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Abstract
Bone tissue engineering, using a synthetic porous scaffold material provides some distinct advantages over 

autografting and allografting, and it is a rapidly growing alternative approach to heal damaged bone tissue. The current 
study focuses on fabrication and characterization of nano β-TCP incorporated gelatin- chitosan based composite 
scaffold for bone regeneration at the sites of musculoskeletal defects and disorders.

Gelatin-chitosan scaffold reinforced with beta-tricalcium phosphate (β-TCP) nanopowder was fabricated through 
freeze drying of material’s suspension. From powder X-ray diffraction and Fourier transform infrared spectrometer 
analysis the presence of phase pure β-TCP powders in gelatin-chitosan matrix was confirmed. Gelatin-Chitosan-β-
TCP (GCT) scaffold exhibited a homogenouos porous structure with an average pore size of 118 ± 11 µm. Micro-CT 
image confirmed interconnected porous network with homogeneous distribution of β-TCP nanoparticles in Gelatin-
Chitosan (GC) matrix. GCT scaffold showed higher compressive strength of 2.45 ± 0.15 MPa as compared to 1 MPa 
exhibited by neat GC scaffold. Protein adsorption capacity was increased to 22 mg/cc in GCT scaffold from 13 mg/
cc in GC scaffold. Weight loss of GCT scaffold was lower of 26% as compared to 47% in GC scaffold after 8 weeks 
of incubation in phosphate buffer solution of pH 7.4. Mesenchymal stem cells cultured onto GCT scaffold exhibited 
higher degree of lamellipodia and filopodia extensions and greater spreading onto GCT scaffold as compared to that 
in GC scaffold after 7 and 14 days of culture. MTT assay suggested higher degree of proliferation of MSCs cultured 
onto GCT scaffold as compared to that onto pure GC scaffolds. This study demonstrates that β-TCP incorporation into 
gelatin- chitosan matrix improved osteogenic potential of the scaffold suitable for bone tissue engineering.

Keywords: Chitosan; Gelatin; β-TCP; Scaffold; Protein adsorption;
Bioactivity

Introduction
The current challenges of using autografts [1] and allograft [2] 

have inspired the development of bone tissue engineering, in which 
synthetic or natural material can encourage the formation of new tissue 
by delivering appropriate cells into the host [3]. For this purpose, it is 
important to define an adequate material composition that will provide 
the mechanical support and an appropriate source of cells that will 
restore the tissue function. 

Human mesenchymal stem cells have attracted considerable 
attention in bone tissue engineering due to its high osteogenic 
differentiation potential [4]. Recent study suggested that osteogenic 
differentiation of MSC’s down to osteogenic pathway appear to be 
highly dependent on material composition [5]. It is very important to 
understand the cell-material interaction that will ultimately guide new 
tissue regeneration and prevent the formation of fibrous capsule.

Extracellular matrix of bone is an inorganic- organic hybrid 
comprised mainly of nano hydroxyapatite crystal in collagen fibril 
[4]. With this understanding, researchers have exploited ceramic and 
polymer composite biomaterial for use in bone tissue engineering [6]. 
Biopolymer-ceramic based porous scaffolds that promote new bone 
formation by recruiting osteogenic cells at the implantation site have 
attracted much attention to the researchers [7]. Biopolymers such as 
chitosan, alginate, gelatin are commonly used natural biopolymer 
reinforced with hydroxyapatite, β-tricalcium phosphate and biphasic 
calcium phosphate [8]. Chitosan (poly-1,4-d-glucosamine) is a partially 
deacelytated product from chitin [9], have been used in bone tissue 
engineering due to its structural similarity with glycosaminoglycan in 
extra cellular matrix of bone [10]. Gelatin, a partial derivative of collagen 
has many desirable properties such as excellent osteoconductivity, lack 
of antigenicity etc. useful for bone tissue engineering [11]. 

Because of excellent biocompatibility and biological characteristics 
that are similar to human bone, natural biopolymer and CaP based 
composites were investigated extensively. Agarose, alginate, silk, 
hyaluronic acid, collagen, chitosan, gelatin is some of the well known 
natural biopolymers that have been used for bone tissue engineering 
application. BCP (HA + β-TCP)/agarose macroporous scaffolds was 
studied using mouse L929 fibroblasts and human SAOS-2 osteoblasts 
during different colonization times [12]. Tampieri et al. studied porous 
[13-15] HA-alginate scaffold prepared using freeze drying technique 
that exhibited high degree of in vitro biocompatibility and controlled 
biodegradability. Osteoinductive properties of porous hybrid scaffolds 
prepared from β-TCP, alginate-gelatin was reported elsewhere [16]. 
Functionally graded HA/silk fibroin biocomposite prepared by pulse 
electric current sintering [17,18] showed excellent mechanical strength 
and osteoconductivity. Le et al. proposed that the physical, chemical 
and biological properties of calcium orthophosphate bioceramics 
and the fibrin glue might cumulate in biocomposites suitable for 
preparation of advanced bone grafts [19]. Gea et al. [20] prepared HAp/
chitin composite with HAp content varying between 25% to 75% wt% 
and studied it in vivo bone regeneration ability in rat. Moreover, Lee 
et al. [21] proposed in their research the use of chitosan/TCP sponges 
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as tissue engineering scaffolds for bone regeneration. Bioglass-chitosan 
composite also exhibited the potential to support the growth of 
osteoprecursor cells in vitro and to favour differentiation of osteoblast 
[22]. 

Further, Kartikasari et al. [23] studied hydroxyapatite reinforced 
gelatin-Chitosan scaffoldfor the treatment of bone defects and found 
hydroxyapatite promoted pre-osteoblast proliferation and matrix 
synthesis. Additionally, Hafezi et al. [24] investigated the effect ofnano 
bioglass associated with Gelatin matrix to induce repair ofosteochondral 
defects in rabbit. A porous gelatin-chitosan-β-TCP scaffold prepared 
by khan et al. demonstrated improved mechanical property and in 
vitro biocompatibility [25]. Moreover, gelatin-chitosan-β-TCP based 
scaffolds prepared by Serra et al. exhibited in vitro differentiation of 
Human Osteoblast Cell (HOB) and good antibacterial activity which 
prevented them from risk of inflammatory response [26]. However, no 
study has yet been performed to study the effect of b-TCP nanoparticles 
on microstructure, protein adsorption capacity and biodegradability 
of gelatin- chitosan- b TCP based scaffold. Keeping this in view, here 
we reported the effect of incorporation of β-TCP nanoparticles on 
microstructure, protein absorption, biodegradation characteristics 
of prepared gelatin-chitosan based scaffolds. The effect of addition of 
nano hydroxyapatite particles into gelatin chitosan based scaffold has 
been reported in our earlier study [27]. 

In the current study, β-TCP nanoparticles to the extent of 30 wt% 
were incorporated into gelatin-chitosan matrix and cross-linked with 
glutaraldehyde to prepare 3D porous scaffolds. Microstructure and 
pore size distribution in the scaffold were analysed using SEM and 
micro CT. The interaction between human umbilical cord derived 
mesenchymal stem cells (HUMSCs) and the prepared scaffolds were 
investigated using SEM, MTT assay. As a whole, this study focused on 
exploring the effect of addition of β-TCP nanoparticle on mechanical 
strength, biodegradability, protein adsorption capacity and bioactivity 
of gelatin-chitosan scaffolds to enhance its bone regeneration potential 
at the implanted site. 

Materials and Method
Calcium nitrate tetrahydrate (Ca(NO3)2,4H2O), Diammonium 

hydrogen phosphate ((NH4 )2HPO4), Ammonium hydroxide 
(NH4OH), Gelatin (type B, from bovine skin), and Chitosan (degree 
of deacetylation >85%) powder was procured from Sigma-Aldrich (St. 
Louis, MO). Glacial acetic acid was purchased from Himedia, India. 
phosphate buffer saline (PBS) and Dulbecco’s modified eagle medium 
(DMEM) were procured from Invitrogen. BSA was obtained from 
Merck, India.

Fabrication of gelatin-chitosan-β-TCP scaffold 

The gelatin-chitosan-β-TCP (GCT) composite scaffold was 
prepared according to our previous work [28]. Desired amount of 

chitosan (medium molecular weight and deacetylation degree ≈85%) 
was dissolved overnight in acetic acid (1% v: v) to obtain a chitosan 
solution (2% wt). Afterwards, gelatin (4 wt%) solution was mixed 
with chitosan solution and stirred at 500 rpm for 3 h. 30 wt% β-TCP 
nanoparticles were added to gelatin-chitosan solution to adjust 
the weight ratio of gelatin/ chitosan/β-TCP as 30:40:30. Afterward, 
the mixture was kept stirring for 2 h under ambient condition until 
the powders were thoroughly dispersed in the slurry. 0.25% of 
glutaraldehyde solution was added to slurry for crosslinking of gelatin-
chitosan matrix followed by freezing at -20°C overnight. Finally, the 
scaffolds were kept in the freeze drier at -52°C for 72 hours (Figure 
1). The scaffold was immersed in 5 wt% sodium borohydride followed 
by 10 wt% NaOH solution for 2 h to remove excess glutaraldehye and 
acetic acid, washed with deionized water and freeze dried.

Characterization
Physico-chemical characterization of gelatin/chitosan/β-TCP 
scaffold

XRD and FT-IR analysis were performed for evaluation of phases 
and chemical groups present in the prepared scaffolds. XRD analysis 
of the prepared scaffolds was performed with X-ray diffractometer 
(Panalytical, USA), using Cu Kα wavelength at 40 kV and 30 mA. FTIR 
analysis of all the prepared scaffolds were performed by using KBr 
pellets method. Microstructure of the prepared scaffolds was analysed 
using SEM (FEI, Nova-Nano 450, Nederland) operated at 78 A, 15 KV. 
Pore diameters of ternary composite scaffold were studied on the basis 
of FE-SEM images. 

Apparent porosity of scaffold 

The porosity of composite scaffold was measured using Archimedes 
principle with xylene as liquid medium using the following equation [29].

2 1
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−
Where W1 is the weight of the sample in air, W2 is the weight of the 

soaked sample with liquid in pores, and W3 is the weight of the sample 
suspended in xylene. Dry weight of all freeze-dried scaffolds was taken 
accurately using a digital balance. Scaffold with a defined shape kept 
inside a beaker filled with ethanol and placed this beaker inside a 
vacuum desiccator to remove entrapped air present inside the scaffold.

Micro-tomography

GCT scaffolds (n=3) were scanned using micro-Computed 
Tomography (micro-CT) for microstructural characterization. For 
tomography experiment, the detector was placed at 450 µm away from 
the sample stage. The sample was rotated in steps of (0.2°) and was 
exposed to a beam energy (E=28 keV) for a duration of 5 seconds for 
all the samples. Data sets were reconstructed with in house developed 

Figure 1: Schematic of fabrication of GCT scaffold using lyophilizing method.
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software based on cone-beam reconstruction using FDK method [30]. 
The scanned images were acquired at a pixel size of 11.4 μm. Total 
acquisition time was approximately 20 min and more than 900 2-D 
images were recorded for each sample. Representative data sets were 
segmented into binary images which were used for morphometric 
analysis and to build 3D virtual models. The morphometric analysis 
included porosity, scaffolds interconnectivity, mean pore size and 
respective distribution. 

In-vitro degradation

The biodegradation study of the scaffold was carried out in vitro 
according to a previously described method  [31]. In brief, pieces of 
sponges (3 cm × 3 cm × 3 cm) were immersed into phosphate-buffered 
saline (PBS) solution (pH=7.4) containing lysozyme upto 1 month. 
The scaffolds were taken out from the medium, at a predetermined day 
interval and washed with distilled water followed by freeze–drying of 
the samples. The degradability percentage of the scaffold was calculated 
as follows:

0

0

100%tW WD
W
−

= ×

Where Wo denotes the original weight and Wt is the weight at day t. 
Each biodegradation experiment was conducted on three samples and 
the average value was taken as the percentage of biodegradation.

Protein adsorption
The protein absorption studies were carried out for the prepared 

scaffold upto 4 week in PBS. The samples were cut in equal weight and 
size and kept immersed in PBS with serum proteins for the respective 
time periods. BSA protein was dissolved in PBS at pH 7.4 to give a 
final concentration of 0.5 mg/ml. Scaffolds were cut into circular cube 
specimens, of which each side was 2 mm.

The scaffolds were immersed in PBS solution overnight prior to 
adsorption. Afterwards, scaffolds were dipped in 5 ml protein solution 
and incubated at 37°C for 24 h. The amount of protein adsorbed on 
the substrates was determined by the micro-BCA protein assay. The 
protein absorption was then quantified by measuring the absorbance at 
562 nm in a plate reader (BioTEK). The amount of adsorbed protein 
was determined after comparing the absorbance of the samples with 
a calibration curve. Three repetitions were performed for all samples.

Mechanical properties
The compressive strength of the scaffolds was measured using a 

Universal Testing Machine (Tinius Olsen, UK) equipped with a load 
cell of 1 KN at a constant rate of 1 mm min-1 at room temperature. 
To evaluate mechanical properties of the scaffolds in the wet state, 
samples were immersed in the distilled water for 24 h prior to testing. 
Cylindrical scaffolds were compressed at a constant cross-head speed 
of 1 mm/min. Compression tests were performed on the dry samples 
having dimensions Ø=8 cm and h=14 cm at a rate of 1 mm/min. The 
slope of the linear region in the stress–strain curve gave the compressive 
modulus values. Three independent repetitive experiments were 
performed on each sample.

In-vitro study

Cell attachment: Human Umbilical cord (UCB) derived MSCs 
were used for in vitro cell culture. The UCB MSCs were collected 
from Ispat General Hospital, Rourkela, India with prior consent from 
patient. The details of isolation and characterization can be obtained 
from the earlier research work in the Department of Biotechnology 
and Medical Engineering, NIT, Rourkela, India [32]. Before cell 

culture, prepared scaffolds were sterilized with 70% ethanol for 10 
min. Then, MSCs were suspended in 500 L DMEM medium and were 
placed with a cell density of 100,000 cells/cm2 on the top surfaces of 
the scaffold located in wells of 12-well culture plate. The cultures were 
then provided with DMEM medium containing 10 U/mL penicillin, 
and 10 U streptomycin and incubated in an atmosphere of 5% CO2 
and temperature of 37°C for a period of 14 days. MSCs-cultured 
scaffolds were fixed in 2.5% glutaraldehyde at 48°C for 24 h, followed 
by washing with PBS (phosphate buffer solution). The samples were 
then dehydrated sequentially with increasing concentration of ethanol 
(including 30, 50, 80, and 100%), coated with gold and visualized at an 
accelerating voltage using a Nova Nano scanning electron microscope.

Cell proliferation (MTT): MSCs proliferation onto prepared 
scaffolds was analysed using MTT assay. Briefly, MSC cultured 
scaffolds were transferred into new 24-well plates containing media 
and MTT solution (5 mg/mL in PBS) and incubated for 2 h at 37°C. 
After removing the culture media, 0.5 mL of extraction solution 
(dimethylsulfoxide: DMSO) was added into the scaffolds. Formazan 
crystals were dissolved into DMSO and turned the solution red. The 
absorbance of the supernatant was measured with a microplate reader 
(Perkin Elmer, USA) at 540 nm. 

Statistical analysis

Quantitative data were obtained in triplicate (n=3) and reported as 
the mean ± standard deviation. Statistical analysis was performed using 
Student’s t-test, a p value less than 0.05 was considered statistically 
significant. 

Results and Discussion
XRD analysis

Figure 2 represents the XRD pattern of GC and GCT composite 
scaffold. Low intensity peaks of chitosan could be detected in GC 
scaffold while gleatin peaks were supressed. On the contrary, signature 
peaks of chitosan could not be detected in XRD of GCT due to the high 
intensity peak of highly crystalline β-TCP nanopowders. Characteristic 
diffraction peaks at 2θ=16.9, 25.7, 27.7, 30.9, and 34.3°, corresponding 
to the rhombohedral β-TCP crystal planes of (110)), (1010), (214), 
(0210), and (220) could be observed in GCT scaffold and was confirmed 
from JCPDS: 09169. 

Figure 2: X-Ray diffraction pattern of gelatin/chitosan (GC) and gelatin/
chitosan/-TCP(GCT) composite scaffold.
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FTIR analysis
FTIR spectroscopy was performed to characterize the functional 

groups of gelatin, chitosan and GCT composite scaffold (Figure 3). 
Phosphate stretching and bending vibrations were observed at 506, 607, 
1090, 1029 cm-1 in GCT scaffold signifies the presence of b- tricalcium 
phosphate phase in the scaffold [33]. Characteristic C=O stretching 
(amide I) at 1640 cm-1, N–H bending (amide II) at 1543 cm-1 were 
detected in GCT scaffold due to the presence of geletin [34]. The band 
at 3442 cm-1 and 1378 cm-1 confirms the presence characteristic –OH 
stretching vibration and C–H bending in chitosan [35]. Also, the 
formation of a chemical bond between Ca2+ ions from β-TCP and 
the carboxyl group from the gelatin was detected at 1337 cm−1 that 
confirmed the interaction between bioceramic phase and gelatin matrix 
in GCT scaffold. The presence of characteristic C=N bond in GCT 
scaffold resulted due to gelatin-chitosan and intergelatin cross linking 
on reacting with glutaraldehyde could be observed at 1635 cm-1 that 
merged with the absorption band originated due to amide-I present 
in gelatin. In GCT composite scaffold, all the characteristic bands of 
gelatin, chitosan and β-TCP were observed indicated the presence of 
all three components in the scaffold.

SEM analysis of prepared scaffolds

The microstructure of scaffolds plays a crucial role in bone tissue 
regeneration. Scaffolds must have an interconnected porous structure 
to allow adhesion, cellular proliferation and permeation of nutrients 
and oxygen [36]. The average pore size of GCT scaffold was lower of 118 
± 11 µm as compared that of 188 ± 23 µm in GC scaffold as depicted in 
Table 1. Transverse section of GCT scaffold Figures 4a and 4b showed 
high degree of porosity of 86.7 ± 0.9% with a mean pore size 118 ± 11 
µm which has been reported to be suitable for cellular infiltration and 
exhibiting osteoinduction [37]. Fracture surface in Figure 4c of GCT 
scaffold showed interconnected porous network, where the β-TCP 
particles were homogeneously distributed on the pore wall (Figure 4c). 
Moreover, SEM -associated EDS area analysis of GCT scaffold revealed 
a Ca/P ratio of nearly 1.5 similar to that of β-TCP (Figure 4d). 

Micro CT analysis of GCT composite scaffold

Micro-CT is a very useful, non-destructive tool that provides 
the architectural analysis of a scaffold used for tissue engineering 
before implantation [38]. Figures 5a and 5b) shows the representative 
photographs and 2D images of GCT scaffold using micro CT. Narrow 
pore size distribution with high degree of pore interconnectivity was 
observed in the prepared GCT scaffolds as shown in Figure 5b. Average 
pore size in the scaffold was found to be 107 ± 14 µm with a total 
porosity of 78% that corroborated well with the data obtained from 
SEM microstructure and Archimedes principle. It could be observed 
that the prepared scaffold possessed high porosity as well as pores were 
uniformly distributed in the horizontal and vertical sections of the 
scans, ideal for bone tissue ingrowth and exhibition of osteoinduction 
by the scaffold. The 3D spatial distribution of β-TCP particle (Figure 
5c) throughout the scaffold confirmed the homogeneous distribution 
of nanoparticles into chitosan-gelatin matrix. This type of integration 
between particle phase and polymeric phase is due to the interaction 
between Ca2+ and COO- in gelatin and bio adhesive properties of 
chitosan [39]. The reconstructed 3D image in Figure 5d showed the 
porous structure and homogeneous distribution of pores throughout 
the GCT scaffold. 

Degradation study 

The degradation property of the prepared scaffolds with or without 
addition of β-TCP was assessed after incubating them in PBS of pH 
-7.4 for 4 weeks (Figure 6). GC scaffold registered a weight loss of 

Figure 3: FTIR spectra of the prepared scaffold fabricated using freeze drying 
method.

Figure 4: (a) SEM of three-dimensional GC scaffold prepared by freeze-drying 
technique, (b) Scanning electron micrographs of GCT scaffold, (c) Fracture 
surface of GCT scaffold, inset is higher magnification of pore wall showing -TCP 
particle, (d) EDS area analysis of GCT scaffold.

Samples Porosity (%) Pore size (µm)
GC 85 188 ± 23

GCT 82 118 ± 12.6

Table 1: Porosity data of the fabricated scaffolds.

Figure 5: X-ray tomography showing 2D and 3D images of GCT scaffold 
(a) longitudinal section (scale bar 500  micron), (b) interconnected pores are 
shown by white arrow (c) TCP particle distribution inside GCT scaffold; (d) 3D 
reconstruction of the pore structure of the GCT scaffold showing homogeneity 
of the pores.

http://www.sciencedirect.com/science/article/pii/S0141813016321055#fig0015
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38% while that of GCT scaffold was significantly lower of 27% after 
4  weeks of incubation in PBS. The degradation behavior of scaffold 
was mainly attributed to the hydrophilic groups of chitosan, gelatin, 
and their intermolecular bonding with β-TCP. Hydrophilic (amino, 
carboxilic) groups of gelatin and chitosanwere involved in electrostatic 
interactions with Ca+2and PO4

-3of β-TCP, and depressed the water 
uptake by the polymer netwrok, resulted in the decrease in degradation 
rate that is beneficial for making the scaffolled mechanically stable in in 
vivo condition. Degradation of the scaffolds must be controlled with a 
proper rate to match the speed of new tissues formation, that leads to 
proper wound haling [40]. 

Protein adsorption study

Protein adsorption is an important parameter as it determines 
cell adhesion onto the scaffold’s surface. Figure 7 demonstrates the BSA adsorption efficiency of the prepared scaffold upto 6 days of 

incubation in protein solution. Protein adsorption rate on both GC 
and GCT scaffold got saturated after 36 hours of incubation. Results 
suggested that inclusion of nano β-TCP into the gelatin-chitosan 
scaffolds enhanced the protein adsorption capacity of the GCT scaffold 
as compared to pure GC scaffold. The exposed β-TCP nanoparticles in 
GCT scaffold surface increased the binding sites of proteins on material 
surface or enforced electrostatic interaction between the BSA and GCT 
surface and enhanced adsorption rate of proteins. 

Mechanical properties of prepared scaffolds

The scaffold used for bone regeneration is exposed to physiological 
fluid inside the body and hence it is important to evaluate its 
mechanical strength in wet state in vitro. Compressive strength data 
of as prepared scaffolds as well as that immersed in PBS solution for 1 
hour has been presented in Figure 8 and Table 2. Compressive strength 
of the scaffold also increased after incorporation of β-TCP nanoparticle 
from 1.1±0.13 MPa in GC scaffold to 2.45 ± 0.15 MPa in GCT scaffold. 
Moreover, compressive modulus of GCT scaffold was found to be 
significantly higher (p<0.05) as compared to that in pure GC scaffold 
both in wet and dry state. For cancellous bone, compressive strength 
and Young's modulus values are given in the range of 2–12 MPa 
and 0.05–0.5 GPa respectively [41] and the prepared GCT scaffold 
touched the lower limit of both compressive strength and modulus of 
cancellous bone. The reason for the increase in mechanical properties 
could be due to strong ionic interaction between Ca+2 in β-TCP with 
COO- in gelatin and PO4

-3 in β-TCP with NH3+ in chitosan to strongly 
embed nanoceramic phase in gelatin- chitosan matrix that arrested 
and deflected crack propagation under the influence of stress. The 
mechanical properties of prepared GCT scaffolds were found to be 
significantly better than those of gelatin/chitosan scaffolds prepared by 
other groups using conventional methods [17].

Cell attachment study of prepared scaffolds using SEM

To evaluate the adhesion and growth of cell, we seeded and 
cultured MSCs on GCT scaffolds and GC scaffolds, and then examined 
MSC- scaffold interaction using SEM after 7 day and 14 days of culture. 
Figures 9a-9d showed that MSCs adhered and spread on surfaces of 
both GC and GCT scaffolds. At day 14 (Figures 9b and 9d), more 
number of cells were adhered to both the scaffolds as compared 
to that on after 7-day of cell culture (Figures 9a-9c). MSCs cultured 
onto GCT scaffold exhibited flatter morphology (Figure 9c inset) and 
higher number of lamellipodia, filopodia extensions onto scaffold as 
compared to the MSCs cultured onto GC scaffold (Figure 9a inset) 
which were round shaped after 7 days of cell culture. MSCs exhibited 

Figure 6: Degradation behaviour of GC and GCT scaffold after immersing them 
in PBS up to 4 weeks.

Figure 7: Protein adsorption on the scaffolds incubated with culture media for 
6 days. Total protein adsorption was significantly high on composite scaffold. 
(*p<0.05).

Figure 8: Mechanical properties of scaffold in dry and wet condition. (p*<0.5).

Sample Compressive Modulus (GPa) Compressive 
strength (MPa)

Cancellous Bone 0.05-0.5 12
Gelatin-Chitosan (control) 0.08 ± 0.09 (dry) 0.04 ± 0.03 (wet) 1
Gelatin-chitosan-b-TCP 

(GCT) 0.32 ± 0.06 (dry) 0.26 ± 0.03 (wet) 2.45

Table 2: Compressive modulus and strength data of GC and GCT scaffold.

Figure 9: SEM images of cell attachment onto GC scaffold for (a) 7 days , 
(b) 14 days and GCT scaffold for (c) 7 days (d) 14 days.scale bar represents 
100 micron.
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higher spreading behaviour on GCT scaffold (Figure 9d) as compared 
to pure GC scaffold (Figure 9b) after cell culture time point of 14 days. 
The presence of β-TCP nanoparticles in GCT scaffolds offered higher 
number of points for focal adhesion through integrin mediated protein 
interaction between cultured MSCs and scaffolds [40]. These results 
suggested that β-TCP incorporated GCT scaffolds provided more 
conducive surface for MSCs adhesion, spreading and proliferation.

MTT assay
MTT assay indicates the ability of the scaffolds to provide ideal 

environment for cells cultured onto it to proliferate. The prepared 
scaffolds were cultured with MSC upto a period of 14 days. As evident 
from Figure 10 the cell density on both GC and GCT scaffolds were 
higher on 14 days as compared to that on 7 days suggesting the fact 
that both the scaffolds were supporting MSCs proliferation. Moreover, 
cell density on GCT scaffolds were found to be significantly higher ( * 
and ** p<0.05) on 7 and 14 daysas compared that on pure GC scaffold. 
At all point of cell culture, GCT exhibited better capacity to proliferate 
MSC cultured onto it as compared to that by GC scaffold. Release of 
Ca+2 and PO4

3- from GCT scaffolds played crucial role in enhancing its 
ability to proliferate MSCs better as compared to that by GC scaffold.

Conclusion
Highly porous gelatin- chitosan-β TCP based scaffolds were 

fabricated using freeze drying method. The prepared scaffolds had 
high degree of interconnected porosity and with addition of β-TCP 
nanoparticles the average porosity of gelatin- chitosan scaffolds 
was decreased to 118 mm that was sufficent for scaffolds to exhibit 
osteoinduction. β-TCP inclusion into gelatin-chitosan matrix 
improved compressive modulus and strength of the scaffold and 
enhanced its protein adsortion capability as compared to that by pure 
gelatin-chitosan scaffold. Biodegradability of gelatin-chitosan scaffolds 
decreased with incorporation of β-TCP nanoparticles. Mesenchymal 
stem cells cultured onto GCT scaffold exhibited better adhesion 
and spreding behavior as compared that onto pure gelatin-chitosan 
scaffold. MSCs cultured onto GCT scaffold exhibited higher degree 
of proliferation as compared that on pure gelatin chitosan scaffold. 
Thus β-TCP nanoparticle incorporation into gelatin –chitosan scaffold 
proved to be helpful in enhacing scaffold’s mechanical strength, 
protein adsorption capacity and osteogenic potential for bone tissue 
engineering.
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