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INTRODUCTION

Bone formation is the result of sequential events that begin
with recruitment and proliferation of osteoprogenitor cells from
surrounding tissues, followed by osteoblastic differentiation,
matrix formation and mineralization [1]. Current medical treat-
ment for bony defects including allograft, autograft and metal
implants offer several complications, such as insufficient osteo-
integration, increased risk of infection at the implant size,
disease transmission and required secondary surgery, all of
which may lead to implant failure. These limitations in current
bony defect treatments need an alternative and a new set of
biomaterials [2-4]. Bone tissue engineering has been consi-
dered as a promising alternative method for the current treat-
ment. In tissue engineering, natural polymers provide a support
for matrices or as substrates for the delivery of bioactive species
and cultured cells to defect site and to promote three dimen-
sional (3D) tissue reconstructions. The 3D scaffolds have the
advantage of bio-mimicking the natural extracellular matrix
(ECM). Extracellular matrix is an intricate network of collagen
and elastic fibers embedded in a hydrated gel like materials of
glycosaminoglycans, proteoglycans and glycoproteins. Naturally
derived ECM components of polysaccharides constituents
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could serve as a suitable material to design scaffolds, since
they are biocompatible, non-antigenic, non-immunogenic,
similarity with ECM and intrinsic cellular interactions. Further,
these materials act as a temporary skeleton inserted into the
defective sites of skeleton or lost bone sites in order to support
and stimulate bone tissue regeneration while they gradually
degrade and is finally replaced by new bone tissue. Furthermore,
natural polymers provide a great deal of flexibility with respect
to their tunable mechanical properties and natural degradation
time within the body [5-8].

The hydrophilic group of polysaccharides has the ability
to promote the growth of dense mineralized bone tissue, cell
adhesion, proliferation, differentiation and bone formation
within the defective site after its implantation through electrostatic
interactions [9-14]. Some of the most widely used polysaccha-
rides in tissue engineering are alginate, amylopectin, agar,
chitosan, cellulose, dextran, gellan, hyaluronic acid, glyco-
saminoglycans, pectins, pullulan, starch and xanthan. The
polysaccharides are currently not exclusively used for tissue
engineering due to their jelly-like consistency and insufficient
mechanical properties. In order to meet the desired require-
ment, the polysaccharides applicable in tissue engineering are
usually combined with other natural or synthetic polymers or



reinforced with inorganic minerals to increase mechanical
strength [9,10,15,16].

Natural bone is generally composed of 70 % inorganic
minerals of hydroxyapatite (HAP) and 30 % organic materials
(major collagen). Hydroxyapatite has been widely used as
biocompatible ceramic material in medicine mainly for bone
tissue engineering because of its ability to bond chemically
with living bone tissue. It owes resemblance of chemical, compo-
sitional, biological and crystal structural properties of the native
apatite in human skeleton [17-19]. Further, HAP is reinforced
with polysaccharides to mimic the role of inorganic minerals
as well as to overcome the insufficient mechanical strength.
Several reports are available to synthesis and isolate HAP from
natural sources including fish bone, pig bone and teeth, goat
bone and chicken bone. Hydroxyapatite isolated from natural
bones is carbonated and have better biocompatibility, osteo-
condution and bioresorption than the synthesized HAP. Hence,
carbonated HAP was isolated from chicken bones for this
work, with the various references from literature [20-22].

Several methods have been reported to prepare 3D porous
scaffolds which include gas forming, 3D printing, phase sepa-
ration, porogen leaching, solvent casting/particulate leaching
and freeze drying. Freeze drying is generally used in the
preparation of polysaccharide scaffolds because this technique
is beneficial for polysaccharides in aqueous media, where as
synthetic polymeric scaffolds are prepared using organic solvents.
Freeze drying process avoids the use of organic solvents and
porogen to create porosity, which reduces the toxicity induced
by residual compounds. Further, it is simple, cost effective
and environmental friendly since water is used as solvent.
Moreover, water has the advantage of being functioning as a
porogen upon freezing [23,24]. Several two component porous
scaffold composed of polysaccharide and HAP have been
prepared by freeze drying method which include gellan-HAP
[25], chitosan-alginate [26], chitosan-HAP [27] and alginate-
HAP [28] for bone tissue engineering. In order to improve
osteoconduction and biocompatibility of scaffold, binary
mixtures of polysaccharide. Hence, the present work chitosan/
gellan-HAP and chitosan/alginate-HAP scaffolds are
developed by freeze drying techniques and their potential
for bone tissue engineering applications are evaluated and
compared with reported chitosan/amylopectin-HAP scaffold
[20].

EXPERIMENTAL

Hydroxyapatite was isolated from the chicken bones (pur-
chased from local slaughterhouse) by the thermal calcinations
method. The MG 63 cell line was obtained from the National
Center for Cell Science, Pune, India. Chitosan powder (degree
of deacetylation 90 % with molecular weight 310 kDa) was
purchased from Wako Pure Chemical Industries Ltd., Japan.
Gellan gum, amylopectin, sodium alginate, 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), acridine
orange and Bisbenzimide Hoechst 33342 stains were purchased
from Sigma Aldrich, India. Dulbecco’s Modied Eagle’s Medium
(DMEM) was purchased from HIMEDIA. Sodium phosphate
buffer, NaCl and KCl were purchased from Merck. Acetic acid
and NaOH (AR grade) were purchased from S.D. fine chemicals.

Isolation of HAP from chicken bone: Hydroxyapatite
was isolated by thermal calcinations method as reported pre-
viously by our group [18]. Chicken bones were washed with
1N NaOH solution followed by rinsing with water to remove
the traces of meat, skin and other impurities present on the
surface of the bones. Then bones were dried in hot air oven at
100 °C and grained into small pieces. Pretreated chicken bones
were subjected to thermal calcinations at 800 °C with 20 h
holding time in muffle furnace (SUNSIM, India).

Preparation of scaffold materials: Tricomponent scaffolds
were prepared as reported by Rajesh et al. [4] and Venketesan
et al. [20]. 0.9 g of chitosan was dissolved in 100 mL of 2 %
acetic acid solution, stirred for 3 h and then it was sonicated
for 30 min. 4.2 g of HAP was suspended in 50 mL water and
was transferred in to a chitosan solution dropwise. For chitosan/
gellan-HAP scaffold, 0.9 g of gellan was slowly added to the
chitosan-HAP solution and stirred for 24 h. The resultant compo-
site solution mixture was transferred into 12 well plates with
2 g solution per well. The samples were freeze dried at -80 °C
and lyophilized with a freeze dryer to form scaffold. These
scaffolds were immersed in 10 % NaOH solution for 24 h and
then washed several times with distilled water to become neutral.
All the neutralized scaffolds were lyophilized again. For chitosan/
amylopectin-HAP scaffold, 0.9 g of amylopectin was slowly
added to chitosan-HAP solution and rest of the procedure was
followed as that for chitosan/gellan-HAP scaffold. For chitosan/
alginate-HAP scaffold, 0.9 g of amylopectin was slowly added
to chitosan-HAP solution and rest of the procedure was followed
as that for chitosan/gellan-HAP scaffold.

General characterization: The thermal stability of the
composite scaffold was studied using thermogravimetric (TG)
analysis (SDTQ 600 TA Instrument, USA) with scan range
of 50 to 800 °C at a constant heating rate of 10 °C/min in the
nitrogen atmosphere. The vibrational frequency of the samples
were studied by Fourier transform infrared spectroscopy (FTIR)
(Jasco FTIR4100, Japan) and the spectrum was recorded within
the range of 4000-500 cm-1 using KBr pellet method. The phase
and crystallinity of the samples were examined by powder X-ray
diffraction (XRD) (Bruker, D8 Advance X-ray Diffraction
spectrophotometer, German) at room temperature using CuKα

as the radiation source with the wavelength 1.504 Å, over the
angle range 10° to 80°, step size 0.02° and scan speed 0.5°/min.
The resultant XRD profile of the isolated HAP was compared
with the Standard Joint Committee on Powder Diffraction
Standards (JCPDS) cards available in the system software.
Further, the morphology of the tricomponent scaffolds was
studied by field emission scanning electron microscopy (FE-
SEM) (SUPRA 55, Carl Zeiss, Germany) analysis.

Porosity measurements: Porosity is an important property
for the cell proliferation. The total porosity of the scaffold
was obtained by the liquid displacement method. Ethanol was
used as the displacement liquid because it could easily penetrate
into the pores of the scaffolds and did not cause shrinkage and
swelling and the scaffolds would not be dissolved in ethanol
at room temperature. Initially, the volume of dry ethanol and
dry weight of the scaffold was measured [6,20]. Then the
scaffold was immersed in dry ethanol for 48 h. After 48 h, a
scaffold was taken out from ethanol and the weight of the
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scaffold were measured. The total porosity was calculated
using the equation, Porosity = (W1-W3)/(W2-W3); where W1
= initial weight of the scaffold, W2 = sum of weights of ethanol
and submerged scaffold, W3 = weight of ethanol after the
removal of scaffold.

In vitro cell proliferation assay of scaffolds: The MG-
63 cells were plated separately in 96 well plates at a concen-
tration of 1 × 105 cells/well. After 24 h, cells were washed
twice with 100 µL of serum-free medium and starved for 1 h
at 37 °C. After starvation, cells were seeded with the scaffold
material, which was previously sterilized with 75 % alcohol
followed by 100 % alcohol. Cells treated without scaffold
material was used as a control. At the end of the treatment
period of 1, 2, 3 and 4 days, the medium was aspirated and
serum free medium containing MTT (0.5 mg/mL) was added
and incubated for 4 h at 37 °C in a CO2 incubator. The deter-
minations were performed using three replicates each time.

The MTT containing medium was then discarded and the
cells were washed with phosphate buffer solution (PBS) (200
µL). The formed formazan crystals were then dissolved by
adding 100 µL of DMSO and this was mixed properly by
pipetting up and down. Spectrophotometrical absorbance of
the purple blue formazan dye was measured in a microplate
reader at 570 nm (Biorad 680) [20,29]. Cytotoxicity was deter-
mined using Graph pad prism 6 software.

Alkaline phosphatase assay: For the determination of
alkaline phosphatase (ALP) activity, cells were cultured as
per the cytotoxicity analysis, after the incubation with scaffolds
for 2 and 4 days, the cells were treated with 10 µL (100 mmol/L)
of p-nitrophenyl phosphate and incubated for 30 min at 37 °C
in a CO2 incubator. Alkaline phosphatase can hydrolyze the
p-nitrophenyl phosphate in to p-nitrophenol and inorganic
phosphate [2]. The released p-nitrophenol absorbance was
measured at 405 nm spectrophotometrically. The determi-
nations were performed using three replicates each time.

Hoechst stain assay for cell attachment: Hosechst 33342
DNA staining has been used to identify the cell attachment
and growth on scaffold material [20]. For this, ethanol sterilized
scaffold material was placed in the cell culture plate and seeded
with MG 63 cells and incubated. After 4 days of culture, media
was removed from the wells and washed with PBS solution.
The cells were stained with 0.5 mL of Hoechst 33342 solutions
(3.5 µg/mL in PBS) and incubated for 30 min at 37 °C. After
30 min, the Hoechst stained cells were visualized and photo-
graphed under the Microscope-Olympus-version-6.0, Carl
Zeiss lens, Germany.

Acridine orange stain assay for cell attachment: Acridine
orange is used to identify both viable and apoptotic cells on
scaffold materials [30]. For this, ethanol sterilized scaffold
material was placed in the cell culture plate and seeded with
MG 63 cells and incubated. After 4 days of culture, media
was removed from the wells and washed with PBS solution.
The cells were stained with 200 µL of dye mixture (100 µL/mg
acridine orange distilled water). The suspension was imme-
diately examined and viewed under Microscope-Olympus-
version-6.0.

Compressive strength: The compressive strength of
freeze dried scaffolds was obtained using universal testing

machine (UTM). The tests were performed using the system
Tinius Olsen, Model H5KS, UK. The 5000 N load cell with the
standard grips of crosshead speed of 0.5 mm min-1 was used
for the compression measurements. The determinations were
performed using five replicates.

Statistical analysis: Statistical analysis for MTT and ALP
assay were performed using Graph pad prism6 software.
Results are presented as mean ± standard deviation.

RESULTS AND DISCUSSION

Thermal stability: The thermal stability of the scaffolds
was determined by TG analysis and shown in Fig. 1. The weight
loss was observed between 30 to 120 °C in the scaffold material
due to the evaporation of absorbed water molecules. Further,
the major weight loss between 211 to 560 °C in chitosan/gellan-
HAP, 175 to 520 °C in chitosan/alginate-HAP and 186 to 578
°C in chitosan/amylopectin-HAP was attributed to the thermal
decomposition of chitosan, gellan, alginate and amylopectin
into carbonaceous materials. The negligible amount of weight
loss was observed above 600 °C due to the thermal stability of
HAP [31-33]. Hence, the TG analysis proves the presence of
all the individual components in the tricomponent scaffolds.
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Fig. 1. TGA images of tricomponent scaffolds

FTIR analysis: FTIR spectra of all the raw materials as
well as scaffolds were taken to identify the intermolecular inter-
action between the individual components present in the scaffold
and shown in Fig. 2. The characteristic peaks observed in the
FTIR spectrum of HAP (3570, 1460, 1049, 966, 881 and 634
cm-1) were well matched with the previously reported data
[18,20]. The FTIR spectrum of chitosan showed all the
characteristic stretching vibrations for -OH at 3464 cm-1, C=O
at 1641 cm-1, C-H rocking at 1404 cm-1, C-O group at 1256
cm-1, amine at 1155 cm-1 and 1099 cm-1 and pyranose C-O-C
ring at 1050 cm-1 [4,20,33,34]. Gellan showed the charac-
teristic stretching vibrations for -OH at 3419 cm-1, C-H at 2121
cm-1, asymmetric carboxylate at 1612 cm-1, symmetric car-
boxylate at 1400 cm-1 and pyranoside ring at 1047 cm-1

[23,35,36]. Alginate showed the characteristic stretching
vibrations for -OH at 3414 cm -1, C-H at 2924 cm -1,
asymmetrical COO– at 1612 cm-1, symmetrical COO– at 1402
cm-1 and C-O-C (saccharide structure) at 1064 cm-1 [37,38].
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Amylopectin showed the characteristic stretching vibrations
for -OH at 3445 cm-1, asymmetric C-H at 2940 cm-1, adsorbed
water at 1629 cm-1, angular deformation of C-H at 1399 cm-1,
C-O ether at 1090 cm-1 and C-O alcohol at 1028 cm-1 [20,39].

The FTIR spectrum of prepared scaffolds shows a
combination of characteristics peaks similar to that of pristine
chitosan, HAP, gellan, alginate and amylopectin along with
absorption band at 3570 cm-1. This peak is assigned to the
mixture of amine stretch from chitosan and to the -OH groups
in HAP, gellan, alginate and amylopectin [40]. In chitosan/
gellan-HAP scaffold, HAP peaks were shifted from 1049 to
1045 cm-1, 966 to 962 cm-1, 881 to 873 cm-1 and 634 to 630
cm-1. In chitosan/alginate-HAP scaffold, HAP peaks were
shifted from 1049 to 1045 cm-1, 966 to 962 cm-1, 881 to 871
cm-1 and 634 to 632 cm-1. In chitosan/amylopectin-HAP
scaffold, HAP peaks were shifted from 1049 to 1045 cm-1,
966 to 960 cm-1, 881 to 871 cm-1 and 634 to 632 cm-1. Besides,
the FTIR spectra also indicated the shifting of characteristic

peaks of C-O and amine in chitosan as well as the characteristic
peaks of gellan, alginate and amylopectin. These results suggest
the strong interaction between chitosan and HAP along with
other polysaccharides for example electrostatic interactions
between –NH3

+ and PO4
3- and between C-O and Ca2+. The shifting

of HAP peak at 1049 cm-1 evidences the strong hydrogen
bonding interactions between HAP and polysaccharides. Hence,
the shift in peak values was observed in all scaffold material
confirming the existence of active electrostatic interactions
and hydrogen bonding between individual components and
formation of tricomponent scaffolds [20,32,41].

XRD analysis: XRD pattern for chitosan, gellan, alginate,
amylopectin, HAP and scaffolds were carried out as shown in
Fig. 3. The XRD pattern for isolated HAP was found to be
crystalline and in good conformity with the standard values
of HAP (JCPDS-09-0432/1996) [18]. The XRD pattern
showed an amorphous peak for chitosan at 10.7° and 20.0°,
gellan at 19.34°, alginate at 13.57° and amylopectin at 13.62°.
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Fig. 2. FTIR spectra of (a) chitosan/gellan-HAP, (b) chitosan/alginate-HAP and (c) chitosan/amylopectin-HAP scaffolds
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The major peak for HAP at 26.05°, 31.95° and 39.99° were
shifted to 25.96°, 31.90° and 39.94° in chitosan/gellan-HAP,
25.88°, 31.78° and 39.83° in chitosan/alginate-HAP and
25.86°, 31.78° and 39.81° in chitosan/amylopectin-HAP along
with reduced peak intensity for chitosan, gellan, alginate and
amylopectin. The lower crystallinity of HAP in scaffolds suggests
that the crystallographic structures were more similar to natural
bone mineral (biological apatite). The lower crystallininty of
HAP and reduced intensity of polysaccharides was due to the
ionic interaction between amorphous polysaccharides and HAP
as like collagen and HAP in natural bone mineral [20,42].

Morphology and porosity analysis: Porosity and pore
size are important parameters for tissue engineering application
to create a better cell proliferations, differentiations and adhesion.
Morphology of HAP, chitosan/gellan-HAP, chitosan/alginate-
HAP and chitosan/amylopectin-HAP were analyzed by FE-
SEM and the images are shown in Fig. 4. FE-SEM images of
HAP (Fig. 4a) showed the flake-like structure of crystalline
HAP with crystal size of 300-400 nm. While the freeze dried
scaffold materials showed porous morphology and the pore
size was found to be 46-180 µm for chitosan/gellan-HAP, 77-
244 µm for chitosan/alginate-HAP and 76-106 µm for chitosan/
amylopectin-HAP. Further, FE-SEM images evidenced the
homogeneous dispersion of HAP over polysaccharides.

Fig. 4. FE-SEM images of (a) HAP (b) chitosan/gellan-HAP, (c) chitosan/
alginate-HAP and (d) chitosan/amylopectin-HAP scaffolds

Total porosity is a crucial factor for adequate cell invasion,
transport of nutrients and waste and transduction of cellular
signals. It has been reported that porosity acts as a favourable
condition for cells viability especially in tissue in-growth. The
total porosity of the scaffolds were obtained by the liquid
displacement method and found to be 91.02 % for chitosan/
gellan-HAP, 90.60 % for chitosan/alginate-HAP and 88.41 %
for chitosan/amylopectin-HAP. These values could meet the
requirement of 90 % porosity for bone tissue engineering.
Among them, chitosan/gellan-HAP poses higher porosity and
can be useful to facilitate faster cell proliferation [20,43].

In vitro cytotoxicity analysis: In order to find out the
biocompatibility, a preliminary biological investigation was
carried out on prepared tricomponent scaffolds. The test was

performed in vitro by seeding MG 63 cells on to surface of the
scaffolds. Fig. 5 shows the cell proliferation levels of MG 63
cell on the scaffolds based on different time interval. It was
clear that the cells on the scaffolds proliferated well and
resulted in increasing cell viability with increasing days, mainly
due to the porous structures. The porous structure of the prepared
tricomponent scaffolds allowed a spatial arrangement of cells
to attach them easily and proliferated well. Further, the hydro-
philic groups present in polysaccharides involved in the active
interactions with cells for the cell growth. There was no signi-
ficant difference in cell viability among the tricomponent scaffolds
for the first two days, but there was higher cell viability for
chitosan/gellan-HAP during 3rd and 4th day when compared
with chitosan/alginate-HAP and chitosan/amylopectin-HAP
scaffold. The higher porosity exhibited by chitosan/gellan-HAP
is expected to increase the cell penetration and diffusion of
mass transport requirements of nutrient, metabolities and soluble
signals that could provide optimal growth conditions and
eventually lead to faster cell proliferation inside the scaffold
[44-46]. The observed results revealed that the tested tricom-
ponent scaffolds do not have any acute cytotoxic effect and
can be served as biomaterials for bone tissue engineering.
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Alkaline phosphatase assay: Alkaline phosphatase activity
is widely used as a marker for early differentiation and minera-
lization of osteoblast-like cells, which promotes mineralization
by increasing the local concentration of inorganic phosphate
ion and/or by decreasing the concentration of the mineralization
inhibitor phosphate [47-49]. Generally, chitosan is known to
increase the ALP expression of osteoblast cells [50]. The mine-
ralization on the chitosan based tricomponent scaffolds were
quantitatively determined by ALP activity over a cultivation
period of 2nd and 4th day and shown in Fig. 6. The cells had
almost similar increasing ALP activity on the tricomponent
scaffolds as a function of days. Among the scaffolds, chitosan/
gellan-HAP scaffold showed slightly higher ALP activity on
the fourth day due to higher porosity. The increasing minerali-
zation and better bone bioactivity of tricomponent scaffolds
were proved from the assessments of ALP activity. As mentioned
in MTT assay, porosity of the tricomponent scaffolds played
a crucial factor in cell proliferation and mineralization.
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Cell adhesion on scaffolds: Cell adhesion on the scaffold
represents the initial phase of cell-scaffold communication that
subsequently affects cell differentiation [51]. Hoechst 33342
DNA stain and acridine orange dyes were used to visualize
the live MG 63 cells on tricomponent scaffolds under fluore-
scence microscope. From the fluorescence microscopic images
of Hoechst stain, as shown in Fig. 7(a-c) and acridine orange
Fig. 7(d-f), it was clear that MG 63 cells are adhered well and
proliferated on the tricomponent scaffolds on the 4th day. The
electrostatic interaction between positively charged chitosan

and negatively charged cell membranes of prepared chitosan
based tricomponent scaffolds played a pivotal role for better
cell attachment. The cells secreted ECM with increasing culture
time, whereas the cells were able to adhere, grow and spread
on the scaffold surface. Chitosan/gellan-HAP scaffolds (Fig. 7a
& d) showed denser cell attachment compared with other two
scaffolds due to the higher porosity, which is well correlated
with MTT assay [44,52]. These results revealed that the porosity
and positively charged chitosan present in scaffolds enhanced
the cell adhesion and proliferation.

Compressive strength: The construct of scaffold should
be maintained after seeding the cells since the scaffold has to
be mechanically strong to provide physical strength and flexi-
bility to the bone as well as to support extensive vascularization,
cell proliferation, differentiation and new tissue formation [23].
To evaluate the mechanical strength of the prepared tricom-
ponent scaffolds, compressive strength studies were carried
out and results are shown in Fig. 8. Compressive strength value
was found to be 143.80 ± 6.4 KPa for chitosan/gellan-HAP,
88.52 ± 2.4 KPa for chitosan/alginate-HAP and 81.30 ± 5.8
for chitosan/amylopectin-HAP scaffolds. The difference in
compressive strength value was mainly due to the difference
in porosity and pore size of the scaffolds and viscosity of poly-
saccharide. During experiment, it was observed that gellan
based tricomponent solution showed a highly viscous nature
when compared with alginate and amylopectin solutions. The
higher viscous nature of gellan induced shorter gelation time,
which produced more jelly like solution and resulted in a dense
layer of harder scaffold after lyophilization.

Fig. 7. Optical microscopy images of Hoechst 3342 stained cells grown on (a) chitosan/gellan-HAP, (b) chitosan/alginate-HAP and (c)
chitosan/amylopectin-HAP scaffolds and acridine orange stained cells grown on (e) chitosan/gellan-HAP, (f) chitosan/alginate-HAP
and (g) chitosan/amylopectin-HAP scaffolds
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Conclusion

Polysaccharides have gained fascinating attention towards
tissue engineering due to their similarity with ECM, chemical
versatility and good biological performance. However, the
combination of polysaccharides with bioactive inorganic
materials can be a promising material for bone tissue enginee-
ring. In this work, polysaccharide based porous tricomponent
scaffolds of chitosan/gellan-HAP, chitosan/alginate-HAP and
chitosan/amylopectin-HAP were prepared by freeze drying
method and characterized. FTIR and XRD analysis confirmed
the formation of composite through strong electrostatic
interaction and hydrogen bonding between the components
present in the scaffolds where as FE-SEM images evidenced
the porous morphology of the scaffolds. In vitro studies on
MG 63 cell line proved that the prepared tricomponent scaffolds
have better cell adhesion, proliferation and mineralization. We
found that the porosity of the scaffolds plays an important
role in bone tissue engineering because of the higher cell
proliferation and mineralization exhibited by chitosan/gellan-
HAP scaffold due to the higher porosity. The compressive
strength is mainly depends upon the viscosity of the poly-
saccharides and porosity. Hence, the prepared tricomponent
scaffolds can hold a promising role in bone tissue engineering.
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