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Introduction
Over the last four decades, there is a growing interest in the 

field of artificial organ material preparation, transplantation, 
surgical reconstruction and the use of artificial prostheses to treat 
the loss or failure of an organ or tissue [1]. Autograft and allograft 
are considered ultimate for bone grafting procedure providing 
osteoconductive and osteoinductive growth factors. However, 
limitations in donor site, additional surgery, disease transmission 
and expenditure poses a need to develop alternatives to autograft 
and allograft [2]. The repair and replacement of injured or defect 
bone is a critical problem in orthopedic treatment throughout 
worldwide. In recent years, significant development has been 
made in organ replacement, surgical reconstruction and the use of 
artificial prostheses to treat the loss or failure of an organ or tissue 
[3]. Due to limited supply of natural bone for grafting, the need for  

 
synthetic bone substitutes which possess same physiochemical  
and biological properties as natural bone is ever increasing. 
These limitations and concerns created substantial interest in 
the development of artificial materials as bone graft substitutes 
or exenterate. At present days, cell and scaffold based tissue 
engineering treatment are being explored for a better treatment of 
bone related ailments [4].

 Several techniques and materials have been employed for 
the orthopedic treatment for the past several decades. Bone is 
mainly composed of organic and inorganic portion such as collagen 
and nano hydroxyapatite. The prepared composite materials 
should mimic the natural function of bone when it is replaced; 
moreover, it should replace the function of extracellular matrix and 
should not be toxic to surrounding tissue environment, allowing 
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Abstract

Uniform and highly stable dispersion of multi wall carbon nanotube (MWCNT) in aqueous solution using surfactant sodium 
dodecyl sulphate was prepared by physical adsorption of surfactant molecules on to the nanotubes which overcomes the van der 
Waals forces and prevents aggregation between individual nanotubes. Chemically functionalized MWCNT dispersion was also 
prepared by mixed acids using (3:1) (H2SO4: HNO3) that was obtained to be less cytotoxic than the physically functionalized 
MWCNT dispersion. Chemically functionalized MWCNT-Hydroxyapatite (HAp)-Chitosan-Gelatin composite scaffold samples were 
prepared by solution casting method after optimizing the cytotoxic effect results. The effect of varying content of MWCNTs on the 
physico-mechanical, thermal, morphological properties of the nanocomposites was evaluated. The chemical change of composite 
with varied MWCNT content was studied using FTIR and morphological characterization was done by SEM, where Porous structure 
was observed on the composites, which is supposed to be required as criteria of a bone scaffold to grow bone tissues. Compressive 
Strength (CS) of composite scaffold increased by 95.82% with increase of MWCNT content (from 0.1% to 0.25%). The thermal 
characterization of nano-composites was done by TGA and DSC and it was found that the nanocomposite containing 0.25% MWCNTs 
showed highest thermal stability. TGA of nanocomposites containing 0.25% MWCNT increased by 363.16% in comparison to that 
of nanocomposites containing 0.1% MWCNTs. However, due to highest cytotoxicity of nanocomposite having 0.25% CNTs, 0.1% 
composition was considered the best. 
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cells to proliferate and differentiate in a normal pace. In bone 
tissue engineering, biodegradable and biocompatible materials 
introduced at the defective region should mimic all the natural 
functions of the normal bone such as porosity, cell proliferation, 
etc. In the recent years, natural polymers are being considered by 
researchers for tissue engineering due to their biocompatibility and 
biodegradability nature. The well-known limitations associated 
with clinical use of autografts and allografts continue to drive 
efforts to develop bone graft substitutes using the principles of 
biomaterials and tissue engineering. Artificial bone substitutes 
usually include metals, ceramics (e.g., hydroxyapatite (HAp) and/
or MWCNT, Chitosan etc.) [5,6]. Artificial bone substitutes are 
effective in bone defect repair; however, they are not ideal. Metallic 
implants may cause atrophy of surrounding tissue through stress 
shielding, requiring corrective procedures. Ceramics can aid in 
the healing of the bone defect by acting, preferably temporarily, 
as a scaffold for bone in-growth [7]. Almost all of the materials 
have some drawbacks and their selection usually requires some 
degree of compromise. Thus, the search for novel biomaterials 
as alternatives for pure biomaterials remains an important topic 
in medical research. Because of the possibility of combining the 
advantages of different pure materials, composite biomaterials are 
more attractive than pure biomaterials. Recently, many composite 
materials have been developed for biomedical applications and they 
include ceramics/ceramics composites (for example, HA/plaster of 
Paris, calcium phosphate/calcium carbonate), polymer/polymer 
composites (PLA/collagen), ceramic/metal composite (HA-coated 
Ti), and ceramics/polymer composites (HA/CNT, HA/collagen 
and HA/chitin) [8,9]. Kim et al. [10] developed a biodegradable 
composite scaffold using chitosan grafted with functionalized 
multiwalled carbon nanotube in addition to HA (f-MWCNT-g-
chitosan/HAp) scaffolds were prepared for the first time via freeze-
drying method and physiochemically characterized as bone graft 
substitutes. The major objective of this research work is to develop 
indigenous technology for substituting the traditionally used 
metal bone fracture fixation devices and to develop biodegradable, 
biocompatible scaffolds for bone tissue engineering using gelatin, 
chitosan, hydroxyapatite, MWCNT. These composite scaffolds from 
biopolymer and bioactive ceramic materials could provide an 
optimum environment for cell growth, and then organized into a 
real bone.

Materials and Methods
Materials 

MWCNTs with average diameter of 9.5nm and average length 
of 1.5μm were purchased from NANOCYL (NANOCYL™ NC7000 
series, Germany). These nanotubes were synthesized by chemical 
carbon vapor deposition (CCVD) method. The carbon purity, metal 
oxide, and surface area of these thin p-MWCNTs were 90 %, 10 %, 
and 250-300m2/g, respectively. Chitosan was prepared from waste 
prawn shell as described in our previous investigation [11]. The 
viscosity average molecular weight and DD of extracted chitosan 
were 167,231 Da and 84.4 %, respectively. Sodium hydroxide 
(Merck, Germany; purity ˃97 %), fuming hydrochloric acid (Merck, 
Germany; 37 % solution), glacial acetic acid (BDH Chemicals 
Limited, England), nitric acid (Active Fine Chemicals, Bangladesh, 
65 %), acetone (Active Fine Chemicals, Bangladesh), and ammonia 
solution (Merck, Germany) were used without further purification.

Methods

Extraction of hydroxyapatite from waste eggshell 

Hydroxyapatite nanocrystals have been prepared according to 
the procedure describe in the literature [12]. In a typical procedure, 
chicken egg shells were firstly cleaned in boiling water and calcined 
in air using an electric furnace at 900ºC (heating rate of 10ºC min-
1) for 1h. The calcined powder was ground in an alumina mortar-
pestle. This CaO powder was completely dissolved in concentrated 
HNO3 and was diluted with distilled water such that 1M calcium 
nitrate (Ca (NO3)2 CN) was obtained. 0.6M potassium dihydrogen 
phosphate (KH2PO4) solution in distill water. This solution mixture 
was kept constant at pH=10 by adding ammonia. The solution was 
rigorously stirred for 1h and kept for ageing overnight at room 
temperature. A bilayer solution of clear ammonia at the top and 
white precipitate powder at the bottom of the beaker was obtained. 
The excess ammonia solution at the top was poured out and the 
precipitate was washed with distilled water to remove the presence 
of NH4+ and NO3- ions. This precipitate was filtered out using 
filter paper and allowed to dry at 65⁰C for 24 h in a dry oven. The 
resultant cake obtained was calcined in air at different temperatures 
ranging from 150 to 700⁰C for 30min using an electrical furnace 
and employing a heating rate of 10⁰C/min. The Fourier transform 
infrared spectroscopy (FT-IR) was done with Nexus 6700 FT-IR 
(Thermo-Nicolet, Inc.) [13]

Figure 1: Cytotoxic analysis of sample A and B are 0.1 and 0.2% MWCNT dispersions respectively in chloroform. 
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Preparation of MWCNT dispersion 

50mg of MWCNTs was added into100 ml distilled water 
containing 1% surfactant (SDS- Sodium Dodecyl Sulphate). 
Ultrasonication of the solution containing MWCNTs was carried 
out for 40 hours in 50-60HZ at 200W bath ultrasonicator. Then 

the sonicated solution was centrifuged at 10,000rpm in high speed 
refrigerated centrifuge H-9R KOKUSAN CORPORATION, JAPAN, 
for 1hour followed by filtration using vacuum filter (pore size 
0.45µm) of the solution to remove the non-dispersed agglomerated 
MWCNTs. A well dispersed MWCNTs solution of homogeneous size 
range was obtained as shown in (Figures 1-4).

Figure 2: FT-IR spectra of composite samples ((a) sample A, (b) sample B, (c) sample C, (d) Gelatin-Chitosan (97.5:2.5), (e)Gelatin-
Chitosan-Hydroxyapatite (87.5:2.5:10).

Figure 3: SEM images of a) gelatin-chitosan composite, b) gelatin-chitosan-hydroxyapatite, c) sample A and d) sample C.

Figure 4: Cytotoxicity analysis of composite A, B and C.
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Primary functionalization of MWCNT

MWCNTs were functionalized primarily by treating them with 
mixure of concentrated H2SO4/HNO3 (3:1) (v/v). HNO3 of 60% 
strength and H2SO4 of 98% strength were used for this purpose. 
175ml of mixed acid was taken in a stopper bottle and 350mg of 
MWCNTs was added. The treatment was carried out with sonication 
at 40ºC for 6hours. After acid treatment, MWCNTs were filtered and 
then washed using deionized water until the pH value was reached 

to 7. The neutralized MWCNTs were then dried at 80⁰C for 24h to 
get dry powder of functionalized MWCNTs .The resulting material is 
termed as primary functionalized MWCNTs (CNT-COOH MWCNTs) 
[14-16].

Preparation of the nanocomposite

As MWCNT dispersion of (0.1% to >0.3%) showed noncytotoxic 
effects, three different samples were prepared of three different 
compositions of CNT. As shown in (Table 1).

Table 1: Composition of different components in the nanocomposite.

Composite Amount Concentration (wt. %)

Gelatin +Chitosan 
(g) HAp (g) MWCNT (g) Gelatin +Chitosan HAp MWCNT

A 17.5 + 0.5 1.98 0.02 90 9.9 0.1

B 17.5 + 0.5 1.97 0.03 91 9.85 0.15

C 17.5+ 0.5 1.95 0.05 91.5 9.75 0.25

Characterization of composites

FT-IR analysis

The dried sample was embedded in KBR pellets analyzed by 
an ATR-FTIR (Attenuated Total Reflectance/ Fourier Transforms 
Infrared) spectrophotometer (Model-01831, SHIMADZU Corp, 
Japan) .The composites were analyzed by ATR-FTIR. The spectra 
were recorded in both cases in the absorption band mode in the 
range of 4000-400 cm−1.

Surface morphology

A Scanning Electron Microscopy (SEM) was used to determine 
surface morphology of the composites. SEM analysis has been 
carried out using a JEOL JSM-6490LA machine. The JSM-6490LA 
is a high performance scanning electron microscope with an 
embedded energy dispersive X-ray analyser (EDS) which allows for 
seamless observation. As the surface morphology of the samples 
were needed to be analyzed, the non-conducting samples were set 
on a carbon tape, made conducting by platinum coating and then 
placed for analysis at 20kV. 

Thermogravimetric analysis 

Thermogravimetric analysis of the composite samples was done 
using TG/DTA EXTAR 6000 STATION, Seiko Instrument Inc. Japan. 
The TG/DTA module uses a horizontal system balance mechanism. 
TGA measuring range: ±200mg (0.2µg), DTA measuring range: 
±1000µV (0.06µV), at ≤ 1000m/min. Thermo gravimetric analysis 
(TGA) were performed of each sample using a Perkin-Elmer Set-
Up (TAQ-500) and a heating rate of 200C/min under a nitrogen 
atmosphere.

Differential scanning calorimetry (DSC) analysis

DSC tests were carried out using a DSC-60 (SHIMADZU Corp.) 
[(ASTM standards 2008a; ASTM standards 2008b, flow rate 20mL/
min, temp rate 10ºC min-1, Aluminum cell]. The sealed Aluminium 

pan was put on the calorimeter along with an empty sealed pan. 
Change of heat per gram of sample was recorded at a constant 
temperature for 60minutes with a computerized system in dry 
nitrogen environment. 

Compressive strength analysis 

Compressive strength is the strength of materials, the capacity 
of a material or structure to withstand loads tending reduce size. 
It can be measured by plotting applied force against deformantion 
in a testing machine. some materials fracture at their compressive 
strength limit, others deform irreversibly, so a given amount 
deformation may be considered as limit for compressive load. 
Compressive strength was measured with Universal Testing 
Machine (Hounsfield, Model H50 Ks 0404, and UK).   

Cytotoxicity analysis 

Cytotoxic analysis was examined in Centre of Advanced 
Research in Sciences. In brief, HeLa, a human cervical carcinoma 
cell line was maintained in DMEM (Dulbecco’s Modified Eagle’s 
medium) containing 1% penicillin-streptomycin (1:1) and 0.2% 
gentamycin and 10% fetal bovin serum (FBS). Cells (4×10^4 
/400µl) were seeded onto 24-well plates and incubated at 37⁰C+5% 
CO2. Next day 100µl of sample (autoclaved previously) was added 
at each well. Cytotoxicity was examined under an inverted light 
microscope after 24h of incubation. Duplication wells were used 
for each sample. The measurement was carried out in autoclave 
(DAC-45, Human lab, korea), Biological Bio safety Cabinet (model: 
NU-400E, Nuaire, USA), CO2 Incubator (Nuaire, USA), Trinocular 
microscope with camera (Olympus, Japan).

Results and Discussion

Cytotoxic analysis of MWCNT dispersion

The physically functionalized MWCNT dispersion (1%) was 
prepared by 40h sonication with surfactant Sodium Dodecyl 
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Sulphate (SDS) from pristine MWCNT. Chemically functionalized 
MWCNT (1%) was prepared by treating the pristine MWCNT 
with acid-mixtures of (H2SO4& HNO3) of (3:1) ratio. Physically 
(p) and chemically (c) functionalized dispersions (p-MWCNT and 
c-MWCNT) were diluted to varied compositions from 0.1% to 1%. 
Different samples of varied compositions were tested for cytotoxic 
analysis. From the analysis, we have observed that chemically 

functionalized dispersion yielded less toxicity than physically 
functionalized MWCNT dispersion. It also revealed that the 
increase of MWCNT (ranging from 0.1-1%), cytotoxicity is visibly 
increased. From this study it was also found that 0.1% chemically 
functionalized dispersion showed least cytotoxicity and survival of 
cells was higher than 95%. The overall cytotoxicity analysis data 
are presented in (Table 2):

Table 2: Cytotoxic analysis of physically and chemically functionalized MWCNT dispersion.

Sample ID Survival of cells (%) Remarks

Cell (without solvent) 100

Cell with solvent (control) >95

p-MWCNT dispersion (0.1-1)% <1 Cytotoxic

c- MWCNT dispersion (0.3-1)% <10 Cytotoxic

c-MWCNT dispersion (<0.1-0.3)% >95 Non-cytotoxic

Characterization of composite

FT-IR analysis 

From FT-IR analysis it was observed visible change in 
frequencies for N-H stretching of the composites as observed in 
(Table 3) which is probably due to the interaction with the key 
components of the composite and chitosan, where as we have seen 
that there is a characteristic band in peak of 3340cm-1 for chitosan. 
After incorporation of MWCNT in gelatin-chitosan and gelatin-
chitosan-hydroxyapatite composites, the peaks in the region 
between 1306 to 1289cm-1 and 1399 to 1380cm-1 disappeared.

Table 3: Change in N-H stretching in the composites.

Sample Peaks region (cm-1)

Gelatin-chitosan 3491

Gelatin-chitosan-hydroxyapatite 3315

A 3282

B 3269

C 3294

It is also clear from the figure that the addition of pristine 
nanotube does not causes any new bond because the bonding 
frequencies related to -OH, ¬C-O or -NH of the pure gelatin which 
have not been changed. The intensity of the bonds decreased 
due to presence of MWCNTs in the matrix. After incorporation of 
MWCNT in gelatin-chitosan and gelatin-chitosan hydroxyapatite 
composites, the peaks in the region between 1306 to 1289cm-1 and 
1399 to 1380cm-1 disappeared.

Scanning electron microscope analysis

SEM analysis of the composites showed inters connective 
porous structure as shown in (Figure 4). At the low MWCNTs 
concentrations, the nano-composite surface is mostly smooth with 
little distinguishable MWCNTs visible at high resolution and the 
cross section) confirms that MWCNTs within the gelatin- chitosan-
hydroxyapatite matrix. The porous structures and morphology of 
the composites give a good scope of application as bone scaffolds, 

as when used as bone scaffold, porous structure is required to grow 
bone tissue within the scaffold.

Cytotoxicity analysis of composites 

The results of cytotoxicity analysis are shown in (Figure 5) 
and the data are presented in (Table 4). It was observed that with 
increase of content of MWCNT, cytotoxicity is increased. Survival 
of cells in the composite samples were >90 to 80% in the sample A 
and sample B.

Table 4: Cytotoxicity results of the biocomposites

Sample Peaks region (cm-1)

Gelatin-chitosan 3491

Gelatin-chitosan-hydroxyapatite 3315

A 3282

B 3269

C 3294

Figure 5: TGA analysis of composite samples ( (a) Gelatin-
Chitosan, (b) Gelatin-Chitosan-hydroxyapatite (c) sample 
A, (d) sample B and (e) sample C.
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Thermogravimetric analysis

Figure 6: DSC analysis of composite samples ((a) sample A, (b) sample B, (c) sample C, (d) Gelatin-Chitosan-Hydroxyapatite  
and (e) Gelatin-Chitosan.

Thermogravimetric analysis (TGA) of the biocomposites are 
measured in given in (Figure 6). The TGA thermogram showed 
that MWCNTs-gelatin-chitosan-HAp nano-composites were 
thermally more stable than gelatin-chitosan and Gelatin-Chitosan-
Hydroxyapatite composites. The reason of thermal stability of 
nano-composite may be due to physical-chemical interaction 
by carbon nanotube and biopolymer molecules. Another reason 
of thermal stability of nano-composite may be due to physical-
chemical adsorption of gelatin-chitosan polymer chains onto the 
MWCNTs surface. MWCNTs can easily arrange themselves within 
the helical structure of gelatin-chitosan protein polymer chain due 
to their nano-size and make strong hydrophobic attraction with 
hydrophobic ends of amino acids chain. With increase of MWCNT 
in the composites thermal stability was observed to be increased. 
Residue in gelatin-chitosan composite is 5.89%, which is least and 
the residue for C is the highest with a value of 27.28%. 

The DSC thermo grams of all of the composite samples without 
or with MWCNTs are presented in Figure 6. The figure showed one 
single broad glass transition peak (endothermic peak) with the 
maximum temperature within the range 60⁰C-90⁰C. However, the 
positions of Tg in the blended systems are found to be intermediate 
between those of the two pure polymers, indicating the compatibility 
of the blended systems. In addition, the transition widths of Tg for 

the blends are almost identical to those of the pure components, 
which further supports single-phase behavior of the blending 
system. The endothermic phase transition peak at 60⁰C-90⁰C may 
have been related to the helix-coil transition, which overlapped 
with the glass-transition temperature (Tg),where as the exothermic 
peak at 218ºC was more uncertain, and it was probably associated 
with the denaturation of the gelatin segments. The broadness of the 
first peak is due to overlapping of Tg of the 18 amino acids present 
in the gelatin. The DSC curves of the MWCNTs-nano-composites 
shift toward higher temperatures compared with which might be 
attributed to the presence of MWCNTs that adsorbed the polymer 
as well as attached with strong van der Waal interaction and thus 
thermally stabilized the nano-composites.

Compressive strength 

Compressive strength of the composites is seen to be increased 
with the increase of content of MWCNT (from 0.1% to 0.25%). 
Compressive strength is referred as force per area therefore, the 
force for sample A is 37.65 N, the compressive strength is 37.65N/
(10×10)mm2=0.311 N/mm2 or 0.311MPa and for the sample C, 
where the MWCNT is highest here, that is 0.25%, the compressive 
strength is 0.609MPa. The compressive strength data are given in 
(Table 5).

Table 5: Compressive Strength comparison of the composites.

Sample Length (mm) Width (mm) Force (N) Compressive 
strength (MPa) E. modulus (N/mm)

(a) A 11.0 11.0 37.65 0.311 22.78

(b) B 10.0 9.12 50.50 0.5554 35.90

© C 11.14 9.11 61.8 0.609 61.30

Conclusion
To prepare a bionanocomposite for bone tissue engineering 

as an artificial bone scaffold, we have successfully incorporated 
MWCNTs in gelatin-chitosan-hydroxyapatite composite and 
found that the mechanical and thermal performances of 

MWCNTs- gelatin-chitosan-hydroxyapatite nano-composites were 
satisfactory. Addition of functionalized CNTs helps boosting the 
conducting efficiency nano-composites. The experimental results 
of this research were confirmed through different analytical tests. 
Therefore, total elemental modeling will be part of the future work. 
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The study paves the way for the development of a nano-composite 
for biomedical application especially in case of bone replacement 
aspects, since MWCNT is non-toxic within certain range of 
content in the composite. Increasing the loading of MWCNTs 
to gelatin-chitosan-hydroxyapatite nano-composites increases 
the morphological, physico-mechanical, thermal properties of 
the nano-composites. Compressive strength of the samples of 
having 0.1%, 0.15%, 0.25% MWCNT are 0.311, 0.554, 0.609 MPa 
respectively, which shows a considerable increase in mechanical 
property. Analyzing the same samples with thermogravimetric test, 
again it showed that the composite having highest amount CNT 
(0.25%), was most thermally stable, as highest amount residue 
( 27.28%) obtained after the decomposition temperature. The 
morphological studies were carried out by SEM. The prepared 
scaffolds have interconnected porous microstructures, which is 
convenient for bone growth in the scaffold.  It was also observed 
that 0.1% MWCNT-composite showed least cytotoxicity and that of 
0.25% CNT showed highest toxic effects on cells. It is recommended 
that from the above results, (0.1%-0.15%) MWCNT- gelatin-
chitosan-hydroxyapatite composite to use as artificial bone scaffold 
for enhanced physic-mechanical properties.
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