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Abstract

	 Inorganic-polymeric composites are promising materials for bone repair; the so called 
biomimetic approach leverages the interaction between polymer and inorganic mineral and generates 
the appropriate material features. In this work, gelatin   multiwalled carbon nanotube (MWCNT) – 
hydroxyapatite (HA) biocomposites containing different concentration of gelatin were prepared by 
in situ biomimetic approach. The synthesized composites were characterized using X-ray diffraction 
(XRD), Fourier transform infrared spectroscopy (FT-IR) and scanning electron microscopy (SEM). 
The results showed that, gelatin is a suitable matrix for nucleation and growth of hydroxyapatite 
nanocrystals and homogenous dispersion of nanotubes. Mesenchymal Stem cells (MSCs) 
culturing on composites and MTT assays were used to determine the in-vitro biocompatibility of the 
synthetized biocomposides, which showed no negative effect on the cell viability and proliferation. The 
experimental work has demonstrated that increasing gelatin concentration can lead to the formation 
of more uniform HA spherical particles and enhance the biocompatibility of the composites. 
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Introduction

	 Bone is a natural composite material 
consisting of organic phase containing- type-I 
collagen and inorganic phase named hydroxyapatite 
(HA) with a chemical formula of Ca10(PO4)6(OH)2 that 
can enhance osteoconductivity. 

	 In presence of a defect in the bone 
structure, the need for synthetic bone grafts may 

arise, depending on the complication of the bone 
defect. If the damage is minor, the bone tissue has 
its own capability to self-regenerate within a few 
weeks. As the severity of the defect increase, using 
composites as bone filler can be helpful, and in the 
case of severe injuries with significant loss of volume, 
the bone would not heal by itself and scaffold grafting 
is required to restore the bone function without 
damaging living tissues.
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	 Bone tissue engineering benefits of the use 
of tailored biomaterials to improve bone regeneration 
without producing side effects in the human body1-2. 
An accurate selection of the most appropriate 
biomaterials for bone regeneration is very important: 
biocompatibility, biodegradability and the ability of 
mimicking the structure and chemical properties of 
extracellular matrix (ECM) are some of the desired 
characteristics3-5.

	 In recent years, many attempts have 
been focused on the development of materials and 
techniques for imparting the suitable biological 
properties to the synthetic biocomposites, to be 
used in the replacement of the natural bone 2, 6. 
One of the main methodologies developed in the 
bone regeneration field is the biomimetic approach 
using natural or synthetic polymeric templates via 
an in situ mineralization method5, 7-10. So, in recent 
years, the use of embedded inorganic nanoparticles 
in polymeric matrixes has attracted the interest of 
researchers, because of the similar composition of 
such particles to natural bone as well as their good 
biocompatibility5, 11, 12. Different natural and synthetic 
polymers2, 9, 13-15 have been applied as templates for 
the synthesis of composites via biomimetic method. 
Gelatin as a natural water-soluble biopolymer, is 
a hydrolysis product of collagen and is expected 
to be suitable for hard tissue applications due to 
its biological functional groups16. Apart from the 
brittleness of nanostructured HA (nHA) that limits 
its application, it has a higher surface area compare 
to HA, and consequently higher reactivity, and can 
enhance Mesenchymal Stem Cells (MSCs) adhesion 
and proliferation. Thanks to the different properties 
of such materials, the combination of nHA with a 
polymer such as gelatin can lead to the formation of a 
suitable composite for hard tissues regeneration2, 17-19. 
The properties of gelatin HA composites in terms of 
biocompatibility, degradation and osteoconductivity 
making them suitable candidate for applications in 
hard tissue reconstruction that have been reported 
in several works2, 14, 20. Multiwalled carbon nanotubes 
(MWCNTs) due to their small dimensions, high 
aspect ratio (length to diameter), high strength and 
stiffness can be an ideal reinforcement material that 
would improve the composite characteristics, without 
diminishing its bioactivity16, 21-23. 

	 The aim of this work is the preparation of 
gelatin- multiwalled carbon nanotube- hydroxyapatite 
biocomposites as a bone filler via in situ biomimetic 
method and the evaluation of gelatin concentration 
alteration effect on biocompatibility behavior of the 
prepared nanocomposites.

Materials and Methods

Materials
	 Gelatin (Type B, powder, bovine skin), 
calcium nitrate tetrahydrate Ca (NO3)

2‚ 4 H2O and 
diammonium hydrogen phosphate (NH4)2HPO4 were 
purchased from Sigma – Aldrich and Carboxyliated 
multiwalled carbon nanotube (outer diameter 8–10 
nm, length 10-30 µm) was provided from Neotec Co. 
(Iran). All chemicals were used without any further 
purification.

Experimental procedures
Preparation of GEL-MWNTs-HA composites by 
in situ biomimetic method
	 For studying the effects of biopolymer 
concentration on the final structure and biocompatibility 
of composites, different weight of gelatin, 0.24, 0.36 
and 0.48 g, were dissolved in 50 ml of deionized 
water and stirred at 45°C, until solutions became 
apparently transparent. Then the desired amount of 
MWCNT (4 wt. %) was sonicated in ethanol for 10 
min. Subsequently, gelatin solution was added into 
the MWCNT dispersion and the obtained mixture 
was sonicated for 1.5 hours. Prepared composites 
containing 0.24, 0.36 and 0.48 g of gelatin, named 
by codes S-1, S-2 and S-3, respectively. Then Ca 
(NO3)2.4H2O and (NH4)2HPO4 were added to the 
gelatin-MWCNT mixtures, so that Ca/P molar ratio 
1.67 was obtained. After complete dissolving the salts 
under agitation, ammonia solution was added to the 
mixture for adjusting the pH at 10.2 and promoting 
the HA nucleation. The obtained samples were kept 
overnight, filtered, and washed with deionized water 
until the filtrate neutralized (pH = 7).  Pure HA was 
prepared as mentioned above by omission of gelatin 
and MWCNT steps.  

	 The prepared products were characterized 
using Fourier Transform Infrared Spectroscopy (FT-
IR, PerkinElmer 400, USA), X-ray Diffraction (XRD, 
PW 1800 Philips, China) and Scanning Electron 
Microscopy (SEM, EM 3200, KY, China).
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In vitro biocompatibility test 
	 Biocompatibility is the compatibility of a 
product with a biological system. The purpose of 
biocompatibility tests is the determination of the 
product suitability for human use and the estimation 
of its potential for harmful physiological effects.  For 
this purpose, Mesenchymal Stem Cells (MSCs) 
maintained from the ophthalmic research center of 
Shahid Beheshti University (Iran) and were used. In 
MTT assay, MWCNTs, gelatin, HA, S-1, S-2 and S-3 
were cultured with MSCs for 1, 3 and 7 days, and 
a culture without composite was used as a blank 
control group. Defreeze MSCs were transferred 
into culture flasks containing Dulbecco’s Modified 
Eagles Medium (DMEM), 20% fetal bovine serum 
and 1% antibiotics (100 ìg/ml penicillin and 100 ìg/
ml streptomycin). Changing the medium was taken 
place every 3 days. For cell culture experiments, 
sterilization of prepared samples were carried out 
via ethanol series and Phosphate Buffered Saline 
(PBS) solution, then they incubated in the culture 
media. The samples were seeded with MSCs (103 
cells/cm2) by direct pipetting of the cell suspension 
onto the biocomposites and incubated in cell culture 
medium at 37°C and 5% CO2. MSCs cultured without 
samples were used as a control group. For each 
composite type, three replicates were used. MTT 
assay (3- [4, 5-dimethylthiazol-2-yl]-2, 5-diphenylte-

2H-tetrazolium bromide) (Sigma-Aldrich) was 
applied for evaluation of MSCs proliferation on 
samples and control.  After seeding at each time 
point, cells were incubated in 100 µl MTT solution 
at 37 °C and 5% CO2 for 3 h. Then, 100 µl/well of 
dimethyl sulfoxide (DMSO) was added and mixed 
after removing supernatants. When blue crystals 
of formazan dissolved completely, the absorbance 
of each well content was measured at 540 nm with 
Elisa reader (BioTek Co.).

Statistical analysis 
	 Student’s t-test was conducted to determine 
statistical significance among groups, and statistical 
significance was considered at p<0.05.

Results and Discussions

Chemical and morphological characterizations
	 A wide research effor ts have been 
carried out to prepare suitable organic-inorganic 
composites by mimicking the natural process of 
bone repair. Inorganic mineral formation, size, 
growth, morphology and uniform distribution into 
organic template are the critical parts of biomimetic 
synthesis approach15. In the last 8 years, we 
have prepared different composites via in situ 
biomimetic methods using biopolymers such as 

Fig.1: Schematic of gelatin- MWCNTs-HA composite preparation
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Fig. 2: FTIR spectra of MWCNTs, gelatin, HA, 
S-1, S-2 and S-3

Fig. 3: XRD patterns of (a) HA, S-1, S-2 and S-3

Fig. 4: SEM images of S-1, S-2, S-3
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pectin, starch, alginate and gelatin as a bone filler2, 

5, 9, 11. In this work, we designed new composites 
of gelatin-MWCNTs-HA by leveraging the suitable 
bioactivity and biocompatibility properties of gelatin-
HA nanocomposites2, 5, the excellent mechanical 
properties of CNTs25 and the positive effects of 
functionalized CNTs on cell growth, biocompatibility, 
bio mineralization and bone formation13, 25. The aim 
was using negative functional groups of MWCNTs 
and gelatin as active binding sites for in situ 
nucleation of HA in polymeric matrix template that 

leads to biocomposites formation. Ultrasonic method 
has been exploited the dispersion of MWCNTs in the 
gelatin matrix to conquer van der Waals interactions 
between CNTs and create positive charges on 
the carboxyl groups of MWCNTs that can act as 
electrostatic attraction sites for negative functional 
groups of gelatin13. As it is shown schematically in 
Fig. 1, in situ precipitation of HA was induced in 
this step due to bonding of the calcium ions with 
negative functional groups of MWCNTs and gelatin 
that promote HA nucleation in basic media.

Fig. 5: (a) Cell proliferation of MSCs on MWNTs, gelatin, HA and nanocomposites by MTT assay 
and (b) optical microscopic image of S-3 after in vitro culture for 1, 3 and 7 days
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Fourier Transform Infrared Spectroscopy (FT-
IR)
	 Fig. 2 shows the FT-IR spectra of MWCNT, 
gelatin, HA and composite samples (S-1, S-2 and 
S-3). In MWCNT, bands at 1120, 1720, can be 
attributed to the C–O , C=O stretching of carboxylic 
acids whereas bending and stretching vibration of 
hydroxyl group presented peaks at 672 and 3729 
cm-1, respectively [13]. Gelatin spectra showed the 
bands at 3438 cm”1 and 3423 cm”1 assigned to the 
OH and –NH stretching of secondary amide while 
peaks at 2922 and 1640 cm-1  corresponded to the 
C–H and the C=O stretching.  The observed bands 
between 1500 cm”1 -1550 cm”1 and the one at 670 
cm”1 can be related to bending and out-of-plane 
wagging of secondary amide –NH 22, 24].  In the HA 
spectrum, absorbance bands at 472, 605, 961 and 
1050 cm”1 corresponded to different vibration modes 
of phosphate group. The stretching and bending 
vibration modes of the  OH presented the peaks at 
3569 and 631 cm”1, respectively2, 5, 9, 11. 

	 FT-IR spectra of composites presented  
the same characteristics of the functional groups 
of gelatin, MWCNT and HA with a slightly shift to 
higher energy that can be the sign of bond formation 
between calcium ions and following phosphate ions 
that lead to HA nucleation along the MWCNTs length 
and in the gelatin matrix.

X- ray Powder Diffraction (XRD)
	 Fig. 3 shows the X-ray diffraction patterns 
of HA, S-1, S-2 and S-3. The peak positions for all 
patterns are matching closely to the diffraction peaks 
of mono phase HA (verified by JCPDS No. 9-432). 
Three main assignable peaks to (002), (211) and 
(310) plane of crystalline HA can be seen at 26.3, 
32.2 and 39.9° (2è), respectively. So, this method of 
composite preparation appears to be preferable to 
other in situ precipitation procedures, because there 
is no impurity of the different calcium phosphate 
phases and just pure single phase HA is produced 
in polymer matrix.

	 Increasing the gelatin amount in the 
composites lead to HA crystallinity increase so 
that characteristic peaks of HA can be completely 
distinguishable. This result confirms that the 
functional groups of gelatin in addition to MWCNTs 
have positive effect on HA nucleation. The presence 

of broad peaks in the XRD patterns of composites is 
related to the small particle size and low crystalline 
HA in the biopolymer matrix which is similar to 
natural bone9.

Scanning Electron Microscopy (SEM) 
	 Fig. 4 shows the SEM images of S-1, S-2 
and S-3. As it is observable, hydroxyapatite spherical 
nanoparticles are uniformly distributed on the gelatin 
and MWCNT matrix. In all images, no separation 
between organic and inorganic phase is observed. 
It appears that, as the gelatin concentration in 
the composites is increased, the homogeneity of 
HA spherical particles increases, while their size 
decreases. 

	 This trend is due to the availability of more 
gelatin functional groups as a result of the increased 
polymer concentration that leads to HA nucleation 
in a more ordered pattern and causes the  porous 
morphology turn to a more compact structure without 
any pores.

Cell Culture Study
	 For the evaluation of cytotoxicity effects, 
cell viability and proliferation on biocomposites, 
MTT assay was used. The results in Fig. 5a indicate 
that, at the first day, there is significant differences 
between absorbance values of composite S-3 
compared to control group and their raw components 
(P<0.05). The cells on composites, control group 
and raw components started to proliferate rapidly 
from the third day that is more remarkable for S-3 
and control. At 7 days, the cell viability of S-3 had 
no significant differences (P>0.05) whereas S-1 and 
S-2 showed significant difference (P<0.05). From 
MTT results, it can be concluded that composites 
have no cytotoxic effects and that increasing the 
gelatin content (that lead to the formation of more 
homogenous nHA particles), has a positive effect 
on biocompatibility. Fig.5b presents the optical 
microscopic images of S-3 after cell culture. It shows 
the increasing of formazan crystals formation by 
passing time from one to seven days that can be the 
sign of alive cells presence and good biocompatibility 
of the composite. The cell culture results (Fig. 5a-b), 
compared to our pervious study5, confirmed that the 
presence of MWCNTs has a positive effect on MSCs 
cell proliferation and improve the biocompatibility 
behavior of the synthesized materials.
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Conclusion

	 The inorganic-polymeric composites 
designed in this work, appears to be good candidates 
as the material of choice for bone filler application, 
considering their characterization and biocompatibility 
properties. Further evaluations of the performance 
of MSCs on composites can be represented by in 
vitro cell culture under dynamic conditions and in 
vivo studies.
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