices, it is important to control the degradation rate of 
Mg alloys in biological conditions.  Since Mg generates H2 
and OH- along the progress of its corrosion reaction with 
water, the pH of the fluid around Mg surface will increase, 
which may affect surrounding cellular and tissue function.  
Therefore, the degradation rate of Mg alloys is considered 
to closely relate with their biocompatibility.  However, 
available biocompatibility data of Mg and its alloys is 
restricted.  In this study, biocompatibility of Mg and its 
alloys is examined by cell culture method in vitro.

The materials used are pure Mg (pMg), AZ31, AZ61, and 
AZ80.  The disks of 9.5 mm in diameter or the plates of 
8 x 9 mm and 2 mm in thickness were prepared.  Every 
surface of these specimens was polished and washed with 
acetone.  Murine fibroblast L929 were seeded in E-MEM 
+ 10 vol.% FBS and cultured in a 5 vol.% CO2 incubator 
up to 7 d.  Then, cell viability was examined by WST-1 
assay.  Mg2+ in the culture medium was quantified by a 
colorimetric method.
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The highest cell growth was observed for AZ31, followed 
by pMg, whereas very low cell growth was observed 
for AZ61 and AZ80.  The highest release of Mg2+ was 
observed for pMg, followed by AZ31, AZ61, and AZ80 
in the order.  In the cases of pMg and AZ31, pMg with 
the higher degradation rate has lower cell growth, which 
corresponds well to the above assumption.  In the cases 
of AZ61 and AZ80, which have lower degradation rates 
than those of pMg and AZ31, the lower cell growth is not 
simply attributed to the increase of the pH of the fluid near 
the specimen surface due to their corrosion reaction. 
In the case of aluminum (Al)-containing Mg alloys, Al 
condensation in the surface oxide layer was observed after 
immersion into NaCl solution [1].  It is also reported that 
PVD film of pure Al has lower cell attachment and cell 
survival ratio than those of glass [2].  These facts suggest 
that higher content of Al in the surface layer may reduce 
the cell attachment and growth on Al-containing Mg alloys.  
In other words, Mg alloys can control cellular response to 
their surface not only by their degradation rate but also by 
the alloying element such as Al.
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INTRODUCTION: Tissue engineering strategies that 
combine porous biomaterial scaffolds with cells capable of 
osteogenesis have shown promise as effective bone graft 
substitutes. However, a critical barrier to this approach is 
the limited transport of nutrients and metabolites within 
the construct interior. Attempts to culture bone tissue-
engineering scaffolds thicker than 1 mm in vitro have 
typically resulted in a shell of viable cells and mineralized 
matrix surrounding a necrotic core. Reduced cell viability 
or activity is typically observed at the center of tissue 
constructs.

The aim of the study was to improve mass transport 
throughout 3-D constructs and modulate cell viability at the 

interior of the construct by self-assembly of co-polymeric 
membranes consisting of hyaluronan, methylated collagen 
and terpolymer (HEMA-MAA-MMA) on the porous 
biodegradable polymer scaffold.

MATERIAL AND METHODS:  Polycaprolactone (PCL) 
scaffolds were plotted using rapid prototyping providing 
a uniform and ordered microarchitecture throughout a 
cylindrical scaffold with Ø = 10 mm and h = 5 mm. The 
co-polymeric membranes were assembled by dropping 
terpolymer solution on the PCL scaffolds pre-coated with 
hyaluronan filled with methylated collagen. Telomere-
elongated human bone marrow mesenchymal stem cells 
(hMSCs-TERT) were seeded into the PCL scaffolds (1×106 
cells/scaffold) and encapsulated by the co-polymeric 
membranes. Cell/scaffold constructs were cultured for 
up to 21 days in basal culture medium or osteogenic 
stimulation medium. Cell seeding efficiency, cell viability 
and distribution within the scaffolds were tested. Scaffolds 
without co-polymeric membranes served as control.

RESULTS: The cell seeding efficiency of hMSCs-TERT 
in the PCL scaffold was improved significantly (t-test, 
p<0.05) by self-assembly co-polymeric membranes within 
the scaffolds. Live/dead staining and confocal microscopy 
showed an increasing level of cell death within the 
uncoated PCL scaffolds. In scanning electron microscopy, 
cells were visible on both sides of the coated PCL scaffolds 
but only on the top side of the uncoated scaffold at the 
first 7 days culture. Toluidine blue and Hoechst staining 
showed a highly increased cellular penetration depth (> 2 
mm) and a more homogeneous cellular distribution in the 
coated scaffolds after 7 days culture. The results of DNA 
quantification, alkaline phosphatase (ALP) activity and 
calcium amount are included in the study.

CONCLUSIONS: The present in vitro study provides 
evidence for the effectiveness of co-polymeric membranes 
on improving cellular seeding efficiency, increasing cellular 
penetration depth and improving cellular distribution in 
3D scaffolds.
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Damage to the central nervous system (CNS) results in 
a glial reaction, leading eventually to the formation of a 
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glial scar. In this environment, axon regeneration fails, and 
remyelination may also be unsuccessful. One of the most 
applicable therapeutical approaches to central nervous 
system repair could be the use of nerve prostheses that are 
made of biocompatible materials. Bombyx mori silk fibroin 
(SF) has been used for manufacturing biomedical sutures 
for decades. Many studies revealed that SF can support the 
adhesion and proliferation of many kinds of cells, and offer 
versatility in matrix scaffold design for a number of tissue 
engineering needs. While SF has been studied extensively, 
the research on tussah silk fibroin (TSF) in biomaterials is 
only at an early stage.

This work is to study the development of neurons on the 
regenerated silk fibroin films and silk fibroin nanofibers. 
The attachment, morphology, growth and phenotype of 
subventricular zone (SVZ) derived neurons cultured on the 
regenerated silk fibroin films and silk fibroin nanofibers 
were studied in vitro. We measured the number of primary 
dendrites and number of branches as well as dendritic 
length of cells to study the development of neurons isolated 
from SVZ. The quantitative analysis results indicated that 
neurons cultured on TSF showed a higher survival rate and 
complexity than those on SF. Moreover, neurons cultured 
on silk fibroin nanofibers showed a higher survival rate 
and complexity than those on silk fibroin films.

We then used astroglial mixed culture, grown on the 
regenerated silk fibroin films and silk fibroin nanofibers 
with DMEM plus 10% FBS, to evaluate the development 
of neurons with glial cells. Changes to serum-free medium 
after confluence resulted in a considerable proliferation 
of neural precursor cells. Quantitative analysis results 
showed that TSF is more compatible for the adhesion 
and proliferation of cells than SF, meanwhile both have 
good biocompatibility. Neurons in astroglial mixed culture 
have a higher complexity when cultured on silk fibroin 
nanofibers.

Taken together, these data indicate that tussah silk fibroin 
(TSF) is more suitable than Bombyx mori silk fibroin 
(SF) in promoting the development of neurons, and thus 
making TSF an even more promising biomaterial for use 
in biomedical applications and nerve tissue engineering, 
compared to SF, the dominant source for silk-based 
biomaterials studied to date.
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New generation of tissue engineering (TE) scaffolds 
should display a well defined spatial and temporal patterns 
of biological signals to enhance the control of cell and 
tissue guidance. In the last few years, a summoning 
experimental evidence has demonstrated that by encoding 
both matricellular (immobile) or growth factors (mobile) 
biological cues within material scaffolds, a significant 
enhancement in tissue morphogenesis can be achieved. 
Cellular response to gradients of signals in 2D and 3D 
materials have been recently investigated as viable 
way to control and guide cell adhesion, migration and 
differentiation. However, the optimal form – bound or 
unbound, effective dose, and spatial distribution - in which 
these signals should be presented to elicit the desired cell 
and tissue response is still debated in the literature and it 
represents the major scientific challenge to overcome for 
the design of functional scaffolds for cell guidance.

In this work, we developed a mechanical device 
generating gradients of covalently immobilized adhesive 
RGD peptides in poly(ethylene glycol) di-acrylate-based 
hydrogels, to the purpose of studying the effect of a 
controlled spatial distribution of adhesive cues in guiding 
cell migration. This system allows to obtain a continuous 
linear RGD gradient by using a fluidic chamber having a 
channel network with two inlets in order to combine two 
different precursor solutions (5% w/w PEGDA and 5% 
w/w PEGDA + RGD-PEG-acrylate in 10 mM HEPES 
buffer supplemented with a photoinitiator). Thanks to this 
technology, gradients with different RGD gradient slope 
(0.7 and 1 mM/cm) and PEGDA-based hydrogel with a 
uniform distribution of RGD [1.5 mM], as control, were 
obtained.

The effect of RGD gradients on NIH3T3 fibroblast 
migration was studied by time-lapse experiments and 
the behaviour of each individual cell in time, compared 
to that of cells seeded on control hydrogel scaffolds, was 
qualitatively analyzed by an image analysis software. 
Furthermore, we developed an automated numerical tool 
that is able to provide quantitative data on the random 
(stochastic) and biased components of the cell motion, 
without the drawbacks of indirect measurements via non 
linear curve fitting of averaged quantities.
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Our results suggest that cells recognize the RGD gradient 
and adhere to it assuming a stretched shape. Moreover, on 
RGD gradient, cells describe longer trajectories mainly 
aligned along gradient direction. As concern cell speed, 
we did not observe difference for random speed in all the 
samples. Conversely, bias speed, representing the drift of 
the cell population migrating on a signal gradient, results 
zero on control substrate, 0.04 µm/min on 0.7 mM/cm 
gradient and 0.08 µm/min 1 mM/cm gradient, indicating 
an evident effect of RGD gradient on cell migration.

 A01324-02322 

The Effect of Kraft Lignin on Plasticization and 
De-polymerization of Wheat Gluten Biomaterials 
during Processing

Kaewta KAEWTATIP1;2; Paul MENUT2; 
Varaporn TANRATTANAKUL1; Remi AUVERGNE2; 
Marie-Helene MOREL2; Stephane GUILBERT2 
1. Bioplastic Research Unit, Polymer Science Program, 
Prince of Songkla University, Hatyai, Thailand
2. Agropolymers Engineering and Emerging Technologies 
Research Unit, Montpellier SupAgro, INRA, Montpellier, 
France

Gluten is a by-product of the wheat starch industry. 
Including more than 70% protein, it can be used as a raw 
material for the preparation of bio-plastics. Gluten-based 
materials can be prepared using common thermoplastic 
processing. During processing, protein cross-linking 
occurs by formation of disulfide bonds between cysteine 
amino-acids. The mechanism which implies the formation 
of thyils radicals is promoted by temperature. The final 
properties of the materials are both controlled by it’s 
cross-linking and plasticization levels. Lignin is three 
dimensional polyphenolic agropolymer, most commonly 
found in woods and plants. The properties of lignin are 
strongly dependent on the process used for its extraction. 
Kraft lignin is the main commercial lignin obtained as a 
by-product of the alkaline pulping process. Kraft lignin has 
been used in materials for its antioxidant and free radical 
scavenging properties.

The objective of this work was to investigate the effect 
of Kraft Lignin on wheat gluten cross-linking and 
plasticization. The effect of Kraft lignin was compared 
to those of glycerol (a plasticizer) and a modified Kraft 
lignin. The latter was obtained by esterification of its 
hydroxyl groups. Gluten/glycerol blends, with or without 
Kraft lignin and modified Kraft lignin, were mixed in a 
Brabender unit, at a temperature of 40°C, and a rotor speed 
of 100 rpm. The Kjeldahl method was performed in order 
to determine the SDS-soluble protein in materials. Loss 
in solubility gives a direct indication of the gluten cross-
linking extent. The torque and temperature measured 
during mixing allows the evaluation of the plasticizing 
effect of the additives. 

During mixing with glycerol, the torque first increased to 
a maximum and then decreased rapidly to a stable value. 
Glycerol, which is a well known plasticizer of wheat gluten 
due to its polyols structure, strongly modify the maximum 
torque, the stabilization torque and the material temperature. 
All went decreasing as glycerol content increases. The 
esterified Kraft lignin does not affect in any way the 
value measured during mixing. The torque development 
curve was similar to those obtained to the standard blend 
(gluten/glycerol). Addition of the Kraft lignin, resulted 
in an increase of the stabilization torque. This feature 
indicates that Kraft lignin does not act as plasticizer. This 
may be due to the large size of the molecule.  The torque 
increase, revealed that lignin interacts during mixing with 
gluten. The amounts of soluble protein extracted from 
the different materials were strongly variable, for similar 
thermal history. Material prepared with Kraft lignin, 
showed an increased content in soluble protein, compared 
to the other samples. The esterification of the hydroxyl 
groups was able to suppress the reactivity of Kraft lignin 
toward wheat gluten.

In conclusion, this study has demonstrated that the phenol-
hydroxyl groups of Kraft lignin significantly affect gluten 
materials properties, which can be hypothesis to be mainly 
on their radical scavenging properties. However they do 
not exhibit any plasticization effect in those processing 
conditions.  
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Cellulose and its derivatives are nature-derived materials, 
which can be produced industrially and are available in 
relatively large quantities. They have been successfully 
applied as wound dressings, haemostatic materials as well 
as carriers for controlled drug delivery. However, relatively 
little is still known about potential applications of these 
materials in tissue engineering. Therefore, we investigated 
the adhesion and growth of human osteoblast-like MG63 
cells or rat aortic smooth muscle cells (RASMC) in cultures 
on fibrous substrates made of oxycellulose functionalized 
with various biomolecules.

The following samples were prepared: pure oxycellulose 
(Oxy), oxycellulose functionalized with glycin (Gly), lysin 
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(Lys), arginin (Arg) and chitosan (Chit). Positively charged 
amine groups in these molecules were expected to support 
the adsorption of cell adhesion-mediating molecules and 
cell adhesion. At the same time, the amino acids with 
the basic side chain (lysin, arginin), as well as chitosan, 
were expected to balance the relatively acid character 
of oxycellulose molecules. The samples (10x10x1 mm) 
were sterilized with 70% ethanol, air-dried, inserted in 
polystyrene culture wells (diameter 15 mm) and seeded 
with 50,000 cells/well in 1.5 ml of DMEM medium with 
10% of fetal bovine serum. The cells were visualized with 
Texas Red C2-maleimide and Hoechst #33342 fluorescence 
dyes. On some samples, the cells were trypsinized and 
counted in the ViCell Analyser (Beckman Coulter).

On day 1 after seeding, the MG63 cells adhered in 
initial numbers of about 5,000-19,000 cells/sample 
(Ox>Lys>Arg>Gly>Chit), and the RASMC in numbers of 
about 3,000-18,000 cells/sample (Ox>Lys>Arg>Chit>Gly). 
On day 3 after seeding, the differences in cell numbers 
on all tested samples became statistically non-significant 
(ANOVA, Student-Newman-Keuls Method). On day 7, 
the numbers of MG63 cells on the tested samples reached 
on an average from 42,000 to 90,000 cells/sample; the 
lowest value being found on Gly and the highest on Arg. 
The numbers of RASMC ranged from 21,000 cells/sample 
(Chit) to 35,000 cells/sample (Lys), but these differences 
were not significant. Both cell types on all materials were 
usually spindle-shaped and elongated in parallel with the 
oxycellulose fibres. The cells also adhered and grew on 
the bottom of the wells below the material samples. The 
pH of the culture medium was physiological (~7.3) in 
wells with all samples, and the samples were stable in a 
cell-free culture medium for 4 months without signs of 
degradation.

Therefore, it can be concluded that the oxycellulose-based 
materials tested in this study provided good support for 
adhesion and growth of bone and vascular cells. After 
several improvements (e.g., enrichment with calcium 
phosphates, functionalization with ligands for cell adhesion 
receptors, loading with drugs etc.), these materials could 
serve as regeneration matrices for reconstruction of 
damaged bone and vascular tissue.
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Over the last years, tissue engineering related research has 
focused on bone marrow derived multipotent mesenchymal 
precursor cells (MPC) for their potential clinical use 
and especially in bone engineering. To evaluate their 
regenerative potential, a considerable number of bone 
defect animal models have been developed and sheep 
in particular are nowadays considered a valid model 
for orthopaedic and trauma related research.  However, 
ovine MPC and their osteogenic potential are still poorly 
characterized. Therefore, in this study, we provide a 
detailed in vitro and in vivo characterisation of ovine MPC 
from a bone engineering perspective.

MPC were isolated from ovine bone marrow, osteoblasts 
(OB) from tibial compact bone (animals 6-7 yrs of age). 
MPC and OB proliferation was assessed using a Quant-
iT PicoGreen dsDNA assay kit (Invitrogen). MPC and 
OB phenotypic profile was examined by FACS analysis 
for markers such as CD14, CD 29, CD31, CD44, CD45, 
and CD166. The osteogenic differentiation potential 
under static standard culture conditions assessed histo- 
and immunohistochemically and by qRT-PCR  after 14 
and 28 days. To optimize osteogenic culture conditions 
for MPC and OB, static and dynamic cultures (rocking 
plate, f=0.125 Hz) were established with 10% and 20% 
FCS respectively, and examined for ALP activity (d7, 
14) and mineralization (d14). To elucidate MPC and OB 
behavior in a 3D environment, MPC and OB were seeded 
onto collagen type I coated mPCL-TCP scaffolds and 
cultured for 4 weeks under dynamic osteogenic conditions 
with 20% FCS. Scaffolds were additionally wrapped 
in engineered cell sheets. Cell morphology (Phalloidin/
DAPI) and viability (FDA/PI) were assessed by confocal 
laser microscopy and/or by SEM, scaffold mineralization 
was evaluated histologically and via µCT. Scaffold cell 
constructs were further implanted subcutaneously into 
NOD/SCID mice and assessed histologically and via 
µCT.

It was found that in 2D culture, MPC proliferated at a 
higher rate than OB until reaching confluency. MPC 
expressed the respective phenotypic profile typical for 
MPC and showed a multilineage differentiation potential. 
When compared to OB, under static osteogenic standard 
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culture conditions MPC displayed a higher mineralization 
potential and expressed typical markers such as Col I, OP 
and OC on mRNA and protein level. The optimization of 
osteogenic cultures showed highest efficiency for dynamic 
cultures with 20% FCS. Interestingly, increased matrix 
deposition appeared to be a combined effect of media 
serum content and fluid shear forces acting upon the cells. 
At day 14 and 28, MPC 3D cultures were of higher cell 
density and mineralization, while cell viability on/within 
the scaffolds was assessed >90%. Cells showed a spindle-
like morphology and formed an interconnected network. 
In vivo, MPC seeded mPCL-TCP scaffolds induced 
significantly more ectopic bone formation than scaffolds 
seeded with OB or empty controls. Bone mineral density 
however did not differ between the respective groups. The 
results suggest that MPC provide a promising means for 
future bone disease related treatment applications.
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Segmental bone defects pose a major surgical, socio-
economical and research challenge and highly influence 
patients’ quality of life. A considerable number of research 
groups and commercial entities worldwide therefore 
concentrate their efforts on the development of growth 
factors, scaffolds, and specifically tissue engineered 
constructs as alternatives to conventional bone grafting.   
These groups are strongly interested in evaluating 
their concepts in highly reproducible, preclinical, large 
segmental defects models. To biomechanically simulate 
human in vivo conditions as closely as possible, and 
to assess the effects of implanted bone grafts and tissue 
engineered constructs on segmental long bone defect 
regeneration, a number of large animal models has been 
developed. However, the majority of published preclinical 
large animal models for segmental bone defect research 
are not well defined or standardized, and provide only 
rudimentary information on methods of establishment.

Therefore, in this study, a highly reproducible, sub-critical, 
2 cm tibial segmental defect model in 6-7 year old merino 
sheep was established. The defect was stabilized with a 4.5 
mm stainless steel LC-LCP anteromedially. Experimental 
groups included mPCL-TCP and PLDLLA-PCL-TCP 

scaffolds produced via fused deposition modelling which 
were compared to the performance of autologous autografts 
harvested from the iliac crest. The respective groups were 
followed up for 12 weeks. Newly formed bone volume, 
bone mineral density, trabecular number and thickness 
as well as separation were determined by x-ray and µCT 
analysis and histologically.

The results showed a significantly higher bone formation 
rate, bone mineral density and trabecular number for the 
autograft treated defect group when compared to empty 
control or scaffold treated defects. The results suggest that 
although the gold standard treatment for reconstruction of 
large bony defects is the application of autologous bone 
grafts, bone grafts cannot provide the initially required 
biomechanical stability required when using modern 
clinically applied internal fixation devices. Suitable 
scaffolds however, especially composite scaffolds made 
of PLDLLA-TCP-PCL, can provide this initial stability to 
prevent implant failure.
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Gas phase bioreactor has become of interest as novel 
reaction tool for biological conversion of organic 
compounds catalyzed by enzymes. The enantioselective 
reduction of ketons by ketoreductases is one of the 
advantageous applications in such system.

In this study, the enantioselective reduction of 2-butanone 
to chiral 2-butanol catalyzed by Chiralscreen E031 
(ketoreductase, Daicel Chemical Industries, Ltd.) 
immobilized on non-porous glass beads was investigated 
in a gas phase bioreactor. The cofactor NADH co-
immobilized on glass beads was regenerated by using 
2-propanol as co-substrate.

Continuous gas phase reactions were performed with 
a reactor system fitted with a glass tube, in which the 
immobilized enzyme was packed. Nitrogen enriched 
with the water and substrates was fed into the reactor 
system for the progress of reaction. The substrate and 
product concentrations, which flow out the reactor, were 
automatically analyzed by gas chromatography.

The reduction of 2-butanone in this study proceeded 
successfully. The reaction rate was controlled by the 
thermodynamic activities of water and substrates in the 
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feed nitrogen phase. Also, the reaction temperature was a 
significant parameter for bioreactor design.

In addition, the immobilized enzyme effectively 
revealed the S-specific enantioselectivity in a gas phase 
bioreactor. The enantiomeric excess in S-enantiomer, 
which was defined as ([S-enantiomer]-[R-enantiomer])/
([S-enantiomer]+[R-enantiomer])×100, was maintained at 
around 85% during the reaction progress.
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In situ gel-forming systems are promising candidates 
for injectable cell delivery vehicles and cell attachment 
and growth medium. A magnet-induced gel formed 
by chemical crosslink and physical precipitation using 
an external magnet can be readily controlled desired 
particles locations to fabricate the cell scaffolds for tissue 
regeneration and repair. The magnetic cores, iron oxide 
nanoparticles, have played an important role in biomedical 
applications because of their magnetic and biocompatible 
properties. Some natural polyelectrolytes as shell coatings 
also play an important role to enhance cell attachment and 
growth. In the study, the well-dispersed particles were 
prepared using coprecipitation of FeCl3 and Na2SO3 by 
ammonium hydroxide and dispersed by an ultrasonic horn 
at the room-temperature. The bare iron oxide nanoparticles 
were encapsulated with layer-by-layer deposition of the 
opposite charged polymers, chitosan (CS) and dextran 
sulphate (DS), to form the stabilized biodegradable 
polymer coats with contrary charged on their surfaces, 
respectively. For the principle of contrary charge attraction, 
the particles were well-dispersed in aqueous solutions but 
formed gel as applying the system to a magnet. Magnetic-
induced gel-forming tests showed the gel morphology 
can be controlled by blending different ratios of cationic 
and anionic nanoparticles.  The resulting magnetic Fe3O4 
nanoparticles were characterized by Fourier transform 
infrared spectroscopy (FTIR), X-ray diffraction (XRD), 
transmission electron microscope (TEM), zeta-potential 
and size measurement, and scanning electron microscope 
(SEM). TEM and particle size analysis showed the narrow 
particle size distribution and proved the dispersion of 

particles. It showed that the size of nanoparticles is about 
10 nm. Zeta potential test for charge-carrying evaluation 
was taken and showed the potential of 31.7 mV for CS-NP 
and -58.8 mV for DS-NP. FT-IR results demonstrated the 
assembly of particles with contrary charged biocompatible 
polymers. The gels based on mixture of various magnetic 
particles were rapidly shaped in the buffer solution within 
several minutes under a magnet control. Blending with the 
same amounts of the two colloids under external magnetic 
field induction, the uniform thin film instead of precipitated 
large particles was formed and found to be a well adhesion 
layer for 3T3 fibroblasts. Also the morphology of gels 
under controlled to be a flat film was found enhancing 
cells adhesion and growth, checked by SEM photographs. 
The other morphology was developed to deposit a fibrous 
aggregate using different orientations and scales of external 
magnetic fields, better for neuron cells’ induction.
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Tissue engineering has been noted as one of the most 
important technologies in reconstructive medicine. The 
ultimate of the tissue engineering is 3-dimensional co-
cultivation in order to reconstruct organs to be transplanted. 
Toward the attractive aim, the recent significant 
development of the field is cell sheet engineering using 
a temperature responsive polymer as a scaffold. We have 
noted a hydroxyapatite (HAp) as a useful material for a 
scaffold of the cell sheet engineering. The HAp is the most 
popular biomaterial because of its biocompatibilities and 
immobilization abilities of various proteins without any 
toxicity. Those features are useful for the co-cultivation 
scaffold with a patterned immobilization of cell adhesive/
cell inadhesive proteins. So far, we have verified excellent 
biocompatibilities of highly crystallized HAp thin film 
prepared by a pulsed laser deposition (PLD) technique, 
i.e., cells growth on the HAp is faster than that on other 
biomaterials such as Ti. Construction of target organs 
demands the 3-dimensional control of the sheet shape. 
The control is, however, difficult for the HAp because the 
HAp is a typical ceramics, i.e., hard and brittle. In order 
to solve the problem, we have developed a detaching 
technique of bendable HAp membrane. The sample was 
prepared on the NaCl substrate by the PLD technique with 
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ArF excimer laser. As the NaCl substrates, such as plate, 
rod and hemisphere were used. After the HAp deposition, 
sample soaked off and detached HAp membrane. Then, 
the membrane was annealed in order to crystallize the 
HAp in an electric furnace with an atmosphere of O2/H2O 
gas flow. We have succeeded in detaching the bendable 
HAp membrane from NaCl substrate. By the soaking off 
technique, the shape is designed by those of the NaCl 
substrates, i.e., tube, hemisphere and so on. Furthermore, 
we have prepared the membrane made of biological 
apatite (BAp) of which ingredient is animal bone. It is 
believed that many impurity components such as Mg and 
CO3 in BAp make the biocompatibility better. However, 
to control the complicate stoichiometry is quite difficult. 
The PLD technique is useful for the solution because one 
of the most powerful features of the technique is to copy 
the chemical composition from target to film. We have 
examined in-vitro cultivation of immortalized stromal cell 
line (KUSA-A1) established from murine bone marrow 
cultures. 2 ml of the KUSA-A1 cells (2 × 105 cells/ml) 
were seeded on the HAp and BAp membranes (flat plates 
of 10 × 10 mm2) in chamber slide system. The KUSA-A1 
cells were incubated for 12 days in a CO2 incubator at 
37 °C. After 12 days, it shows that the HAp and BAp 
membranes can be applied to the scaffold of the cell sheet. 
Because the cells will proliferate on the HAp (BAp) tube 
or HAp (BAp) hemisphere, it is expected that the HAp 
(BAp) membranes of various shapes can be applied to the 
3-dimensional cell sheets. 
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So far, we have prepared high quality thin films of 
stoichiometric hydroxyapatite (HAp) and biological 
apatite (BAp) on Ti substrates for addition of better 
biocompatibility on implants surface. Particularly, surface 
of BAp thin films showed twice faster proliferation of 
osteoblast cell than that of HAp thin films. The reason we 
consider is that the BAp contains trace elements including 
such as magnesium, sodium and (CO3)

2- and it is expected 
to be more effective for bone cell seeding and proliferation 
than stoichiometric HAp. Among the impurities in BAp, 
one of the most notable components is carbonate ion 
which will substitute the (PO4)

3- or (OH)- ion because the 
carbonate ion makes apatite more biodegradable due to its 
soluble nature. The biodegradable property will activate 
adhesion, proliferation and differentiation on the surface. 
However, due to the source of BAp, i.e., BAp comes from 
animal bone and tooth, BAp has two serious problems 

for its medical applications. One is quantity of collected 
BAp source. The other is absolute safeness as a medical 
material. These problems must be solved by the chemical 
synthesis of the material which has same chemical 
composition with the BAp. However, synthesis of such 
material containing many impurities with accurate control 
of the composition is quite difficult and will cause higher 
cost. In order to solve the problems, our idea is to select 
specific impurity from BAp and substitute to stoichiometric 
HAp. In this study, we have noted the carbonate ion and 
report the structure and composition of prepared carbonate 
apatite, also its in vitro biocompatibility. Experimental 
procedure is following. First, stoichiometric HAp thin film 
was deposited on Ti plate as amorphous by pulsed laser 
deposition (PLD) technique. The light source of the PLD 
was ArF excimer laser (wave length; 193 nm). After the 
deposition, the sample was annealed in the electric furnace 
at 450 °C for 10 hours with CO2 + water vapor gas, or O2 
+ water vapor gas flow to dope carbonate ion into HAp 
thin film. The prepared thin film was evaluated by X-ray 
diffraction (XRD), scanning electron microscope with 
energy dispersive X-ray analyzer and Fourier transform 
infrared spectroscopy (FTIR). By the comparison of XRD 
results between the sample annealed with CO2 + water vapor 
and O2 + water vapor, it shows that the peak positions, i.e., 
lattice constants are clearly different from each other. From 
the FTIR results, the sample annealed with CO2 + water 
vapor shows the containing carbonate ion at (OH)- site. 
On the basis of these results, annealing with CO2 + water 
vapor will be effective in order to substitute carbonate ion 
into HAp artificially. In vitro biocompatibility result is also 
report.
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Stimuli-responsive polymers have been vigorously 
studied for various biomedical applications such as drug 
delivery, tissue engineering, and gene therapy because of 
their tunable properties in response to external stimuli. 
In particular, Poly(N-isopropylacrylamide) (PNIPAAm) 
is one of the most studied stimuli-responsive polymer. 
PNIPAAm is a thermo-responsive polymer exhibiting 
a low critical solution temperature (LCST) behavior 
having a sharp transition temperature at 32℃ in aqueous 
solutions. The hydrodynamic radius of PNIPAAm is 
greatly reduced above the transition temperature due to 
intra-molecular hydrophobic interactions, subsequently 
resulting in massive aggregates. The temperature-
responsive behavior of PNIPAAm was recently utilized as 
a powerful surface modification tool that exhibit stimuli-
sensitive properties. For example, Okano et al. reported 
the use of PNIPAAm as a surface modification molecule 
for cell sheet engineering. In advance, there are lots of 
papers that studied thermo-responsible nanoparticles 
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using PNIPAAm as surface modification molecules. For 
example, Zhu et al. synthesized PNIPAAm coated gold 
nanoparticles exhibiting a sharp, reversible, clear-opaque 
transition under simple change of temparature. Besides, 
the controlling cellular uptake of nanoparticles is one 
of the recent hot issues in the nanotechnology including 
nano-therapeutics, nano-diagnostics, biosensors. It is well-
known that the cellular uptake of nanoparticles severely 
affects the biological phenomenon, thus we can practically 
control the cellular response by modulating uptake 
efficiency of nanoparticles to cells. Also, it is thought that 
thermo-sensitive polymers that have LCST, especially 
PNIPAAm, can be utilized as cellular uptake modulating 
agents through its LCST behavior.

Herein, we demonstrated a novel system of thermo-
responsible nanoparticles that reversibly shield and expose 
cellular uptake moieties in response to temperature. QDs 
were used as a model nanoparticle to easily confirm 
the cellular uptake by its unique fluorescent properties 
and cell penetrating peptice (CPP) was used as cellular 
uptake moieties. We synthesized QDs modified with 
PNIPAAm and CPP using streptavidin-biotin interaction 
between streptavidin-coated QDs and biotin-conjugated 
PNIPAAm and CPP. At room temperature, PNIPAAm 
formed the hydrodynamic shell shielding CPP molecules, 
consequently inhibiting the cellular uptake of QDs. On the 
other hand, the PNIPAAm shell collapsed at 37oC, exposing 
the CPP molecules that initiate the cellular uptake of the 
nanoparticles. Through these fashions, we successfully 
controlled the cellular uptake efficiency of nanoparticles 
through lowering and raising the temperature. 
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The treatment of diseases affecting the posterior segment 
tissues of the eye requires repeated intravitreous injection 
because effective levels of drugs in the vitreous and 
the retina cannot be achieved through conventional 
routes of administrationRepeated intravitreous injection 
however has many drawbacks: (i) patient discomfort 
and compliance, (ii)cumulated risk of rare but severe 
complications such as endophthalmitis, retinal tears, 
hemorrhages and detachments, (iii) cataract, (iv) peak 
and valley drug levels, (v)toxic risk for ocular tissues 
when efficacy and toxicitythreshold are close. Intraocular 
implants of biodegradable polymers overcome most of 
these drawbacks since they maintain stable long-term 

vitreous concentrations of drugs in the therapeutic range.

Within the biodegradable polymers, Poly(e-caprolactone) 
(PCL) is a biodegradable and biocompatible polymer that 
presents a very low degradation rate, making it suitable 
for the development of long-term drug delivery systems. 
Furthermore, it is biocompatible and very much used in 
the pharmaceutical and biomedical fields, respectively, as 
biomaterials (suture, ostheosynthesis material, artificial 
skin, support of cellular regeneration) or as prolonged 
drug delivery systems targeting specific tissues within the 
body. However, despite the potential of PCL, its utilization 
in ophthalmology, especially for the intraocular route, has 
been poorly explored.

The aim of this study was to develop and characterize 
biodegradable PCL implants, for intraocular prolonged 
and controlled release of Triamcinolone Acetonide (TA). 
The in vitro release profile of TA was investigated and the 
implant degradation was monitored by the percent of mass 
loss and surface changes visualization using scanning 
electron microscopy. Differential scanning calorimetry 
was used to evaluate the stability and interaction of the 
implant and the drug. The safety and pharmacokinetics of 
PCL implants were evaluated in rabbit eye after intrasclera 
implantation.

The results showed that PCL implant allowed for a 
controlled and prolonged delivery of TA since it released 
less than 60% of the drug in 12 weeks. Its low degradation 
rate was confirmed by the mass loss and scanning electron 
microscopy studies. Preliminary observations show that 
PCL intraocular implants were very well tolerated and 
safe in the rabbit eye. Drug concentration followed a 
mono exponential decrease over the study period in all 
studied ocular tissues. TA in the choroid had the highest 
coefficient of logarithmic regression, indicating the rapid 
TA clearance which was 1.75 times more rapidly than that 
in vitreous and 2 times more rapidly than that in aqueous.

In conclusion, biodegradable PCL implants may offer a 
wide range of applications for intraocular drug delivery 
since controlled and prolonged release over months or 
even years can be achieved, avoiding the need of repeated 
intraocular injections. Miniaturization and optimization of 
implantation procedures are required before any clinical 
applications. This study demonstrates the PCL drug 
delivery systems allowed to a prolonged release of TA in 
vitro and in vivo, and the implants are of strikingly good 
intraocular safety in rabbit eye, which tends to show that 
PCL implants can be of interest when long-term sustained 
intraocular delivery of corticosteroids is required.
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This study applied the graft copolymer poly(glycidyl 
methacrylate)-graft-poly(Nε-benzyloxycarbonyl-L-lysine) 
(poly(GMA)-graft-poly(Z-L-lysine)) and doxorubicin 
(Dox) to synthesize the polymer carrier poly(GMA-Dox)-
graft-poly(Z-L-lysine). Finally, 33% HBr/HOAc was 
used to deprotect the benzyl carbamate group (Z group) 
and obtained the amphiphilic polymer carrier poly(GMA-
Dox)-graft-poly(L-lysine). The polymer carrier was 
characterized with proton nuclear magnetic resonance 
(1H-NMR) and UV-visible spectroscopy. Results of 1H 
NMR spectra show the relative ratios of epoxy ring in 
poly(GMA) decrease after reaction, and reveal the peaks 
of Dox and –OH, that illustrate the epoxy ring on main 
chain were certainly reacted with the amine group of Dox. 
Then we used the UV-vis spectroscopy to analyze the graft 
copolymer, Dox, and the polymer carriers, results of the 
polymer carriers appeared a new shoulder at 589nm, which 
may be attributed to the linkage of the graft copolymer 
and Dox. After the polymer carriers were successfully 
synthesized, the amphiphilic polymer carriers were 
prepared by deprotected the Z group. Then the amphiphilic 
polymer carriers were dissolved in deionized water and the 
solution was dropped on mica. The amphiphilic polymer 
carriers should form micelles in water on account of that 
has hydrophobic (Dox) and hydrophilic (polylysine) chains. 
We used atomic force microscopy (AFM) and scanning 
electron microscopy (SEM) to observe the morphology 
of amphiphilic polymer carrier, and detected it formed 
micelles. As the GMA units ratio in the graft copolymers 
are 43% and 89%, the particle size of the polymer carrier 
micelles are ~30nm and 100~150nm respectively.
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Bone healing is one of the important phenomena in clinical 
fields, including oral, maxillofacial, orthopedic and plastic 
surgery. In general, a major obstacle in bone healing 
involves the rapid appearance of connective tissue. The 
presence of connective tissue at the bone defect site prevents 
osteogenesis, resulting in the incomplete bone formation 
having low mechanical strength and cartilage-like tissue. 
To overcome this problem, guide bone regeneration (GBR) 
membranes made of some natural and synthetic polymers, 
such as collagen, expanded polytetrafluoroethylene, 
polylactic acid, polyglycolic acid, and poly(DL-lactic-
co-glycolic acid), have been used to prevent connective 
tissue infiltration into the bone defect site. However, their 
fast absorption or non-absorption, brittleness, and non-
permeability are still remained as limitations.

In our previous study, we developed GBR membranes 
with submicron pore sizes (to prevent connective 
tissue infiltration), hydrophilicity (for effective oxygen 
and nutrient permeation), and flexibility (to prevent 
surrounding tissue damages), which can provide good 
environment for bone regeneration (J. Biomater. Sci. 
Polym. Edn., 17, 1375 (2006)). In this study, we applied 
ultrasound at the asymmetrically porous GBR membrane-
implanted site transcutaneously for more enhanced bone 
regeneration. The GBR membrane-implanted animals were 
received ultrasound with different stimulation patterns. 
Their bone regeneration behaviors were compared with 
the control (GBR membrane without ultrasound) by 
histological observations. The asymmetrically porous 
polycarprolactone (PCL) membrane was fabricated by a 
modified immersion precipitation method, developed by 
our laboratory. Surface and cross-section morphologies 
of the porous PCL membrane was observed by a SEM. 
SD rats were chosen as the animal model to evaluate the 
ultrasound effect on bone regeneration using the prepared 
PCL membrane. A full-thickness skull defect was made by 
using an 8-mm trephine hand instrument. Subsequently, 
the defect was covered with the PCL membrane and the 
periosteum as well as skin were closed. The membrane-
implanted animals were received ultrasound at a frequency 
of 1 MHz and intensity 0.1 W/cm2 for 10 min with different 
stimulation patterns. The ultrasound effect on bone 
regeneration using GBR membrane was evaluated by the 
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H&E, MT staining and μ-CT. The prepared PCL membrane 
had an asymmetric column-shape porous structure. It was 
observed that the ultrasound has a positive effect on the 
bone regeneration using asymmetrically porous GBR 
membrane. From the results, we could suggest that the 
asymmetrically porous GBR membrane and ultrasound 
stimulation system may be a good tool for effective bone 
regeneration
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Bone has a well-organized microstructure composed 
of biological apatite (BAp) crystal and collagen fiber. 
The microstructure under various scale levels exhibits 
anisotropy, which depends on the type of bone, the related 
stress distribution in vivo and the other parameters. 
Therefore, optimal design for biofunctional metal implants 
should be considered under the anisotropy of bone 
microstructure.

The stress shielding effect often degrades the quality 
and quantity of bones near implants. Thus, the shape and 
structure of biofunctional metallic biomaterials should 
be designed. A dominant inorganic substance in bones 
is a BAp nanocrystal, which basically crystallizes in an 
anisotropic hexagonal lattice. The BAp c-axis is parallel to 
elongated collagen fibers.

Since the BAp orientation of bones is a possible parameter 
to determine bone quality, we used a microbeam X-ray 
diffractometer system with a beam spot, which had a 
diameter of 20 µmφ to 100 µmφ, to evaluate the BAp 
c-axis orientation of bones.

In this study, we first clarified parameters for dominating 
the BAp orientation degree closely relating to the 
mechanical function in the original intact, regenerated and 
pathological bones. Secondary, orientation dependence 
of bone ingrowth in an aligned pore of Teflon or titanium 
implants in a rat tibia was examined as a function of the 
direction of an elongated pore from the viewpoints of 
quantity and quality of bone tissue for optimal design of 
biofunctional implants based on the BAp orientation.

The preferential alignment of BAp c-axis corresponds to 
the in vivo stress distribution and tends to orientate along 
the loading stress direction in the original bones. Recovery 
of BAp alignment depends strongly on the regenerated 

portion and period, which was insufficient to reach the 
original level, while BMD was almost improved to the 
original level. This means that BMD recovers prior to the 
improvement of BAp alignment and the related mechanical 
function in the regenerated tissue. We also clarified the 
correlations among in vivo stress distribution and the BAp 
alignment and mechanical function, especially Young’s 
modulus, in the regenerated hard tissues. The BAp 
orientation was finally concluded to be one of the most 
important indices to evaluate in vivo stress distribution, 
nano-scale microstructure and the related mechanical 
function, regenerate process of the regenerated bone, 
etc. Moreover, numerous controlling factors for BAp 
orientation such as in vivo stress distribution, role of bone 
cells, turnover, gene defect closely relating to the bone 
cell’s activity, etc., will be discussed.

The formation of new bone tissues in the pores of lotus-
type implants also strongly depends on the elongated pore 
direction and the time after implantation. A porous implant 
with the elongated pores parallel to the longitudinal axis 
can induce the new bone formation more effectively than 
that with perpendicular pores owing to the anisotropy of 
the original bone tissues such as the orientation of collagen 
fiber, BAp c-axis, and blood vessels.
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INTRODUCTION: Recently, Ti and Ti alloys are widely 
used in orthopedic and dental implants because of their 
high corrosion resistance and biocompatibility. It’s well 
known that Ti and Ti alloys spontaneously form calcium 
phosphate on their surface in the simulated body fluid, 
and it leads to accelerate bone formation after implanted 
in a human body. This hard tissue compatibility of Ti and 
Ti alloys must be an advantage for some kind of implants 
that will be used throughout patient’s lifetime. However, 
it could be a serious problem when it used as materials or 
devices that must be retrieved from a human body after 
some cure periods. Accidents of re-fracture of the cured 
bone during the operation of replacing the intraosseous 
fixations were reported. Therefore, the development of 
substitute material that enables to prevent or control the 
formation of calcium phosphate is required. Zr and Ti are 
homologues elements and they show similar mechanical 
and chemical properties. Zr forms passive layer as well as 
Ti. In addition, Zr shows lower cell cytotoxicity than Ti. 
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On the other hand, Zr doesn’t form any calcium phosphate 
precipitates in simulated body fluid. Hence, Zr and Zr 
based alloys have potential for substitute materials for Ti 
and Ti alloys. However, most reports about the corrosion 
behavior of Zr alloys are as nuclear reactor structural 
materials, not as biomaterials. The aim of this study is to 
clear the corrosion behavior of Zr in simulated body fluid 
for development of novel biomaterials.

MATERIALS AND METHODS: Zr Sponge and several 
kinds of pure metals were mixed and melted with an arc 
furnace. The ingots were cut and mechanically polished. 
The anodic polarization measurements were performed to 
evaluate the corrosion resistance of Zr alloys. Saturated 
calomel electrode (SCE) and Pt with Pt black electrode 
were used as reference and counter electrodes. Hanks’ 
solution was applied as simulated body fluid. The 
solution was deaerated to one fifth of dissolved oxygen 
concentration than that of under open-air condition. 
Linearly-increasing potential was applied with the rate 
of 20 mV min-1 from corrosion potential. The corrosion 
potential, the passive current density and the pitting 
potential were determined from the polarization curve. In 
addition to the corrosion test, surface analysis was also 
performed by X-ray photoelectron spectroscopy, XPS and 
the composition and thickness of the passive films of the 
alloys were calculated.

RESULTS: The values of corrosion potential, passive 
current density and pitting potential were greatly affected 
by the additional elements. Especially, the addition of 
Ti and Pt improved corrosion resistance of Zr in Hanks’ 
solution. On the other hand, Zr-Cu alloys with higher 
Cu concentrations were suffered from active dissolution. 
In addition, the stability of the passive film was also 
affected by metal structure and phase composition. XPS 
measurement revealed the condition of surface oxide film 
and metal phase just under the metal/oxide interface. The 
mechanism of corrosion-resistance improvement by the 
additional element was suggested from these results.
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Multi-purpose materials are new/advanced materials, 
stable, biocompatible for diagnosis and therapy, 
biomaterials for orthopedy, ORL, maxilo – facial surgery, 
materials for stomatology and endodontology, metallic 
implant materials as well as intelligent materials used to 
accomplish devices for surgical purposes on the spine, 
valves diseases and performant medical instruments.

Prothesis and support devices that will replace damaged 
parts of the organism or repair their disfunctions are 
made with the help of: - polymers (polyesters, silicons, 
methyl polymetacrylamid, polyethylene); - metallic alloys 
(stainless steel, crom, cobalt and molybdenum, titanium 
based alloys, alloys based on titanium, nickel and alloys 
based on nickel, alloys with form memory); - ceramics 
(dense alumina, vitroceramics); - combined materials 
(carbon – carbon, polymer – graphyte or glass fibre); 
- functional and protective coating techniques through 
nitrates, carbides, oxinitrates sediments or biocompatible 
materials. When the material and the tissue interact, 
the tissues react so that it is necessary to cast away the 
prothesys or the support medical device. To avoid these 
reactions and to attenuate them considerably a new 
group of materials was created, known as biomaterials 
or  biocompatible materials, intended ‚to work under 
biological constrains’ and through this modified according 
to the diverse medical applications. Biomaterials belong to 
a domain simillar to metallurgy and chemistry, a domain 
that studies medical intervention equipments (needles, 
electrods, surgical instruments, etc.), anatomic prothesys – 
implants (prothesys and artificial organs), stomatological 
interventions-from the used materials quality point of 
view, that first need to be biocompatible.

The aims of paper consist to present the results of 
experiments which resulted in obtaining some materials 
with high quality characteristics, which should lead to 
obtaining products of complex geometry and improved 
chemical-structural features by metallurgy  technologies, 
meant to be used in the medical industry.

The paper presents the physical-chemical, mechanic and 
structural features of the composite materials of Ti6Al4V 
and Ti6Al7Nb alloys. Often Ti6Al4V alloy is used like 
implant material, but at the present due to the toxicity of 
vanadium his use is restricted. For this reason a Ti6Al7Nb 
alloy was also processed.Ti6Al7Nb is less corrosive than 
Ti6Al4V alloy and from this point of view Ti6Al7Nb alloy 
seem to be very close with pure commercial titanium. 
There are presented in a detailed manner the possibilities to 
realize some TiNO/ZrNO thin films deposits on Ti6Al4V/ 
Ti6Al7Nb alloys support by a new PVD technique 
which suppose a combined magnetron sputtering and ion 
implantation.
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Adhesives play an important role in technological world 
as well as day to day life. In general terms an adhesive is 
defined as a material, which when applied to the surface 
of material can join them together and resist separation. 
Different types based of adhesives are available in the 
market like polyamide, epoxies, polyurethanes, acrylates, 
urea formaldehyde and melamine formaldehyde. Out 
of them polyurethane is most important, with versatile 
applications in the field of adhesives, coatings, foams and 
other applications. Polyurethane adhesives are being used 
for various products represented by adhesives tape, labels, 
protective and decorative foils. Any adhesive materials 
targeted for medical application should possess some 
important characteristics like biocompatibility, adherence 
and curing in moist  environments and non-interference 
with the healing process, appropriate adhesives and 
cohesive properties. Polyurethane also have adhesive 
properties such as peeling strength and moisture sensitivity 
as well as processing. Keeping in mind the above fact, 
polyester resin was prepared from adipic acid, phthalic 
acid and neopentyl glycol. It was further treated with hexa 
methylene diisocynate in different weight percentage to 
obtain poly(ester-urethane). The structural elucidation 
of polyester and poly(ester-urethane) were carried out 
by FT-IR, 1H-NMR, 13C-NMR spectroscopic techniques. 
Physico-chemical, physico-mechanical and biomedical  
analysis were  performed by standard methods. 
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The interaction of osteoblasts with metal surfaces 
can be influenced both by surface roughness and by 
chemical modifications, however less is known about the 
combinatory effect. We have ascertained that a positively 
charged smooth titanium surface boosts osteoblastic 
responses in their initial adhesion phase. Therefore, in our 
further experiments the influence of chemistry was added 
to the microtopography of titanium.

Titanium disks of technical purity (Ti, cp, grade 2), 11 and 
30 mm in diameter, modified with different roughnesses 
(Ra) were used for topographical investigations − polished 
(Ra 0.045 µm), machined (Ra 0.315 µm), corundum blasted 
(Ra 4.14 µm) − and subsequently chemically functionalized 
by a thin film (d≤0.1 µm) of microwave plasma polymerized 
allylamine (PPAAm). In addition, collagen I (COL) 
was immobilized on PPAAm via the bifunctional linker 
polyethylene glycol diacid (PEG DA) or glutar dialdehyde 
(GDA), respectively. Human osteoblastic cells MG-63 
(ATCC) were plated onto these modified titanium disks 
and cultivated in serum free DMEM to avoid masking 
of the charged surface. Cell shape was analyzed by field 
emission scanning electron microscopy (FE-SEM). 
Spreading (cell area in µm²) of PKH26-stained cells was 
measured as a function of time by confocal microscopy 
(LSM 410). Time dependent activation of intracellular 
signalling proteins were examined by xMAP™ Luminex 
assay (BioPlex). For adhesion measurements PPAAm 
modified metabolic chips SC 1000 with IDES sensors and 
the 2500 analyzing system (Bionas GmbH) were used. 
The continuous measurements in living cells reveal that 
osteoblast’s attachment is highly increased in the first 
adhesion phase (up to 5h; measurement of the capacitance 
in nF). Furthermore, the surface microtopography enhances 
this adhesion effect enormously, as confirmed by flow 
cytometry. On the structured and plasma-treated modified 
Ti surfaces the cell adhesion increases nearly 2-times 
compared to the polished Ti with PPAAm. But this effect 
could not be observed on GDA-COL- and PEG DA-COL-
coated structured titanium. In addition, the morphology of 
osteoblasts demonstrates an extremely flattened phenotype 
and they seem to merge with topographical features of the 
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surface. This close surface contact of cells due to plasma-
mediated positively charged amino groups could indicate a 
strong cell-material-interaction which has importance for 
the ingrowth of orthopedic implants.
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Research interest in biodegradable polymers continues to 
grow, especially in the application of biomedical materials. 
The most important attributes of a biodegradable polymer 
pertains to its biocompatibility and that of the products of 
its degradation. Though PLA and PHB are biodegradable, 
their physical and mechanical properties need to be 
improved for biomedical application. In addition, the stress 
field induced by the implant largely affects the healing and 
remodeling of the natural tissue surrounding it, therefore, 
tailoring the implant so that its mechanical behavior 
mimics that of the host tissue, is of utmost importance. 
Since the vast majority of the biodegradable polymers in 
clinical use are rather stiff materials exhibiting limited 
extendibility, they are unsuitable for use in numerous 
applications. Aiming to expand the clinical applicability 
of biodegradable polymers, we developed a family of 
toughening biodegradable polymers for use as biomedical 
materials, tailored to meet various applications.

Our working concept is to copolymerize lactide or PLA 
and PEG and synthesize PLA-PEO copolymers. In order 
to improve the flexibility and strength of biodegradable 
polymer, we also add a biodegradable plasticizer. We 
investigated various combinations of reaction conditions 
to obtain optimal results to improve the toughness of 
biodegradable PLA and other polymers. These synthesized 
biodegradable copolymers are expected to have increased 
strength, good mechanical properties, and improved 
biocompatibility. Thus, these modified biodegradable 
polymers can be applied as biomedical materials.
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The authors reporterd the first synthetic material completely 
incorporated into bone remodeling process in vivo, 
hydroxyapatite/collagen bone-like nanocomposite (HAp/
Col), in 2001. Further, excellent bone repair property to 
critical defects and enhancement of osteoblastic activity, 
i.e., one side of bone remodeling process, were reported. 
In this paper, another side of bone remodeling process, 
osteoclastic differntiation property of the HAp/Col was 
examined.

The HAp/Col bone-like nanocomposite (HAp:Col=8:2 in 
mass ratio) was prepared according to the prevous report. 
After the synthesis, the HAp/Col bone-like nanocomposite 
fibers were filtered. Then, the HAp/Col fibers were 
dehydrated by a uniaxial pressing at 10 MPa for overnight. 
The HAp/Col plate obtained was punched out to a disk 
4 mm in diameter and crosslinked by a vacuum heating 
or glutaraldehyde (GA). The HAp/Col disks were freeze-
dried, polished and sterilized with ethylene oxide gas. The 
HAp/Col disks were soaked in the culture medium for 5 
days before following cell culture test to allow saturation 
of Ca and Mg ion adsorption on the HAp/Col disks.

Osteoclast differentiation assay was performed as follows. 
Bone marrow cells and osteoblasts were isolated from 
C57BL/6 mice. They were cocultured on the HAp/
Col disk for 6 days in 96-well plates in α-minimum 
essential medium containing 10% fetal bovine serum 
with or without osteoclast differentiation inducers, 10 nM 
1,25-Dihydroxyvitamin D3 and 1 µM prostaglandin E2. 
The cells on the HAp/Col disk were then fixed, and stained 
for tartrate-resistance acid phosphatase (TRAP), a marker 
enzyme of osteoclastic differentiation. Further, RANKL 
and TRAP gene expressions were evaluated by real-time 
PCR. Dentin slices with and without GA crosslink, HAp 
ceramics and tissue culture polystyrene (TCPS) plates 
were used as controls.
All the positive controls and the experimental groups to 
which the osteoclastic inducers added showed obvious 
TRAP staining, i.e., presence of active osteoclasts. The 
TRAP staining was also observed on all the HAp/Col 
samples without adding of osteoclastic inducers. The 
dentine also indicated weak TRAP staning without adding 
the inducers. No TRAP positive cells were observed on the 
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GA crosslinked dentine without adding of the inducers and 
the negative controls.

All the positive controls and the experimental groups to 
which the osteoclastic inducers added showed obvious 
TRAP staining, i.e., presence of active osteoclasts. The 
TRAP staining was also observed on all the HAp/Col 
samples without adding of osteoclastic inducers. The 
dentine also indicated weak TRAP staning without adding 
the inducers. No TRAP positive cells were observed on the 
GA crosslinked dentine without adding of the inducers and 
the negative controls.
 
Both the HAp/Col and dentine have the same primary 
structure, i.e., bone-like nanostructure in which c-axes 
of HAp nanocrystals are aligned along collagen fibers. 
However, the dentin slices are usually cut perpendicullar 
to the HAp/Col fibers. Thus, c-plain of the HAp and 
restricted functional group of collagen at terminal could 
interact with cells. On the other hand, a-plain of the HAp 
and all functional groups on the collagen molecules could 
interact with cells as the same as in bone. These differences 
in attachment manner could effect on the differences in 
bone marrow cell differentiation.

In conclusion, the HAp/Col differentiated mouse bone 
marrow cells to the osteoclasts in the present coculture 
system.
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Spider silk is a remarkable material, with significant 
potential for use in a range of biomedical applications, 
particularly in devices, tissue replacement and repair. 
Biocompatibility and biodegradability, plus exceptional 
mechanical properties, make this material an interesting 
subject for investigation. Further, since silks are produced 
by spinning rather than by growth, they have a realistic 
potential for bulk production and commercial application.

The use of silk constructs in medical devices has been 
previously examined from an optical perspective, showing 
a strong potential for use as an interface between a device 
and a biological environment. Our current work explores 
the possibility for the application of spider silk in biosensors 
by investigating the piezoelectric response.

This presentation gives an overview of our recent work on 
the shear piezoelectric effects in natural spider silk fibres 
with a view to informing the production of synthetic blocks 
and films. To this end, naturally spun silk was harvested 
from Nephila clavipes (golden orb spiders) and subjected to 
piezoelectric force microscopy. Single fibre silks showed a 
direction-dependent shear piezoelectric response, resulting 
from beta-sheet crystal structures within the amorphous 
matrix. The magnitude of the response appears to be related 
to degree of crystallinity and the orientation of the crystal 
structures, providing a mechanism by which the properties 
can be tuned. Further work will investigate the nanometre-
scale properties of the silk substructure, and the effects of 
restructuring upon hydration.
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Spider silk is a remarkable material, with significant 
potential for use in a range of biomedical applications, 
particularly in devices, tissue replacement and repair. 
Biocompatibility and biodegradability, plus exceptional 
mechanical properties, make this material an interesting 
subject for investigation. Further, since silks are produced 
by spinning rather than by growth, they have a realistic 
potential for bulk production and commercial application.
The most significant barrier to the application of silks in 
vivo is that the mechanical qualities of synthetic spider 
silks, which are required for implantation, fall far below 
that of their natural counterparts. Before effective synthetic 
silks can be produced, we need to better understand the 
mechanisms by which natural spider silk processes stress.
This presentation gives an overview of our recent work 
on the structure-function relationships in spider silk with 
a view to instructing synthetic silk production. Atomic 
force microscopy measurements were made in tapping 
and contact modes to silk from Nephila clavipes, with 
mechanical and morphological properties reported 
before and after forced disorder by immersion in water. 
The nanometer scale mechanical properties, and the 
restructuring upon hydration, give an interesting insight 
into the stress processing mechanisms in the fibre. 
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The aim of this study was to develop a suitable biomaterial 
for the newly-designed ACL (anterior cruciate ligament) 
anchor. Ti6Al4V is known to have high corrosion resistance 
and higher mechanical strength as compared with other 
metallic biomaterials. But this alloy is known to cause 
an increase in stress shielding because of the increase 
in modulus and the alloying elements such as vanadium 
will lead to foreign body reaction. In order to solve this 
problem, we have developed a simple method that can 
diffuse Ca and P into the titanium material surface through 
heat-treatment after dipping the titanium in the HA paste.

The newly designed ACL anchor needs to have bioactivity 
and it must also exhibit high tensile strength and elasticity 
of the body during and after implantation. We investigated 
the chemical and mechanical properties on the surface of 
the heat-treated ACL with different conditions during the 
heat-treatment process. Heat treatment was done to the 
Ti6Al4V which was dip-coated in HA paste. The heating 
temperatures were at 700, 800, 850, 900, and 1000℃. They 
were heated for 1.5 hours with argon gas in the vacuum 
sintering furnace. SEM and AFM were used to investigate 
the morphological properties of the Ti6Al4V surface after 
heat-treatment. Chemical assay of the treated materials was 
accomplished through the use of SAES and XRD. From 
the tensile test measurements, the optimum heat-treatment 
temperature for Ti6Al4V was found to give good elasticity 
which is required for the ACL anchor design.

The HA-dip-coated and heat- treated Ti alloy showed 
that as the heat-treatment temperature increased, pore 
size and oxide layer on the surface of the newly formed 
compound also increased. Furthermore, the grain sizes 
on the fractured structure became larger and their shapes 
changed into the plane shape. New compounds like TiO2 
were formed on the Ti6Al4V surface and the mechanical 
property got weaker. The coefficient of elasticity and 
elongation slowly increased with respect to the heating 
temperatures, but at 1000°C that value decreased. From 
the results, it was found out that the highest amount of 
P was diffused into Ti6Al4V at the heating temperature 
of 800°C through XRD analysis. While the hardness at 
the material surface increased drastically at temperatures 
over 900°C. The yield and tensile strengths of the titanium 
alloy slowly decreased as the temperature was increased. 
Elongation and modulus of elasticity had no difference in 
value between the untreated material and those heat-treated 

at 800°C.  Hence, considering the results for the surface 
and mechanical properties of the heat-treated material 
and the value of heat-treatment temperature, the optimum 
condition was attained with heat-treatment at 800°C for 
the ACL anchor material.
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Poly(ethyleneimine) (PEI) is one of the most potent 
polymers for gene delivery at present. PEI with a molecular 
weight of 25kDa (PEI25K) displays a high transfection 
efficiency, but also considerable toxicity, whereas low 
molecular weight PEI is less toxic but shows almost no 
transfection. Therefore, the synthesis of high molecular 
polymers consisting of low molecular weight PEI and 
degradable cross-links is a promising method to have both 
higher transfection efficiency and lower cytotoxicity.

In this study, low molecular PEI with a molecular weight 
800Da (PEI600) was grafted onto amylopectin (AMY) via 
cross-linker 1,1’-carbonyldiimidazole (CDI) to form the 
AMY-PEI600 which is a branched cationic polymer.

Fourier transformed infrared spectroscope (FT-IR) of 
AMY and AMY-PEI600 shows PEI600 was successfully 
grafted onto AMY. AMY-PEI600 successfully condenses 
DNA to form the complex. The particle size of the complex 
decreases with the increase of N/P ratio. At lower N/P ratios 
(2 or 4), AMY-PEI600’s DNA condensing ability is much 
lower than PEI25K; as a result, the particle sizes of AMY-
PEI600/DNA are larger. However, at higher N/P ratios 
(8 or 16) AMY-PEI600 shows similar DNA condensing 
ability as PEI25K. Zeta potential assay shows AMY-
PEI600/DNA complex has positive charge and the zeta 
potential value increases with the increase of N/P ratio. 
PEI25K/DNA complex shows similar tendency but higher 
zeta potential value at the same N/P ratios. Cytotoxicity 
assay shows the toxicity of AMY-PEI600, which is similar 
with PEI600, is much lower than PEI25K at the N/P ratios 
from 1 to 16. (N=8)  Luciferase expression assay shows the 
best transfection efficiency of AMY-PEI600 in HEK293 
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cells is 1x106 RLU/mg protein which is comparable with 
commercial product lipofectin but lower than PEI25K. 
(N=8).

AMY-PEI600 is a promising biomaterial for gene delivery 
with higher transfection efficiency and lower cytotoxicity.
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Effect of Nanoclay on Material Properties 
of Thermoplastic Polyurethane/Organoclay 
Nanocomposites Prepared by Melt Blending

Deba Kumar TRIPATHY; Aruna Kumar BARICK 
Rubber Technology Centre, Indian Institute of 
Technology, Kharagpur, India

Polymer nanocomposites based on the thermoplastic 
polyurethane (TPU) and organically modified 
montmorillonite (OMMT) has been prepared by melt 
intercalation technique using a laboratory Rheomix mixer 
followed by compression molding. Varying amount of 
organically modified nanoclays (1, 3, 5, 7, and 9 wt%) was 
added to the TPU matrix in order to examine the influence 
of the organoclay on nanophase morphology and structure-
property relationships. The interactions between TPU 
matrix and nanofiller were studied by infrared spectroscopy. 
X-ray diffraction, transmission electron microscopy, 
scanning electron microscopy and atomic force microscopy 
analysis showed that melt mixing by a batch mixer is an 
effective method for dispersing OMMT throughout the 
TPU matrix. Thermogravimetric analysis revealed that 
incorporation of organoclay enhances the thermal stability 
of the nanocomposites significantly. Differential scanning 
calorimetry was employed to measure the melting point 
and glass transition temperature (Tg) of soft segments. 
The reinforcing effect of the organoclay was determined 
in dynamic mechanical analysis and mechanical testing. 
The effects of nanoclay concentration and processing 
parameters on the dynamic viscoelastic properties of the 
nanocomposites were assessed using a rubber process 
analyzer in frequency sweep.  A significant increase in the 
viscosity and storage modulus of the nanocomposites was 
found with the increasing clay content.
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There is an ever-pressing worldwide need for viable bone 
substitutes in the orthopaedic and maxillofacial surgery, 
and dentistry due to severe donor shortages. Nanostructured 
materials are now being considered as promising 
biomaterials for clinical applications. Of particular interest 
is the nanoscale apatite due to its similarity to natural bone 
mineral in terms of structure and chemical composition. 
The aim of this work is to demonstrate a material-by-
design approach for the rapid fabrication of bone implant 
materials, without the need for hard tooling. In this 
context, bioceramic structures with desirable surface 
properties are built by electrohydrodynamic atomisation 
(EHDA) deposition at room temperature using nanoscale, 
high-purity apatite. 2-dimensional structures in the form 
of coatings are obtained. Analyses using X-ray diffraction, 
scanning electron microscopy, and transmission electron 
microscopy coupled with selective area electron 
diffraction, all indicate that the apatite crystals are pure, 
nanoscale and crystalline in nature. Bioactivity tests 
using acellular simulated body fluid show that this apatite 
induces rapid formation of a ‘bone-like’ apatite layer, 
suggesting potential bioactive behaviour in-vivo. In-vitro 
cell culture using a human osteoblast (HOB) cell model 
demonstrate that HOB cells attach, spread and proliferate 
over the coated surfaces; while simultaneously generating 
a well-defined cytoskeletal organization, with an increased 
number of focal adhesion plaques. Cell density determined 
using the CyQuant cell proliferation assay shows higher 
cell numbers on nanoscale apatite than the underlying 
substrate (acting as a control). Furthermore, the levels 
of protein expression including alkaline phosphatase, 
type I collagen and osteocalcin are statistically greater 
on nanoscale apatite. These findings have implications 
for materials design and selection. In summary, EHDA 
technology has developed into an elegant technique to 
deposit nanoscale apatite crystals that are able to mimic 
the dimensions of natural bone mineral.
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Although three dimensional (3D) cell scaffolds for tissue 
engineering have been created using different techniques 
and materials, they are still issues with mechanical 
strength and cell structure and hemo-comparability. 
Herein, we report on a 3D fibrous matrix having good pore 
interconnectivity and controlled porosity, produced with 
a novel nonwoven technique. Poly(ε-caprolacton) (PCL) 
fibers (diameter 50 microns) were used to produce fiber 
matrices with porosity ranging from 73% to 97%. The 
3D fibrous architectures were characterized by micro-
computer tomography (micro-CT), scanned electronic 
microscope (SEM) and confocal microscope. Hamster 
ovary cell (CHO) was used to examine effects of fibrous 
architectures on the cell culture performance, and the 
cell morphology was observed by SEM and confocal 
microscope.

The fibrous matrices have a stereoscopic framework with 
unique isotropic pore architecture. The pore size ranged 
from 100 μm to 1000 μm and pore interconnectivity was 
as high as 100%, which is very suitable for cells to grow 
and construction of blood vessel in in-vivo implants. When 
CHO cells were seeded on the fiber matrices, they grew 
along the fiber direction into the matrices. Compared to 2D 
Petri Dish, the cell numbers on the 3D matrices were much 
higher. The matrix with smaller pores and larger surface 
area showed higher cell number than that with large pores. 
This new 3D scaffold might have an ability to integrate 
itself into a native tissue with the desired vascularization 
and controlled immune responses.

 A01821-03170 

Evaluation of In vivo Antimicrobial Properties 
of 3D Bioactive Polycaprolactone Honeycomb 
Scaffold

Yiling, Erin TEO1; Swee Hin TEOH1;2;3; Shin Yeu ONG4; 
Jia LU4; Shabbir MOOCHHALA4 
1. Department of Mechanical Engineering, 
National University of Singapore, Singapore
2. National University of Singapore Tissue Engineering 
Programme, National University of Singapore, Singapore
3. Osteopore International Pte Ltd, Singapore
4. Combat Care Lab, Defence Medical & Environmental 
Research Institute, DSO National Laboratories, 
Singapore

Infections and inflammations are common problems faced 
after an occurrence of trauma. The development of a 3D 

antibiotics incorporated-bioactive polycaprolactone (AB-
PCL) honeycomb scaffold can prove beneficial for such 
cases. Novel 3D bioactive polycaprolactone scaffolds 
incorporated with 15wt% gentamicin sulfate were tested 
against the conventional cotton gauze wound dressing in 
this study.

Infected full-thickness excisional wounds were created in 
two groups of 7 weeks old specific pathogen free Balb/C 
mice. Each group had either gauze or AB-PCL honeycomb 
scaffold to cover the wound area. Animals were sacrificed 
on the 1st, 7th and 14th day after wound creation and various 
analyses were carried out. The analyses characterize the 
state of infection, tissue regeneration and wound healing 
at the time points. To characterize wound infection, gross 
observations, wound tissue biopsy, planimetry wound 
area measurement, weight loss analysis, neutrophil count 
and histology using gram stains were carried out. For the 
characterization of skin tissue regeneration and wound 
healing, gross observations, planimetry wound area 
measurements and histology using Hematoxylin & Eosin 
and Masson Trichrome stains were performed.

Results from wound tissue bacteria count have shown 
that there was no bacteria present in the wound site after 
1 day upon introducing the AB-PCL scaffold, while the 
gauze control group still had approximately 108 bacteria. 
In addition, the mice from the scaffold group showed no 
signs of overall infection through neutrophil count after 
7 days. The wound area reduction for the group with 
AB-PCL scaffolds also showed almost complete wound 
healing (94.2% reduction in wound area) as compared to 
the gauze group which only achieved about 50% wound 
area reduction by day 14. On top of this, histology using 
Masson Trichrome and Hematoxylin & Eosin showed a 
much faster wound healing in the AB-PCL scaffold group 
as compared to gauze group in terms of neo-collagen 
deposition and wound re-epithelisation. Histology using 
gram staining offered concurring results with the bacteria 
count of the wound tissue biopsy.

It was concluded that the AB-PCL honeycomb scaffold 
have shown to be an effective drug delivery platform as 
deduced from the efficient bacteria reduction within a short 
period of time in vivo. This coincides with the conclusion 
drawn from the previous in vitro evaluation. The bioactive 
polycaprolactone scaffold was also found to help promote 
the healing of infected full thickness wound rapidly when 
compared to the usage of traditional cotton gauze wound 
dressing.
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Measurement of small forces in a range down to 
piconewtons is a rising task in numerous biological 
applications. The development of the Biomembrane Force 
Probe (BFP) provides a measuring method with both 
high flexibility and reasonable accuracy. BFP consists 
of a pipette-aspirated membrane capsule, whose axial 
deformation produces minuscule but well-determined 
forces. However, a thorough understanding of the 
mechanism of the BFP is still scarce in literature. Therefore, 
an in-depth knowledge of the force-deformation relation is 
a crucial issue in the application of BFP. In the present 
work, we perform computer modeling and simulations 
of the micropipette-based force transducer experiment. 
In the experiment, a cell is initially swollen with osmotic 
pressure, sucked into the micropipette, allowed to approach 
and attach to a microbead, and then pulled up to a certain 
deformation distance. Our simulation results show that at 
small deformation regime, a linear force-deflect relation 
was observed while at large deformation regime, a non-
linear force-deflect relation was observed. However, in 
the linear regime, a disagreement in spring constant was 
found between the present calculations and the previously 
published BFP results. A theoretical analysis was given 
to explain this discrepancy. In addition, the effects of 
aspiration pressure, pipette radius and cell-microbead 
contact radius were also systematically studied. 
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Electrospinning is a highly versatile method to process 
polymer solutions into continuous fibers with diameters 
ranging from a few micrometers to a few nanometers. 
Recently an electrospinning system including high 
voltage generator, syringe pump, fibre collector and 
central controller, which can monitor programmedly the 
operation of the collector subsystem, was designed and set 
up in our laboratory. Our collector comprises plane stand 
and rotating cylinder, both which can be easily switched 
each other. Furthmore, two nozzles were connected 

respectively and can be operated to motion linearly down 
to 0.1 µm per loop while the mandrel collector is running 
at the speed from 400 to 3000 loops per minute. System 
parameters such as polymer solution properties (viscosity, 
conductivity and surface tension), and process parameters 
such as electric potential, flow rate and concentration, 
distance between the nozzle and collection screen, and 
ambient parameters were studied carefully. Under optimal 
operation, a porous fibre sheet with fibre diameters ranging 
from one hundred nanometer to several micrometers or a 
sheet of fibre aligned very well can be fabricated. Cell 
culture results demonstrated that the aligned fibres can 
guide human vessel smooth muscle cells to grow well on 
fibre orientation. It is believed that our electrospinning 
system will optimise the scaffold fabrication particurally 
in vessel tissue engineering.
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It has been consistently shown that hepatic stellate cells 
(HSC) and their activation into collagen-producing 
myofibrolast-like cells play a key role in liver fibrogenesis. 
Impairment of the feedback mechanism towards wound 
healing results in perpetuation of fibrosis, which remodels 
the liver architecture, leading ultimately to liver failure. 
Prolonged culture on stiff plastic is known to result in 
activation. It is thus intriguing to consider the relationship 
between ECM mechanics and HSC deactivation. Cast in 
a larger context, such studies into extreme manifestations 
of fibrotic modules will provide us with fundamental 
principles that can help guide the design of self-limiting 
tissue repair constructs. The overarching goal would be 
to limit or reverse excessive accumulation of ECM and 
reduce unsightly scar formation.

We hypothesize that by modulating substrate stiffness, 
it is possible to reverse the activation state of HSCs. 
By systematically tuning the stiffness of collagen gels, 
while maintaining their biochemical composition, 
HSCs’ substrate sensitivity is analyzed as compared to 
cells cultured on plastic. We also postulate that rigidity-
sensing mechanisms are necessary for the reversal of 
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HSC activation. By impairing these mechanisms by either 
blocking integrin-collagen binding using anti-integrin 
antibodies, or by subtly interfering with the actomyosin 
stress machinery using disrupting agents, the degree of 
HSC activation is investigated. Lastly, we seek to elucidate 
differences in cell behaviour arising from culturing cells 
in a 2D configuration compared to a more physiologically 
relevant 3D configuration, the hypothesis being that 
conclusions drawn from 2D experiments are indicative of, 
but not completely representative of, 3D environments. For 
all the above assays, time-course comparisons are made in 
terms of the cell’s physical properties such as morphology, 
adhesivity, and contractility, as well as biochemical aspects 
such as vitamin A content, cytoskeletal constituents and 
protein secretion levels. 
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Polycaprolactone Tricalcium Phosphate (PCL-TCP) 
scaffolds, has been researched as a biomaterial that can 
possibly assist the growth of lost bone tissue and encourage 
cell proliferation in recent years. The effect of platelet 
reaction to PCL-TCP has a direct impact on the success 
of such endeavours since platelets release a large variety 
of growth factors (eg. PDGF), cytokines, calcium ions and 
proteins which are conducive to cell and bone growth during 
platelet adhesion and activation. Hence, this study aims to 
improve understanding of the thrombogenic properties of 
PCL-TCP by investigating the effects on platelets when 
the composition of TCP and NaOH degradation periods 
of PCL-TCP are varied. In addition, an attempt to identify 
the causes of such effects was made as well. Present results 
appear to indicate that PCL-10%wt TCP scaffold and PCL-
20%wt TCP scaffold gives the lowest and highest degree 
of platelet activities for the experiment respectively when 
comparing varied percentages of TCP incorporation in 
the PCL-TCP film. For the degradation in 5M of NaOH, 
PCL-TCP film immersed for 3 hours gave the best platelet 
adhesion properties whereas an immersion period of 6 
hours and above caused the PCL-TCP films to show no 
platelet adhesion. Therefore, it is recommended that PCL-
20wt% TCP scaffolds be treated in NaOH for 3 hours for 
attempts to maximize cell and bone growth on the scaffolds 
and for 6 hours if any clot on scaffolds is to be avoided.

 A02077-03627 

Measuring the Nonlinear Viscoelastic Properties 
of Vascular Graft to Study the Effect of 
Cryopreservation

Tao YANG1; Chee Kong CHUI1; Rui Qi YU2; 
Stephen K. Y. CHANG3 
1. Department of Mechanical Engineering, National 
University of Singapore, Singapore
2. Departments of Surgery, Yong Loo Lin School of 
Medicine National University of Singapore, Singapore
3. Departments of Surgery, National University Hospital, 
Singapore

INTRODUCTION
Researchers have studied the effects of cryopreservation 
on vascular grafts for short periods.  They carried uniaxial 
testing on fresh and cryopreserved artery tissue. It was 
found that artery tissue cryopreserved for short periods 
of time had no significant difference from fresh tissue in 
terms of mechanical properties. However, the test was not 
comprehensive to unveil properties due to the transversely 
isotropic nonlinear viscoelastic properties of vascular 
tissue.

An accurate mathematical model of vascular graft is an 
essential reference in the investigation of the effects of 
cryopreservation. Researchers have focused on stress-
strain relationship or relaxation at certain levels of strain. 
However, the vascular tissue relaxation behavior is strain 
dependent. We want to study the effect of cryopreservation 
on vascular graft using a nonlinear elastic and strain 
dependent viscoelastic tissue model. A mechanical testing 
method comprising a combined tension and relaxation test 
is proposed. An experimental apparatus was specifically 
design and build to perform the tension and relaxation tests 
of blood vessel in both uniaxial and biaxial directions.

MATERIAL AND METHOD
The experimental setup consists of fixture, execution, 
circulation, measurement and computing sections. A 
customized clamping mechanism was introduced to 
provide a uniform distributed clamping force over the 
clamping area. The clamping mechanism also enables 
biaxial testing to be carried out with perfusion.

Physical dimensions of the vascular specimen were 
measured from images acquired using a Micro-CT 
machine. Deformation of the vascular was measured from 
recorded video images. The deformed internal diameter, 
stretch ratio in radial and circumferential direction can be 
obtained based on the property of incompressible.

The new constitutive equation comprises of a nonlinear 
elastic component, a reduced relaxation component and 
a corrective factor. The nonlinear elastic component 
is derived from a transversely isotropic version of the 
combined logarithmic and polynomial strain energy 



Symposium A - Advanced Biomaterials and Regenerative Medicine 
 (in conjunction with 2nd Asian Biomaterials Congress)

75

equation. The reduced relaxation function was derived 
using Prony series. The corrective factor correlates the 
relaxation properties with the strain. The new constitutive 
law models the stress-strain–time relationship of the 
vascular graft.

RESULTS AND DISCUSSION
The testing apparatus is effective for uniaxial tensile and 
viscoelastic testing, and biaxial testing of various sizes of 
vascular vessel. The unique vessel clamping mechanism 
provides a consistent way of tissue specimen handling. 
Parameters of the proposed constitutive model were 
obtained from tensile and relaxation experimental data of 
both porcine and cadaveric vessels. The curve fitting of 
the experimental data with the proposed model was good. 
We also observed significant degradation of a cadaveric 
vascular graft that was frozen at -80 degree C over two 
months.

CONCLUSION
With the apparatus and a combined tension and relaxation 
testing sequence, we determined the material parameters 
of a new nonlinear viscoelastic constitutive tissue model. 
Stress should be considered as a function of both time and 
strain level in order to have a more accurate assessment on 
biological tissue degradation over time. 
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INTRODUCTION
Spine vertebral is the main support in human body. It 
consists of 26 or 27 vertebral bones. In between the vertebral 
bones, there is a separation gel-like tissue known as inter-
vertebral disc. These inter-vertebral discs allow flexible 
movement and provide shocks cushion during movement 
that minimize impact acting onto the vertebral bones. These 
gel-like tissues are subjected to degeneration and wear-
and-tear, as other biological tissues. Spinal disc herniation 
is a medical condition resulting from a tear in the outer 
fibrous ring of a disc that allows the soft central portion 
of the affected disc to bulge out. A permanent solution to 
this medical condition is to replace the problematic natural 
spinal disc with an artificial spinal disc. 

The artificial spinal disc implant has been purposely 
designed for patients suffering from disc herniation. The 
consistent research and improving in the materials and 
design for disc implant is important in order to produce the 
most compatible disc that simulate the natural disc to the 
closest possible. We have investigated and designed a ‘C’-
shaped artificial spinal disc implant. The effect of static 
load imposed onto this disc implant was studied using 
finite element methods.

MATERIAL AND METHOD
The main components of this disc implant are Titanium 
alloy (Ti-6Al-4V) and Ultra Height Molecular Weight 
Polyethylene (UHMWPE). The Young’s Modulus was 
fixed at 1,500MPa and 690MPa respectively. Besides 
that, to further enhance the stiffness of entire disc implant, 
springs has been integrated into this disc implant. The 
lumbar vertebral disc should be able to withstand at least 
half of an adult weight. Furthermore, the scenario of 
sitting or standing and lifting heavy weight was simulated. 
The load of 400N and 4,000N was study for respective 
scenario. The stress incurred onto each individual material 
was studied with the objective to propose better material to 
mimic the natural spinal vertebral disc.

RESULTS AND DISCUSSION
By integrating the above mentioned materials together, 
the compression loading capacity and overall stiffness was 
improved significantly which is closer to the natural spinal 
disc’s properties. Under axial compressive stress, the area of 
maximum compressive stress concentration was predicted 
in the inner curvature part of Titanium alloy body. The 
Titanium alloy body was proved to be able to withstand 
most loads applied on the implant while UHMWPE and 
springs withstood almost the same load applied on the 
implant. The maximum axial compressive stress on the 
UHMWPE was 3.155 MPa for standing and sitting upright. 
In the event of lifting moderate to heavy weight from floor 
the maximum axial displacement experiences by Titanium 
alloy body was at 0.663mm with the absent of springs, 
159 mm with the absent of UHMWPE and 209 mm with 
present of Titanium alloy alone.

CONCLUSION
The computer simulation using finite element method 
shows that the properties of new C shape disc implant 
closely mimic the properties of normal healthy natural 
spinal disc. It is hence a feasible solution for disc herniation 
treatment.
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In vitro electrochemical behavior of medical grade 316L 
stainless steel coated with natural hydroxyapatite via 
electrophoretic deposition was studied in a Hank’s solution. 
Deposition of the coatings was performed at various applied 
voltages of 30, 60, and 90 V in 3 minutes. The samples 
were dried at room temperature and sintered in a vacuum 
furnace (10-4-10-5 Torr) at 800°C for 1 h. The results of the in 
vitro electrochemical investigations showed that corrosion 
potential and breakdown potential of the coated samples 
shifted toward nobler potential in comparison with the 
uncoated 316L stainless steel. Electrochemical impedance 
spectroscopy revealed higher polarization resistance and 
total impedance and lower capacitance values for the 
coated samples compare to the bare one which indicated 
the improvement of corrosion resistance of the coated 
samples. The surface morphology of the coatings was 
studied by a scanning electron microscope, and also 
phase purity and crystallinity of the coating material were 
investigated by X-ray diffraction. Deposition at 60 V and 
3 minutes was found to be an optimum coating condition 
which led to a uniform, continuous, and crack-free coatings. 
The crystallinity of the coating materials was measured 
to be high and quantitative analysis of the coatings after 
sintering showed some partial decomposition of natural 
hydroxyapatite to tricalcium phosphate. 
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Hydroxyapatite (Ca10(PO4)(OH)2, HA) is the main 
inorganic component of hard tissues in human body and 
used as bone and tooth implants as well as bone fillings. 
However, the brittleness and fatigue failure of HA ceramic 
limit its clinical applications. The human calcified tissue, 
such as long bone and jaw bone, is considered as a 

biologically and chemically bonded composite between 
HA nanocrystals and type-I collagen. Therefore, HA/
polymer composites used as bone replacement materials 
have attracted a lot of attentions.

In this study, the HA nanorods were synthesized in the 
aqueous solution of Ca(NO3)2·4H2O, (NH4)3PO4·3H2O and 
gelatin, then dissolved them in the solution of glycerol 
and N, N- dimethylacetamide. A stable n-HA non-aqueous 
sol was consequently prepared. During the reaction, the 
gelatin coated the surface of n-HA rod and chemically 
bonded with the n-HA. PA66 was dissolved in formic acid 
and then added to n-HA sol with constant stirring for 3 
hours at room temperature, a homogenous composite 
of 40wt.% n-HA and 60wt.% PA66 was successfully 
synthesized. It was found that no new phases appeared 
during formulating the n-HA sol and PA66 solution, but 
the crystallinity of PA66 was lower. The amide groups 
in the gelatin are same as PA66, the gelatin coated n-HA 
sol and PA66 solution have very good compatibility. The 
developed n-HA/PA66 composites were then soaked in 
a simulated body fluid (SBF) for 1, 2, 3, and 4 weeks, 
respectively. It was found that the composites immersed 
for 2 weeks effectively induced a new bone-like apatite 
layer with lower crystallinity. The n-HA/PA66 composites 
have much better bioactivity than PA66.
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Molecular imprinting is a generic technology that allows 
introduction of sites with pre-determined molecular affinity 
into otherwise homogeneous polymeric matrices. While 
this technique is effective for small molecular imprinting, 
limited success has been achieved with macromolecules 
like proteins owing to its fragility, complexity and 
conformational flexibility. Traditional polymer monoliths 
tend to be relatively dense, leading to poor mass transport 
and permanent entrapment of templates resulting in 
inadequate recognition properties. In this study, imprinted 
polymeric nanoparticles that can preferentially bind the 
template protein in an aqueous environment were prepared 
using a surface imprinting strategy based on covalent 
immobilization of template molecules.

Surface-imprinted polymeric particles (500-600nm) 
with magnetic susceptibility were prepared using a two-
stage core-shell miniemulsion polymerization using 
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either Lysozyme, RNase A and Bovine serum albumin 
as templates. Methyl methacrylate (MMA) and ethylene 
glycol dimethacrylate (EGDMA) were employed as the 
functional and cross-linker monomers, respectively. Fe3O4 
magnetite (≈ 20nm) was first encapsulated within poly 
(MMA-co-EGDMA) core particles in a miniemulsion 
polymerization system. Following this, a series of surface 
functionalization reactions were performed on the support 
beads for covalent immobilization of template proteins.  A 
second stage of miniemulsion polymerization was carried 
out over the template-immobilized core particles. Finally, 
template removal was done through alkaline hydrolysis, 
leaving behind complementary imprinted sites on the 
surface. The synthesized particles were characterized by FE-
Scanning Electron Microscopy, Dynamic light scattering, 
Transmission electron microscopy, X-ray Photoelectron 
Spectroscopy and Brunauer-Emmett-Teller gas adsorption 
measurements. The imprinted particles were then evaluated 
for their ability to preferentially recognize and bind the 
template protein in binary rebinding tests. The polymeric 
particles exhibited very high specificity and selectivity 
toward the template proteins over its competitors.

Surface imprinting with immobilized template is 
considered as a very promising way to create biomaterials 
for separation and sensing. The successful fabrication of 
surface imprinted particles using a variety of proteins as 
target ligands in this investigation illustrates the versatility 
of the described method and its potential to be a general 
approach for protein imprinting. Superparamagnetism 
imparted through the magnetite encapsulation extends 
their applications to bioimaging, cell labeling and magnetic 
bioseparation.
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AIM: The generation of effective tissue engineered 
bone grafts requires efficient exchange of nutrients and 
mechanical stimulus. Bioreactors provide a manner in 

which this can be achieved. We have recently developed 
a biaxial rotating reactor with improved fluidics on in-
silicon simulation. Here we investigated the performance 
of this bioreactor in proliferation and osteogenic induction 
of human fetal mesenchymal stem cell (hfMSC) seeded 
onto polycaprolactone -tricalcium phosphate (PCL-TCP) 
3D bioactive scaffolds.

METHODS: hfMSC-scaffolds were cultured in osteogenic 
medium in our bioreactor or standard static culture, 
with assessment of cellular viability, proliferation and 
differentiation/mineralization properties. Furthermore, 
after two weeks in-vitro culture, hfMSC/scaffolds were 
implanted subcutaneously into NOD/SCID mice to 
investigate their ectopic bone formation capabilities.

RESULT: In-vitro, bioreactor induced hfMSC-scaffolds 
achieved confluence within 7 days (static group: 28 days, 
p<0.01), resulted in increased cellularity, cell viability and 
homogenous cellular distribution after 28 days culture. In 
addition, bioreactor induced hfMSC-scaffolds resulted in 
higher osteogenic differentiation and mineralization as 
demonstrated by Von Kossa staining, calcium deposition 
assay, alkaline phosphatase assay and micro-CT analysis. 
Interestingly, majority of hfMSC were fully differentiated 
into osteoblast and encapsulated inside mineralized ECM 
after 28 days bioreactor culture. In-vivo, more ectopic bone 
formation was found in bioreactor group than static group, 
as demonstrated by histological and micro CT analysis.

CONCLUSION: The use of biaxial rotating bioreactors 
allows shorter in-vitro culture, with more efficient 
osteogenic differentiation of bone tissue-engineered grafts 
compared to static culture conditions.
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Poly[(R)-3-hydroxybutyrate-co-(R)-3-hydroxyvalerate] 
(PHBV) is a biodegradable and biocompatible thermoplastic 
polyester produced by numerous bacteria as intracellular 
carbon and energy storage materials. In this research, 
we explored electrospinning as an effective approach for 
tailoring mechanical property of PHBV fibers through 
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manipulating their molecular orientation. Macroscopically 
aligned electrospun PHBV fibers have been successfully 
prepared using a counter electrode collector or a rotating 
disc collector. 2-D Wide-angle X-ray diffraction and 
polarized Fourier transform infrared spectra of the 
macroscopically aligned fibers confirmed the orientation of 
polymer chains, with PHBV chains preferentially oriented 
along the fiber axis. The degree of orientation increased 
with increasing fiber take-up velocity. X-ray diffraction 
pattern also indicates the development of Î²-form crystal 
in electrospun PHBV fibers collected at angular velocity 
of 1500 rpm. The tensile properties of single electrospun 
PHBV fibers were studied using nano-tensile tester. Our 
results indicate that electrospun PHBV fiber with higher 
degree of molecular orientation exhibits higher tensile 
modulus and strength with lower strain at break.

Electrospun PHBV fibers coated with carbonated HA were 
fabricated and their application as biomimetic scaffolds 
for bone tissue engineering was also studied.
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Hydroxyapatite (HA) nano powders have been synthesized 
using surfactant templating approach. Cationic surfactant, 
Cetyl Trimethyl Ammonium Bromide (CTAB), was used 
as template to regulate the nucleation and crystal growth. 
Yield of final product was examined by varying the 
surfactant concentration. The synthesized powders were 
characterized using x-ray diffraction, Fourier transform 
spectrograph and scanning electron microscope. The 
diffraction data revealed the characteristic peaks of HA, 
where a hexagonal structure can be deduced. Calculation 
of the lattice parameters indicate that the HA synthesized 
in the present work had a larger value of c as compared to 
the standard values shown in the JPCDs data. In addition, 
the results indicate that the concentration of surfactant in 
the solution had a significant effect on morphology and 
crystallite sizes of the powder particles. 

 A02208-03781 

Semi-solid Decalcification System: A Novel 
Method to Study GFP Modified Bone Marrow 
Mesenchyma Stem Cells in Bone Bio-scaffold

Shan JIANG1; Qian-li JIANG2; Guo-xian PEI1; 
Pei-ran ZHAO1 
1. Orthopedics and Traumatology, Nanfang Hospital, 
Guangzhou, China
2. Hematology, Nanfang Hospital, Guangzhou, China

BACKGROUND: It is an interesting challenge to study 
GFP labled cells in osseous stuff (including bone bio-
scaffolds and nature bone), but few method has been 
established for that. We hope to monitor the distribution, 
proliferation and differentiation of the target cells, but the 
osseous stuff are too hard (or crisp) and impellucidus to 
observe by general ways. Decalcification may influence 
the fluorescence and cause the scaffolds collapsed at 
early stage after cells’ inoculation. Undecalcified plastic 
embedding technique request special instrument and a 
long-time waiting. It is an important limitation in research 
of the mechanisms about bone and bony tissues.

PURPOSE：To solve this problem, the authors tried to 
establish a semi-solid decalcification system to study GFP 
labled cells growing in bone bio-scaffold.

METHOD: 1) Primary mesenchyma stem cells were 
separated from rabbit bone marrow, modified with 
recombined lentivirus with GFP gene (BMSC-GFP). 
2) BMSC-GFP were inoculated in bone bio-scaffold 
of β-tricalcium phosphate (β-TCP). Then bio-scaffold 
with cells was fixed with 4% paraformaldehyde 
phosphate buffered saline (PBS). 3) Different agents for 
decalcification were tested first, then different semi-solid 
systems were tested, at the end different concentrations of 
agents were add into the semi-solid system to confirm the 
proper combination. 4) Frozen sections were made after 
1~4 weeks’ decalcification in semi-solid system, paraffin 
sections and plastic embedding sections were used as 
controls. 5) Fluorescent quantitation RT-PCR were used to 
quantitate GFP cells in β-TCP bio-scaffold, abl gene was 
used as inter-control.

RESULT: 1) GFP+ cells can be observed growing at 
internal side of the holes of β-TCP by fluorescence 
invert microscope. 2) In frozen sections, BMSC-GFP 
cells remain at the original site where they grow after the 
decalcification in semi-solid system. Similar phenomenon 
could be observed by plastic embedding sections, but 
needs more procedures and complicated. Paraffin sections 
do not work without decalcification and the fluorescence 
disappeared. 3) Compared with inter-control gene abl, 
changes in numbers of GFP+ cells in bio-scaffold can be 
described by fluorescent quantitation RT-PCR, the result is 
compatible with what found by semi-solid decalcification 
system.
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CONCLUSION: With the own-made semi-solid 
decalcification system, GFP+ cells can keep fluorescence 
and original morphology, staying where they are in 
bone bio-scaffolds. It will be great help to the study of 
mechanism in many fields such as bone and cartilage tissue 
engineering, bone marrow transplantation and so on.

 A02216-04210 

Electrical Properties of Exogenous Dopamine
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In human body, a neuro-signal is transmitted from one 
neuron to the next neuron across a synaptic cleft through 
a biomaterial called neurotransmitter. In vitro study of a 
small bio-molecule which is one of the biogenic amine, that 
is dopamine, was conducted. Various electrical properties 
like dielectric constant, conductivity of exogenous 
dopamine were studied. Variations of capacitance and 
conductivity with concentration and temperature were 
studied and dielectric constant was calculated. The non-
linear rise in the dielectric constant can be attributed to 
structural reorientation of neurotransmitter. Frequency 
response for different concentrations in tune with 
variation in capacitance was observed. This study may 
lead to understanding the physiological and psychological 
behavioral responses of human body with temperature 
variations. This study of biofeedback can be used in the 
complementary and alternative medicine therapy.
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A bioceramic coating (mainly hydroxyapatite and calcium 
phosphate bioceramic)  was fabricated on the metal 
substrate with excellent mechanical properties by using 
a certain processing technology, which is thought of one 
of the most promising ways to integrate the merits of 
the metal and bioceramic materials. Undesirable phase 
and microstructure formation, and poor coating/metal 
bonding strength restrict the fabrication technique to 
obtain hydroxyapatite(HAP) and other calcium phosphate 
ceramic coatings. Laser cladding technology was adopted 
to fabricate hydroxyapatite and calcium phosphate 
compounds coating according to the feature that a 
metallurgical bonding can be formed by laser cladding 
process. 

Compared with CO2  laser, Nd-YAG laser has different 
wavelength(the former is 1.06μm and the latter is 10.06μm). 
Metal and ceramic material has quite different absorbance 
ability towards these two kinds of lasers with different 
wavelength and thus they can generate different laser 
cladding products by these two laser surface processings. 
This paper presents a new process and mechanism analysis  
to obtain bioceramic coating on Ti6Al4V substrate by 
Nd-YAG laser cladding. A bioceramic composite coating 
including HAP, Ca2P2O7, calcium titanates and titanium 
phosphates was successfully obtained by Nd-YAG 
laser cladding with pre-depositing mixed powders of 
CaHPO4·2H2O and CaCO3 directly on Ti6Al4V substrate. 
The absorption of metal to laser is the highest in infrared 
range, while the mixed powders of CaHPO4·2H2O and 
CaCO3 is transparent to infrared light but opaque to 
UV light. Nd-YAG laser transmits mixed powders of 
CaHPO4·2H2O and CaCO3 and the laser power is absorbed 
by Ti6Al4V substrate to produce a thin layer of molten 
region. The mixed powders will not begin to melt and 
react with each other until Ti6Al4V substrate  is melted 
by Nd-YAG laser energy and hydroxyapatite and other 
calcium phosphate compounds present in the coating. The 
pre-deposited mixed powders obtain the reaction energy 
from the ambient  molten Ti6Al4V substrate during Nd-
YAG laser cladding, whereas it gets the chemical reaction 
energy directly from CO2 laser beam during CO2  laser 
processing which easily make the reacting procedure in 
the coating superheat and difficult to  get  HAP constituent 
or make HAP decompose.

Scanning electron microscope (SEM) was used to 
investigate the microstructure of bioceramic composite 
coating; the chemical composition of the coating is 
determined by energy dispersive spectrometry (SEM-
EDS) and the phases of the coating are characterized by 
X-ray diffraction(XRD). There are two general  kinds 
of chemical reaction system in the coating during laser 
cladding processing. When CaHPO4·2H2O and CaCO3 
react together, they make  calcium phosphate bioceramic 
products; When CaO and TiO2  react together, they make  
calcium titanates and titanium phosphates products. The 
microstructure of the bioceramic composite coating is 
even and minute because of the rapid solidification in laser 
processing. A chemical metallergical bonding is formed 
between the boceramic composite coating and Ti6Al4V 
substrate.
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In regenerative medicine, scaffolds play crucial roles in 
tissue engineering in ways for providing the framework 
and support for cells to attach, proliferate, differentiate, 
secrete extracellular matrix (ECM) and finally organize 
into a new tissue in define shape. Scaffolds are required 
to stimulate the cells differentiation towards the certain 
linage and help the cells to maintain the specific biological 
phenotype. In addition, the stability of shape and size of a 
scaffold is also important because it defines the shape and 
size of the engineered tissues that are formed along the 
scaffold.

Collagen, a natural biomaterial, has necessary biological 
niche for cell attachment and proliferation, help cells to 
maintain specific biological characters, thus has been 
widely applied as scaffold materials in tissue engineering. 
However, it is mechanically too weak to withstand the 
compression and maintain the desired shape and structure 
during cell culture.

In this study, a hybrid collagen sponge scaffold 
mechanically reinforced with surface activated poly 
(lactic acid)(PLA) fiber (SA-PLA) was prepared, and its 
biological compatibility is evaluated. PLA fibers with 
20um in diameter and 1mm in length were aminolyzed 
in hexanediamine/1-propanol solution to introduce free 
amino groups on the surfaces. After the amino groups 
were transferred into aldehyde groups by treatment with 
glutaraldehyde, different amount (1.5mg, 3mg, 5mg, 8mg 
) of SA-PLA were homogeneously mixed with 2 mL of 
collagen type I solution (pH=2.8, 0.6wt%), respectively. 
These mixture solutions were then freeze-dried and cross-
linked to obtain collagen sponges with different amount of 
SA-PLA fiber. By scanning electron microscopy observation, 
the collagen sponges had a highly interconnected porous 
structure with an average pore size of 170 um, irrespective 
of PLA fiber incorporation. The dispersion of SA-PLA 
was homogeneous in collagen sponge, in contrast to the 
untreated PLA fibers. The compression modulus test results 
showed that the SA-PLA fibers significantly enhanced the 
resistance of collagen sponge to compression, compared 
with both simplex collagen sponge and the untreated PLA 
fiber/collagen (PLA/collagen) sponge. Cytotoxicity assay 
by MTT test indicated that both the simplex collagen sponge 
and SA-PLA fibers/collagen sponge have no cytotoxicity. 
Cells culture studies using L929 cells revealed that the 
number of cells attached, both 6h and 24h after seeding, 
was higher in SA-PLA/collagen sponge than that in both 

the simplex collagen sponges and PLA/collagen sponge. 
In addition, the better distribution of cells infiltrated in 
SA-PLA/collagen sponge was observed by histological 
staining. These results indicated that the collagen sponge 
reinforced with surface activated PLA fiber is a promise 
biocompatible scaffold for tissue engineering.
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Finite Element Analysis of Artery Buckling under 
Internal Pressure
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The research on blood vessel patency is mainly done by 
experimental work. The work of using computational 
simulation tools such as finite element analysis to study the 
blood vessel stability is rare. We have done some nonlinear 
finite element simulation to elucidate the patency of 
perforator used in skin flap but unable to indicate the effect 
of internal pressure.

Two biomedical buckling models have been proposed by 
Han using analytical models. The critical internal pressure 
was determined with ideal artery shapes and boundary 
conditions. Yet, for practical applications, Finite element 
modeling and simulations should be used, as the complex 
of artery material and shapes.

As a first step, we used ideal artery and conducted 
buckling analysis for the artery with respect to different 
stretch ratios of artery.  The results are comparable with 
those derived from analytical models. Possible reasons for 
the discrepancy between simulation results and analytical 
solutions are discussed. 

 A02263-04399 

Degradable Thermoplastic Polyurethane 
Elastomer (TPU): The Effect of Soft Segment 
Structure on Properties and In-vitro Degradation

 
Sing Shy LIOW; Subbu VENKATRAMAN; Abadie MARC 
Materials Science and Engineering, 
Nanyang Technological University, Singapore

Aiming to mimic blood vessels, degradable TPU is designed 
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to be elastic, flexible and tough. A series of degradable 
polyurethanes are synthesized from hexamethylene 
diisocyanate (HMDI), hydroxyl-terminated random 
copolymer of polycaprolactone (PCL) and poly (L-lactide) 
(PLLA), and 1, 4-butanediol (BD) serving as hard 
segment, soft segment and chain extender, respectively. 
By incorporating L-lactide in PCL, an amorphous soft 
segment is successfully produced. The molar ratio of 
caprolactone and L-lactide in the soft segment is altered 
for the investigation of thermal, mechanical properties, and 
in-vitro degradation of TPU. Our studies suggest that soft 
segment structure may not affect molar weights of TPU, 
while it does affect the thermal, mechanical properties and 
in-vitro degradation rate. Glass transition temperatures 
(Tg) of TPUs are proportional to the amount of L-lactide 
in the soft segment. Maximum strain of 1000% and tensile 
strength in the range of human vein are achievable when 
Tg of TPU is below room temperature. Rate of degradation 
is faster in TPU with higher L-lactide content. 

 A02283-03897 

Addressable Nanoarrays of Tethered Lipid  
Bilayer Rafts for Advanced Nanomedicine

HeaYeon LEE; BongKuk LEE; Tomoji KAWAI 
The Institute of Scientific and Industrial Research, 
Osaka University, Osaka, Japan

Lipid membranes vesicles are a biomimetic platform for 
various application of ligand-receptor interactions, cellular 
attack or signal transduction. Biocompatible integrated 
nanopattern requires the fabrication of appropriately 
designed nanomatrix for high sensitivity homogenous 
assays, which are capable of ultimately mimic the 
physiological environment. We already reported the 
nanomatrix geometry of a well-oriented nanosocket array 
derived from nanofabrication technology which can easily 
be employed for digital detection with a high S/N ratio, 
miniaturization, integrated assays and single molecule 
analysis. In this present, we describe a nano(submicro) 
array of tethered lipid bilayer raft membranes comprising 
a biosensing platform. Poly(vinyl alcohol) hydrogel was 
directly patterned onto a solid substrate, using ultraviolet- 
nanoimprint lithography, as an inert barrier to prevent 
biofouling. The robust structures of the nanopatterned PVA 
hydrogel were stable for up to three weeks in phosphate-
buffered saline solution despite significant swelling (100% 
in height) by hydration. The PVA hydrogel strongly 
restricted the adhesion of vesicles, resulting in an array of 
highly selective hydrogel nanosockets. The tethered lipid 
bilayer raft membranes  were not formed by direct vesicle 
fusion, although raft vesicles containing poly(ethylene 
glycol) lipopolymer were selectively immobilized on gold 
substrates patterned with PVA hydrogel. The deposition 
of tethered lipid bilayer raft membranes nano(submicro) 
arrays was accomplished by a mixed, self-assembled 
monolayer-assisted vesicle fusion method. The monolayer 

was composed of a mixture of 2-mercaptoethanol and 
poly(ethylene glycol) lipopolymer, which promoted 
vesicle rupture. These results suggest that the fabrication 
of inert nanostructures and the site-selective modification 
of solid surfaces to induce vesicle rupture may be essential 
in the construction of tethered lipid bilayer raft membranes 
nanoarrays using stepwise self-assembly. It is envisioned 
that the miniaturized integrated nanowell array-chip system 
has excellent advantages over conventional instrumental 
systems for analysis of biomaterials such as compactness, 
economical, rapid, and multiplex capability. Furthermore, 
the nanowell array-chip system should be compatible 
with a variety of nanodevices that aim at high throughput 
analysis.
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Stress and Damage Induced in Dental Ceramics 
during Simulated Clinical Adjustments

Xiao-Fei SONG1; Ling YIN2 
1. School of Mechanical Engineering, Tianjin University, 
Tianjin, China
2. School of Engineering and Physical Sciences, James 
Cook University, Townsville, Australia

Machinable dental bioceramics are attractive to restorative 
dentistry due to their superior biocompatibility, esthetics 
and inertness. In clinical practice, these materials are 
machined quickly to generate crown profiles using 
dental chair-side computer-aided design/computer-aided 
manufacture (CAD/CAM) systems. Ceramic prostheses 
are then intraorally resurfaced and adjusted using dental 
high-speed handpieces and diamond burs for accurate 
marginal and occlusal fit. Ceramics are brittle and 
subject to premature failure, especially in long-term 
cyclic loading and moist environments. The reported 
clinical failure rate, approximately 3% per year for all-
ceramic crowns, is unacceptably high relative to metal-
core crowns. Furthermore, analyses of clinically failed 
crowns have proven that catastrophic fracture had, in fact, 
always originated from surface and subsurface damage in 
ceramic prostheses. From a materials science perspective, 
intraoral resurfacing and adjusting of ceramic prostheses 
involves material removal with sharp abrasives. These 
dental machining processes unavoidably induce surface 
and subsurface damage and contribute to clinical failure 
in ceramic prostheses. Therefore, evaluation of dental 
resurfacing-dependent damage is particularly critical in 
restorative dentistry. In this presentation, we report on 
experimental investigation and finite element analysis 
(FEA) modeling of dental resurfacing of dental ceramics 
with coarse diamond burs under a wide range of clinical 
conditions. The depths of subsurface damage induced 
dental ceramics were experimentally measured using 
scanning electron microscopy (SEM). Tensile, shear, 
compressive and von Mises stresses at the diamond grits-
ceramic interface were investigated using FEA. It is found 
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that the FEA calculated subsurface damage depths agree 
well with the experimentally measured data. This suggests 
that the established FEA model can be applied to clinical 
dentistry for non-destructive prediction of subsurface 
damage in dental resurfacing of ceramic prostheses. 
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Laser Microstructuring of Poly(ε-caprolactone) 
Thin Films: Study of Surface Chemistry, 
Degradability and Potential Applications in Tissue 
Engineering
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Ultra-thin bioresorbable poly(ε-caprolactone) (PCL) 
films were produced by bi-axial drawing and possessed 
significant advantages, such as enhancement in water vapour 
permeability, tensile strength and modulus, for membrane 
tissue engineering. The films fabricated are subjected to 
laser micro-structuring on the film surface with Nd:YAG 
and KrF excimer lasers to form micro-perforations, micro-
wells and micro-channels. Such micro-features are useful 
in applications of improving permeability and diffusivity to 
solvent and solute particles, cell trapping and/or isolation, 
drug encapsulation and controlled tissue growth such as 
vasculogenesis. Study on the degradation of the laser-
irradiated PCL films reveals that photochemical oxidative 
degradation and significant reduction in number-average 
(Mn) and weight-average (Mw) molecular weight occurs for 
the films that are exposed to excimer laser while thermo-
oxidative degradation and small changes to Mn and Mw 
occurred for the films that are exposed to Nd:YAG lasers. 
It is important to note that the pre-cursor to final surface 
oxidation can be useful in creating functional groups which 
can enhance protein adsorption, cell behavior and tissue 
responses at the cell-biomaterial interface.  The present 
study highlights the versatility of lasers as tools not only to 
produce micro-features, but also the ability to photo-graft 
favourable functional groups on the PCL film surface. The 
prospect of combining the favourable physical properties 
of bi-axial drawn PCL films and making use of lasers to 
produce micro-features and functional groups on it paves 
the way for it to become a suitable biomaterial construct 
for complex tissue engineering.

 A02459-04198 

Properties and Structure of Bioactive Glasses 
Containing Titanium

Richard MARTIN; Robert MOSS; Robert NEWPORT 
School of Physical Sciences, University of Kent, 
Canterbury, United Kingdom

Calcium silicate glasses are of great importance due to 
their use for bone replacement and bone regeneration. A 
detailed quantitative knowledge of the structure of these 
bioactive glasses is a prerequisite for a full understanding 
of how changes in materials processing, composition etc. 
affects in vitro reactivity and the resultant in vivo response 
of the body. For example, the rate of dissolution of the 
glass, and in particular the rate at which Ca, P, Si ions 
enter the fluid surrounding the glass, is known to be a 
crucial factor in the gene switching needed to initiate the 
required oesteoblast activity. It is also known that a low Si 
Qn network connectivity is essential for bioactivity. High 
network connectivity glasses (typically Qn > 2) cannot be 
broken down in the presence of body fluid and therefore 
do not release sufficient ions to enable hydroxyapatite to 
begin to form.

Recently, it has been reported that the addition of TiO2 
into bioactive glasses can enhance the bioactivity and 
the formation of hydroxy-apatite (the mineral component 
of bone). The local environment of Ti directly affects its 
role within the glass and the overall network connectivity 
and dissolution. The structure of bioactive glasses doped 
with TiO2 has therefore been examined using the method 
of isotopic substitution applied to neutron diffraction. 
Bioglasses containing TiO2 have been prepared and their 
bioactive confirmed by the formation of hydroxyapatite 
which is readily detected on samples immersed in simulated 
body fluid for 24 hours. Employing the structural difference 
method enabled the Ti-O correlations to be extracted from 
the complex total structure factor. It can therefore be 
shown whether Ti replaces Si and enters the glass network 
(tetrahedral coordination) or acts as a modifier (octahedral 
coordination). 
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Influence of Platinum Nanotopographies on 
Protein Adsorption and Cellular Behavior
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Currently, there is a strong focus on understanding the 
biological response of nanostructured artificial materials. 
The nanostructures are mainly used for more fundamental 
protein and cell studies, but also for applications like 
implants and cell/tissue engineering. Here, two simple 
methods to generate nano-rough surfaces with varying 
morphological characteristics and a well-controlled 
surface roughness has been employed: Platinum Glancing 
angle deposition (GLAD) and molecular beam epitaxy 
(MBE) followed by platinum sputtercoating. Afterwards, 
the biological response of the characterized nanorough 
samples were evaluated by protein adsorption and cell 
adhesion assays.

The platinum surfaces produced by GLAD and MBE/
sputtercoating, respectively, were characterized by Atomic 
force microscopy (AFM) in order to determine the 
surface roughness and the size of the nano-rough surface 
features. For GLAD it is found that the protein fibrinogen 
is significantly influenced by the nano-rough substrates 
as compared to a flat control surface. Furthermore, the 
proliferation of primary human fibroblasts is almost 
completely inhibited on the nano-rough GLAD substrates. 
A maximum difference of almost 200% is observed 
between the tallest columnar surface features (44 ± 5 
cells/mm2) and the flat platinum reference (125 ± 6 cells/
mm2). The same trend is not seen for glial cells. The MBE 
substrates consists of irregularly distributed pyramidal 
nanostructures that were subsequently coated with a 
thin layer of platinum. Fibroblasts and glial cells were 
cultured on the different substrates and the cell responses 
were studied as function of the surface roughness. After 
the first day in culture, the shape of the fibroblasts and 
the cytoskeletal organization were considerably affected 
on the rough substrates. The cells were more elongated 
and their cytoskeletons were less mature. This effect 
was proportional to the roughness of the surface and was 
associated with a reduced cell proliferation throughout the 
observation period (4 days). Although the morphology of 
the glial cells was also affected by nano-topography after 
the first day in culture, the effects occurred for a different 
roughness scale and did not affect cellular proliferation.

These results show that the GLAD and MBE techniques 
are versatile for fabrication of varying nano-rough model 
surface morphologies capable of influencing both the 
protein and cell behavior on the surface. In conclusion, 
nano-topographic features can differentially modulate 
the responses of fibroblasts and glial cells to platinum, a 
knowledge that on a long termscale may be used to reduce 
encapsulation of e.g. neural electrodes.

 A02477-04237 

3-D Perfusion Culture of Osteogenic hMSC-TERT 
Cells with Media Perfusion Rate Dependent on 
Differention Stage

Dang Quang Svend LE1;2; Muwan CHEN2; 
Jens Vinge NYGAARD1; Morten FOSS1; 
Flemming BESENBACHER1; Cody BUNGER2 
1. Interdisciplinary Nanoscience Center, 
Aarhus University, Aarhus C, Denmark
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Introduction
To bring bone tissue engineered implants from the current 
research level to actual use in the clinic there is a need 
to significantly decrease the time between seeding the 
3-D porous scaffold with osteogenic stem cells and the 
completion of the mechanically stable mineralized implant. 
Generally, the environmental cues for proliferation and 
differentiation oppose each other for undifferentiated stem 
cells. Fluid shear stress on the seeded cells is an important 
determinant, with low or no shear stress favouring 
proliferation, while high stress levels and thus perfusion 
rate stimulate differentiation and synthesis of mineralized 
matrix. In this study, we divide the culturing into periods 
with low and high fluid shear stress regimes, respectively. 
We hypothesize that a given low/high ratio regime will 
provide an improved protocol for cellular colonization and 
subsequent differentiation, thereby improving dynamic 
culturing conditions to obtain the highest mineralization 
rate.

Materials and Methods
Porous polycaprolactone scaffolds were made with a 
novel technique combining particle leaching with fused 
deposition modelling (FDM) in order to achieve multiple 
levels of porosity within the scaffold. The macroporous 
FDM geometry was laid down with a CAD program 
and executed using a Bioscaffolder (Syseng, Germany). 
Scaffolds had a thickness of 6 mm and diameter of  
10 mm.

We employ a large sample number perfusion setup (N 
= 126) that allows for easy withdrawal of scaffolds. 
hMSC-TERT cells (43. passage) are seeded at a density 
of 2×106cells/scaffold and statically cultured for one day 
prior to low flow perfusion culture (0.02 mL/min). Both 
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static and perfusion culture will be in DMEM at 37°C, 5% 
CO2.

On a daily basis, beginning from day 5, three scaffolds 
are withdrawn for testing ALP/DNA ratio, three for live/
dead stains using confocal laser scanning microscopy 
and µ-CT scanning, and three scaffolds are transferred to 
the high flow perfusion regime (0.7 mL/min). At day 19, 
all remaining 42 scaffolds will be in the high perfusion 
regime and will remain in culture for a total of four weeks. 
Subsequently, the scaffolds will be assessed with respect 
to mineralization using µ-CT and Alizarin Red staining.

Results
The scaffolds were characterized with µ-CT (Scanco, 
Switzerland) showing an overall porosity of 79 %. 
The presence of microporosity upon particle leaching 
was visualized with environmental scanning electron 
microscopy. This surface modification of the individual 200 
µm thick FDM polymer strands gives these a considerably 
larger roughness and surface area. Cell assessment of the 
scaffolds is ongoing.

Discussion
In contrast to MC3T3-E1 and Saos-2 cell lines, the hMSC-
TERT cell line is a newcomer to the tissue engineering 
scene with many undetermined characteristics. This study 
will elucidate the cell line’s responsiveness to mechanical 
stimulus and its time-resolved differention behaviour.

By determining the time point at which triggering of a 
osteogenic stimulus will still be effective, the seeded cells 
be have more time to colonize the scaffold before initiating 
matrix production. Such knowledge is vital for fast large 
scale production of engineered bone tissue.

 A02479-04233 

Composite Biomaterials for Tissue Repair and 
Regeneration

Luigi AMBROSIO; Roberto DE SANTIS; 
Vincenzo GUARINO; Antonio GLORIA; 
Raucci MARIA GRAZIA 
Institute of Composite & Biomedical Materials - 
National Research Council, Naples, Italy

Over the past twenty years the research in this field has led 
to the formulation of novel highly biocompatible materials 
and new methods to obtain structures able to better interact 
with biological tissues. In order to mimic the behaviors 
of natural tissue, the optimal approach for designing 
novel biomaterials has to be inspired to nature guidelines. 
Following this approach it is possible to design prosthesis 
for dental implant, bone substitutes, intervertebral disc, 
ligaments, and scaffolds for tissue engineering. To prove 
this concept, results on the design of novel intervertebral 
disc prostheses and scaffolds for tissue engineering (bone 

and meniscus) will be discussed.

Intervertebral disc degeneration, is one of the major 
causes of low back pain, which is one of the most common 
medical cases in the western world. Currently, the two 
major surgical interventions for treating conditions related 
to the degenerated disc, discectomy and fusion, provide a 
relatively good short-term clinical results. Thus, the ideal 
solution to a degenerated disc seems to be an artificial disc 
substitute. A design a novel composite intervertebral disc 
prosthesis with appropriate bio-mechanical and transport 
properties is proposed.

In tissue engineering applications, an ideal scaffolds should 
be biocompatible and biodegradable in medium-long term; 
it should initially maintain its structural behaviours, allow 
cellular in-growth and diffusion of nutrient, and used as 
carrier of growth factors and drugs.
Scaffolds endowed with molecular cues together to 
a controlled degradation profile should allow cell 
proliferation and differentiation, controlled vascularization, 
new tissue ingrowth and then permit the remodeling of 
this tissue through a gradual transmission of biochemicals 
and biophysical signals as performed by the extracellular 
matrix (ECM).

Actually many synthetic, natural and semi-synthetic 
organic and inorganic materials have been used, and even 
if they posses appropriate biological and biodegradable 
properties, their structural performances are not completely 
adequate. In order to satisfy all the complex requirement, 
composites materials technology can be implemented to 
designed an appropriate scaffolds.

For connective tissue regeneration (bone, ligaments, 
meniscus) composite scaffolds are obtained by phase 
inversion, salt leaching and RP technique to modulate 
mechanical properties and cell interactions.
Design of bioactive scaffolds for bone regeneration with 
appropriate porosity and high pores interconnectivity could 
be obtained by using Poly(ε-caprolactone) reinforced with 
Calcium Phosphates particles and PLA fibres.

Ester of Hyaluronic Acid reinforced reinforced with 
degradable fibres were processed by composite technology, 
phase inversion and salt leaching technique to obtain 
scaffolds for meniscus regeneration. In vivo results 
demonstrated the possibility to regenerate the meniscus 
by using an appropriate scaffolds. Imaging and rapid 
prototyping technologies are implemented to design a 
“custom made” meniscus scaffold.
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Electrospun Bioactive Nanofibers as Biomimic 
ECMs from Structure Properties to Functions for 
Tissue Engineering

Xiumei MO 
Institute of Biological Sciences and Biotechnology, 
Donghua University, Shanghai, China

Nanofibers made from self assemble and electrospining 
have been developed as new generation of tissue 
scaffolds which has the physical structure biomimicing 
the nanofiberous structure of extracellular matrix (ECM). 
Electrospining shown the great potential for large scale 
production and has made almost all the biomaterials 
into nanofibers. Those biomimetic ECM has shown its 
advantage to enhance the tissue regeneration. Besides the 
structure biomimetic, the similar components as native 
ECM were induced into nanofibrous scaffolds, in ordering 
to make the nanofibrous scaffold have similar mechanical 
properties as native tissue, such as protein-polysacharide 
complex nanofibers were fabricated to biomimic the 
components of soft tissue ECM; hydroxyapatite-
polymer complex nanofibers were used to biomimic the 
components of  bone tissue ECM. Further more, emulsion 
and co-shell electrospinning has the bioactive agent 
encapsulated into the nanofibers and released continuously 
for long term to give bioactive and functional scaffolds. 
In this paper three stages of biomimic ECM were realized 
by electrospining, emulsion electrospining and co-
shell electrospining. The structure and properties of the 
biomimetic nanofiberous scaffolds were characterized and 
evaluated by mechanical properties testing. The bioactive 
function has been evaluated with cell proliferation. The 
collagen-chitosan complex nanofibers have shown elastic 
mechanical properties similar to the human skin, which is 
different from the plastic properties of any single material 
either collagen or chitosan. So the component biomemic 
to ECM do induced the property similarity as the native 
ECM. The growth factor (NGF) was encapsulated into 
co-shell electrospun nanofibers has continually released 
from the nanofibrous scaffold and shown its bioactivity by 
initiated the PC-2 cells proliferation. As a conclusion the 
bioactive nanofibrous can be given by electrospining the 
biomaterials, their complex and bioactive agents.   
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Several substrata have been investigated to maintain 
cellular functions of primary hepatocytes in vitro.  When 
cell-substratum interaction is stronger than cell-cell 
interaction, hepatocytes spread and form two-dimensional 
(2D) monolayer, which lose their function in a few days 
of culture.  By contrast, when substratum has weak cell 
adherent, hepatocytes form spherical or three-dimensional 
(3D) multicellular aggregates, which exhibit and maintain 
liver-specific functions.  Promoting hepatocyte aggregation 
by using a positively charged or hydrophilic substratum, 
which has weak cellular adhesion properties, is a typical way 
to maintain cellular functions of hepatocytes.  Therefore, 
controlling cell-substratum interaction is a useful way to 
regulate cellular configuration and maintain differentiated 
functions of hepatocytes.  In the present study, we show 
that enzymatically-gelled carboxymethylcellulose (CMC) 
derivative, CMC with phenolic hydroxyl (Ph-OH) group 
(CMC-Ph), is useful as a substratum for culture of primary 
rat hepatocytes.  We used CMC-Ph containing 7.3 Ph-OH 
groups per 100 repeat units of uronic acid (CMC-Ph7) and 
16.7 Ph-OH groups (CMC-Ph16) for hepatocyte culture.  
Several properties of CMC-Ph hydrogel including cellular 
adhesion are tunable by controlling Ph-OH group content 
in CMC-Ph.  Higher Ph-OH group content induced faster 
gelation, and the gels were more brittle and hydrophobic.  
On CMC-Ph gels, hepatocytes formed multicellular 
aggregates.  Furthermore, significant difference in cellular 
morphology was observed between hepatocytes cultured 
on the gel of CMC-Ph7 (spherical aggregates) and that 
of CMC-Ph16 (multilayer aggregates).  In addition, 
hepatocytes cultured on both CMC-Ph gels secreted 
the albumin (30-60 µg albumin/106 nuclei/day) and 
maintained their liver-specific function longer-term than 
those on tissue culture polystyrene plate and collagen 
coated plate.  These results show that hydrogels obtained 
from CMC-Phs that have tunable properties by controlling 
Ph-OH group content are useful substrata for controlling 
of hepatocyte morphology and maintaining liver-specific 
function hepatocytes.
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Pharmacological Manipulation of an Oral 
Mucosa Progenitor/stem Cell Population
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Progenitor/stem cells of oral mucosa reside in the small-
sized cell population and will continue to differentiate 
concurrent with an increase in their cell size, when 
appropriately stimulated as opposed to large size cells 
which are in a highly differentiated state. Mammalian 
target of rapamycin (mTOR) inhibitor, rapamycin, has 
been shown to play an important role in maintaining cells 
at a smaller size. Although mTOR activation is important 
for keratinocyte differentiation, the effect of rapamycin on 
keratinocyte proliferation has never been reported.

To pharmacologically manipulate a small sized progenitor/
stem cell population with rapamycin to maintain these 
cells in a small sized undifferentiated and proliferative 
state for use in fabrication of an ex vivo produced oral 
mucosa equivalent (EVPOME) for use in intraoral grafting 
procedures.

Primary oral keratinocytes cultured in a defined medium 
(EpiLife®, Cascade Biologics, Portland, OR) without 
serum, pituitary extract or use of a feeder layer were sorted 
by serial filtration into Large and Small size cell groups, 
and cultured with 0, 2 and 20nM rapamycin. Once they 
reached 70-80% confluence, cells were simultaneously 
counted in all 6 groups, then re-plated and continued to 
culture until its proliferation was exhausted. During these 
serial passages, Cumulative Population Doublings (CPD), 
Colony forming efficiency (CFE), differentiation marker 
expression (DME) and ability to regenerative an EVPOME 
were assessed.

Large and Small sized cell groups cultured in 2 and 20nM 
rapamycin retained their small-sized and proliferation 
ability, for up to 20 weeks with 15.7 CPD on average 
(N=10).  In contrast, Large and Small cells without 
rapamycin were exhausted within 5 weeks. Higher CFE 
and lower DME were noted in the rapamycin treated cell 
groups. Cells, maintained 15 weeks in culture, were able to 
successfully regenerate an EVPOME.

The differences between the behaviors of Small versus 
Large size cells were eliminated when they were treated 
with rapamycin which maintained their ability to continue 
to proliferate.
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In vivo Implant of a New Generation of Neural 
Collagen-based Guides
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The use of a tubular construct (termed conduit) to reconnect 
the proximal and distal stumps of a transected nerve, and 
induce regeneration of the lost nerve trunk, has been the 
subject of a large number of investigations.

While the presence of a conduit between the transected 
stumps is sufficient to induce regeneration, the micro-
structural, mechanical and compositional features of the 
tubular construct itself, and of any material inserted within 
the tube lumen, have been observed to significantly affect 
the quality of regeneration.

An ideal conduit should protect the site of injury from 
the infiltration of surrounding tissues, while at the same 
time retaining a certain degree of porosity to allow 
diffusion of soluble factors (SFs) through the tube wall. 
Moreover, it should affect the migration and organization 
of myofibroblasts, which are responsible for the undesired 
synthesis of scar tissue. The conduit should also provide 
adequate mechanical strength and flexibility to support the 
regenerating nerve fibers, and should be biocompatible 
and biodegradable. A new type of neural guides based on 
highly engineered collagenic porous matrices have been 
developed and patented.The approval from the ethical 
committee of the San Raffaele Hospital has been obtained 
to perform an human study on the regeneration of the sural 
nerve.

The collagen tubes are made of Type I collagen isolated 
from calf skin (Kensey-Nash Corporation). These tubular 
scaffolds are prepared using a four step process which 
includes: 1) preparation of a collagen-based slurry; 2) 
spinning of the slurry in a proper apparatus and rapid 
freezing of the sedimented suspension in liquid nitrogen; 
3) freeze drying of the solidified suspension to obtain the 
final tubular scaffold; 4) crosslinking by means of a DHT 
treatment to confer mechanical properties to devices. While 
the currently available tubes show a random and cell-
impermeable pore structure, our tubular scaffolds display 
a gradient in porosity and pore size along the tube radius, 
and a radially-oriented pore distribution. In particular, the 
outer surface of the tube wall is protein-permeable but 
cell-impermeable, whereas the inner surface of the tube 
wall is cell-permeable.

Work in vivo on Sprague-Dawley rats (San Raffaele 
Research Hospital, Milan) using our devices demonstrated 
terrific results in terms of nerve regeneration and formation 
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of stromal tissue. Indeed this generation of collagen tubes 
performed better than other collagen tubes already on 
the market and notably, at 60 days postoperatively in the 
regenerated mid-graft, results showed that the regenerated 
nerve had a normal histological composition regarding 
fibers size, number and myelination, including G-ratio. 
Also the endoneurium was normal without the typical 
minifascicles observed in the nerve trunk regenerated 
inside the silicone. Four months after surgery, the cMAP 
(compound Motor Action Potential) was recorded, in the 
case of the treated rats, as demonstrated by the presence of 
the cMAP of the plantar muscles following sciatic nerve 
stimulation above the site of nerve cutting and devices 
placement, showing a relatively early phase of nerve fibre 
regeneration and myelin repair after lesion.

 A02555-04599 

BMP-2 Plasmid Loaded PLGA/HAp Composite 
Scaffolds for Treatment of Bone Defects in Nude 
Mice

Hemin NIE1; Mei-Ling HO2; Chih-Kuang WANG3; 
Chi-Hwa WANG1; Yin-Chih FU2 
1. Chemical and Biomolecular Engineering, 
National University of Singapore, Singapore
2. Orthopaedic Research Center, Kaohsiung Medical 
University, Kaohsiung, Taiwan
3. Faculty of Medicinal and Applied Chemistry, 
Kaohsiung Medical University, Kaohsiung, Taiwan

We studied three different types of scaffolds, encapsulating 
bone morphogenetic protein-2 (BMP-2) plasmid, in terms 
of their performances in bone regeneration in nude mice. 
The plasmid was loaded into fibrous matrices in three 
different ways: coating of naked DNA (Group A) or DNA/
chitosan nanoparticles (Group B) onto scaffolds after fiber 
fabrication by dripping, and encapsulation of DNA/chitosan 
nanoparticles into scaffold by mixing them with PLGA/
DCM solution before fiber fabrication (Group C). Their 
individual performances were examined by soft X-ray 
observation, histological analysis and immunostaining of 
bone tissue. In addition, the BMP-2 protein concentration 
and alkaline phosphatase (ALP) activity in serum were 
monitored. The results revealed that the bioactivity of BMP-
2 plasmid released from all three kinds of scaffolds was well 
maintained; this eventually helped improve the healing of 
segmental defects in vivo. Interestingly, the three kinds of 
scaffolds released DNA or DNA nanoparticles in different 
modes and their performances in bone healing were diverse. 
These observations demonstrate that the in vivo performance 
of these newly developed DNA delivery devices correlates 
well with their in vitro release profiles.

This work has been supported by the National University of 
Singapore under the grant number R279-000-201-712.

 A02608-04455 

Prevention of Bacterial Colonization of 
Biomaterials Surfaces and Implants by Ultrathin 
Antibacterial Coatings

Hans GRIESSER1; Hardi YS1; Chi NDI1; 
Susan SEMPLE2; Sameer AL-BATAINEH1; 
Krasimir VASILEV3; Marek JASIENIAK1; 
Stefani GRIESSER1 
1. Ian Wark Research Institute, University of South 
Australia, Adelaide, Australia
2. Sansom Institute, University of South Australia, 
Adelaide, Australia
3. Mawson Institute, University of South Australia, 
Adelaide, Australia

Bacterial infection of implants and auxiliary biomedical 
devices, such as catheters, is a well-recognised problem 
that causes enormous complications in human health care 
and restorative medicine. One approach towards reducing 
the incidence of such infections is to coat implants and 
devices with a thin coating that deters bacterial colonisation. 
Ideally, such a coating should also be conducive to good 
attachment of human tissue to facilitate wound healing, or, 
in the case of catheters and contact lenses, be lubricious 
and not bio-adhesive. Requirements differ for antibacterial 
coatings for different implants and devices; accordingly 
we will discuss different approaches we have used for 
the fabrication of several antibacterial coatings. For 
long-lasting effect, we prefer the approach of covalently 
immobilising antibacterial molecules onto the surface 
of a device; we have also investigated the alternative 
approach of release of silver ions and antibacterials. This 
presentation will review the advantages and disadvantages 
of various approaches used by us and others, and discuss 
open questions.

Our strategies are based on plasma polymer thin film 
coatings, because this approach can be transferred to coat 
many polymeric, metallic and ceramic materials. Plasma 
polymers with chemically reactive surface groups enable 
covalent immobilisation of antibacterial compounds onto 
their surface. Alternatively, we load plasma polymer 
coatings with silver nanoparticles, from which Ag+ ions 
can outdiffuse. Finally, antibiotics can be adsorbed onto 
surfaces and released from there. Organic antibacterial 
compounds investigated were furanones, Novobiocin, and 
serrulatanes, the latter are novel substituted diterpenes 
extracted from Australian plants used in traditional 
medicine. The chemical composition of coatings was 
assessed by XPS and ToF-SIMS to ensure that the intended 
coatings were achieved and no adventitious contaminants 
were present. Samples were tested with bacterial cultures 
as well as mouse 3T3 fibroblast cell attachment. Biofilm 
formation was observed for up to 48 hrs.

Surface-immobilised bioactive molecules do not always 
retain their activity, but covalently attached furanones, 
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Novobiocin, and serrulatanes were active, reducing 
bacterial attachment by > 70%, up to 99.8%. While large 
biofilm communities formed on control surfaces within 
48 hrs, these coatings were able to stop biofilm formation. 
Plasma polymer coatings loaded with Ag nanoparticles 
likewise were effective; the Ag+ delivery can be adjusted 
via the properties and thickness of the plasma polymer 
film and the silver loading. To test clinical effectiveness, 
furanone coatings were applied to silicone hydrogel contact 
lenses and tested in guinea pigs for infection resistance 
and with human volunteers for wear comfort, both with 
good results. Testing of coatings with m3T3 fibroblast cell 
cultures showed, however, that in many cases there were 
adverse effects. Silver in particular affected 3T3 cells. With 
organic antibiotics, the surface density appears important 
and an optimum must be found between deleterious cell 
effects and antibacterial effectiveness.

Important questions remain: do surface-immobilised 
antibiotics act as in solution, as quorum sensing inhibitors 
(furanones) or gyrase inhibitors (Novobiocin)? Do in vitro 
and in vivo tests correlate? How to mitigate adverse effects 
on mammalian cells? Why is there contradictory literature 
especially on Ag?

 A02610-04458 

In vitro Differentiation of Bone Marrow-derived 
Mesenchymal Stem Cells into 3D Epidermis-like 
Cells in Organotypic Coculture

Kun MA1; Filip LACO2; Seeram RAMAKRISHNA3;4;5; 
Susan LIAO3;6; Casey K. CHAN3;6 
1. NGS, National University of Singapore, Singapore
2. Department of Biomedical Engineering, 
University of Applied Sciences, Aachen, Germany
3. Division of Bioengineering, 
National University of Singapore, Singapore
4. Nanoscience and Nanotechnology Initiative, 
National University of Singapore, Singapore
5. Department of Mechanical Engineering, 
National University of Singapore, Singapore
6. Department of Orthopedic Surgery, 
National University Hospital, Singapore

Numerous evidences have shown that after skin injury, 
bone marrow-derived mesenchymal stem cells (BM-
MSCs) will home to the wounded sites and differentiate into 
keratinocytes for skin regeneration in vivo. However, their 
epidermal differentiation potential in vitro is not clearly 
investigated. Starting from our hypothesis that BM-MSCs 
could undergo epidermal lineage differentiation within 
skin-specific environment, here we provide an artificial 
skin-like ‘stem cell niche’ by optimizing the culture 
conditions in organotypic coculture. It not only sheds 
light on the possibility of in vitro fate control of MSCs 
into epidermal lineage, but also indicates their potential 
application in skin tissue engineering.

 A02709-04656 

Fracture Behaviour of Composite Dental Resins

Brandusa GHIBAN1 
1. Faculty of Materials Science and Engineering, 
University Politehnica Bucharest, Bucharest, Romania
2. Dental prosthesis, Victor Babes Medicine and 
Pharmacy University, Timisoara, Romania

Mechanical behaviour of removable partial dentures is 
a priority among experimental papers, in order to define 
the fracture mechanism of acrylic resins. Paper presents 
experimental results concerning the manner of fracture 
of some dental composite materials from acrylic resins 
class, respectively VERTEX, MELIODENT, TRIOLEX, 
SUPERPONT. The fracture samples were examined on 
stereomicroscope Olympus. The difference in mechanical 
behaviour is explained in terms of stereomicroscopic 
analysis, as is illustrated in figures in longitudinal (a,b) 
and transversal (c,d) sections. Finally some conclusions 
concerning the mechanism of fracture were drawn in 
correlation with the aspect, shape, dimension and proportion 
of rainforced small red particles in resin matrix.

 A02765-04730 

Activation of Collagen Based Biomaterials using 
Collagen Binding Growth Factors

Jianwu DAI 
Institute of Genetics and Developmental Biology, 
Chinese Academy of Sciences, Beijing, China

Collagen biomaterials have long been used for wound repair 
and tissue regeneration. The addition of human growth 
factors into biomaterials  has been shown to promote the 
regeneration. However, the diffusion of growth factors 
to the body fluid from scaffolds limits their applications. 
We here develop a approach to produce collagen binding 
growth factors by genetically fusing a collagen binding 
domain to growth factors. This collagen binding growth 
factors retain their bioactivities and show specific collagen 
binding ability both in vitro and in vivo. Such functional 
biomaterials made from collagen based biomaterials 
and collagen binding growth factors can improve tissue 
regeneration and wound repair in several animal models.   
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 A02823-05077

Advanced Biomaterials Technolgy and 
Regenerative Therapy 

Yasuhiko TABATA 
Institute for Frontier Medical Sciences, Kyoto University, 
Japan

Following reconstruction surgery and organ transplantation, 
a new therapeutic trial based on the natural-healing 
potential of body itself to induce tissues and organs 
regeneration, has been recently expected. To realize this 
regenerative therapy, there are two practical approaches; 
cell transplantation therapy and tissue engineering. 
Tissue engineering is a technology or methodology with 
biomaterials to artificially create a local environment 
which enables cells to enhance their proliferation 
and differentiation, resulting in cell-induced tissue 
regeneration. If cells around a target site to be regenerated 
have an inherent ability to induce tissue regeneration, 
tissue regeneration is induced only by surgically supplying 
a temporary cell scaffold of biomaterials to the target site. 
However, for the site of poor regeneration potential, it is 
necessary to combine cells or growth factors and genes 
with the scaffold. If a key growth factor is supplied to the 
right place at the right time period and concentration, it is 
likely that the body system can initiate to physiologically 
function for natural induction of tissue regeneration. 
However, the biological activities of in vivo un-stable 
growth factor cannot always be expected only by the direct 
injection in the solution form. One practically possible way 
to enhance the in vivo efficacy of growth factors and genes 
is to make use of drug delivery system (DDS) technology. 
A controlled release technology with biodegradable 
hydrogels enhances their biological activities of growth 
factors and genes to realize the regeneration and repairing 
of various tissues based on the natural-healing potential of 
living body. This release technology can be also combined 
with stem cells to significantly enhance the therapeutic 
efficacy of cells transplanted to induce tissue regeneration. 
The non-viral carriers of gene transfection have been 
explored for plasmid DNA and small interference RNA 
(siRNA). The plasmid DNA or siRNA combined with the 
carrier significantly enhanced their biological functions 
for stem cells and genetically engineer for activation of the 
biological functions. The stem cells genetically engineered 
could enhance the in vivo efficacy in cell transplantation-
based regenerative therapy to a significantly great extent 
compared with the original cells. In this paper, experimental 
data on promoted tissue regeneration of various by the 
DDS technology and the combination with stem cells 
are presented to emphasize significance and necessity of 
biomaterials technology in tissue regenerative therapy. 

 A02919-04989 

Supramolecular Polymeric Biomaterials for Drug 
and Gene Delivery

Jun LI1;2 
1. Division of Bioengineering, National University of 
Singapore, Singapore
2. Institute of Materials Research and Engineering, 
Singapore

The phenomena of molecular self-assembly have inspired 
interesting development of novel functional materials for 
electronic and biomedical applications. We have been 
focusing on developing novel macromolecules with the 
ability to self-assemble into more elaborate supramolecular 
structures, which can function as biomaterials for potential 
drug/gene delivery and tissue engineering applications. The 
key components in our macromolecular self-assembling 
structures include the biodegradable and biocompatible 
microbial biopolyesters, poly(β-hydroxyalkanoates), and 
the macrocyclic polysaccharides, cyclodextrins. A series 
of novel block copolymers and interlocked supramolecular 
architectures were designed and synthesized. They 
were characterized in terms of their molecular and 
supramolecular structures, as well as their properties and 
functions as biomaterials for potential drug delivery, gene 
delivery, and tissue engineering. 
  
A series of biopolyester-based amphiphilic block 
copolymers of different chain architectures such as 
ABA triblock, AB and ABC multiblock copolymers, 
were designed and synthesized. The copolymers were 
composed of poly[(R)-3-hydroxybutyrate], poly(ethylene 
glycol), and/or poly(propylene glycol) blocks. They could 
self-assemble to form stable micelles, nano-patterning 
thin films, and thermo-sensitive hydrogels, which were 
demonstrated to be promising potential biomaterials for 
controlled and sustained delivery of drugs and for tissue 
engineering scaffolding materials.

The self-assembly of block copolymers with cyclodextrins 
resulted in supramolecular smart biomaterials such as 
injectable hydrogels or pseudo-block copolymers with 
controlled thermoresponsivity. could control the hat can 
be used as injectable drug delivery systems. Novel cationic 
supramolecules self-assembled from cyclodextrins and 
block copolymers were designed and synthesized as a 
new class of polymeric gene delivery vectors. In contrast 
to the conventional cationic polymers containing a long 
sequence of covalently bonded repeating units, the 
novel supramolecular gene carriers are formed by many 
cationic cyclic molecules threaded upon a polymer chain, 
forming an integrated supramolecular entity to function as 
a macromolecular gene vector, which showed excellent 
DNA binding ability, low cytotoxicity, and high gene 
transfection efficiency. The development of the cationic 
supramolecules may impact the area of gene delivery by 
opening up a new approach for gene vector designs.
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 A02920-04991

Nanomedicine: Nanoparticles of Biodegradable 
Polymers for Oral Chemotherapy 

Si-Shen FENG 
Department of Chemical and Biomolecular Engineering 
& Division of Bioengineering, National University of 
Singapore, Singapore

Oral chemotherapy provides a long and mild exposure 
of the therapeutics to the cancer cells and can thus result 
in high efficacy and low side effects in comparison with 
the i.v. administration in the current regimen, which 
constitutes a necessary condition for â€œchemotherapy at 
homeâ€� to improve the quality of life of the patients as 
well as to cut off the hospital expense. Unfortunately,most 
anticancer drugs, especially those with excellent anticancer 
effects such as taxoids (paclitaxel and docetaxel) are not 
bioavailable, i.e. not adsorbable in the gastrointestinal 
(GI) tract. For paclitaxel, its oral bioavailability was less 
than 1%. This is because the drug would be eliminated 
from the 2rd-pass extraction by the cytochrome P450-
dependent metabolic processes and the overexpression of 
plasma membrane transporter P-glycoprotein (P-gp) in the 
physiological systems involved (intestine, liver, kidney, 
etc). Medical solutions are currently under intensive 
investigation. The idea is to apply P-gp/P450 inhibitors 
such as cyclosporin A to suppress the P-gp/P450 inhibitors, 
which, however, also suppress the body immune system 
and thus cause medical complications. Nanomedicine will 
change the way we make drug and the way we take drug, 
which will provide ideal solutions for oral chemotherapy. 
This talk will demonstrate four systems of nanoparticles 
of biodegradable polymers for oral delivery of anticancer 
drugs with Docetaxel used as a model drug, which are 
the poly(lactide)-vitamin E TPGS nanoparticles (PLA-
TPGS NPs) and the poly(lactide)-vitamin E TPGS/
montmorillonite nanoparticles (PLA-TPGS/MMT NPs). 
The drug-loaded NPs were prepared by a modified solvent 
extraction/evaporation method and then characterized for 
their TPGS and MMT content, size and size distribution, 
surface charge and morphology, drug encapsulation 
efficiency, and in vitro drug release profile as well as for 
the physical status of Docetaxel and MMT in the NPs. 
Cellular uptake of the fluorescent NPs was investigated. In 
vitro cancer cell viability experiment showed that judged 
by IC50, the PLA-TPGS/MMT NP formulation was found 
2.89, 3.98, 2.12 fold more effective and the PLA-TPGS 
NP formulation could be 1.774, 2.58, 1.58 fold more 
effective than the Taxotere® formulation after 24, 48, 72 
hour treatment, respectively. In vivo PK experiment with 
SD rats showed that oral administration of the PLA-TPGS/
MMT NP formulation could achieve 26.4 times longer half-
life or the PLA-TPGS NP formulation could achieve 20.6 
times longer half-life than i.v. administration of Taxotere® 
at the same 10 mg/kg dose. One dose oral administration 
of the NP formulations could realize almost 3 week 
sustained chemotherapy in comparison of < 24 hours of i.v. 

administration of Taxotere®. The oral bioavailability can 
be enhanced from 3.59% for Taxotere® to 78.0% for the 
PLA-TPGS NP formulation and 91.3% for the PLA-TPGS 
NP formulation. Oral chemotherapy by nanoparticles of 
biodegradable polymers is feasible.

 A02937-05020 

Design Considerations for the Development of 
Artificial Liver Device

Hwa Liang LEO1; L. XIA2;3; S. F. ZHANG2;3; 
X. Y. TUO7;8; T. M. CHENG5; G. F. XIAO6; Hanry YU2;4;7 
1. Division of Bioengineering, National University of 
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2. Institute of Bioengineering and Nanotechnology, 
Agency for Science, Technology and Research, Singapore
3. Graduate Program in Bioengineering, 
National University of Singapore, Singapore
4. Department of Physiology, National University of 
Singapore, Singapore
5. Department of Gastroenterology - Nanfang Hospital, 
Nanfang Medical University, Guangzhou, China
6. Department of General Surgery, Xiang Ya Hospital, 
Hunan, China
7. Singapore-MIT Alliance, National University of 
Singapore, Singapore
8. Department of Burns and Plastic Surgery, 
The First Affiliated Hospital of PLA General Hospital, 
Beijing, China

Artificial liver support is designed to address the problem 
of liver donors scarcity, to bridge patients suffering from 
acute hepatic failure (AHF) for liver transplantation and/
or help patients regenerate/recover part of their liver 
functions. Optimal design considerations in liver bioreactor 
are therefore paramount to an efficient and successful liver 
support system. In building the bioreactor, tissue engineers 
are faced with a myriad of issues such as cell sources, cell 
culturing techniques, culture chamber design for optimal 
supply and delivery of nutrient and oxygen to the cell 
surface, and the interaction between the fluid-induced shear 
stress and the cell culture. These factors could impact the 
long term culture of the hepatocytes essential for the success 
of a liver support system. In this study, the authors will 
present and discuss the development of a sandwich culture 
based bioreactor using Wistar rat hepatocytes, combining 
both experimental and computational approaches in the 
optimization of the bioreactor. The rat hepatocytes culture 
was found to be sensitive to very low fluid-induced shear 
stress (<<0.33 Pa). However, the study also demonstrated 
that the cell culture was tolerance of elevated culture 
media oxygen partial pressure exceeding 160 mmHg. 
Flow volume and channel height (~1mm) between culture 
plates was optimized to enhance transport of nutrient and 
essential gases, to increase packing density of cells, and to 
minimize dead volume within the bioreactor. Optimization 
of the bioreactor flow rate was also considered to ensure a 
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more uniform distribution of flow velocity across the cell 
surface as well as reducing the detrimental effect fluid-
induced shear stress on cell viability. Our results indicate 
that the bioreactor can maintain the cellular viability and 
functionality of the hepatocytes for more than 10 days and 
therefore has the potential to be used as an efficient liver 
support system. 

 A02949-05041 

Fetal Stem Cells and Opportunities for 
Regenerative Medicine

Jerry CHAN1; Zhi-Yong ZHANG2;3; Mark CHONG1; 
Eddy LEE1; Yi-Ping FAN1; Citra MATTAR1; 
Swee-Hin TEOH2;3; Arijit BISWAS1; Mahesh CHOOLANI1 
1. Department of Obstetrics & Gynaecology, 
Yong Loo Lin School of Medicine, National University  
of Singapore, Singapore
2. Graduate Program in Bioengineering, National 
University of Singapore, Singapore
3. Centre for Biomedical Materials Applications and 
Technology, Department of Mechanical Engineering, 
National University of Singapore, Singapore

Regenerative medicine, through harnessing the self-renewal 
and multi-lineage differentiation capacity of various stem 
/ progenitor cells, have tremendous potential for clinical 
applications in a variety of tissue injury paradigms in a 
wide range of tissue / organ systems.
  
The identification of pluripotent human embryonic stem 
cells (ESC), and more recently, the inducible pluripotent 
stem cells (iPSC) have enlarged the field of cellular therapy 
considerably. However, achieving efficient directed 
differentiation and avoidance of teratoma formation in both 
ESC and iPSC remain formidable hurdles to their clinical 
application at present. Adult stem cells on the other hand, 
are safer and less muddled in ethical mire, but have limited 
capacity in generating clinically relevant cell numbers. 
Moreover, some cell types such as neural stem cells are 
generally inaccessible, and are found in low numbers in 
specific areas of the central nervous system.
  
Fetal stem cells represent a rich source of stem cells 
with more primitive features, self renewal capacity, 
multi-lineage differentiation, lower immunogenicity 
and propensity for transmission of infections. Fetal 
mesenchymal stem cells are currently being investigated 
for bone tissue engineering and cellular replacement 
therapy for skeletal dysplasia, while fetal neural stem 
cells and hepatoblasts are being developed for neural and 
hepatic regeneration applications. Other rich sources of 
stem cells can be isolated from extra-fetal sources such 
as the amnion, chorion, umbilical cord and amniotic fluid, 
further expanding the source of cell types of use in the 
various fields of regenerative medicine. 

 A02979-05094 

Engineering in vitro Drug Testing Platforms

Hanry YU1;2;3 
1. Institute of Bioengineering and Nanotechnology, 
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With the cost of bringing a drug into the market rising to 
US$ 400 million, there is a greater need to eliminate false 
lead candidates by performing pre-clinical drug screening 
using in vitro models with enhanced degree of predictability. 
Currently available models are mostly for non-cell based 
in vitro drug screening, involving molecular assays, such 
as affinity binding assays. However, it is important that 
such drug testing models incorporate cells, in particular 
primary hepatocytes as they contain a broad range of 
metabolizing enzyme activities, hepatic transporters, and 
other differentiated functions. Maintaining high level 
functions in vitro has been challenging. Over the years, 
we have systematically investigated and engineered extra-
cellular microenvironments; and developed innovative 3D 
hepatocyte-culture models for drug testing applications. 
Here I would describe our recent efforts to develop a 
3D HepaTox Chip based on a microfluidic platform; and 
explore a few other models based on microfabricated 
membranes or polymer hydrogel or inter-cellular linkers. 
A highly interdisciplinary approach will be elaborated to 
illustrate the process of developing a useful real-world 
application solution from conception, to basic studies, to 
engineering parts, and finally to integration into a useful 
device/platform.

 A03000-05123

Identification of Virulent Isolates and Proteome 
Analysis of Bioinsecticidal Fungus, Paecilomyces 
Fumosoroseus (Wize) Brown and Smith for 
the Management of Eurema Blanda (Pieridae: 
Lepidoptera) and Pericalia Ricini (Lymandridae: 
Lepidoptera) 

A. NAJITHA BANU; C. BALASUBRAMANIAN; 
P. VINAYAGA MOORTHI; T. KUBENDRAN 
Thiagarajar College, Tamilnadu, India

The present study to predict the virulent isolate of  
Paecilomyces fumosoroseus isolates (P1 and P2) towards 
Eurema blanda and Pericalia ricini. Two isolates (P2 and 
P1) has its own impact on Pericalia ricini contributes  
88.89% and 62.22% mortality at 1x108 spores/ml on 8th 
day of incubation. Whereas in E. blanda, P2 and P1 isolates 
has maximum of  69.44% and 61.19% mortality on  8th day 
of incubation at 1x108 spores/ml. Proteome analysis of the 
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isolates itself recommended the mortality due to the isolates 
that, higher proteolytic and chitinolytic activity among the 
isolates in response to P. ricini and E. blanda.SDS-PAGE 
profile prediction of 23KDa and 30 KDa fractions in the 
fungal secretome supports the P. ricini and E. blanda due 
to the P1 and P2 isolates actions. Thus, besides mechanical 
pressure enzymes play a vital role in the mortality.

 A03009-05136

The LETS Biodevice Implant: Development of a 
Novel Concept and Biodevice to Guide Cancer 
Treatment 

Terence A. TAN1; Lilli BRANDTNER2; 
Soi-Khoon YEW3; John DANGERFIELD2; 
Brian SALMONS2; Khee-Chee SOO1; 
Walter GüNZBERG2; Swee-Hin TEOH3 
1. Cancer Biodevice Group, National Cancer Center 
Singapore, Singapore
2. SGAustria Pte. Ltd., Singapore
3. Osteopore International Pte. Ltd., Singapore

A new breed of biomaterials are being designed and created 
to exert their functions not primarily through physical or 
mechanical interactions with a host system but more through 
biological and biochemical ones. These biomaterials are not 
simply just biologically active (bioactive) materials, i.e. a 
material having interaction with or effect on any cell tissue 
in the human body, but are specifically designed for special 
biological purposes that necessitate making use of their 
biological interactions to manipulate, regulate, or change 
underlying biological and biochemical processes within 
the host system. As the range of these ‘bio-functional’ 
biomaterials increase, so does the permutation of ways 
in which they can be individually combined together to 
form whole new engineering constructs of a higher order. 
The use of ‘bio-functional’ biomaterials to form devices 
that specifically targets, influences and changes the 
behavior of a host’s biological system thus constitutes a 
potentially new domain for biomaterials engineering. The 
diverse functionality of these devices yet to be conceived 
and developed is potentially vast and goes beyond just 
the regeneration of organs and tissues or the repair and 
replacement of diseased or damaged ones. These devices 
are more aptly given the name ‘Biodevices’.

LETS or Living Encapsulated Tumor Shell is a novel 
biodevice implant that is invented specifically for the in vivo 
testing of tumor responsiveness to various combinations of 
drugs. Our cancer biodevice group, an inter-institutional 
collaboration between National Cancer Center Singapore, 
SGAustria Pte Ltd and Osteopore International Pte Ltd, 
is developing LETS to provide a better advanced solution 
to guide the treatment of multi-treatment resistant cancers 
in patients. This is in contrast to current blind-sighted 
trial-and-error drug selection approaches that mostly fail. 
The LETS biodevice implant comprises conceptually of a 

cellulose sulphate bioencapsulated biopsied subcentimeter 
sample of tumor from a tumor-bearing host housed within 
a biocompatible rigid but malleable polycaprolactone 
(PCL) porous tissue scaffold structure which may or may 
not be impregnated with angiogenesis growth factors such 
as VEGF(Vascular Endothelial Growth Factor). The aim 
of the LETS biodevice implant is to create a self-contained 
in vivo biological system that keeps tumor samples alive 
for drug testing. The whole construct or LETS biodevice 
once created is then re-implanted into the same host either 
subcutaneously or at its original biopsy location. Upon 
implantation, it is expected that the LETS biodevice 
implant will develop new blood vessels that will integrate 
with the local tissue blood supply. This vascularization 
process keeps the cancer tissue in LETS alive. The tumor 
chamber/s of the in vivo vascularized LETS biodevice 
implant is then subjected to treatment with different 
drugs and combinations thereof via for example, direct 
micro-injections of the same into the chamber/s of 
the biodevice. A single LETS biodevice implant may 
longitudinally house multiple standard sizes of cellulose 
sulphate encapsulated biopsied tumor specimens in their 
respective chambers. The cellulose sulphate encapsulation 
prevents external immune-mediated destruction of the 
biopsied tumor and thus allows for monitoring of a cleaner 
drug pharmacodynamic response. The encapsulation 
also prevents further growth of the re-implanted tumor 
specimens in their locality. The response of the row of 
individually spaced tumors in the LETS biodevice implant 
chambers, specifically the presence and extent of cell death 
to various combinations of drugs or placebo, can then be 
monitored for via a variety of potential imaging techniques, 
like direct surface microscopy, in vivo fluorescence 
microscopy, micro-PET/CT or micro-MRI. Alternatively, 
the LETS biodevice implant may be surgically excised and 
histopathologically examined for cancer tissue response to 
treatment. Whichever combination of drugs work best to 
achieve maximum cancer cell kill as revealed by the LETS 
biodevice implant can then be used systemically to treat the 
tumor-bearing host. To this end, we are in the engineering 
stage where we are investigating the properties of and 
developing the processes of encapsulating tumor biopsied 
specimens in cellulose sulphate, from xenograft rodent 
tumor models, housed within the chambers of a PCL tissue 
scaffold implant. Our ongoing results are presented. We 
aim to develop this general method of treatment using the 
LETS biodevice implant to be ultimately translatable to 
humans in clinical trials to help guide and treat patients 
with multi-treatment resistant cancers. 
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1. National Dental Centre, Singapore
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3. National University of Singapore, Singapore
4. Regenerative Medicine Institute of Health and 
Biomedical Innovation, Queensland University 
Technology, Australia

This study aims to evaluate the safety and efficacy of a 
bioresorbable 3-dimensional (3D) polycaprolactone (PCL) 
scaffold in maintaining bony architecture of the alveolar 
ridge following tooth extraction. Normal post-extraction 
healing response of an alveolar ridge is resorptive in nature 
and this decrease in alveolar ridge volume may preclude 
optimum dental implant placement. Bone grafting 
procedures may then be necessary, resulting in additional 
surgery, morbidity and cost. The hypothesis is that the PCL 
scaffold when placed in tooth sockets immediately after 
extraction results in less physiologic bony resorption than 
natural healing via clot formation. This is based on the 
fact that the 3D PCL scaffold with its fully interconnected 
pore network has several advantageous properties, namely, 
good mechanical properties, slower degradation kinetics, 
enhancement of vascular ingrowth and osteoconductive 
properties. In this study, bone healing in tooth extraction 
sockets filled with a 3D PCL scaffold will be compared 
against natural healing via clot formation using clinical 
measurement of alveolar ridge resorption, histologic and 
micro-computed tomographic methods after 6 months. 
The stability of dental implants placed into the healed 
sockets will also be evaluated using Resonance Frequency 
Analysis (RFA). 3D PCL scaffold, if shown to promote 
bone ingrowth, will prove useful in oral maxillofacial 
surgery in various clinical situations requiring bony 
reconstruction.
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Center, South Korea

Bone metastases, a common complication developed in 
patients with advanced breast cancer, often lead to bone 
pain, bone fractures, nerve compression and hypercalcemia. 
The efficacy of Ibandronate (anti-resorptive) and Paclitaxel 
(anti-cancer) treatments were investigated through a 
Sprague Dawley rat tumour model in a pilot study. 
Localized bone metastasis was induced through surgical 
injection of 2.5 x 106 osteolytic Walker 256 (W256) cells 
into the right femoral medullary cavity of SD rats via the 
intercondylar notch. Forty two 8-10 week old male Sprague 
Dawley rats were randomly distributed into four groups - 
control (Sham), tumour-only (Tumor), Ibandronate-treated 
(IB), and Paclitaxel-treated (PAC), of which only animals 
in the control group were not inoculated with tumour 
cells. Serum DPD (deoxypyridinoline) concentration 
was monitored via regular blood collection to observe 
the progress of bone resorption. Three animals from each 
group were euthanized every 10 days (maximum of 30 
days) and femur bones were subjected to micro-CT scans. 
Significant reduction in the bone volume fraction due to 
presence of tumour was found to have occurred after 20 
days. Ibandronate treatment had been found to have an 
effect of increasing bone volume fraction significantly 
(p<0.05) as compared to the tumor-only group due to its 
anti-resorptive effect. Paclitaxel treatment was also found 
to increase bone volume fraction over the tumor-only 
group. Both Ibandronate and Paclitaxel treatment had been 
shown to have the effect of improving bone quality in the 
tumourâ€“induced osteolytic rat model. 
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He XI1; Revanth Reddy GARLAPATI1; 
B. W. SCHAFER2; W. P. SEGARS3; F. ECKSTEIN4; 
V. KUHN5; T. J. BECK3; Taeyong LEE1 
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Singapore, Singapore
2. Department of Civil Engineering, The Johns Hopkins 
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3. Department of Radiology, The Johns Hopkins 
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Paracelsus Private Medical University, Austria
5. Department of Trauma Surgery and Sports Medicine, 
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Realistic computer simulations of loaded trabeculae in 
osteoporotic bones show that individual trabeculae fail 
by Euler buckling. Euler buckling is an instability mode 
that becomes likely in end-loaded structures when they 
become too slender and lose lateral support. Increasing 
slenderness and loss of transverse elements are hallmarks 
of trabecular degradation in osteoporosis. Since applied 
loads are mainly borne by the cortex, its stability may be 
of greater importance.

Aging and osteoporosis cause thinning cortices, expansion 
of outer diameter and loss of internal trabecular support 
which may lead to local buckling, a different form of 
instability. In this preliminary study we performed a series 
of stability analyses on tubular structures simulating 
femoral neck geometries using observed dimensions from 
elderly fracture cases and controls.

We analyzed eight cross-section models of the femoral 
neck cortex using dimensions from studies of hip fracture 
cases and non-fractured controls. Sections were selected to 
span the range of cortical slenderness based on the buckling 
ratio (BR). Three different models were considered: non 
concentric circles; non-concentric ellipses; and more 
realistic sections from CT scans of the femoral neck taken 
from a study comparing femoral neck biopsies in fracture 
cases and cadaver controls.

To examine potential for local instability, we developed 
finite strip models of each cross-section and determined the 
elastic local buckling stress (fcrl). The finite strip method 
is a specialized variant of the finite element method; we 
employed the implementation in CUFSM. The model 
considers the cross-section as an extrusion (no variation 
along the length). Local buckling occurs at lengths as short 
as Â½ the section diameter, so the assumption of a straight 
extrusion is reasonable. Material properties assumed 
E=18800 x 106 Pa, G=13620 x 106 Pa, 
 =0.31.

Three age related femoral neck models were simulated by 
either reducing (young ageâ€“related model) or increasing 
(old age-related model) the outer cortical surfaces in the 
radial-direction, by 1-mm. The inner cortex diameter was 
also adjusted to equilibrate the compressive stresses, based 
on the load-profile of a single-legged stance.

Based on the old age related model, two additional “fragile” 
models were simulated by reducing the compressive load 
profile by 10% and 20% changing the inner cortex diameter 
respectively. Using these models for each specimen, 
the consequence of a fall on the greater trochanter was 
evaluated. The Finite Strip Method (FSM) was used to 
investigate the association between local buckling at the 
femoral neck and the load to failure.

Under constant loading, buckling progressively reduced 
the load to failure with aging, as seen in 2/7of the middle 
age (by 9-15%) and 5/7 of the  old age (by 7-32%) related 
models. In the fragile models, a 51% reduction in the 
load to failure was noted. Structural adaptation to age-
related bone loss might preserves the bending strength 
under physiologic loads, but cortical thinning effects the 
buckling ratio reaching a critical threshold that would 
make the bone susceptible to local buckling at the femoral 
neck increasing the risk of fracture in a fall. 
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Age-related reduction in the bone mass causes an increase 
in the fracture risk of elderly populations. Finite element 
analysis (FEA) is generally used for indirect evaluation of 
mechanical properties of trabecular specimens which is 
vital for fracture risk prediction. However, the finite element 
methods (FEM) can be computationally expensive. In this 
study, we propose the reduced basis (RB) methods, which 
correlate well with the typical finite element (FE) results, 
despite a considerable gain in computational speed. 

Three cylindrical trans-iliac crest specimens (diameter: 
7.5 x 10-3 m, length: 10~12 x 10-3 m) were obtained 
from healthy subjects (20, 22 and 24 year old females) 
and scanned for micro-CT images. Cubic samples of 
dimensions 1.5 x 10-3 m x 1.5 x 10-3 m x 1.5 x 10-3 m were 
extracted from the core of the cylindrical specimens for 
FE analysis. An in-house linear elastic FEM code based on 
four-node tetrahedron elements was used to perform the 
analysis. Subsequently, a FEM solution library (test space) 
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was constructed for each of the specimens by varying the 
material property parameters: the elastic modulus and 
Poisson’s ratio. This library was utilized to develop fast 
RB algorithms. The average computational speed gain 
obtained by the RB methods for the samples and their 
accuracy relative to the FEA were evaluated. Furthermore, 
the spatial distribution of von-Mises stresses, axial strains 
and shear strains was studied for both the samples for a 
fixed set of material properties.

Computational speed gains greater than 2000 were 
obtained for all the specimens for a compromise of less 
than 1% accuracy in the maximum value of von-Mises 
stress, assuming the FE solution to be the standard for 
comparison. The computational times were reduced from 
more than 3600 seconds to less than 2 seconds. For a fixed 
set of material properties, it was observed that the spatial 
distribution of von-Mises stresses and strains was as 
expected from the physics and symmetry of the problem. 

The RB solution converged rapidly over the chosen test 
space, comprising of selected basis vectors. The hypothesis 
that the methods can be used as a tool for rapid indirect 
estimation of material properties has been proven in this 
study. 
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Development of Functional Nanofibers for 
Controlled Release of Basic Fibroblast Growth 
Factor

Min sup KIM; Heungsoo SHIN 
Bioengineering, Hanyang University, Seoul, South Korea

Scaffolds for tissue engineering should mimic in part the 
structure and biological function of the extracellular matrix 
(ECM). The scaffolds should provide mechanical support, 
deliver inductive molecules or cells to the repair site and 
provide cues to control the structure and function of newly 
formed tissue. Many techniques have been developed to 
fabricate three-dimensional porous architectures to fill 
this role, such as by particle leaching, phase separation 
and self-assembly. However, many of these scaffolds do 
not adequately mimic the structure of the natural ECM 
in terms of architecture, which may be one of the reasons 
for suboptimal outcomes in generating functional tissues. 
Electrospinning is a simple process for the production 
of fibers with diameters in the range from submicron to 
micron. A broad range of applications for nanofibers have 
been suggested including bioactive factors delivery, such 
as drug, DNA, and growth factor for tissue regeneration. 
Moreover, the small diameters of nanofibers produced 
by electrospinning have the advantage of a large surface 
to volume ratio, which provides the direct attachment of 
ECM ligands and growth factors onto fiber surfaces to 
locally modulate cell and tissue function and to enhance 
regeneration.

It has been reported that various growth factors function 
in the process of tissue regeneration. Specifically, basic 
fibroblast growth factor (bFGF) is a multifunctional protein 
that promotes angiogenesis and regulates many aspects of 
cellular activity, including cell proliferation, migration, and 
ECM metabolism, in a concentration-dependent manner. 
However, bFGF added directly to the cell culture media or 
injected in vivo may be inhibited by binding proteins or the 
ECM before reaching the desired target cells. Therefore, 
the most important concern regarding the delivery of bFGF 
is how we retain biological activity of the released protein. 
Heparin has been shown to protect bFGF from degradation 
and play a key role in the interaction between the bFGF 
and cell signaling pathway. Therefore, the best strategy 
to enhance the efficacy of bFGF is to achieve sustained 
release and to maintain suitable concentration over an 
extended time period by association with heparin.

In this study, heparin-immobilized nanofibers based on 
polycaprolactone and gelatin crosslinked with genipin were 
fabricated to release bFGF in a sustained manner. Heparin 
was covalently conjugated onto the surface of nanofibers 
using 1-Ethyl-3-[3-dimethylaminopropyl] carbodiimide 
hydrochloride and N-hydroxysulfosuccinimide (EDC/
NHS) and bFGF was then specifically immobilized on 
nanofibers. Sustained release of bFGF was successfully 
achieved for over 4 weeks due to the high affinity of bFGF 
to the surface conjugated heparin. The bFGF released 
from the nanofibers maintained its bioactivity and the 
proliferation of human mesenchymal stem cell was 
increased with increasing amount of bFGF in vitro.

This work was supported by grant of the Korea Healthcare 
technology R&D Project, Ministry of Health & Welfare, Republic 
of Korea. (A080189)
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