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Abstract
Nano-hydroxyapatite (nano-HAp) is significant import as a bio-ceramic material for use in orthopedic applications
because of its comparability in size, crystallography and substance creation with human hard tissue. In this present
study, the biologically high interest of nano-HAp was synthesized as green template mode approaches using the
various fatty acids like linoleic acid, lauric acid, and oleic acid. The influence of the fatty acid for the formations nanoHAp structure and nature of fatty acid during synthesis was investigated. The nano-HAp functionality, crystallinity,
and morphology were determined by FTIR, XRD, and SEM techniques, respectively. The biocompatibility of HAp on
MG63 cell line was confirmed by in vitro MTT assay method. The in-vitro studies showed better biocompatibility and
cell proliferation results on the template assist synthesized nHAP. These results indicate that nHAp form the green
methodology could be a promising material for bone tissue engineering.

Keywords: Green synthesis; Fatty acids; Hydroxyapatite; Template;
Tissue engineering

Introduction
Every year, millions of patients suffer from bone fractures resulting
from natural disasters, traffic accidents, population aging, and so on.
The need for bone substitutes to replace/restore the function of
damaged/lost bone has become a major clinical challenge [1,2].
Current research, serious advances have been accomplished to treat the
difficulty or displeasure of bone implant materials with cell/tissues
based tissue engineering. Bone implant materials must be considered
accompanying the criteria of morphology, structure, porosity of the
materials, acceptable mechanical superiority, biocompatibility and
biodegradability [3]. Hydroxyapatite is the chief materials used for the
artificial dental and bone implantation applications [4].
Hydroxyapatite (HAp) is of high importance in material research and
pharmaceutical applications as they constitute of the major inorganic
portion of human hard tissues like bone and teeth [5,6]. It has been
broadly expected for the utilizations of bone substitution, dental
distortion satisfying, and bone tissue designing and bioactive carriers
because of its excellent biocompatibility, bioactivity, absorbability,
osteoconductivity, mechanical property and rich surface properties
[7-10]. Hence, some researchers have attempted to synthesis HAp
nanoparticles with a unique attention. Nano particles HAp (Nano
HAp) can imitate the measurements of the constituent segments of
regular tissues which improve the osteoblasts attachment and
resorption of long haul tissue designed inserts [11-13]. Additionally,
the layout option is a standout amongst the most adaptable and helpful
technique, as it is exceptionally powerful in delivering particles having
the size in the scope of nanometers together with a limited level of
agglomeration and a controlled morphology [14,15]. Nanoparticles
with specific sizes and morphologies can be readily synthesized by a
variety of methods. The recent research has been focused on the
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synthesis of nanoparticles by green template method using ecofriendly natural sources as the template material [16]. The synthesis of
nanomaterial with using template systems has an important technique
for the production nanomaterial as controlled sizes. In recent years
many researchers have tried to synthesize nanoparticles with the
naturally abundant green materials since they are renewable, costeffective and environmentally benign when compared to other
synthetic organic templates [17-19]. Focusing of natural biological
materials contains carbohydrates, proteins, fibers and polysaccharides
peptides, nucleic acids and fatty acids in significant amounts. The
nanosized hydroxyapatite obtained from this method with structural
features has close to those of biological apatites that make them
attractive for bone tissue engineering applications. In this present
study, we have investigated the formation of HAp by using various fatty
acids as a template and the fatty acid is varied with a number of carbon
and saturation of the carbon atoms. For the formation of HAp, such
fatty acid the general function group of carboxyl can promote the
binding of calcium ions (Ca2+) from the solution of carboxylate ions.
This initiates the crystal nucleation and growth and thus helps in HAp
thereby promoting size controlled formations [20,21]. This work was
established the enhancement of morphology, purity, and crystalline
behavior of HAp nanoparticles was performed for bone engineering
applications.

Materials and Methods
Materials
Calcium chloride dihydrate (CaCl2.2H2O), diammonium hydrogen
phosphate (NH4)2HPO4, ethanol, toluene, liquid ammonia, Lauric
acid, linoleic acid and Oleic acid were received from Sigma-Aldrich,
Egmore, Chennai, India. Analytical grade chemicals were used
throughout experiments without any further refinements. The double
distilled (DD) water was used throughout experiments.
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Preparation of HAp nanoparticles

Statistical analysis

The typical synthetic procedure for the preparation of HAp nano
particles is as follows 5 mL of deionized water, 5 mL of ethanol and 5
mL of oleic acid were mixed under stirring for five minutes.10 mL of
an aqueous solution containing CaCl2.2H2O (0.05 M) was added drop
wise into the above ternary solvent system, and 10 min later, 10 mL of
an aqueous solution containing 0.03 M ((NH4)2HPO4) was added
drop wise. The pH of the reaction solution was sustained at pH 10.0 by
using aqueous ammonia and the stirring was elongate to about 24 h.
The resultant product was washed thrice with water followed by
ethanol and then dried at 40°C. Followed by the synthesized composite
was sintered for 12 h at 850°C in a muffle furnace to remove the
template of fatty acid to obtain HAp nanoparticles. Similarly, the
synthesis of nanoparticles was carried out in the Linoleic acid and
Lauric acid by the inside of oleic acid.

All experiments were repeated independently and triplicated.
Statistical analysis was accomplished by using one-way analysis of
variance (ANOVA). When the overall ANOVA Ftest was analysed
using Tukey’s test for a post hoc comparison. Data are reported as
mean ± standard devotions (SD) with a significance level of P<0.05.

Characterization of HAp
Fourier transforms infrared spectroscopy (FTIR) The nanoHAp
were characterized using a Bruker tensor 27 series FTIR spectrometer
in the region of 400-4000 cm-1 with 2 cm-1 resolution and 16 scans.
The test samples were prepared by mixing 0.2 g sample powder
together with 1 g KBr to make a pellet using a hand press.
X-ray Diffraction The X-ray diffraction (XRD) analysis was carried
out to investigate the phase composition and crystallinity of assynthesized HAP nanoparticles and its composites. This analysis was
performed in a Bruker D8 Advance Diffractometer with
monochromatic Cu Kα source operated at 40 kV and 30 mA. An
acceleration voltage of 30 kV and a current of 15 mA were used. The
analysis was performed over the 20 range of 10 to 60° in step scan
mode with a size of 0.02° and at a scan rate of 0.02°/min.

Results and Discussion
FT-IR analysis
The formation of nano-HAp by the assistance of three different fatty
acids, such as Lauric acid, linoleic acid, and Oleic acid was
characterized their functionality. The identification of functional
groups in nano-HAp was analyzed by Fourier transform spectroscopy
(Figure 1). The FTIR spectrum of formed HAp by the assistance of
Lauric acid and linoleic acid was presented in Figure 1a and 1b. The
FTIR results indicate that the some of the peaks positions and intensity
of the corresponding HAp were absent Figure 1a and 1b. Another
visible difference regards the band 500 to 1300 cm-1 shows that the
intensity of the peaks decreased with the formation of HAp by the
Lauric acid and linoleic acid. The FTIR spectra Figure 1c demonstrate
the peaks at 573, 595, 964, 1034, 1091 cm-1 attributed to the PO4 3- a
group of nano-HAp. The peak at 3633 cm-1 derives from the hydroxyl
group in nano-HAp synthesized in the template of oleic acid. The FTIR
result of Figure 1c confirms the formation of HAp by the assistance of
oleic acid. The main influence in the formation of HAp was rolled by
the chain length. The oleic and linoleic acid have same chain length, in
this category; the unsaturation of carbon atom has controlled the
formation of nano-HAP [22,23].

Field emission scanning electron microscopy (FESEM) The
morphology and microstructure of then nHAp were examined using
FESEM (VEGA3 TESCAN) operated at an accelerating voltage of 10
kV equipped with energy dispersive X-ray analysis (EDAX).

Cell culture and in vitro cell viability
Osteoblast MG-63 cells were cultured in Dulbecco's modified
Eagle's medium (DMEM) supplied with 10% fetal bovine serum (FBS)
and 1% penicillin-streptomycin at 37°C under a 5% CO2 humidified
atmosphere for 24 h and used for the cell viability test. And the
prepared HAp nanoparticles were sterilized by UV light treatment for
20 min and put into the culture well plate for the cell viability test. The
cells were seeded in a 96-well micro assay plate in a concentration of
1×104 cells per well, then the sterilized HAp microtubes were added to
the wells at a concentration ranging from 0.1 to 100 μg mL−1 and
cultured with the cells for 24 h. Finally, cell viability was quantified by
the 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. After incubated for 1, 3, and 7 days, the sample solution
was removed and 100 µL MTT solution (5 mg/mL) was added in 1mL
culture medium to each well and then incubated at 37°C for 4h.
Thereafter, 1mL dimethylsulfoxide (DMSO) was added after the
supernatant medium was removed. Finally, the solution was
centrifuged to remove the nano-HAp before transferred into the 96well plate and the absorbency value (OD value) was recorded at a wave
length of 490 nm.
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Figure 1: FTIR spectrum of HAp for formation by the assistance of
(a) Lauric acid (b) linoleic acid and (c) Oleic acid

XRD studies
XRD patterns of the nano-HAp synthesized by the influence of
Lauric acid, linoleic acid, and Oleic acid. For all the XRD patterns, the
representative diffraction peaks of hexagonal Ca10(PO4)6(OH)2 were
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distinguished, which can be indicated conforming to the standard data
of JCPDS No. 09-0432 [21,22]. The corresponding characteristic peaks
at 26,32,33,40 attributed to (002), (211), (300), and (310) planes
respectively shown in Figure 2c. Based on this observation, the
crystalline structure of nano-HAp was established by the green way
synthesis. It is essential to that the template synthesis of different fatty
acids change the crystallinity and morphology of the nanomaterials, as
the varieties of the crystallinity can be completely attributed to the
varieties in the nano-topography of the materials and low crystallinity
will be promoting the biological improvements. In addition, Lauric
acid and Linoleic acid was significant decreases the intensity and
crystalline nature of the synthesized nano-HAp shown in Figure 2a
and 2b. This indicates the acids were not able to influence the complete
formation of HAp. The XRD pattern again reveals the formation of
nano-HAp along with tricalcium phosphate.

Figure 2: XRD pattern of HAp for formation by the assistance of (a)
Lauric acid (b) linoleic acid and (c) Oleic acid.

The compatibility of MG63 cells regarded with the asincorporated
samples of HAp appears in Figure 4b. The viability of nano-HAp and
control cells was measured by MTT assay method. The results of the
MTT assay revealed that MG63 cells proliferated when treated with the
as-synthesized samples and the control when the culture duration was
extended from 1d, 3d, and 7d. The reasonability of HAp synthesized
from oleic acid helped the development of treated with MG63 cell lines
and control cells were measured. The outcomes demonstrate that
MG63 cells can multiply within the sight of the nano-HAp showing
that the material is biocompatible.

Figure 3: Surface morphology of HAp for formation by the
assistance of (a) Lauric acid (b) linoleic acid and (c) Oleic acid using
SEM analysis and (d) EDAX spectrum of HAp mineral pattern of as
synthesized from oleic acid.

Surface morphology
The SEM images show that the HAp has particles structure. The
fatty acids control the morphology of the particles size and structure.
The particles morphology was changed in different fatty acids such as
Lauric acid, linoleic acid, and Oleic acid Figure 3a-3c. The spherical
particles occurred in the oleic acid as a template, it is due to the cross
linking between the fatty acid chains carboxylate group and Ca2+
Figure 3c. The EDAX spectra for the HAp synthesized using oleic acid
is shown in Figure 3d. EDAX spectrum indicates the mineral
composition of nano-HAp and purity of the HAp [24].

Cell viability
In Figure 4a MG63 cells, can be a high biocompatibility of HAp
composite might be clarified by the properties of as-incorporated
nano-HAp from oleic acid with green way process. In Figure 4a results
indicate that the as-synthesized nano-HAp has favorable properties for
the adhesion and proliferation of MG63 cells. In Figure 4a the arrow
indicates the filopodia of the MG63 cells were increased after 3d, 7d, in
the presence of nano-HAp materials, which are the typical
morphological features of osteoblasts.
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Figure 4: (a) The morphology of MG63 cells cultured on the oleic
acid template synthesis of HAp as investigated by optical
microscopy on 1st, 3rd, and 7th d. (b) The viability of MG63 cells
cultured in presence of HAp.

12.

13.

Conclusion
We have established the synthesis of nano hydroxyapatite using
three different fatty acids namely oleic acid, linoleic acid and lauric
acid as a template. We are concluded that the nature of the fatty acid
was found an impact on the HAp nanoparticles formations as
functionality and crystallinity and it is well evidenced by the from
FTIR and XRD respectively. The SEM images demonstrated that fatty
acid plays a major role on the controlling as well as reducing the size of
nanoparticles. At the oleic acid system, HAp nanoparticles showed the
smallest particle size and spherical nature. The as-synthesized nanoHAp particles prepared using natural fatty acid possesses excellent
bioactivity and biocompatibility along with a strong cell adhesion
activity against MG63 and it is making them potential materials for
tissue engineering, orthopedic, and dental applications.
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