
1. INTRODUCTION
Despite the wide use of porous biomaterials as 
nanocomposite scaffolds, the design and optimiza-
tion of scaffolds for successful integration remain an 
inexact science. Criteria which must be considered 
in the design of biomaterials include the provision 
of adequate mechanical properties, the inclusion of 
adequately large pore volumes to accommodate and 
deliver a cell mass sufficient for tissue engineering 
applications, adequate biocompatibility and biode-
gradability. Various nanocomposite scaffolds can be 
fabricated using bioactive fillers and also blends of 
synthetic and natural polymers by choice of suitable 
solvents and fabrication methods. Nanocomposite 
scaffolds which blend synthetic and natural poly-
mers can exploit the advantages of both polymer 
types [1]. In addition, applying bioactive materials 
throughout the nanocomposite matrixes especially 
HAp can extremely improve the bone regeneration 
ability of these materials. Nowadays, the application 
potential of scaffolds made from blends of synthetic 
and natural polymers for tissue regeneration have 
been investigated by many researchers [3–4]. 
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GEL is a natural biopolymer derived from collagens 
by controlled hydrolysis [5]. Because of its many 
merits, such as its biological origin, biodegradabil-
ity, biocompatibility, and commercial availability 
at relatively low cost, GEL has been widely used 
in biomedical applications. In pharmaceutical and 
medical fields, GEL has long been used as sealants 
for vascular prostheses [6,7], carriers for drug de-
livery [8], dressings for wound healing [9], and so 
forth. Anyway, using the approach of mixing GEL 
with synthetic polymers has frequently been adopt-
ed by other researchers. This is a feasible approach 
that may not only reduce the potential problem of 
cytotoxin, as a result of using a chemical cross-link-
ing reagent, but also provide a compromise solution 
for overcoming the shortcomings of synthetic and 
natural polymers, that is, producing a new biomate-
rial with good biocompatibility and improved me-
chanical and physico-chemical properties.

Among synthetic polymers, PCL has been consid-
ered as an appropriate choice for mixing with GEL 
due to the fact that PCL is a semicrystalline linear 
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resorbable aliphatic polyester, and subjected to hy-
drolytic degradation because of the susceptibility 
of its aliphatic ester linkage to hydrolysis [10,11]. 
On the other hand, PCL is regarded as a soft and 
hard biocompatible material for tissue engineering 
applications because of resorbable suture, drug de-
livery system and also bone-graft substitutes [12]. 
Although applications of PCL might be limited 
because its degradation and resorption kinetics are 
considerably slower than other aliphatic polyesters, 
due to its hydrophobic character and high crystallin-
ity, PCL is currently under study for use as a poten-
tial material for bone regeneration. 

On the other point of view, Biomaterials research 
field focus on the synthesis of bioactive ceramics 
based on calcium phosphates (CaP) particularly in 
the composition of HAp [Ca10(PO4)6(OH)2] for three 
decades to applications in orthopedics and dentistry 
[13,14]. However, it is difficult to handle and keep 
in defect sites because of its brittleness and low 
plasticity. 

As mentioned above, each of the materials has been 
widely used in the tissue engineering scaffolds but 
they have their problems, so for improving these 
weaknesses, many works have been accomplished. 
For example, Causa et al [15] used PCL-based com-
posites with addition of HAp particles at different 
volume/weight ratio. It showed both good mechani-
cal performance and appreciable biocompatibility. 
In another work by Chang et al [16], the GEL-HAp 
nanocomposites were fabricated as foams. The me-
chanical properties of the foams and in the same 
research by Lia et al [17] the biological and me-
chanical properties of GEL-apatite nanofibres were 
examined and the result was better than using the 
GEL lonely, and the scaffolds also showed excellent 
biocompatibility and mechanical stability. 

In this research, the HAp powder was synthesized 
by chemical precipitation through aqueous solutions 
of the reactants as filler. Then, to mimic the mineral 
and organic component of natural bone, the PCL-
GEL-HAp nanocomposites were fabricated via a 
novel method. Then, the nanocomposite scaffolds 
characterized to investigate the possibility of using 
as bone tissue engineering scaffolds.

2. MATERIALS AND METHODS 
2.1 Materials
Calcium nitrate tetra-hydrate [Ca(NO3)2 .4H2O, 
98%], diammonium hydrogen phosphate 
[(NH4)2HPO4, 99%] and sodium hydroxide [NaOH, 

99%] were purchased from Merck Inc. to synthe-
size the HAp powder by precipitation technique. 
PCL used in this study were obtained from Sol-
vay with an average molecular weight of 50,000 
(CAPA-6500). Also, GEL for microbiology (Merck 
No. 104070) was used. The GEL foams were cross-
linked by immersing into Glutardialdehyde (GA) 
(Merck No. 820603). Also, Distilled water, Acetone 
extra pure, Dimethyl sulfoxide (DMSO), Tetrahy-
drofuran (THF), N, N-Dimethylformamide (DMF) 
and Acetic acid 100% (glacial) were purchased from 
Merck Inc. as polymer solvents.

2.2. Synthesis of nanocrystalline hydroxyapatite 
(HAp) powder
The HAp powder was prepared by chemical precipi-
tation through aqueous solutions of the reactants. A 
total of 0.09 M diammonium hydrogen phosphate 
solution and 0.15 M calcium nitrate tetrahydrate so-
lution were prepared and the pH of the both solu-
tions was brought to 10 by adding a small amount of 
sodium hydroxide solution. The phosphate solution 
was added drop-wise into calcium nitrate solution, 
resulting in the precipitation of HAp. After ripening 
for a specified period of time (24 h) at room tem-
perature, the precipitates were recovered by centri-
fuge and then washed with de-ionized water. Five 
cycles of washing and centrifuging were repeated 
to ensure complete removal of the by-product. The 
calcination of the synthesized powders was carried 
out at 800 °C for 1 h in air using a heating rate at 
3.0 °C/min in an electrical tube furnace from room 
temperature to 800 °C after drying the sample in 
freezer-drier for 10 h.

2.3. Nanocomposite scaffolds fabrication methods 
Due to the hydrophobic structure of GEL molecules 
and the hydrophilic structure of PCL molecules, ap-
plying of these two polymers as a nanocomposite 
had been too challenging. Thus, several preliminary 
methods were investigated to determine the best 
fabrication method of by using different solvents. 
These methods are mentioned in detail in Table 1. In 
this effort, the eighteenth method has brought into 
focus.

After finding the best fabrication method, the GEL of 
10% (w/v) was added into distilled water and stirred 
at 40°C for 1 h. HAp nanoparticles were added to 
the solution at 40 wt% of the GEL. The mixture was 
homogenized in an ultrasonic place by a stirrer at 
40 °C for 1 h. The GEL-HAp solution was poured 
into plastic dishes and left in ambient conditions for 
10 min to form the first GEL-HAp layer. Then, a 
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solution of 10% (w/v) PCL in acetone was poured 
on the GEL-HAp layer and the complex was left 
in ambient conditions for 20 min to form the PCL 
layer. After evaporation of the acetone, the GEL-
HAp solution was poured again to fabricate the next 
GEL-HAp layer. Lamination was continued to form 
the fourth GEL-HAp layer. After evaporation of the 
acetone, lots of macro porosities were observed in 
the surface of PCL layers which made GEL able 
to influence throughout the nanocomposite layers. 
Five samples were fabricated in which PCL amount 
were 0, 20, 30, 40 and 50 wt% of GEL. The samples 
were frozen in the freezer at -20 °C for 24 h and 
then moved to the freeze-drier for 72 h. The pre-
pared samples were immersed into 1% GA aqueous 
solution for 24 h to crosslink the GEL-HAp layers. 
Finally, the cross-linked nanocomposites were care-
fully washed several times to remove the rest of GA 
and then dried in freeze-drier. 

2.4. Preparation of SBF solution
The SBF solution was prepared by dissolving re-
agent-grade NaCl, KCl, NaHCO3, MgCl2.6H2O, 
CaCl2 and KH2PO4 into distilled water and buffered 
at pH=7.25 with TRIS (trishydroxymethyl amino-
methane) and HCl 1N at 37 °C. Its composition is 
given in Table 2 and is compared with the human 
blood plasma.

2.5. Characterization 
The resulting HAp powder was analyzed by X-ray 
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diffraction (XRD) with Siemens-Brucker D5000 
diffractometer. This instrument works with voltage 
and current settings of 40 kV and 40 mA respec-
tively and uses Cu-Kα radiation (1.540600 Å). For 
qualitative analysis, XRD diagrams were recorded 
in the interval 20 ≤ 2θ ≤ 60° at scan speed of 2°/min 
being the step size 0.02° and the step time 1 s.

Transmission electron microscopy (TEM; CM200-
FEG-Philips) was used for characterizing the HAp 
particles. For this purpose, particles were deposited 
onto Cu grids, which support a carbon film. The 
particles were deposited onto the support grids by 
deposition from a dilute suspension in acetone or 
ethanol. The particles shape and size were charac-
terized by diffraction (amplitude) contrast and, for 
crystalline materials, by high resolution (phase con-
trast) imaging. 

In order to calculate the Ca/P molar ratio of the 
precipitated powder, the content of Ca and P were 

Table 1: Primary methods to find the best fabrication method of the nanocomposite scaffolds.

Ion Plasma (mmol/l) SBF (mmol/l) 

Na+ 142.0 142.0 
K+ 5.0 5.0 

Mg+2 1.5 1.5 
Ca+2 2.5 2.5 
Cl- 103.0 147.8 

HCO3
- 27 4.2 

HPO4
-2 1.0 1.0 

SO4
-2 0.5 0.5 

 

Table 2: Ion concentrations of SBF and human blood 
plasma

No. PCL solvent GEL solvent Method Result 

1 DMSO Distilled water Gradual addition of GEL solution to PCL solution PCL lumpy segregation 

2 THF Distilled water Gradual addition of GEL solution to PCL solution PCL lumpy segregation 

3 Acetone Distilled water Gradual addition of GEL solution to PCL solution PCL lumpy segregation 

4 Acetic acid Distilled water Gradual addition of GEL solution to PCL solution PCL lumpy segregation 

5 DMF Distilled water Gradual addition of GEL solution to PCL solution PCL lumpy segregation 

6 DMSO DMSO Gradual addition of GEL solution to PCL solution PCL light segregation  

7 DMSO DMSO Gradual addition of GEL solution to PCL solution-increasing stirring time PCL light segregation 

8 DMSO DMSO Gradual addition of GEL solution to PCL solution-increasing stirring rate PCL light segregation 

9 DMSO DMSO Gradual addition of GEL solution to PCL solution–sudden cooling PCL tiny segregation 

10 DMSO DMSO Gradual addition of GEL solution to PCL solution–decreasing PCL 
percentage PCL lumpy segregation 

11 Acetic acid Acetic acid Gradual addition of GEL solution to PCL solution PCL layer segregation and HAp 
dissolution 

12 Acetic acid Acetic acid Gradual addition of GEL solution to PCL solution–stirring during freezing PCL blend obtained but HAp was 
dissolved 

13 Acetic acid Distilled water Gradual addition of GEL solution to PCL solution–decreasing acidity by 
water 

PCL lumpy segregation in up to 
80% water 

14 Acetic acid Acetic acid Gradual addition of GEL solution to PCL solution–decreasing acidity by 
ammonium PCL lumpy segregation 

15 Acetic acid Acetic acid Gradual addition of GEL solution to PCL solution–decreasing stirring time to 
avoid HAp dissolution 

PCL blend obtained but HAp was 
dissolved 

16 Acetic acid Distilled water Infiltration HAp slush to PCL scaffold by ultrasonic vibration Lack of perfect HAp infiltration 

17 Acetone DMSO Gradual addition of GEL solution to PCL solution PCL tiny segregation 

18 Acetone Distilled water Lamination of PCL layers between GEL layers PCL-GEL blend was obtained 
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chemically analyzed by quantitative chemical anal-
ysis via EDTA titration technique and atomic ab-
sorption spectroscopy (AAS) with a Shimadzu UV-
31005 instrument, respectively.

The functional group of nanocomposite samples 
were ascertained by Fourier transforms infra-red 
spectroscopy (FTIR). For IR analysis, in first sam-
ples were powdered and then dispersed into pellets 
of KBr (infrared grade) and the spectra recorded by 
Bomem MB 100 spectrometer in the range 400–
4000 cm-1 at the scan speed of 23 scan/min with 4 
cm-1 resolution.

Microstructure and morphology of porous nano-
composite (pore morphology) and measurement 
of pores size was evaluated using SEM analysis. 
For this purpose the nanocomposite samples were 
coated with a thin layer of Gold (Au) by sputtering 
(EMITECH K450X, England) and then the mor-
phology of the samples were observed on a scanning 
electron microscope (SEM- Philips XL30) that op-
erated at the acceleration voltage of 15 kV. Energy 
dispersive X-ray analyzer (EDX, Rontec, Germany) 
directly connected to SEM was used to investigate 
semi-quantitatively chemical compositions.

Compression strength tests were performed on the 
porous foams. Each sample was loaded using Zwick-
Roell (MCT-25-400, Germany) at a crosshead speed 
of 2 mm/min with a load of 500 N cell in ambient 
conditions. The stress-strain curve was obtained to 
determine mechanical properties including elastic 
modulus, compression strength, maximum stress, 
and strain at maximum stress. The elastic modulus 
was obtained from the slope at the initial stages of 
loading (2% strain). Five specimens were tested for 
each nanocomposite.

2.6. Biomineralization evaluation
With the aim of investigation of bone-like apatite 
formation ability of the fabricated scaffolds, three 
scaffolds of equal weight and shape were immersed 
in SBF solution and incubated at 37 °C in closed 
Falcon tube for 3, 7 and 14 days. After the speci-
fied times, the scaffolds were removed and then 
carefully washed four times with de-ionized water 
to remove adsorbed minerals. Finally, the scaffolds 
were lyophilized, viewed and analyzed using SEM 
and EDX for mineralization.

2.7. Cytotoxicity evaluation
L929 mouse fibroblast cell line (ATCC) was used 
for cytotoxicity. The cells were seeded in polysty-

rene plates enriched with Minimal Essential Medi-
um supplemented with 10 % fetal bovine serum,100 
units/ml of penicillin and 100 μg/ml streptomycin, 
respectively, and then incubated at 37°C in humid 
atmosphere and 5% CO2. When the cells attained 
confluency, the sterilized scaffolds were placed in 
direct contact with the cells and incubated for 48 
h under the same condition. Negative (Ultra High 
molecular weight Poly Ethylene) and positive (cop-
per) controls were used. After 48 h, the cells were 
observed under optical microscopy (Nicon E200). 
Cellular responses were scored as 0, 1, 2 and 3 ac-
cording to non-cytotoxic, mildly cytotoxic and se-
verely cytotoxic as per ISO 10993-5. 

2.8. Statistical analysis
All experiments were performed in fifth replicate. 
The results were given as means ± standard error 

Fig. 1: (a) The XRD pattern and (b) the TEM micro-
graph of the synthesized nanocrystalline HAp powder
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(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. RESULTS AND DISCUSSIONS 
3.1. HAp
The XRD data of the nanocrystalline HAp powder is 
presented on Fig. 1 (a). The XRD analysis was per-
formed using an X-ray diffractometer. The straight 
base line and the sharp peaks of the diffractogram 
confirmed that the product was well crystallized. 
The XRD patterns indicated that HAp was formed in 
this sample, and traces of other calcium phosphate 
impurities were not detected by this technique. The 
XRD pattern of sintered samples can be completely 
indexed with HAp in the standard card (JCPDS No. 
09-0432), the only phase found present. No process-
ing residue or secondary phases were found in the 
materials. TEM analysis was used to examine and 
estimate of HAp crystallites. TEM micrograph of 
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the HAp powder in is shown in Fig. 1 (b). The crys-
talline structure of the HAp particles has an ellipti-
cal shape with a grain size in the range of 8–12 nm.

The result of measurement of elemental composition 
(Ca and P content) and Ca/P molar ratio were chemi-
cally analyzed by quantitative chemical analysis via 
EDTA titration technique and AAS. The Ca and P 
content and bulk Ca/P molar ratio was determined 
as 38.63 (wt%), 17.48 (wt%) and 1.71, respectively. 
The measured Ca/P ratio for this synthesized pow-
der was higher than stoichiometric ratio (1.667) ex-
pected for a pure HAp phase that can arise from lo-
cal presence of carbonate apatite in which the Ca/P 
molar ratio can be as high as 3.33 [18].

3.2. Nanocomposite scaffolds
3.2.1. SEM observations
Fig. 2 shows the morphologies of the PCL, GEL 
and nanocomposite layers in different aspects. The 

the PCL layers are more complex and the pore size 
is nearly smaller which is approximately 50 µm. it is 
notable that, the PCL and GEL layers are mechani-
cally bound in most areas to form GEL-PCL bound-
ary which is shown in Fig. 2 (c) and (d). As it was 
mentioned previously, evaporation of acetone dur-
ing the lamination technique, let macro-pores of the 
PCL layers make the GEL layers continuity possible 
throughout the nanocomposite scaffolds.

3.2.2. FTIR analyses and chemical bonds
In order to study the chemical bonds in the nano-
composite scaffolds, FTIR results obtained from 
two samples were investigated. Fig. 3 shows the 
FTIR spectra of the samples with 20 %wt PCL and 
50 %wt PCL, which gives information about de-
tected chemical bonds due to appeared peaks. The 
FTIR spectra of 20 %wt PCL were nearly same as 
that of 50 %wt PCL. There are three series of ob-
tained peaks like 1236, 1450, 1555, 1670, 2930, 
3048 cm -1 related to GEL, peaks at 560, 868, 1040, 
3558 related to the HAp chemical structure, and also 
Infrared spectra for PCL-related stretching modes 
which were observed for both scaffold samples in-
cluding 2930, 2870, 1670, 1293 and 1240 cm-1 [19]. 
But there are two peaks which are related to chemi-
cal bonds that have been formed after the mixing 
of GEL-HAp and then cross-linking of components 
which are stood at about 1345 and 2363 cm-1. The 
first one indicates formation of the chemical bond 
between carboxyl group from GEL and Ca+2 ion 
from HAp that has been mentioned in former stud-
ies too [20, 21]. 

Herein, the chemical bonding between HAp 
nanoparticles and GEL in the nanocomposites has 
three major steps. First, a critical complex reaction 
between Ca2+ ions of HAp nanoparticles and GEL 
molecules [22,23]. Second, the Ca2+ ions of complex 
with GEL molecules assembled with PO43- ions from 
HAp nanoparticles, and finally, the –COOH and 
–NH2 groups in the GEL molecule form chemical 
bonds with P–O and O–H groups of HAp nanopar-
ticles, resulting in GEL chains firmly attaching to 
the surface of HAp nanoparticles. It is notable that, 
according to Minfang et al [24], there are two main 
sources of stabilization which prevent the occur-
rence of the HAp particles agglomeration. The first 
one is electrostatic stabilization, and another one is 
spatial stabilization. Electrostatic stabilization in 
the GEL-HAp solution is mainly due to adsorption 
of Ca2+ ions on the surface of HAp nanoparticles. 
The adsorption would produce an electrical double 
layer. In other words, the ionization of carboxyl is 

Fig. 2: The SEM micrographs of (a) the GEL layer in 
the nanocomposite containing 20% wt PCL, (b) the PCL 
layer in the nanocomposite containing 20% wt PCL, c) 
the GEL-PCL boundary in the nanocomposite contain-

ing 20% wt PCL, (d) the continuity of the GEL layers in 
the nanocomposite containing 20% wt PCL
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morphological analysis of the GEL layers showed a 
uniform distribution of pores with an average size 
around 150 µm which is shown in Fig. 2 (a). Also, 
it can be seen that pores are either interconnected 
or separated via thin walls. During the fabrication 
process, it was expected that the HAp nanoparticles 
distributed homogeneously throughout the GEL net-
work because the distribution of the HAp particles 
is not affected by gravity due to the keeping of the 
viscous GEL in an ultrasonic place and rapid freez-
ing to form a homogeneous nanocomposite layer. 
According to Fig. 2 (b), a porous structure is even 
seen in PCL layers, especially in areas away from 
the GEL-PCL boundary. The pores configurations in 
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enforced while that of amino is restrained, and the 
carboxyl ions of GEL are consequently as counter 
ions in the electrical double layer. The spatial stabi-
lization in this reaction system is mainly due to che-
misorption of GEL molecules on the HAp nanopar-
ticles, and GEL formed strong layers on the surface 
of HAp nanoparticles. Also, the bond at 2363 cm-1 
appeared after cross-linking of GEL with GA which 
arises from C–H bond in C3H6 alkene [25]. Also, ac-
cording to Ghasemi-Mobarakeh et al [4], PCL and 
GEL chains can be chemically bonded. Herein, it is 
worth mentioning that the appearance of the amide 
groups in the FTIR spectra of the nanocomposite 
scaffolds which is shown with arrows in Fig. 3 in-
dicates that the PCL chains were chemically bonded 

to GEL sidewalls and it leads to the introduction of 
functional groups such as NH2 and COOH on the 
surface of fabricated scaffolds, which was also re-
ported by former researchers. As a conclusion, all of 
these chemical bonds between the elements of the 
fabricated scaffolds can cause a strong and effective 
structure for the scaffolds.

3.2.3. Mechanical properties 
The mechanical properties of the fabricated porous 
scaffolds have been of particular concern for many 
tissue engineering applications due to the neces-
sity of the structure to withstand the stress during 
culturing in vitro and as in vivo implants. Mechani-
cal properties also influence specific cell functions 
within the engineered tissues. This is why, in the 
present study, compressive properties of scaffolds 
were examined. Fig. 4 illustrates the typical stress–
strain curves for the five scaffolds prepared in this 
study. All the samples showed a similar stress-strain 
behavior (i.e., the stress increased sharply during the 
initial testing period, further reduced in slope).Fig. 3: The FTIR spectra of the scaffold samples in 20 

%wt PCL (Top) and 50 %wt PCL (Bottom)

Fig. 4: The stress-strain curves of the nanocomposite 
scaffolds in different %wt PCL 

Samples 0% wt PCL 20% wt PCL 30% wt PCL 40% wt PCL 50% wt PCL 
E0.02  (MPa) 8 16 19 20.5 23.5 
Gult (MPa) 1.83 3.13 3.40 3.71 3.73 
K (N/mm) 38 79 93 114 131 
 

Table 3: The mechanical properties 
of the nanocomposite Scaffolds.
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As it can be seen in Table 3, the increasing of the 
PCL weight caused the improvement of the scaf-
folds mechanical properties. In addition, the elas-
tic modulus increased from 8 MPa to 23.5 MPa for 
50% wt PCL. Also, the amount of ultimate stress 
and Stiffness increased respectively from 1.83 MPa 
and 38 N/mm to 3.73 MPa and 131 N/mm. At the 
same time, a decrease in ultimate strain was ob-
served according to the stress–strain curves.

3.2.4. Biomineralization evaluation
The in vitro biomineralization of the fabricated scaf-
folds immersed in SBF is shown in Fig. 5. The SEM 
micrographs showed the deposition of apatite on the 
surface of the scaffolds. Fig. 5 (b), (c) and (d) show 
the SEM micrographs of the scaffolds after immer-
sion for 3, 7 and 14 days, respectively. According 
to the observations, scattered and small particles 
covered the surface of the scaffolds after 3 days of 
immersion (see Fig. 5b). After 7 days, substantial 
amount of apatite microparticles formed on the sur-
faces (see Fig. 5c). Also, after 7 days of immersion, 
the whole inner pore-wall surfaces of the scaffolds 
were covered by a layer of apatite, and the underly-
ing surfaces were not clearly observable (Fig. 5d). 
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We also confirmed the formation of apatite layer on 
the surface of scaffolds by EDX analysis, so the ap-
parition of apatite formation on the surfaces of nano-
composite samples after immersion in SBF was es-
tablished by EDX procedure, as revealed by pictures 
from Fig. 5. The results from EDX analysis revealed 
the gradual development of the apatite layer on the 
surfaces and pores of scaffolds after immersion in 

Fig. 5: The SEM-EDX micrographs of the scaffolds 
after immersion in SBF, (a) 3 days, (b) 7 days and (c) 14 

days

Fig. 6: The morphology of the L929 fibroblast cell lines 
cultured on the scaffold sample

SBF solution. Furthermore, EDX analysis showed 
that after 14 days immersion in SBF solution, the 
Ca-P ratios were in accordance to nonstoichiometric 
biological apatite which was approximately 1.67.

3.2.5. Cytotoxicity evaluation
As it is seen in Fig. 6, the fabricated nanocompos-
ite scaffolds did not show any signs of toxicity after 
48 h with L929 cells. The cells appeared spindle in 
shape and formed a monolayer. The cytotoxic scale 
was measured as zero, which corresponds to non-
cytotoxicity.

4. CONCLUSIONS
In this study, after testing different solvents and fab-
rication methods, the novel PCL-GEL-HAp nano-
composite scaffolds were successfully fabricated 
using a new effective lamination technique. The 
chemical bonds between GEL and HAp, GEL and 
GA, and also GEL and PCL made the scaffolds me-
chanically effective. The nanocomposite scaffolds 
were macroporous in nature and pore size ranged 
from 150 to 500 µm. The results from biomineral-
ization studies revealed the gradual development of 
the bone-like apatite layer on the surfaces and pores 
of scaffolds after immersion in SBF. The Cytotox-
icity evaluation results showed that the scaffolds 
were biocompatible. Therefore, we concluded that 
the PCL-GEL-HAp nanocomposite scaffold could 
be used as an appropriate alternative for bone tissue 
engineering applications. 
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