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Abstract

In this study, macroporous bioactive nanocomposite scaffolds were developed using cross-linked gelatin and bioactive glass (BaG)

nanoparticles. First, BaG nanoparticles were synthesized via sol–gel method and characterized. Then, macroporous nanocomposites were

prepared through layer solvent casting combined with freeze-drying and lamination techniques. This research has developed a new composition to

produce a new bioactive nanocomposite which is porous with three-dimensional (3D) inter-connected microstructure, pore sizes are 200–500 mm,

porosity are 72–86% and BaG nanoparticles are dispersed evenly among cross-linked gelatin matrices. It is mentionable that in this study, we have

reported the formation of chemical bonds between BaG nanoparticles and gelatin for the first time. Finally, the in vitro cytocompatibility of the

nanocomposite scaffolds was tested using SaOS-2 cell line.
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1. Introduction

In the past few years, increasing attention has been paid to

nanocomposites made of biopolymers and bioactive materials

for application in tissue engineering [1–4]. A wide variety of

nanocomposites are currently being explored for use as porous

scaffolds for many tissue engineering strategies. Nanocompo-

site scaffolds may prove necessity for reconstruction of multi-

tissue organs, tissues interfaces, and structural tissue including

bone, cartilage, tendons, ligaments and muscles [5].

The aim of creating nanocomposites is to have a nanoscale

interaction between the bioactive inorganic phase and the

organic phase, creating a tough material. This intimate

interaction should allow bone cells to come into contact with

both phases at one time, and the material should degrade at a

single rate. Nanocomposites can be divided into two classes.
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One is a nanoscale version of a conventional composite, where

nanoparticles are dispersed in a polymer matrix. The second is

where the inorganic and organic phases are chemically bonded

together at a molecular scale during processing. These

materials are termed hybrids here and have the greatest

potential of combining the desired properties of the constituent

materials for bone regeneration [6,7]. In addition, the construct

should possess mechanical properties similar to the surround-

ing host tissue in order to provide structural stability to a defect

site without absorbing all of the mechanical stresses, which

would result in stress shielding of the natural tissue and its

eventual resorption. Furthermore, as the scaffold serves only as

temporary support until bone is formed within the defect site,

the ability to breakdown gradually into nontoxic degradation

products either through hydrolysis or enzymatic degradation is

also important [8,9]. Many kind of bioactive materials

including bioactive glasses, bioactive glass–ceramics, and

calcium phosphate ceramics, have been developed and some of

them are now applied to repair and reconstruct diseased or

damaged bones or tissues. Bioactive glasses meet the first three
d.
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criteria: excellent osteoconductivity and bioactivity, ability to

deliver cells, and controllable biodegradability. These advan-

tages make bioactive glasses promising scaffold materials for

tissue engineering [10].

In this case, using gelatin as a biodegradable biopolymer and

BaG nanoparticles as bioactive material to create a scaffold

with biodegradability, bioactivity, high porosity, suitable

mechanical properties and toughness is really suitable. Gelatin

is a natural polymer derived from collagen by hydrolysis and

has almost identical composition as that of collagen [11]. Since

gelatin is a denatured biopolymer, the selection of gelatin as a

scaffolding material can circumvent the concerns of immuno-

genicity and pathogen transmission associated with collagen

[12]. However, it has poor mechanical property. Therefore, a

porous gelatin scaffold can be used as bone substitute for bone

repair and reconstruction only if its mechanical property can be

improved with addition of biomaterials like hydroxyapatite,

aluminosilicate (geopolymers), BaG ceramic, etc. Several

methods have been used to produce porous three-dimensional

scaffolds, including biopolymers replication [13–16], sintering

(thermal bonding) a porous mass of particles [17] or fibers

[18,19], the use of foaming agents [20], solid freeform

fabrication [21], sol–gel [22] and freeze-drying methods

[23,24] but porous gelatin scaffolds can be fabricated by using

the freeze-drying method as an effective method. Just as in the

production of polymer scaffolds, for this scaffold, factors such

as gelatin solution concentration, bioactive glass type and size,

freeze-drying parameters, etc. play very important roles in

forming the scaffolds of desired porous structures and hence the

mechanical performance [25].

There is a growing interest in the use of BaG in scaffolds for

bone repair [26,27]. BaG has a widely recognized ability to

foster the growth of bone cells [28,29], and to bond strongly

with hard and soft tissue [30]. Upon implantation, BaG

undergoes specific reactions, leading to the formation of a

hydroxyl carbonate apatite (HCA) layer, amorphous calcium

phosphate (ACP) or crystalline hydroxyapatite (HA) phase on

the surface of the bioactive glass, which is responsible for their

strong bonding with surrounding tissue [31]. A gel-derived

glass with as much as 80 mol% SiO2 develops a hydroxyl

carbonate apatite (HCA) layer in a short time when in contact

with physiological solutions like SBF, whereas melt-glass with

less than 55 mol% SiO2 requires several days to form a

polycrystalline HCA layer [31]. This high reactivity of sol–gel

derived glasses is related to a larger volume fraction of

nanometer porosity on surface, larger concentration of silanols

on the surface [32] and higher surface area [33] than those of

melt-derived glasses.

In this study, we synthesized using the sol–gel method, a

new bioactive glass in the ternary system SiO2–CaO–P2O5

named 64S. Its molar composition 64%SiO2–31%CaO–

5%P2O5 is enriched in phosphorous oxide at the expense of

calcium oxide. Then, to mimic the mineral and organic

component of natural bone, the BaG and gelatin nanocomposite

was prepared via layer solvent casting combined with freeze-

drying and lamination techniques. Finally, glutaraldehyde (GA)

was used as a cross-linking agent. The methodologies used for
the synthesizing of the nanocomposite were described and also

in this research, we have reported formation of chemical bonds

between BaG nanoparticles and gelatin. Eventually, the cellular

responses of the bioactive scaffolds were examined.

2. Materials and methods

2.1. Materials

Tetraethylorthosilicate (TEOS: C8H20O4Si), calcium nitrate

(Ca(NO3)2�4H2O), and triethyl phosphate (TEP: C6H15O4P)

and 0.1 M nitric acid (HNO3), were purchased from Merck Inc.

The gelatin used in this research was purchased from Merck

(microbiology grade, No. 107040) at 10% (w/v) concentration.

Also, GA (C5H8O2) solution of 1% (w/v) was purchased from

Merck Inc.

2.2. Synthesis of BaG nanopowder

The sol–gel-prepared glass materials SiO2–P2O5–CaO

(64%SiO2, 5%P2O5, and 31%CaO) (based on mol%), was

synthesized and characterized. The solution for the glass was

prepared and described as follows: 14.8 g (0.064 mol) of

tetraethoxysilane was added into 30 mL of 0.1 M nitric acid, the

mixture was allowed to react for 30 min for the acid hydrolysis

of TEOS to proceed almost to completion. The following

reagents were added in sequence allowing 45 min for each

reagent to react completely: 0.85 g (0.005 mol) triethylpho-

sphate, and 7.75 g (0.031 mol) of calcium nitrate tetrahydrate.

After the final addition, mixing was continued for 1 h to allow

completion of the hydrolysis reaction. The solution was cast in

a cylindrical Teflon container and kept sealed for 10 days at

room temperature to allow the hydrolysis and a polycondensa-

tion reaction to take place until the gel was formed. The gel was

kept in a sealed container and heated at 70 8C for an additional 3

days. The water was removed and a small hole was inserted in

the lid to allow the leakage of gases while heating the gel to

120 8C for 2 days to remove all the water. Subsequently, the

powders were milled by planetary milling (SVD15IG5-1, LG

Company) with 400 rpm during 10 h. After grinding and

sieving, the dry powder heated 24 h at 700 8C for nitrate

elimination. Finally the powder was ground for 10 h for

achieving BaG nanoparticles.

2.3. Preparation of nanocomposite samples

The preparation process of these scaffolds is shown in Fig. 1.

Gelatin at 10% (w/v) concentration was poured in de-ionized

distilled water that mixed with KH2PO4 (KH2PO4 is a main

component of simulated body fluid (SBF) which is useful for

bone formation due to the existence of orthophosphate group in

its chemical structure) to which BaG nanoparticles were added

in 10, 20, 30, 40 and 50 wt% and homogenized by a stirrer at

40 8C for 45 min. Then, five types of nanocomposites have

been fabricated with five different percentages of BaG

nanoparticles. These mixtures were poured into plastic Petri

dishes (PS), to cast in layer form and frozen at �20 8C for 1 h.
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Fig. 1. The manufacturing process of hybrid nanocomposite scaffolds.
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In the next step, the layers were moved to the freezer at�20 8C
for 5 h and then it was moved to the freeze dryer at�57 8C and

0.05 mbar for 24 h in order to produce 3D porous structure

through sublimation to form a gelatin network matrix on the

pore walls and the surface of nanocomposite scaffolds. Then,

composite layers were cut into proper sizes and laminated by

applying a gelatin solution of 10% (w/v) as a binding agent.

Finally, to cross-link gelatin polymeric chains and to reduce

biodegradation and enhance the biomechanical properties of

the scaffolds for tissue repair, samples were soaked in a cross-

linking bath with a GA solution of 1% (w/v) for 24 h, and

samples were carefully washed after soaking in a GA solution.

2.4. Characterization

2.4.1. X-ray diffraction (XRD)

The resulting bioactive glass powder was analyzed by XRD

with Siemens-Brucker D5000 diffractometer. This instrument

works with voltage and current settings of 40 kV and 40 mA

respectively and uses Cu-Ka radiation (1.540600 Å). For

qualitative analysis, XRD diagrams were recorded in the

interval 108 � 2u � 508 at scan speed of 28/min being the step

size 0.028 and the step time 1 s.

2.4.2. Transmission electron microscopy (TEM)

TEM studies were performed with the Philips CM120

operated at 100 kV. The morphology and size of the synthesized

BaG nanoparticles assessed using TEM by dispersing in

ethanol (0.1 g/10 mL) and ultrasound for 15 min. Finally, the

samples were prepared by placing one drop of nanoparticles’

dispersion on a carbon-coated grid.

2.4.3. N2 adsorption analysis

The pore texture of BaG was analyzed with an automatic

nitrogen adsorption pore size analyzer (Tristar 3000, Micro-

meritics) by N2 adsorption method. The samples were degassed

in vacuum at 150 8C for 18–20 h for the removal of moisture

from the pores and analyzed with nitrogen adsorption. These
analyses have provided the data of specific surface area,

average pore size, and pore volume.

It is mentionable that pore size distribution was determined

from a minimum of 20 points in the nitrogen desorption

isotherm and calculated using the Barret, Joyner and Halenda

model for cylindrical pores.

2.4.4. Fourier transform infrared spectroscopy (FTIR)

The functional groups of nanocomposite samples and the

BaG nanoparticles were examined by FTIR with Bomem MB

100 spectrometer. For IR analysis, in first 1 mg of the powder

samples were carefully mixed with 300 mg of KBr (infrared

grade) and palletized under vacuum. Then the pellets were

analyzed in the range of 400–4000 cm�1 at the scan speed of

23 scan/min with 4 cm�1 resolution.

2.4.5. Scanning electron microscopy (SEM) and energy

dispersive X-ray (EDX) analyses

The morphology and microstructure of the synthesized BaG

and nanocomposite samples and measurement of pore size were

evaluated using SEM. The nanocomposite samples were coated

with a thin layer of Gold (Au) by sputtering (EMITECH

K450X, England) and then the morphology of them were

observed on a scanning electron microscope (SEM-Philips

XL30) that operated at the acceleration voltage of 15 kV.

Also, EDX (Rontec, Germany) directly connected to SEM

was used to investigate semi-quantitatively chemical composi-

tions.

2.4.6. Mechanical behavior

Mechanical behavior of the prepared nanocomposites was

investigated by conducting compression strength test according

to ASTM F 451-86. The cylindrical specimens were cut to

5 � 10 mm, and the thickness was measured with an electric

digital caliper. E (Young Modulus) of the scaffolds were tested

by Roel-Amstel (load cell: 25 kN; resolution: 1 N) with a

drawing rate of 1 mm/min. Each test has been repeated five
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Fig. 2. (a) The XRD pattern of the BaG nanoparticles after stabilization at

700 8C and (b) The EDX pattern of the BaG nanoparticles.
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times and the average amount and standard deviation (SD) of

related parameters was determined.

2.5. Analytical methodology

2.5.1. Scaffolds density measurement

The apparent density of the samples (ra) was measured by

mercury pycnometry [34]. A sample of weight Ws was placed in

a pycnometer, which was completely filled with mercury and

weighted to obtain Wsl. ra was calculated according to Eq. (1):

ra ¼
W

W l �W sl þW s

� rHg (1)

where Wl is the weight of the pycnometer filled with mercury,

and rHg is the density of mercury (13.5 g/cm3).

2.5.2. Pores sizes and porosity measurement

Pore volume (Vp) was calculated according to Eq. (2):

Vp ¼ Vsk � VBG � VGel ¼ V sk �
WBG

rBG

�WGel

rGel

(2)

where Vsk is the skeletal volume of the nanocomposite (cm3),

VBG the actual volume of BaG (cm3), VGel the actual volume of

gelatin (cm3), in addition VBG and VGel measured with attention

to the mass and the density of BaG and gelatin which were used

in each sample. The density of BaG and gelatin are (r = 2.7)

and (r = 1.35), respectively. So the calculation formula of

porosity (%) is defined as follows Eq. (3):

porosity ð%Þ ¼ Vp

V sk

� 100 (3)

It is calculated from the density of BaG, gelatin and the density

of actual porous scaffolds sample produced. For the cylindrical

samples which were cut to 5 � 10 mm, and the thickness was

measured with an electric digital caliper, the total volume of

each sample was 1.19625 cm3.

By using SEM, the pore size of the cross-section, transverse

section and the average pore diameter of the samples were

observed.

2.6. Osteoblast cell culture

The in vitro biocompatibility of the nanocomposite scaffolds

was tested using SaOS-2 cell line (human osteoblast-like cells)

(National Cell Bank of Iran, Pasture Institute). The line was

kept in continuous culture in Dulbecco’s Modified Eagle

Medium (DMEM) supplemented with 10% fetal bovine serum

(FBS) and streptomycin/penicillin 100 U/mL (1%). The cells

were detached with trypsin/EDTA before seeding on scaffolds.

For seeding, the cells were trypsinized, centrifuged and

resuspended in complete culture medium. Aliquots of 200 ml

containing 3 � 105 cells were then seeded on top of each

scaffold sample pre-soaked in the medium. Cells/scaffold

constructs were incubated for 4 days at 37 8C in a humidified

atmosphere containing 5% CO2. Then, the samples were

washed twice with phosphate-buffered saline (PBS) and the

cells were fixed. For fixation, samples were soaked in 2.5% GA
for 1 h. Post-fixation was performed in 1% osmium tetroxide,

and dehydration in a graded acetone series solution. Samples

were then freeze-dried and kept dry using silica gel.

2.7. Statistical analysis

All experiments were performed in fifth replicate. The

results were given as means � standard error (SE). Statistical

analysis was performed by using One-way ANOVA and Tukey

test with significance reported when P < 0.05. Also for

investigation of group normalizing, Kolmogorov–Smirnov test

was used.

3. Result and discussions

3.1. XRD analysis

The XRD pattern of the synthesized BaG is presented in

Fig. 2(a) The XRD pattern emphasized the predominant

amorphous state of the internal disorder and glassy nature of

this material feature of the sample and it is worth mentioning

that the BaG does not show any crystalline states.

3.2. EDX analysis of BaG nanoparticles

Fig. 2(b) shows the EDX spectra of the synthesized BaG

nanoparticle. The EDX spectrum shows the peaks of Si, P, Ca,

and O. The presence of gold (Au) on the BaG surfaces was only

related to the coating layer in SEM analysis. These results

confirmed the nanoscale size and the composition of the

synthesized BaG nanoparticles.

3.3. TEM observations of BaG nanoparticles

Due to TEM is a powerful tool for observing the morphology

and particle sizes of nanoparticles, we used this test to estimate

the BaG particle sizes and morphology. Fig. 3 shows the TEM

micrograph of the synthesized BaG nanoparticles. The particles

had nearly sphere shaped morphology and the particle size was

less than 80 nm. The nanoparticles also showed uniformity in

shape and size.



[(Fig._3)TD$FIG]

Fig. 3. The TEM micrograph of the BaG nanoparticles.[(Fig._4)TD$FIG]

Fig. 4. The N2 adsorption isotherm of the BaG nanoparticles.

[(Fig._5)TD$FIG]

Fig. 5. The FTIR spectra of the synthesized BaG nanoparticles and the prepared

nanocomposite scaffold cross-linked by GA.
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3.4. Textural properties

The N2 adsorption isotherm of the BaG is shown in Fig. 4

corresponds to the type IV isotherm of the Brunauer–Deming–

Deming–Teller theory (BDDT) classification. From these results

one can infer that the pores are in mesopores size range. The

textural properties of this BaG are reported in Table 1.

This table shows that SiO2–P2O5–CaO BaG has a

nanoporous structure that provides controlled degradation

and sites for cell attachment and protein adsorption.

3.5. FTIR analysis

Fig. 5 shows the FTIR spectra, in the 500–4000 cm�1

spectral range, of BaG and scraped material surfaces recorded

after synthesis the nanocomposite scaffold.

The BaG nanoparticles exhibited five infrared bands located

at: 609, 800, 930, 1070 and 1212 cm�1. Among these bands,
Table 1

Textural properties of the bioactive glass.

BET surface area (m2 g�1) Pore volume (cm3 g�1) Pore size (nm)

137.9 0.37 15.4
those positioned at 800, 930, 1070 and 1212 cm�1 are related to

the silicate network and respectively ascribed to the Si–O

symmetric stretching of bridging oxygen atoms between

tetrahedrons, Si–O stretching of non-bridging oxygen atoms,

Si–O–Si symmetric stretching, and the LO mode of Si–O–Si

asymmetric stretching. The band located at 609 cm�1 is

attributed to the asymmetric vibration of PO4
3� [35,36].

Similarly, Fig. 5 also represents the FTIR spectrum of the

nanocomposite that exhibited a number of new characteristic

spectral bands. The most characteristics of them were protein

spectrums such as: N–H bending vibration at 1260 cm�1 for the

amide III, N–H bending vibration at 1560 cm�1 for the amide

II, C O stretching vibration at 1670 cm�1 for the amide I, C–H

bending vibration at 2952 cm�1 for the amide B and band at

3570 cm�1 indicate the presence of O–H groups, while the

characteristic spectral bands for BaG was present in the

spectrum for nanocomposite too [13].

It is worth mentioning that Fig. 5 also shows two peaks

which are related to chemical bonds that has been formed due to

the mixture of the BaG with gelatin and then cross-linking with

GA. The first one at about 1345 cm�1 indicates formation of the

chemical bond between carboxyl groups from gelatin and Ca2+

ions from the BaG that has been mentioned in former studies

too for gelatin and hydroxyapatite [13,37,38]. The second bond

at 2363 cm�1 appeared after cross-linking of gelatin with GA as

mentioned former by Azami et al. [13]. GA reacts with gelatin

chains observed in Scheme (4):

Gel�NH2þC5H8O2þNH2�Gel

! Gel�N¼CH�C3H6�CH¼N�Gel ð4Þ

3.6. Chemical bonding reaction mechanism

The chemical bonding between the BaG nanoparticles and

gelatin in the nanocomposites have three major steps, as shown

in Fig. 6(a), is described in following:
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Fig. 6. (a) The mechanism of chemical bonding between the BaG nanoparticles and gelatin, and (b) The schematic of chemical bonding between gelatin chains and GA.
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(1) A critical complex reaction between Ca2+ ions of BaG

nanoparticles and gelatin molecules [39,40].

(2) The Ca2+ ions of complex with gelatin molecules assembled

with PO4
3� ions.

(3) The –COOH and –NH2 groups in the gelatin molecule form

chemical bonds with P–O and O–H groups of BaG

nanoparticles, resulting in gelatin layer firmly attaching to

the surface of BaG nanoparticles.

In addition, according to Minfang et al. [41], there are two

main sources of stabilization which prevent the occurrence of the

nanoparticles agglomeration in these kinds of systems, one is

electrostatic stabilization, and the other is spatial stabilization.

Electrostatic stabilization in this reaction system is mainly due to[(Fig._7)TD$FIG]
Fig. 7. (a) An overall view of the nanocomposites before and after cross-linking, (b

surface), and (c) SEM micrograph of the nanocomposite (30% BaG) after cross-li
adsorption of Ca2+ ions on the surface of BaG nanoparticles. The

adsorption would produce an electrical double layer. In other

words, the ionization of carboxyl is enforced while that of amino

is restrained, and the carboxyl ions of gelatin are consequently as

counter ions in the electrical double layer. The spatial

stabilization in this reaction system is mainly due to chemisorp-

tion of gelatin molecules on the BaG nanoparticles, and the

gelatin formed a thick layer on the surface of BaG nanoparticles.

3.7. Cross-linking of the gelatin matrix structure

Because of the high degradation rate and low biomechanical

stiffness of gelatin in vivo, cross-linking is necessary to reduce
) SEM micrograph of the nanocomposite (30% BaG) before cross-linking (top

nking (top surface).
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Fig. 8. (a) An overall view of the final nanocomposite scaffolds after lamination technique and (b) The SEM micrograph of final nanocomposite (lateral surface).
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rate of biodegradation and enhance the biomechanical proper-

ties of the biomaterial for tissue repair.

In this study, GA (OHCCH2CH2CH2CHO) was used as a

cross-linking agent, which GA reacts with gelatin chains as

observed in Fig. 6(c). Cross-linking processing occurred with

C3H6 alkene bands. GA has two functional groups to be able to

link with free amine groups of lysine or hydroxylysine amino

acid residues of the polypeptide chains in gelatin. All available

free amine groups of gelatin react with the aldehyde groups of

GA to form Schiff bases within 5 min and then a large variety of

subsequent reactions are involved in the cross-linking of the

material [42,43].

The gelatin matrix structure after cross-linking which shows

in Fig. 7(c) became denser and more ordered, compared with

noncross-linked gelatin structure that shown in Fig. 7(b) it was

highly porous with parallel aligned and inter-connected pores.

The pores were close to square with the size ranged from 200 to

500 mm which is desirable for bone cell growth.

Fig. 8 also shows fine adhesion beyond composite layers

along their interfaces to each other which approve that gelatin

solution is able to acts as a good binder for nanocomposite

layers.
[(Fig._9)TD$FIG]

Fig. 9. The SEM micrographs of the nanocomposite sample showing the dispersion o

magnification.
It is mentionable that the biomechanical properties of gelatin

material before and after cross-linking were also analyzed

which shows that cross-linking could increase biomechanical

property pretty well. GA cross-linkage significantly increased

the rupture strength of wet matrices compared with noncross-

linked controls, which will greatly contribute to future, in vivo,

tissue implantation.

Also, as it can be observed in Fig. 9 the BaG nanoparticles

are dispersed in cross-linked gelatin matrix.

3.8. Mechanical properties

Table 2 gives the data obtained from mechanical compres-

sive tests of nanocomposite samples and compares them with

spongy and compact bone. Generally, elastic modulus (E)

enhanced with increasing the percentage of BaG nanopowder. E

values varied from 50 MPa to about 80 MPa. It is worth

mentioning that the density (r) and the porosity percentages are

in the range of natural spongy bone and also, comparison

between specific elastic modulus (E/q) indicates that properties

of prepared nanocomposites are very close to natural spongy

bone.
f BaG nanoparticles through the cross-linked gelatin matrix (a) low and (b) high



Table 2

Mechanical compressive tests of nanocomposite samples, spongy and compact bone.

Sample E (MPa) r (g/cm3) E/r Pore volume (cm3) Porosity (%)

Compact bone 3–30 � 103 1.8–2 7.78–10 � 103 – 5–30

Spongy bone 20–500 0.14–1.2 500 – 30–90

Nanocomposite (10% BaG) 51 � 1.8 0.192 � 0.005 275 � 8 0.169 86 � 1.1

Nanocomposite (20% BaG) 58 � 2.1 0.265 � 0.014 231 � 4 0.159 81 � 0.8

Nanocomposite (30% BaG) 64 � 1.3 0.336 � 0.001 200.5 � 4.5 0.152 77 � 1.2

Nanocomposite (40% BaG) 72 � 1.7 0.424 � 0.013 173.5 � 3.5 0.145 74 � 1

Nanocomposite (50% BaG) 78 � 1.2 0.491 � 0.005 160 � 2 0.140 72 � 0.66
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In addition, by using SEM, the average pore diameter of the

nanocomposite samples was observed. Fig. 10 related to the

pore size (mm) vs bioactive glass (%) showed that the pore sizes

were in the range of 200–500 mm.
[(Fig._10)TD$FIG]

Fig. 10. The average pore diameter of the nanocomposite scaffolds.

[(Fig._11)TD$FIG]

Fig. 11. The SEM micrographs of the osteoblastic cells grown on the nanocom-

posite scaffolds after culturing for 3 days (a) low and (b) high magnification.
3.9. Biocompatibilty evaluation

The SEM micrographs of the SaOS-2 cell line (human

osteoblast-like cells) cultured on bioactive scaffolds are shown

in Fig. 11(a) and (b) showed well-spread cells on the scaffolds

with numerous lamellipodia and filopodia, an indication of

good attachment and penetration to the pores of scaffolds. The

cells actively secrete extracellular matrix (ECM), which can be

observed on both cells and scaffold surfaces. ECM gave an

unsmooth appearance to the cells. The cells left traces of ECM

along their migration path. Wide distribution of these traces on

the scaffold surfaces is an indication of good cellular migration

and osteoconductivity of the scaffolds. The continuous increase

in cell aggregation on the bioactive scaffolds during the 3 days

incubation indicated the ability of the scaffolds to support cell

growth.

4. Conclusions

In summary, the gelatin/BaG nanoparticles nanocomposites

were prepared by layer solvent casting combined with freeze-

drying and lamination techniques as a bioactive nanocompo-

site scaffold. The interest of processing bone tissue-engineered

scaffolds with both highly porous structure and desired

mechanical strength drives us to focus on preparing scaffolds

using the materials compounding synthetic gelatin with BaG

nanoparticles. The results have demonstrated that these

nanocomposite scaffolds were 3D porous and that the Young

Modulus of the scaffolds was comparative to the natural

spongy bone. Also, applying BaG/gelatin nanocomposite

scaffolds is notable from two points of view including

improved cell culture response and higher reinforcing quality

of BaG nanoparticles, with increasing amount of reinforcing

nanoparticles. Also, the surface area of reaction zone between

particles and matrix will dramatically increase and thus

improve the mechanical properties of overall nanocomposite.

This feature will be intensified particularly when a kind of

chemical bonding form between matrix and reinforcing

particles. Finally, SEM micrographs of osteoblast-like cells

obtained after culture of these cells on the scaffolds showed

that osteoblasts demonstrate adhesion, migration and penetra-

tion to the pores of scaffold. Therefore, wide distribution of

these traces on the scaffold surfaces could be an indication of

good cellular migration and osteoconductivity of these

bioactive scaffolds.
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