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Abstract: The aim of this study was to mimic the specific struc-

ture of bone and fabricate a biomimetic nano-hydroxyapatite

(HA)/chitosan (Cs)/gelatin scaffolds using combination of parti-

cle leaching and freeze drying methods eliminating mold

effects. To achieve an optimum structure, scaffolds with differ-

ent gelatin/Cs weight ratio were fabricated. Morphological

characterization of scaffolds by scanning electron microscopy

method showed highly interconnected porous structures simi-

lar to cancellous bone with mean pore size ranging from 140 to

190 lm. Nano-HA crystals were dispersed homogeneously in

the polymer matrix according to the energy-dispersive X-ray

spectroscopy and transmission electron microscopy images.

Fourier transform infrared and X-ray diffraction results dis-

closed that chemical interactions were formed between nano-

HA, Cs, gelatin and crystallinity of each material decreased

with blending. It was found that increasing the gelatin content

significantly improved water uptake, degradation rate as well

as attachment, infiltration and proliferation of Saos2 cells to

the scaffolds. The presented results confirm that the designed

biomimetic nano-HA /Cs/gelatin scaffolds can be used as

promising substitutes for bone tissue engineering. VC 2014 Wiley

Periodicals, Inc. J Biomed Mater Res Part A: 00A:000–000, 2014.
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INTRODUCTION

Millions of people worldwide suffer from bone defects need-
ing treatment each year. The main concerns of current treat-
ments (i.e., autografts, allografts, and xenografts) are donor
site morbidity and shortages,1 the risk of immunogenic
rejection and disease transmission.2 These shortcomings
have led to extensive research in bone tissue engineering
(BTE) as a promising alternative method to bone grafting.
In BTE approach, three required components, namely bone
forming cells, porous and biodegradable scaffolds and
growth factors, to integrate with each other to achieve opti-
mal bone regeneration.3,4 Scaffolds, as an artificial matrix,
provide the necessary physicochemical support for cell
attachment, proliferation, and differentiation. In addition,
they guide bone regeneration and are replaced gradually
with new bone tissue.5 Thus, material properties and right
design of the scaffold are essential in determining desired
cellular responses.6,7 Recently, natural polymers and their

composites have been used more than other materials in
BTE.8,9 Biopolymers are highly organized structures contain-
ing ligands that can bind to cell receptors and guide cellular
function at various stages of growth and development. Chi-
tosan (Cs) is a linear polysaccharide derived from partial
de-acetylation of chitin. Because of its similarity to glycos-
aminoglycans, it plays a key role in regulating cell behav-
ior.10 Cs is considered an effective biomaterial for tissue
engineering applications because of many excellent proper-
ties such as antibacterial activity, nontoxicity, and hemo-
static effect.11,12 Blending of Cs with other natural polymers
and bioceramics can improve both its biological and
mechanical properties.5,13 Gelatin (Gel) is the denatured
form of collagen with no antigenicity and low cost.14 The
formation of the polyelectrolyte complex with Cs as well as
the presence of Arg-Gly-Asp (RGD)-like sequences in Gel,
mimics the organic phase of natural bone extracellular
matrix (ECM), improving cell attachment and activity.15,16
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Hydroxyapatite (HA) is the major mineral constituent of
native bone and is an attractive bioceramic for BTE because
of its excellent osteoconductivity, nonimmunogenicity, and
bioactivity.17 Thus, the inclusion of HA nanoparticles (nHA)
into the polymeric matrix not only mimics the structure of
bone, but also improves both biological activity and
mechanical strength of scaffolds.9,18 The processing method
must allow the fabrication of three-dimensional (3D) scaf-
folds with optimum porosity and pore sizes, as well as bone
matching mechanical strength and suitable cell responses.19

Different methods have been used to prepare 3D scaffold,
including particle leaching,20 gas forming,21 3D printing,22

selective laser sintering,23 freeze drying,24 among others. To
create scaffolds with improved microarchitecture, a combi-
nation of particle leaching with other techniques, such as
freeze drying can be useful.25–27 The objective of this study
was to develop a biomimetic nHA/Cs/Gel scaffold by a com-
bination of particle leaching and freeze drying methods. To
achieve an optimum structure, mold effect was eliminated
during the freeze drying process and different scaffolds
were prepared by changing gelatin/Cs weight ratio. The
designed scaffolds were characterized for their structural,
physicochemical, and biological properties.

MATERIALS AND METHODS

Materials
High molecular weight Cs, nanosize HA (<200 nm), N-(3-
Dimethylaminopropyl)-N0-ethylcarbodiimide hydrochloride
(EDC), RPMI-1640, and (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) were purchased from
Sigma-Aldrich (USA). Gelatin powder (microbiology), acetic
acid, and sodium chloride (NaCl) were obtained from Merck
(Germany). Penicillin-streptomycin (10,000 IU to 10,000
lg/mL), 0.25% trypsin-EDTA, fetal bovine serum (FBS), and
phosphate buffer saline (PBS) were purchased from GIBCO,
Invitrogen Corporation. Other reagents used were of an ana-
lytical or cell culture grade.

Scaffold fabrication
Three types of porous nHA/Cs/Gel composite scaffolds with
different weight ratios of Gel to Cs were produced by a com-
bination of particle leaching and freeze drying methods using
NaCl as porogen (Table I). To synthesize the scaffolds, a cer-
tain amount of nHA powder was suspended into 1% v/v ace-
tic acid solution. The mixture was stirred at room
temperature for 30 min and treated by ultrasonication for
60 s. Then, Cs was introduced into the nHA suspension

under agitation and the nHA/Cs mixture was stirred over-
night. Afterward, gel powder was added and stirred for 12 h
at 40�C. Next, NaCl crystals were added and mechanically
stirred for 48 h in water bath at 40�C. The resulting product
was poured into Teflon molds, uniformly packed and air
dried. The dried samples were crosslinked by immersion
into 50 mM EDC solution in acetone–water mixture (9:1 v/v)
and slowly shaken for 48 h. Subsequently, the scaffolds were
treated with 100% ethanol solution for 20 min to neutralize
acetic acid and salt particles were extracted by deionized
water for 7 days at a low shaking rate. The desalted scaffolds
were freeze dried for 48 h and the final scaffolds were stored
in a dry place until use.

Scaffold characterization
Structural morphology. Scanning electron microscopy
(SEM, II XMU Tescan, Czech Republic) with qualitative
energy-dispersive X-ray spectroscopy (EDX) capabilities was
used to assess structural morphology and to verify calcium
and phosphorus presence and distribution. nHA particles
dispersion into the polymeric matrix was examined by a
Phillips transmission electron microscopy (TEM) with 20 kV
acceleration voltage. The mean pore size was estimated
from SEM micrographs. At least 200 pores were assessed
from different areas of each sample.

Chemical characterization. Scaffolds were chemically char-
acterized by Fourier transform infrared spectroscopy, FTIR
(Bruker Equinox 55, Germany) and X-ray diffraction, XRD
(Siemens D-500, USA) techniques.

Water uptake studies. Scaffolds were immersed into 37�C
PBS buffer solution (pH 7.4) while shaking at 60 rpm. To
evaluate water uptake ability at predetermined time inter-
vals, samples were weighed after removing excess water
and water uptake ability (EA) was calculated using the fol-
lowing equation:

EA5 Ww–Wdð Þ=Wd½ � 3100

where Ww and Wd are the wet and initial dry weights of
scaffold, respectively.

In vitro biodegradation test
Scaffolds were presoaked in a PBS solution (pH 7.4) con-

taining 10,000 U/mL lysozyme, withdrawn at regular time
intervals, washed with deionised water, and dried at 40�C
by an oven. The degradation rate (D) was calculated as
follows:

D5 Wd–Wtð Þ=Wd½ � 3100

where Wd is the initial dry weight and Wt is the weight at
time t.

Porosity measurement. The porosity of nanocomposite
scaffolds was measured by liquid displacement method 25

using the following formula:

TABLE I. The Original Amount and Weight Ratios of the

Scaffolds Components for the Preparation of nHA/Cs/Gel

Scaffolds

Sample
Code

Biopolymer
Concentration

(g/mL)
Gel/Cs
(wt/wt)

nHA/polymer
(wt/wt)

NaCl/
polymer
(wt/wt)

2 0.06 2 0.25 10
1 0.04 1 0.25 10
0.5 0.03 0.5 0.25 10

2 JAMALPOOR ET AL. FABRICATION OF CANCELLOUS BIOMIMETIC CHITOSAN BASED NANOCOMPOSITE



Porosity5 Ww–Wdð Þ= Ww–W1ð Þ½ � 3100

where Ww is the wet weight of sample after being taken out
from ethanol, Wd is the dry weight of sample, and W1 is the
weight of sample in ethanol.

Mechanical property. The compressive strength and modu-
lus of the scaffolds in dry state were measured by mechani-
cal testing machine (SANTAM, STM-20), fitted with a 1-kN
load cell. The dimensions of samples were 10 3 10 3

6 mm3, where 6 was the thickness. The cross-head speed
was set at 1 mm/min, and load was applied until 60%
reduction in original thickness was achieved. The elastic

modulus (E) was determined as the initial linear section of
the stress-strain curve.

In vitro cell culture studies
Cell culture and seeding. Human Osteogenic Sarcoma (Saos-
2) cells were cultured in flasks with RPMI-1640 supplemented
by 10% FBS and 1% penicillin/streptomycin in a humidified
incubator at 37�C with 5% CO2 and 95% air. When the cells
reached 80% confluence, they were harvested from flasks using
0.25 trypsin-EDTA, re-suspended, calculated, and used for seed-
ing onto the scaffolds. Prewetted sterilized scaffolds with dimen-
sions of 9 3 9 3 2 mm3 were placed in 24-well culture plates.
A 50-lL cell suspension containing approximately 25,000 cells

FIGURE 1. SEM micrographs at three different magnification of the surface of nHA/Cs/Gel scaffolds prepared by the combination of particle

leaching and freeze drying methods. (a–c) Sample 2, (d–f) sample1, and (g–i) sample 0.5.
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were uniformly seeded drop-wise on top of the scaffold in each
well. Cell-seeded scaffolds were incubated for 3 h at 37�C to
allow the cells to adhere. Next, an additional 200 lL of culture
medium was added into each well and incubation was resumed.
The medium was changed every day for 7 days.

Cell seeding efficacy and cytotoxicity tests. Initial cell-
seeding efficiency (CSE) was determined by a method previ-
ously published.28 Initial cell adhesion was calculated after
6 h as follows:

CSEð Þ %ð Þ 5 Ni–Nuð Þ=Ni½ � 3100

where Ni is the initial cell number and Nu is the number of
cells unattached to the scaffold

The cytotoxicity of nHA/Cs/Gel scaffolds was examined
by observing the behavior of cells in the vicinity of scaffolds
3 days after cell seeding using inverted microscope.

Cell morphology and localization. The morphology of

attached Saos-2 cells within the scaffolds was studied using

SEM after 3 days of cell seeding. Cell-seeded scaffolds were

fixed in 2.5% glutaraldehyde overnight, then washed with

PBS, dehydrated in a graded series of ethanol (50–100%),

and dried in freeze drier overnight. The cell localization and

distribution within the scaffolds were observed using fluo-

rescence microscopy after staining with DAPI (5 lL/mL)

dye for 5 min at room temperature.

FIGURE 2. SEM micrographs of the sectional morphology (horizontal and vertical) of the nHA/Cs/Gel scaffolds. (a, c, e) horizontal and (b, d, f)

vertical sections of sample 2, 1, and 0.5, respectively.
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Proliferation test. Cellularity of Saos-2 cells onto the scaf-
folds was examined by MTT test. The medium was removed
1, 3, 5, and 7 days after cell seeding and fresh medium con-
taining MTT (5 mg/mL in PBS) was added into each well
followed by incubation for 4 h in the dark. Then, dimethyl
sulfoxide was used to dissolve formazan crystals. Optical
densities (OD) of solution were measured at 570 nm.

Statistical analysis
All results are presented as the mean6 standard error of
mean. A one-way analysis of variance (ANOVA) followed by
Newman-Kules post-test was performed to determine the
effect of Gel to Cs ratio on pore size, porosity, mechanical
strength and modulus, and cell seeding efficacy. A two-way
ANOVA followed by Bonferroni post-test was used to ana-
lyze swelling ratio, degradation, and cell proliferation. A
value of p<0.05 was considered to be statistically
significant.

RESULTS AND DISCUSSIONS

Scaffold morphology
In this current study, we combined particle leaching with
freeze drying method to avoid formation of a dense surface
impeding penetration of seeded cells—a drawback of using
freeze drying alone.29 Figures 1 and 2 demonstrate that pre-
pared scaffolds were highly porous and formed intercon-
nected networks mimicking the structure of cancellous
bone. Porosity of scaffolds was equal or greater than 97%
[Fig. 3(a)]. A porous surface can facilitate mechanical inter-
locking between the scaffold and the surrounding tissue to
enhance mechanical stability of the implanted scaffold 30

and to improve cell adhesion by increasing the surface
area.31 The open and interconnected pores promote gas and
nutrient transport, which is vital for cell proliferation, differ-
entiation,32 migration,33 revascularization,34 and new bone
formation.35 Range of pore size for sample 0.5, 1, and 2 was
15–670, 17–920, and 16–440 lm, respectively. The mean

FIGURE 3. Morphological properties of nHA/Cs/Gel scaffolds. (a) prosity, (b) pore size, and (c) normal distribution of pore size.*p< 0.05,

***p< 0.001.

FIGURE 4. (a) SEM/EDX images with element mapping analysis of nHA/Cs/Gel scaffolds. (b) TEM micrographs of dispersion of nHA in Gel/Cs

matrix. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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pore size was significantly different between these groups.
It was remarkably larger in sample 1 compared with others
(p< 0.001) [Fig. 3(b)]. However, pore size distribution in
sample 2 was more homogenous than sample 0.5 and 1

[Fig. 3(c)]. It seems the changes in pore size are attributed
to the freeze drying process. During thermal phase separa-
tion in freeze-drying process, absorbed water molecules in
hydrogels move out and form some ice crystals. The higher
the swelling ratio, the higher the water content in the scaf-
folds, leaving larger ice crystals behind. Because gel is more
hydrophilic than Cs, it is believed that increasing gel in scaf-
fold would enhance water absorption.36 Increase in pore
size by increasing gel/Cs ratio from 0.5 to 1 can be attrib-
uted to increase in swelling ratio of samples. However, an
unexpected decrease in pore size by further increase in gel/
Cs ratio, from 1 to 2, is explainable by changes in crosslink-
ing density of scaffolds. Any increase in gel/Cs ratio means
increment of COOH functional groups in the polymeric
matrix. Crosslinking of Cs-gel using EDC happens via inter-
action of COOH (present in gel chains) and NH2 groups
(present in both Cs and gel chains) forming an amide bond.
Higher gel/Cs ratio could result in higher crosslinking den-
sity. Any rise in crosslinking density results in lesser mobil-
ity of polymeric chains during the freezing process 27 and
therefore reduces water penetration into the growing
nucleus. This whole process prevents the formation of large
ice crystals during the freeze drying step.25,37 Observing
various sections in the fabricated scaffolds, majority of
pores were round. Using mold in the freeze drying step usu-
ally results in heat transfer variation between the air-
exposed surface of the scaffold and other sides, attributing
to different pore shapes. Alizadeh et al.27 used a Wilton
mold during the freeze drying step, which imposed a binary
morphology in the vertical section of their scaffolds. Pores
exposed to air were side-oriented, whereas others in contact
with the mold were columnar. As they reported, both side-
oriented and columnar pores had lower interconnectivity. In
this current research, to eliminate the mold effect, we bene-
fited from a piece of screen mesh mounted on a container,
on which the scaffolds were laid (after taking it out of water
and immediately before freeze drying). Fully air-circulated
samples during freeze drying ensured a uniform heat trans-
fer across all surfaces and diminished the pore shape varia-
tion to a great extent. When a porous structure is prepared
by the combination method, pore formation occurs during
two equally named steps. In particle leaching step, supersa-
turated NaCl particles were precipitated, recrystallized, and
washed away to yield macropores.25,26 The micropores

FIGURE 5. (A) FTIR spectra and (B) XRD patterns of nHA/Cs/Gel scaffolds.

(a) pure Cs, (b) pure Gel, (c) sample 2, (d) sample 1, (e) sample 0.5, (f) nHA.

TABLE II. Assignment of FTIR Spectra of nHA/Cs/Gel Scaffolds in Fig. 4A

IR Absorption Band (cm21) Cs Gel nHA Sample 2 Sample 1 Sample 0.5

3571 — — AOAH AOAH AOAH AOAH
3450-343 ANAH ANAH — ANAH ANAH ANAH
1658 — AC(@O) — AC(@O) AC(@O) AC(@O)
1627 AmideI — — AmideI (1644) AmideI (1643) AmideI (1645)
1536 — Amide II — Amide II Amide II Amide II
1405 ACAH — — ACAH ACAH ACAH
1069 ACAO — — ACAO ACAO ACAO
1027 — — AP@O AP@O (1018) AP@O (1017) AP@O (1015)
963 — — P(@O) P(@O) (955) P(@O) (953) P(@O) (954)
603 — — P(@O) P(@O) (580) P(@O) (578) P(@O) (576)
569 — — P(@O) P(@O) (557) P(@O) (555) P(@O) (556)
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formed within the thin wall of the polymer during the
freeze drying step, increasing porosity and interconnectiv-
ity.25 However, such high NaCl concentration rises the risk
of precipitation, resulting in heterogeneous patterns of
porosity.26,27 Despite the salt to polymer weight ratio of 10,
in this study, the pores were distributed uniformly along the
whole thickness of scaffolds. To ensure such uniformity, the
salt/polymer mixture was mechanically stirred at least 48 h
in a 45�C water bath. Gradual evaporation of the solvent
during the stirring period rendered the mixture thicker and
thus less precipitative. EDX analysis revealed the presence
of calcium and phosphate in all three samples [Fig. 4(a)]. In
addition, the uniform distribution of the inorganic substan-
ces was unveiled by elemental mapping analysis. The source
of calcium and phosphate is attributed to nHA particles that
homogeneously dispersed into the polymeric matrix without
any sort of agglomeration [Fig. 4(b)].

FTIR. The assignment of peaks in FTIR spectra of Cs, Gel,
nHA, and nHA/Cs/gel nanocomposite scaffolds [Fig. 5(a)]
are summarized in Table II. Accordingly, all characteristic
bands in pure materials are present in the nanocomposites.
The FTIR spectra of nanocomposites show that the amide I
peak at 1627 cm21 in Cs and carboxyl peak at 1658 cm21

in gel shift to higher wave number (red shift) at 1644 and
1682 cm21, respectively. This may be related to the forma-
tion of hydrogen bond between Cs and gel molecules.16,38 In

addition, phosphate group peaks move to lower wave num-
ber, which can be attributed to electrostatic or polar interac-
tion between carboxyl groups of gel and/or C@O groups of
Ch with Ca21 as well as amino groups of Cs and gel with
phosphate of nHA.16,18

XRD. Figure 5(b) shows the XRD diffraction patterns of
pure Cs, Gel, nHA, and nHA/Cs/gel nanocomposites. Both Cs
and Gel are characterized by one crystalline peak at
2h 5 20.9� and 20.5� , respectively.38 nHA has diffraction
peaks at 2h 525.7� , 26.3� , 29.1� , 32.3�, 39.6�, and 40.8�.18

In nanocomposites, the crystalline peaks of Cs and gel
merged together and became significantly weaker than pure
Cs and gel. XRD data indicate that the degree of cryatallinity
decreased with nanocomposite formation. This can be
related to chemical interaction between polymer matrix and
nanoparticles, in line with FTIR data.

Water uptake. A remarkable property of scaffold evaluation
in tissue engineering is their capacity to absorb water. It
facilitates nutrient and metabolic products transport as well
as cell infiltration into the construct. In addition, water
uptake accelerates internal surface area via increasing pore
size and porosity.18 As shown in Figure 6(a), all samples
absorbed water at least three times their initial weight
when immersed into PBS. By increasing gel/Cs weight ratio
from 0.5 to 1, water uptake at equilibrium increased

FIGURE 6. (a) Water uptake ability and (b) degradation rate of nHA/Cs/Gel scaffolds. *p< 0.05, ***p< 0.001 compared with other groups, n 5 5.

FIGURE 7. Mechanical properties of nHA/Cs/gel scaffolds. (a) Compressive strength, (b) compressive modulus, and (c) stress–strain curve, n 5 5.
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significantly from 300 to 600%. Further increase in gel/Cs
weight ratio did not affect the water uptake ability. The
kinetic of water uptake demonstrates that the samples
2 and 1 reached their maximum absorption after just 1 h
(i.e., 596 and 625%, respectively). However, it took sample
0.5 five hours to swell by 366%. Less hydrophilicity of Cs,
compared with gel, may account for this result.39 The water
uptake of sample 2 and 1 was significantly greater than
sample 0.5 at all time points (p< 0.001). The higher water
absorption in samples 2 and 1 is due to the greater hydro-
philicity of gelatin polymer.6 Considering the previous state-
ments, one expects to observe more water absorption in
sample 2 than sample 1 because it has more gel, yet the dif-
ference was not significant. Stronger crosslinking in sample
2 possibly did not allow it to absorb as much as sample 1.
On the other hand, larger pore size in sample 1 would fur-

ther enhance water absorption exceeding that of sample 2
in maximum water uptake.

Degradation rate. To assess the degradation behavior of
nHA/Cs/gel scaffolds, lysozyme enzymatic solution was
used. The biodegradation percentage for sample 2, 1, and
0.5 was 61, 48, and 34%, respectively, at the end of week 4
[Fig. 6(b)]. Our results indicate that biodegradation speeded
up with any increase in gel concentration. This implies the
higher hydrophilicity of gel lead to faster hydrolysis of the
polymeric chain, which is consistent with other
reports.27,38,39 The kinetic of biodegradation rate revealed
that sample 1 decomposed significantly quicker at the end
of the first week, despite lower gelatin content (p< 0.001).
It seems that enzyme penetration into sample 1 was
enhanced by larger pore size, but impeded in sample 2 by

FIGURE 8. (a) Seeding efficacy and (b) inverted microscope images of Sao2s cells (denoted as C) adjacent to nHA/Cs/Gel scaffolds (denoted

as S) after 3 days. (i) sample 2, (ii) sample 1, and (iii) sample 0.5. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

FIGURE 9. Fluorescence microscopy images of cell-seeded nHA/Cs/gel scaffolds (a, b, c) 6 h and (d, e, f) 3 days after staining with DAPI nuclei

staining dye. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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stronger crosslinking in the first week. Once crosslinking
subsides, more gelatin accounts for the degradation rise.
Compared with other reports, the water uptake and degra-
dation rate was relatively less in our samples,38,40 which
could be attributed to the presence of nHA.5,18

Mechanical properties. nHA/Cs/Gel scaffolds were tested
for compressive properties in dry state. As displayed in

Figure 7, compressive strength of samples 2, 1, and 0.5
were 1.75, 1.67, and 1.42 MPa, respectively, within the
range of human trabecular bone (i.e., 1–10 MPa),28 and
were increased by augmenting the gel content. In addition,
compressive modulus and strength as well as stress and
strain range in sample 2 were more than other samples,
although not significant. As mentioned in the FTIR section,
the crosslinking effect of EDC increases with rise in gel con-
tent leading to mechanical strengths enhancement.40 This
effect is strong enough to override the similar but smaller
effect of Cs on mechanical strength.39 In other words, sam-
ple 2 had the highest compressive strength of all.

In vitro biological studies
Cell seeding efficacy. The initial cell seeding efficacy in all
three scaffolds was more than 70% and there was not any
notable difference between the three groups (Fig. 8). Amini
et al.28 showed that the cell seeding efficacy decreases with
increase in porosity. It seems that in our study equal poros-
ity between the three types of scaffolds has inhibited varia-
tion in cell seeding efficacy.

Cell morphology. SEM micrographs of cell-seeded scaffolds
on day 3 are illustrated in Figure 9. They helped to clarify
the interaction between Saos-2 cells and nHA/Cs/gel matri-
ces. Cell adhesion is well supported in all three samples as
the cells spread on the surface of the scaffolds and exhibit
fibroblast-like morphology. Higher magnification of the
micrographs [Fig. 9(d–f)] unveiled the extensive cytoplasmic

FIGURE 10. SEM micrographs of cell-seeded nHA/Cs/gel scaffolds. (a, d) sample 2, (b, e) sample 1, and (c, f) sample 0.5.

FIGURE 11. MTT proliferation test of Sao2s cells on nHA/Cs/Gel scaf-

folds. *p< 0.05, **p<0.01, ***p< 0.001, n 5 5.
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processes and filopodia as anchoring points of cells to the
surfaces.

Cell localization and distribution. To evaluate cell localiza-
tion and distribution, cell-seeded scaffolds were viewed by
fluorescent microscopy after staining with DAPI dye. As
shown in (Fig. 10), 6 h after seeding, the cell number was
equal in all samples, consistent with the seeding efficacy
results. After 3 days, cells were distributed within the scaf-
folds and almost attached to the pore walls. In addition, the
number of cells in samples 1 and 2 were higher than in
sample 0.5, implying more cytocompatibility with higher gel
content.38 Cells adhere to ECM proteins such as fibronection
via integrin molecules when integrin connect to ligand. The
presence of NH3 and COOH functional groups in Cs and gel
facilitate cell–polymer interaction. This interaction appa-
rently improved cell attachment and proliferation.41,42

Cell proliferation. MTT test was used to evaluate cell prolif-
eration in all specimens. Results revealed that both Gel con-
tent and culture duration affect cell proliferation (Fig. 11).
Sample 2 had the highest proliferation rate on day 7, which
was statistically significant when compared to sample 0.5
(p< 0.05), but not sample 1. The assessment of proliferation
rate profile of sample 1 and 2 showed that OD absorbance
on days 5 and 7 were significantly higher than those
obtained on day 1 (p< 0.01 and p<0.001, respectively).
Moreover, in sample 2, OD absorbance was higher on day 7
compared with day 3 (p<0.001). The degree of cell prolif-
eration on nHA/Cs/Gel scaffolds was different despite their
similar porosity and interconnectivity. It seems that the gel
is a more suitable substrate for cell attachment, prolifera-
tion, and differentiation because of the presence of RGD
sequences similar to collagen. Thus, greater amount of gel
can facilitate cellular activity.13,38 As presented in MTT
results, there was no significant difference in cell prolifera-
tion rate between sample 1 and 2 despite the lower gel in
sample 1. It seems the larger pore size in sample 1 pro-
moted nutrient absorption from the culture medium,
advancing the growth.

CONCLUSION

In this study, we successfully synthesized biomimetic highly
porous nHA/Cs/gel scaffolds by combining particle leaching
and freeze drying methods and characterized them by dif-
ferent analytical tests. All scaffolds fabricated by this
method had cancellous bone like microstructure with open
and interconnected pores both on the surface and within
the scaffolds. Accordingly, we claim the procedure used
could eliminate the main problem associated with freeze
drying technique, that is, non-open pores on the surface of
the scaffold. The scaffolds also possessed suitable water
absorption and biodegradation rate as well as mechanical
strength, influenced significantly by gelatin to Cs ratio. Saos-
2 cells could well attach, spread, and infiltrate into the scaf-
folds properly. Gelatin-to-Cs ratio and pore size were two
main factors determining the degree of proliferation. This

study suggests that nHA/Cs/Gel scaffolds prepared by the
combination of particle leaching and freeze drying can be a
promising substitute for BTE applications.
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