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Synthesis and characterization of gelatin based polyester urethane  scaffold 


S  SARKAR,  A  CHOURASIA,  S  MAJI,  S  SADHUKHAN,  S  KUMAR†  and  B  ADHIKARI* 


Materials Science Centre, †School of Medical Science and Technology, Indian Institute of Technology,  
 Kharagpur 721 302, India 


MS received 19 May 2006; revised 24 July 2006 


Abstract. For tissue engineering purpose two gelatin based polyester urethane scaffolds of different composi-
 tions were prepared from lactic acid, polyethylene glycol 400 (PEG 400) and characterized by FTIR, XRD for 
 their mechanical and morphological properties using SEM and optical microscopic analyses. Degradation and 
 swelling studies of gelatin based polyester urethane scaffolds in phosphate buffer saline (PBS) were per-
 formed. Human keratinocyte cells were cultured within these scaffolds, which showed good cell adherence and 
 proliferation. 


Keywords. Polyester urethane; scaffold; tensile strength; swelling; degradation; cell culture. 


1. Introduction 


The development of tissue engineering devices and cell-
 based artificial organs requires a large number of cells to 
 be cultured for the replacement of the damaged tissue. 


Porous biodegradable polymeric scaffolds would be ideal 
 for these applications. In some applications, porous 
 sponges were designed to serve as an analogue of extra-
 cellular matrix in order to provide a suitable substrate for 
 cell attachment to enhance certain anchorage dependent 
 processes such as migration, mitosis and matrix synthesis 
 (Sato et al 1994; Gutsche et al 1996; Bock et al 2000; 


Chupa et al 2000; Aung et al 2002). Various biodegra-
 dable porous polymer scaffolds have been extensively used 
 as templates for tissue regeneration (Davis and Vaccanti 
 1996). For these applications, porous structures with size 
 range 100–500 µm, along with well-interconnected open 
 pores, are required for allowing high density cell seeding 
 and efficient nutrient and oxygen supply to the seeded 
 cells (Park 2002). Such scaffolds also must be biocom-
 patible, non-toxic to the cells and be capable of cell adhe-
 sion and allowing the retention of the metabolic functions 
 of attached cells. Zhang and others (Zhang et al 2000, 
 2003) synthesized porous polyurethane scaffolds from 
 lysine diisocyanate (LDI), glucose, and poly (ethylene 
 glycol) (PEG), which supported the attachment, prolifera-
 tion and differentiation of rabbit bone marrow stromal cells 
 and degraded to non-toxic decomposition products (e.g. 


lysine and glucose) in vitro. These materials also induced 
 a minimal foreign body response in vivo, with the formation 


of a capsule around the degrading implant (Zhang et al 2002). 


Guan et al (2002, 2004) synthesized two kinds of biode-
 gradable polyurethane ureas, viz. poly (ester urethane) 
 urea (PEUU) and poly (ether–ester urethane) urea (PEEUU), 
 polycaprolactone, polycaprolactone-b-polyethyleneglycol- 
 b-polycaprolactone, 1,4-diisocyanatobutane and putre-
 scine, which are highly flexible and strong. Given the 
 thermoplastic nature of these polymers, it was hypothe-
 sized that these polyurethanes could be fabricated into 
 flexible scaffolds using a variety of techniques. Heijkants 
 et al (2005) synthesized polyurethanes from poly (ε-
 caprolactone) (PCL) and 1,4-butane diisocyanate with 
 different soft segment lengths and constant uniform hard 
 segment length in absence of catalyst for the production 
 of a degradable meniscus scaffold. Using the recently 
 developed surface modification technique, free amino 
 groups have been introduced into polyester-type polyure-
 thane scaffolds. The introduction of these free amino 
 groups increased the surface energy and provided a con-
 venient way to further immobilize bioactive species such 
 as gelatin, collagen or chitosan, etc on the scaffold surface 
 by employing glutaraldehyde as a coupling agent. These 
 modifications are advantageous to enhance cell–material 
 interaction (Zhu et al 2004). Gelatin, which is a natural 
 polymer extracted from collagen, was used as a tissue 
 engineering scaffold (Choi et al 1999a, b, 2001). Hong et al 
 (2001) have shown the efficacy of cross-linked gelatin-
 based sponges composed of gelatin and polysaccharides 
 for wound-dressing materials. Crosslinked gelatin sponges 
 have also been investigated for their potential application 
 as a component of artificial skin or tissue transplants to 
 promote epithelialization and granulation tissue forma-
 tion in wound. 


*Author for correspondence (ba@matsc.iitkgp.ernet.in) 



(2) Many biodegradable polyester urethane scaffolds have 
 been synthesized for different biomedical applications. 


Although there are reports on scaffolds made separately 
 from polyester urethanes and gelatin but there is no report 
 on gelatin based polyurethane scaffold for soft (skin) tissue 
 engineering. So the main objective of this investigation 
 was to synthesize some gelatin based polyester urethane 
 scaffolds for soft tissue engineering applications, which 
 would be biodegradable as well as biocompatible. In this 
 paper, synthesis and characterization of some gelatin based 
 polyester urethane scaffolds are reported. Human keratinocyte 
 cell growth was carried out within these scaffolds. The 
 degradation of the scaffold was also studied in phosphate 
 buffer solution (pH = 7⋅4). 


2. Experimental 
 2.1 Materials 


The following materials were used in the present study: 


DL-lactic acid (88%) (LA), Quest Chemicals, India; poly-
 ethylene glycol 400 (PEG 400), E. Merck, India; dibu-
 tyltindilaurate (DBTDL), Fluka (used without purification); 


toluene diisocyanate (TDI), Merck, Germany (used as 
 received); tetrahydrofuran (THF), E. Merck, India (dried 
 over metallic sodium); benzene, Quest Chemicals, India; 


sulfuric acid, Quest Chemicals, India; sodium chloride, E. 


Merck, India; gelatin (bacteriological grade, mol. wt. 


46374), Qualigens, India; glutaraldehyde, E. Merck, India; 


human keratinocyte (HaCaT) cells was a kind gift from 
 Hindustan Lever Research Centre, India; Dulbecco’s 
 Modified Eagle’s Medium (DMEM), Hi-Media, India; fetal 
 calf serum (FCS), Gibco, India; penicillin-streptomycin anti-
 biotic solution, Hi-Media, India; phosphate buffer saline 
 (pH = 7⋅4) (PBS), Hi-Media, India; trypsin-EDTA (0⋅25% 


trypsin and 0⋅02% EDTA), Hi-Media, India; trypan blue 
 (0⋅5%), Sigma Chemicals Co. USA and doubly deionized 
 water (Milli-Q-water). 


2.2 Synthesis of gelatin-based polyester urethane  
 scaffold 


Gelatin based polyester urethane was prepared in three 
 steps. In the first step, an ester diol was synthesized in 
 benzene by reacting lactic acid (LA) with polyethylene 
 glycol 400 (PEG 400) (1:2 molar ratio) in presence of 
 sulfuric acid as catalyst in a round-bottomed flask with an 
 attachment of Dean and Stark apparatus. Benzene was added 
 in such a quantity as to have a 50 wt% of the reagents. 


The reaction mixture was refluxed for 10 h at 80°C for 
 maximum conversion of lactic acid and PEG 400 to the 
 polyethylene lactate ester diol. In this reaction 95% conver-
 sion of lactic acid was achieved. The polyethylene lactate 
 ester diol was collected by vacuum distillation. Subsequently, 
 gelatin solutions (2⋅5% and 5%) were prepared by dis-
 solving in doubly deionized water. In the second step, a 


prepolyurethane was synthesized by reacting the ester 
 diol (4⋅1884 g) with 2,4-toluene diisocyanate (TDI) 
 (2⋅438 ml) (in the molar proportions (NCO:OH = 2:1)) taken 
 in dry THF (50 wt% of the reactants) in presence of DBTDL 
 (0⋅05 wt%) as catalyst. The prepolyurethane was obtained 
 as a viscous solution in THF. In the third step, viscous 
 prepolyurethane solution in THF and 5 wt% glutaraldehyde 
 were added to the gelatin solution (1⋅25 g and 2⋅5 g gela-
 tin in 50 ml water) and the reaction mixture was stirred. 


Within 5 min the mass became more viscous as a result of 
 some reaction among prepolyurethane, gelatin and gluta-
 raldehyde. The viscous mass was then poured on a flat 
 base glass petri-dish. The petri-dish was then inserted 
 into a vacuum chamber made of glass. Within the vacuum 
 chamber a small quantity of water was kept deliberately 
 for supplying water vapour required for curing of poly-
 urethane scaffold during simultaneous foaming of the 
 polyurethane by solvent evaporation. Then by slow evacua-
 tion (gas foaming method), porous spongy polyurethane 
 was formed and maintained in this inflated spongy form 
 atleast for 10 h with simultaneous curing by moisture 
 within the closed glass chamber. Two different gelatin based 
 polyurethane scaffolds were prepared by varying the 
 gelatin contents and designated as PUG1, which contained 
 5% gelatin and PUG2, which contained 2⋅5% gelatin. The 
 spongy polyurethane slabs were taken out and finally 
 sterilized by boiling in deionized water for 20 min. 


2.3 Characterization 


2.3a FTIR spectroscopic analysis: For structural analysis, 
 FTIR (in ATR mode) spectra of the gelatin based poly-
 urethane scaffolds were taken using Thermo Nicolet 
 FTIR, Model Nexus 870. The polyurethane scaffolds 
 were dried and kept in a vacuum desiccator for 24 h. The 
 spectra were taken in the frequency range 400–4000 cm–1. 
 2.3b XRD analysis: To know whether the prepared gelatin 
 based polyurethane scaffolds are crystalline or amorphous, 
 X-ray diffraction study was done. The samples were pre-
 pared and conditioned as done for FTIR analysis. The XRD 
 study was done using Phillips XRD Analyser (Model PW 
 1729), Holland, for the range 2θ = 10–80° using Cu as 
 target. 


2.3c Contact angle measurement: In order to have some 
 idea about the hydrophilicity of the synthesized gelatin 
 based polyester urethanes, the contact angles of the scaf-
 fold slabs were measured by using Rame Hart Goniometer 
 (model 100–00–230). 


2.3d Swelling behaviour in PBS: Swelling of the gelatin 
based polyurethane scaffolds in PBS solution at 37°C was 
measured by immersing the samples till equilibrium 
swelling (the samples achieved equilibrium swelling within 



(3)24 h). The swollen samples were taken out from PBS 
 solution and its surface was wiped with tissue paper fol-
 lowed by immediate weighing in a previously weighed 
 weighing bottle. The swollen weight was recorded and % 
 equilibrium swelling was calculated using the following 
 formula 


f i


i


( )


% Equilibrium swelling W W 100
 W


= − × , 


where, Wi is the initial weight of the dry gelatin based 
 polyurethane sample and Wf the weight of the swollen 
 gelatin based polyurethane sample. 


2.3e Optical microscopy: Optical microscopy of the 
 gelatin based polyester urethane scaffolds was done using 
 a light optical microscope (Leica). The samples were pre-
 pared and conditioned as done for FTIR analysis. 


2.3f Scanning electron microscopy: Scanning electron 
 microscopy of the gelatin based polyester urethane sca-
 ffolds was done using JEOL SEM, model JEOL–JSM 
 5800. The samples were prepared and conditioned as 
 done for FTIR analysis. The polymer films were gold 
 coated before the study. Photographs were taken at 100 
 and 1000 magnifications. 


2.3g Tensile strength measurement: For measurement 
 of tensile strength the gelatin based polyester urethane 
 scaffold (PUG1 and PUG2) samples were prepared by the 
 following method. The polyurethane scaffolds were kept 
 in a vacuum desiccator overnight. Then the scaffolds 
 were cut into rectangular strips of 5 mm width and were 
 subjected to test of various mechanical properties like 
 tensile strength, elongation at break and modulus using a 
 Hounsfield UTM tensile testing machine according to 
 ASTM D 424 standard. The strips were well gripped using 
 thick paper during the measurement of tensile strength 
 and elongation at break. 


2.4 Degradation study in phosphate buffer solution 
 Gelatin based polyester urethane scaffold (PUG1 and PUG2) 
 samples were cut into rectangular strips of 10 × 50 mm 
 and weights were taken. Each sample was boiled in water 
 for 20 min to remove any unreacted isocyanate. Then the 
 samples were sterilized by 70% alcohol followed by 
 washing with sterile water for five times. The sterilized 
 samples were put into the phosphate buffer saline solu-
 tion (pH 7⋅4) at 37°C in a BOD incubator shaker and after 
 different time intervals samples were taken out, washed 
 thoroughly with deionized water, dried in a vacuum oven 
 at 60°C and kept overnight in a vacuum desiccator. Finally 
 the change in weight of the polymer samples was measured. 


The percent degradation of the polyurethane scaffold was 
 then calculated using the formula 


0 d


0


( )


% Degradation of scaffold W W 100
 W


= − × , 


where W0 is the initial weight of the dry sample and Wd
 the weight of the degraded sample. 


2.5 Cell culture study 


Human keratinocyte cells (HaCaT) were maintained in 
 complete DMEM medium in presence of 10% FCS at 
 37°C and 5% CO2. These were subcultured once in every 
 3–4 days using trypsin-EDTA (0⋅25% trypsin and 0⋅02% 


EDTA). 


 The scaffolds were cut into desired size that fit into 24 
 well culture plates. These were then immersed overnight 
 in DMEM medium for absorption of medium by the scaf-
 folds. Trypsinized cells from the main culture were adjusted 
 to a concentration of 5 × 104 cells/ml and were seeded 
 into the 24 well culture plates containing the scaffolds. 


Cells were allowed to grow for 48 h before analysis. Culture 
 conditions were maintained at 37°C in an atmosphere of 
 5% CO2 inhumidified incubator (Heraeus CO2 Incubator, 
 37°C, 5% CO2). After 48 h, the culture plates were analysed 
 under microscope for cell growth pattern as well as their 
 adhesion and spreading. 


3. Results and discussion 


3.1 Synthesis of gelatin based polyester urethane scaffold 
The main objective of this investigation was to design 
and synthesize some novel biodegradable polyurethane 
scaffold using low cost starting materials. For this purpose 
incorporation of ester linkage in the polyurethane backbone 
was considered using lactic acid and polyethylene glycol 
(PEG 400). It is obvious that the extent and rate of bio-
degradation could be governed by the frequency of the 
biodegradable ester linkages in the polyurethane chain. In 
view of this we selected DL-lactic acid and low molecular 
weight polyethylene glycol (PEG 400) for making low 
molecular weight hydroxy terminated polyesters (ester-
diols). The synthesis reaction of ester diol formation is 
shown in scheme 1. Gelatin solutions (2⋅5% and 5%) were 
prepared by dissolving in doubly deionized water. Then 
prepolyurethane was synthesized by reacting the ester 
diol with 2,4-toluene diisocyanate (TDI) in the molar propor-
tions (NCO:OH = 2:1) taken in dry THF in presence of 
DBTDL (0⋅05 wt%) as catalyst at room temperature 
(29°C) for 2 h in stirring condition. The polyurethane 
formation was found to be facile in this condition. The 
prepolyurethane solution in THF and 5 wt% glutaraldehyde 
were added to the gelatin solution and the reaction was 
continued for 15 min. Two different polyester urethane 
scaffolds were prepared by varying the amount of gelatin. 



(4)PUG1 contained 5% gelatin and PUG2 contained 2⋅5% 


gelatin. 


 Lactic acid and PEG 400 based polyurethanes were 
 synthesized in two steps. In the first step, the ester diol 
 was synthesized by reacting lactic acid with PEG 400 in 
 presence of H2SO4 as a catalyst. One hydroxyl group of 
 PEG 400 was reacted with the carboxyl group of lactic 
 acid to form polyethylene lactate leaving two unreacted 
 hydroxyl groups. Although there might be a self-condensation 
 of lactic acid to polylactic acid but by keeping a higher 
 proportion of PEG, it was greatly minimized. The esteri-
 fication reaction was continued at a reflux temperature of 
 benzene (80°C) in presence of H2SO4 as catalyst for 10 h. 


Step 1. Reaction of LA with PEG 400 


HO-CH-COOH  +  HO-[-CH2-CH2-O-]-H


H2SO4


HO-CH-C-O-[-CH2-CH2-O-]-H  + H2O
 CH3


O


CH3 n


LA PEG


Benzene
 80 C,10h0


n


Polyethylene lactate esterdiol


Step 2: Reaction of ester diol with TDI (excess) 


HO-CH-C-O-(CH2-CH2-O)-H
 O


CH3


CH3
 NCO
 OCN


OCN


NH-C-O-C-C-O-(-CH2-CH2-O-)-C-NH
 O
 O O


CH3


H3C CH3


NCO


n +


THF
 DBTDL 
 29 C, 2h


n


Prepolyester urethane


Ester diol TDI


0


A 


Step 3. Reaction of gelatin with polyester urethane 


OOCHN


NH-C-O-C-C-O-(-CH2-CH2-O-)-C-NH
 O O


O


CH3


H3C CH3


NHCOO--Gelatin
 OH


n


A         + Gelatin


Gelatin based polyester urethane
 15 min, 290C


Scheme 1. Synthesis of ester diol and gelatin based polyester 
 urethane. 


The esterification was facilitated by removing water as 
 azeotrope with benzene. Pure polyethylene glycol lactate 
 was obtained through fractional distillation to remove the 
 unreacted lactic acid and PEG-400 followed by vacuum 
 distillation of the remaining liquid in the distilling flask. 


Polyethylene glycol lactate was collected as a colourless 
 viscous liquid. 


 In the next step, gelatin based polyester urethane scaf-
 folds were prepared by the reaction of ester diol with TDI 
 in dry THF medium at room temperature (29°C) for 2 h 
 with DBTDL as a catalyst and that prepolyurethane solu-
 tion in THF and 5 wt% glutaraldehyde were added to the 
 gelatin solution (2⋅5% and 5%) and mixed. Gelatin gets 
 chemically linked through its hydroxyl group with one 
 NCO group of prepolyurethane. Since the gelatin is reported 
 to be crosslinked through its hydroxyl groups by glutaralde-
 hyde (Kang et al 1999), it was used as a crosslinking 
 agent for gelatin. It was observed that the viscosity of the 
 mass rapidly increased immediately after the addition of 
 gelatin solution and glutaraldehyde to prepolyurethane 
 solution due to simultaneous reaction of gelatin with the 
 prepolyurethane and crosslinking of gelatin by glutaral-
 dehyde. 


 Preparation of a scaffold from a viscous solution of 
 this gelatin based polyester urethane is a rather tricky 
 process. The viscous polyester urethane solution was 
 poured onto a flat glass petri-dish and the petri-dish was 
 inserted in a vacuum chamber. Then by slow evacuation 
 (gas foaming method), the THF solvent and water (from 
 gelatin solution) were released out from the viscous solution 
 forming porous spongy polyurethane, which was simulta-
 neously crosslinked by water molecules. The spongy 
 form was maintained atleast for 10 h with simultaneous 
 curing by moisture within the closed glass chamber. Finally 
 a 1–1⋅26 mm thick spongy gelatin based polyester ure-
 thane sheet was obtained. Some physical properties of the 
 two prepared scaffolds are included in table 1. 


N


N
 OH


C-NH-CH2-C-N
 -NH-CH-C-NH-CH


2-C-
 CH3


O O


C
 O
 CH2


CH2
 CH2
 NH
 C
 NH2


NH2


CH2
 CH2
 C
 O


OO O


n


C-NH-CH-C-NH-CH2-C-NH-CH-C-


O O O O


+ -


Structure of gelatin 


3.2 FTIR analysis 


FTIR spectra of gelatin based polyester urethane scaf-
 folds were taken for structural characterization (figure 1). 


The assigned peaks for gelatin based polyester urethanes 
(PUG1, PUG2) are given in table 2. Bands for –NH (urethane 
N–H stretching and N–H stretching of peptide linkage in 
gelatin) and C=O groups of the urethane bonds appear at



(5)Table 1. Physical properties of gelatin based polyester urethane scaffold. 


 Gelatin content Thickness Contact angle Work of adhesion Pore sizea
 Scaffold (%) (mm) (degree) (ergs) (µm) 
 PUG1 5 1⋅256 35 ± 1⋅0 131 131 ± 54 
 PUG2 2⋅5 1⋅023 39 ± 0⋅5 128 122 ± 35 


aPore size measured from SEM photographs. 


Table 2. FTIR peak assignments for gelatin based polyester urethanes. 


Wave numbers Wave numbers 


(cm–1), PUG1 (cm–1), PUG2 Peak assignment 


3299 3286 Urethane N–H stretching and N–H stretching of peptide linkage in gelatin 
 2868 2862 C–H stretching 


1730 1730 C=O str. of urethane and ester linkage 
 1637 1637 C=O str. of amide (peptide) linkage in gelatin 
 1530 1530 N–H bending of amide (peptide) linkage in gelatin 


Figure 1. FTIR spectra of gelatin based polyester urethane scaffolds. 


about 3299 cm–1 and 1730 cm–1, respectively for PUG1 
 and 3286 cm–1 and 1730 cm–1, respectively for PUG2. 


Band for –NHCOO–gelatin also appears at 1730 cm–1
 region for PUG1 and PUG2. In polyester urethane (without 
 gelatin), C=O groups of the urethane bonds appear at about 
 1700 cm–1 and this peak is shifted to 1730 cm–1 in gelatin 
 based polyester urethane due to –NHCOO–gelatin link-
 age. C=O stretching of amide (peptide) linkage in gelatin 
 and N–H bending of amide (peptide) linkage in gelatin 
 appear at 1637 cm–1 and 1530 cm–1, respectively for 
 PUG1 and PUG2. Since there is no peak at 2270 cm–1 region 
 it may be said that gelatin based polyester urethane scaf-
 fold does not contain free –NCO groups of TDI. 


3.3 XRD analysis 


The X-ray diffraction patterns of the gelatin based polyester 
 urethane scaffolds are shown in figure 2. From the XRD 
 patterns presented in figure 2, it appears that the synthesized


Figure 2. XRD of gelatin based polyester urethane scaffold 
 (PUG1, PUG2). 


Wave numbers (cm–1)  Wave numbers (cm–1) 


% Transmittance % Transmittance



(6)Figure 3. Optical microscopic photographs of (a) PUG1 scaffold  and (b) PUG2 scaffold, at 160X. 


Figure 4. SEM photographs of external surfaces of (a) PUG1, (b) PUG2 scaffolds (at 1000 X) and cross sections of 
 the (c) PUG1 and (d) PUG2 scaffolds (at 100 X). 


Table 3. Percent swelling of gelatin based polyester urethane scaffold in phosphate buffer 
 saline solution at 37°C. 


 Percent swelling in PBS after 


Scaffold Initial wt (g) 2 h 5 h 10 h 24 h 48 h 72 h 
PUG1 0⋅11265 222 315 391 462 462 462 
PUG2 0⋅12356 180 216 264 296 296 296 



(7)Table 4. Mechanical properties of gelatin based polyester urethane scaffolds after degradation in PBS solution at 37°C. 


 Degradation  Tensile modulus Tensile strength  % Loss of  Elongation at break  % Loss of  
 Scaffold time (days) (GPa) (T.S.) (MPa) T.S. (EB) (%) EB 
 PUG1 0 0⋅0008 1⋅26 – 289 – 


 7 0⋅015 1⋅17 7⋅14 197 31⋅83 


 14 0⋅028 1⋅04 17⋅46 175 39⋅44 
  21 0⋅042 0⋅93 26⋅19 156 46⋅02 


 30 0⋅065 0⋅44 65⋅07 128 55⋅70 


PUG2 0 0⋅0011 1⋅72 – 188 – 


 7 0⋅020 1⋅45 15⋅69 163 13⋅29 


 14 0⋅034 1⋅14 33⋅72 154 18⋅08 


 21 0⋅047 1⋅05 38⋅95 131 30⋅31 


 30 0⋅071 0⋅81 52⋅90 119 36⋅70 


Figure 5. Degradation in terms of weight loss of gelatin based 
 polyester urethane scaffolds in phosphate buffer saline solution 
 at 37°C. 


Figure 6. Change of tensile strength of polyester urethane 
 scaffold during PBS degradation. 


Figure 7. Change of elongation at break (%) of polyester 
 urethane scaffold during PBS degradation. 


Figure 8. % Loss of T.S. of polyester urethane scaffold dur-
ing PBS degradation. 



(8)gelatin based polyurethanes are amorphous in nature. 


Although the polyester urethane scaffold contains urethane 
 hard segments but due to lack of proper alignment of the 
 molecules no crystalline phase was formed. This hap-
 pened due to the easy onset of cross-linking between the 
 segments of the molecules. Not only this, molecular ori-
 entation was hindered on the airside of the spongy sheet due 
 to rapid solvent evaporation and moisture curing. From the 
 XRD pattern it is observed that PUG1 with higher 
 amount of gelatin is more amorphous than that of PUG2 
 with less gelatin content. 


3.4 Contact angle and swelling properties 


The hydrophilicity of biomaterials is very important for 
 biocompatibility. PUG scaffolds surface hydrophilicity, as 
 characterized by contact angle measurement and is re-
 ported in table 1. Contact angle value of PUG2 scaffold 
 (39°) is higher than that of PUG1 scaffold (35°) because 
 gelatin content (soft segment content) is more in case of 
 PUG1. Bulk water absorption or % swelling plays an im-
 portant role on degradation rate of the scaffold. Percent 
 swelling of gelatin based polyester urethane scaffolds in 
 PBS is given in table 3. Equilibrium swelling is maximum 
 in case of PUG1 scaffold (462%) than that of PUG2 scaf-
 fold (296%) because gelatin content is more in case of 
 PUG1 scaffold. So PUG1 shows maximum swelling in 
 PBS with maximum hydrophilicity. 


3.5 Optical and scanning electron microscopy (SEM) 
 Pore morphology of gelatin based polyester urethane 
 scaffolds was characterized by optical and scanning electron 
 microscopies. For viewing under optical microscope the 
 spongy scaffold sheets were placed in water-swollen condi-
 tion and the optical micrographs of the swollen gelatin 
 based polyester urethane scaffolds are shown in figure 3. 


The optical microscope was properly focused to view the 
 porous structure of the scaffolds. Figure 3 shows the inter-
 connected porous structure of PUG1 and PUG2 scaffolds.  


 Using SEM the surface morphology of the dry gelatin 
 based polyester urethane scaffold sheets was examined by 
 placing the external surface of the scaffold sheet at 1000 
 magnification and the bulk morphology of the scaffold 
 sheet was examined using the cross-section at 100 magnifi-
 cation. The SEM micrographs of the scaffolds are shown 
 in figure 4. On the surface side (figures 4a and b) of the 
 scaffold vacant spaces between irregular aggregate masses 
 are visible, whereas open spaces in between membrane 
 like walls are visible at the cross-section of the scaffold 
 (figures 4c and d). 


3.6 Tensile properties 


The mechanical properties of the synthesized gelatin based 
 polyester urethane scaffolds such as tensile strength, elonga-


tion at break (%) and tensile modulus have been measured, 
 and the results are shown in table 4. In the synthesized 
 polyester urethane there are two types of domain present. 


One is a hard domain, which is formed by the aromatic 
 isocyanate groups, and the other a soft domain formed by 
 the polyol (polyethylene lactate diol) and gelatin. It is 
 expected that with the increase of soft domain the tensile 
 strength of the polyurethanes should decrease and elonga-
 tion at break (%) should increase. In fact it has happened 
 in case of PUG1, which contains higher amount of gelatin 
 (5%) than that of PUG2 (2⋅5%). So PUG1 has exhibited 
 lower tensile strength and higher elongation at break than 
 those of PUG2. 


3.7 Degradation study in phosphate buffer saline 
 The degradation of the gelatin based polyester urethane 
 scaffolds in PBS was carried out for a maximum period 


Table 5. Degradation of gelatin based polyester urethane 
 scaffolds in phosphate buffer saline solution at 37°C. 


Scaffold Degradation time (days) % Degradation 
 PUG1 0 0 


 7 23⋅6 


 14 31⋅1 
  21 38⋅5 


 30 45⋅7 


PUG2 0 0 


 7 19⋅2 


 14 25⋅9 


 21 32⋅4 


 30 40⋅8 


Figure 9. % Loss of E.B. of polyester urethane scaffold dur-
ing PBS degradation. 



(9)Figure 10. Optical microscopic photographs of (a) HaCaT cell growth on control (40 X), (b) HaCaT 
 grown on PUG1 scaffold (40 X) and (c) HaCaT grown on PUG2 scaffold (40 X). 


of 30 days in BOD incubator shaker at 37°C. The degradation 
 of the scaffolds was evaluated by loss in weight of the scaf-
 fold sheet with the progress of degradation. The results of 
 degradation in PBS solution in terms of weight loss of the 
 scaffolds are presented in table 5 and figure 5, which 
 clearly show higher degradation nature of PUG1 com-
 pared to that of PUG2. Higher degradation rate of PUG1 
 is attributed to more gelatin content. 


 Further to this, changes in tensile strength and elongation 
 at break of the gelatin based polyester urethane scaffold 
 sheets with the progress of degradation were also measured 
 and the results are presented in table 4 and figures 6–9. It is 
 evident from figures 6–9 that the higher rate of degradation 
 of PUG1 is reflected in the progress of degradation, 
 measured in terms of mechanical properties, due to the 
 presence of higher amount of gelatin. The weight loss 
 occurred due to the hydrolytic degradation of the gelatin 
 based polyester urethane scaffold by PBS solution. It is 
 seen from table 5 that PUG1 shows higher degradation 
 (45⋅7%) than that of PUG2 (40⋅8%) in PBS in 30 days 
 because PUG1 has higher gelatin content. The same trend 
 of loss in tensile strength of the gelatin based polyester 
 urethane has been observed in case of weight loss due to 
 degradation in PBS solution. PUG1 has shown maximum 
 loss in T.S. (65%, table 4, figure 8) due to its higher gelatin 
 content. With the progress of degradation up to 30 days 
 the loss in elongation at break gradually increased in each 
 scaffold (table 4, figure 9). 


3.8 Cell culture study 


In order to see the viability of gelatin based polyester urethane 
 scaffold for cell proliferation and adhesion, human kerati-
 nocyte (HaCaT) cells have been inoculated and cultured 
 in DMEM medium in presence of 10% FCS at 37°C in a 
 CO2 incubator. Cells were morphologically analysed by 
 light microscopy (Leica). Figure 10 shows optical micro-
 scopic photographs of HaCaT cell growth on control 
 (without polymer scaffold) of PUG1 and PUG2 scaffolds 
 (40X). It has been observed from figure 10 that cells are 
 well seeded and adhered on the gelatin based polyester 
 urethane scaffold surface and good fibroblast cell proli-
 feration is found. 


4. Conclusions 


For tissue engineering purpose, two gelatin based polyester 
urethane scaffolds of different compositions were pre-
pared and characterized. The gelatin based polyester urethane 
scaffolds are mechanically strong as well as degradable in 
PBS. Within these scaffolds human keratinocytes cells 
were cultured and good cell adherence and proliferation 
was observed. This study indicates that the synthesized 
gelatin based polyester urethane scaffold might find use as 
a material for soft tissue engineering because it is biode-
gradable as well as biocompatible. It can be said that such 



(10)polymers will degrade in actual biological environment and 
 can be tried for drug delivery devices also. 


References 


Aung T, Miyoshi H, Tun T and Ohshima N 2002 Int. J. Biomed. 


Mater. Res. 61 756 


Bock K W, Gschaidmeier H, Bock-Hennig B S and Eriksson L 
 C 2000 Toxicology 144 51 


Choi Y S, Hong S R, Lee Y M, Song K W, Park M H and Nam 
 Y S 1999a Biomaterials 20 409 


Choi Y S, Hong S R, Lee Y M, Song K W, Park M H and Nam 
 Y S 1999b J. Biomed. Mater. Res. 48 631 


Choi Y S, Hong S R, Lee Y M, Song K W, Park M H and Nam 
 Y S 2001 J. Mater. Sci. Mater. Med. 12 67 


Chupa J M, Foster A M, Sumner S R, Madihally S V and 
 Mathew H W T 2000 Biomaterials 21 2315 


Davis M W and Vaccanti J P 1996 Biomaterials 17 365 
 Guan J, Sacks M S, Beckman E J and Wagner W R 2002 J. 


Biomed. Mater. Res. 61 493 


Guan J, Sacks M S, Beckman E J and Wagner W R 2004 Bio-
 materials 25 85 


Gutsche A T, Lo H, Zurlo J, Yager K and Leong W 1996 Bio-
 materials 17 387 


Heijkants R G J C, Calck R V van, Tienen T G van, Groot J H, 
 de Buma P, Pennings A J, Veth R P H and Schouten A J 
 2005 Biomaterials 26 4219 


Hong S R et al 2001 Biomaterials 22 2777 


Kang H W, Tabata Y and Ikada Y 1999 Biomaterials 20  
 1339 


Park T G 2002 Int. J. Biomed. Mater. Res. 59 127 


Sato Y, Ochia T, Yasuda Y and Matsubara K 1994 Hepatology 
 19 1023 


Zhang J Y, Beckman E J, Piesco N J and Agarwal S 2000 Bio-
 materials 21 1247 


Zhang J Y, Beckman E J, Hu J, Yuang G G, Agarwal S and 
 Hollinger J O 2002 Tissue Eng. 8 771 


Zhang J, Doll B, Beckman J and Hollinger J O 2003 Tissue 
 Eng. 9 1143 


Zhu Y, Gao C, He T and Shen J 2004 Biomaterials 25 423 





    
  




      
      
        
      


            
    
        References

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Download now ( PDF - 10 Page - 387.47 KB )
            

      


      
      
        
  Related documents

  
    
      
          
        
            In situ forming hydrogels based on polyethylene glycol itaconate for tissue engineering application
        
      

        The hydrogel based on PEG 4000 with a gel yield of 86%, a water uptake of 103%, a compressive modulus of 11.2 MPa, an elongation at break of 9% and a curing time of 4 min was

    
      
          
        
            Preparation and Characterization of Gelatin-Tamarind Gum /Carboxymethyl Tamarind Gum Based Phase Separated Hydrogels and Films for Tissue Engineering Application
        
      

        Taking  a  note  of  the  afore-mentioned  facts,  the  current  study  proposes  the  development  of  gelatin  and  tamarind  gum/carboxymethyl  tamarind  gum  based  phase-

    
      
          
        
            Subject index
        
      

        Biomimetic synthesis and characterization of semiconducting  hybrid organic–inorganic composite materials based on  polyaniline–polyethylene glycol–CdS system  1017   

    
      
          
        
            Development and Characterization of Gelatin-Based Uniaxial Macro-Porous Scaffold by Ionotropic Gelation
        
      

        al  [18] ,  various  concentrations  of  gelatin  and  sodium  alginate  can  be  used to develop micro beads using ionotropic gelation with proper balance between mechanical 

    
      
          
        
            Genipin Crosslinked Gelatin-Guargum Based Phase Separated Hydrogel for Drug Delivery and Tissue Engineering Application
        
      

        This  is  to  certify  that  the  thesis  entitled  “GENIPIN  CROSSLINKED  GELATIN- GUARGUM  BASED  PHASE  SEPARATED  HYDROGEL  FOR  DRUG  DELIVERY  AND TISSUE ENGINEERING

    
      
          
        
            Preparation and Characterization of Novel Gelatin and Carrageenan Based Hydrogels for Topical Delivery
        
      

          The  carrageenan  and  gelatin  based  hydrogels   could  be  tried  for  various  biomedical  applications, such as drug delivery systems and moist wound dressings.... Phase

    
      
          
        
            Calcium Alginate Bead Based Scaffold For Drug Delivery And Tissue Engineering
        
      

        The major disadvantages of parental  antibiotic therapy  for soft tissue infections,  acute bone  infections  and  osteomyelitis  can  be  associated  with  ototoxic,  nephrotoxic, 

    
      
          
        
            Fabrication of silk-based composite scaffold for bone-ligament-bone graft using aqueous polymeric dispersion technique
        
      

        The  individual  compartments over the knitted scaffold were coated with specific biocompatible components (i.e. hydroxyapatite  for  bone,  Polyethylene  oxide  and  &amp;

      



      

    

    
            
            
      
  Related documents

  
          
        
    
        
    
    
        
            L- Amino Acid Based Polyester Nanocarriers For Drug Delivery and Bioimaging
        
        
            
                
                    
                    270
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            L-Amino acid Based Poly(ester-urethane) Nano-assemblies and Their Drug Delivery Applications
        
        
            
                
                    
                    181
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Solid-supported sulfonic acid-containing catalysts efficiently promoted one-pot multi-component synthesis of 
        
        
            
                
                    
                    8
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Polyethyleneglycol-catalysed benzil-benzilic acid rearrangement: A reaction in soluble macromolecular cavities
        
        
            
                
                    
                    6
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            THE TAMILNADU Dr. M.G.R. MEDICAL UNIVERSITY  In partial fulfillment for the Degree of 
        
        
            
                
                    
                    89
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Dihetero double Michael addition in PEG-400: Synthesis of 2,3-dihydro- [2,3-c]-[1,2,4]-triazole scaffold
        
        
            
                
                    
                    7
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Acrylonitrile-Butadiene Rubber/ Reclaimed Rubber-Nylon Fiber Composite
        
        
            
                
                    
                    8
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Gelatin Chitosan And Bioactive Nanoceramic Based Composite Scaffold For Orthopaedic Application
        
        
            
                
                    
                    197
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Company

        	
             About us
          
	
            Sitemap

          


      

      
        Contact  &  Help

        	
             Contact us
          
	
             Feedback
          


      

      
        Legal

        	
             Terms of use
          
	
             Policy
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Get our free apps

        	
              
                
              
            


      

    

    
      
        
          Schools
          
            
          
          Topics
                  

        
          
                        Language:
            
              English
              
                
              
            
          

          Copyright azpdf.net © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




    
    

    
        
            
                

            

            
                                
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


