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In present study, three different concentrations of a novel surfactant trilaurin has been reported using ultrasound method for synthesizing |
hydroxyapatite (HAP) powders in presence of the simulated body fluid (SBF) as a solvent in order to investigate the apoptotic cell |
response. The materials were characterized with FTIR, XRD, SEM, TEM, TGA, BET techniques as well as cytotoxicity (MTT assay)
using appropriate cell line. The nanoHAP was characterized for their size and morphology by HRSEM and HRTEM techniques, respectively
and were found to have a nanorod like morphology with an average length of 50 nm. The results also validates the cytotoxicity which |
shows good biocompatibility of nanoHAP powders. The synthesized HAP powders was found to possess improved and uniform size
distribution due to the use of non-ionic natural organic modifier (trilaurin). The concentration of trilaurin influences the morphology of
the synthesized HAP powders.
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INTRODUCTION

Among biomaterials, hydroxyapatite (HAP) is the most
commonly used and essentially produced. Because of its slow
degradability, lack of inflammation and sustained stability,
hydroxyapatite is a good choice for bone substitutes [1-3].
Additionally, it can be used for implant coating, drug delivery
and orthopaedic applications [4-6]. Due to its structural and
chemical similarities to the mineral phase of human bones
and teeth, HAP, a well-known bioceramic material, might be
widely considered for its good biocompatibility [7,8]. To
enhance the bioactive qualities of HAP specifically in ortho-
paedic applications, it is employed in synthetic and sterilized
form. The significance of HAP has prompted substantial studies
in a variety of fields, including its application as a biological
or industrial substance [9-12] and the physico-chemical mecha-
nisms underlying its synthesis.

To achieve this, simulated body fluid (SBF) is utilized as
a medium, originally developed by Kokubo et al. [13], with
ionic concentrations that match those of human blood plasma.
This approach aims to reduce the particle sizes and narrow

size distribution while enhancing bioactivity. Recent studies
[14-16] have proven the successful biomimetic preparation of
HAP employing 1.5 times concentrated SBF using ultrasonic
irradiation. Since, the ionic intensity of SBF at physiological
temperature and pH could greatly affect the crystallinity of HAP
behaves. Various synthesis processes are employed to achieve
the final stoichiometry, crystal size control, prevention of agglo-
meration, phase purity, form characteristics and sinterability of
the final powder. A further key issue for the biomedical field
is the continued rapid development of HAP with an affordable
and reliable method to scale-up proficiency [17,18].

For the synthesis of hydroxyapatite, synthetic processing
techniques are taken into account. The main drawbacks of high
temperature processes, such as solid state and combustion pro-
cedures, include the tendency for non-stoichiometric products,
the development of byproducts and the presence of contami-
nants. Wet chemical techniques are used to quickly prepare pure
HAP at lower processing temperatures in order to get around
these disadvantages. Additionally, advanced approaches make
it simpler to manage morphology, particle shape and size distri-
bution, which affect medical use and implementation [19,20].
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Utilizing wet chemical methods, several different types of
chemical synthesis techniques, including hydrothermal [21],
sol-gel [22], sonochemical [23], precipitation [24], microwave
[25], microemulsion [26], ball milling [27] and surfactant
assisted approach [28], have been proposed for the synthesis
of HAP nanopowders.

According to recent reports, the sonochemical approach
holds the most promising method for producing hydroxyapatite
with unique morphologies and characteristics. The generation
of acoustic cavitation, ongoing bubble formation, expansion
and implosive collapse in a liquid depends on the reaction
sparked by strong ultrasonic radiation [29-31]. Moreover, it
significantly speeds up the rate of the reaction between calcium
and phosphate precursors [32,33]. Without the use of surfac-
tants, the aggregation of particles could not be prevented. The
surfactant also lowers the size of the crystals and the particles.
Lipid-based nanocarriers have also been widely used to increase
the emulsification and bioavailability of drug delivery. Various
organic modifiers, such as PEG [34-36], SDS [37], CTAB [38-
40] and PVA [41,42] have also been reported in the literature.

Trilaurin, a novel lipid-based surfactant, was selected as
a natural organic modifier since it is biodegradable. Trilaurin
is a lipid based surfactant have emerged a promising strategy
for improved therapaeutic compound oral bioavailability [43].
Here, a naturally derived organic modifier approach that uses
ultrasound to develop hydroxyapatite (HAP) in simulated body
fluid (SBF) at different trilaurin concentrations. The nanoHAP
was characterized to assess the surface morphology as well as
their pore size.The results were compared with different con-
centrations of trilaurin, a synthetically produced HAP, utilizing
an ultrasonic technique in SBF media. Moreover, DAPI staining
was used to examine the apoptotic potential and fluorescent stai-
ning images show a significant alteration in cell line morphology.

EXPERIMENTAL

Hydrochloric acid (HCI) and dipotasium hydrogen phos-
phate trihydrate (KHPO,-3H,0) were purchased from Merck
Co. Ltd. (Germany). Ethanol (99.8%), tris(hydroxyl methyl)-
aminomethane (Tris), sodium hydroxide, sodium chloride,
potassium chloride, sodium bicarbonate, magnesium chloride
hexahydrate, calcium chloride and sodium sulfate anhydrous,
calcium nitrate tetrahydrate, trilaurin (TL) and diammonium
hydrogen phosphate were purchased from Sigma-Aldrich, USA.
All the chemicals were of analytical grade and used without
further purification. Deionized water was used throughout the
experiments.

Synthesis of simulated body fluid (SBF): SBF solution
was prepared according to the reported method [43,44] by diss-
olving suitable quantities of the chemicals containing double

deionized water (700 mL), which was continuously stirred at
37 °C followed by the addition of reagents in order as men-
tioned in Table-1. After that, about 40 mL of HCI was used for
pH adjustments. A 15 mL of HCI was added before adding CaCl,
and the remaining HCl was added during titration. Particularly,
the 8" reagent in Table-1, tris [(CHOH);CNH,)] was added
in dropwise to avoid an increase in pH of the solution. The
physiological temperature of the solution was kept constant
as 37 °C, followed by titrating with HCl vs. Tris buffer to adjust
the pH to 7.4. The ionic concentration of the SBF solutions
were compared with human blood plasma as given in Table-1.

Synthesis of HAP powder using trilaurin: Calcium nitrate
(0.5 M) and KHPO,4-3H,0 (0.3 M) were dissolved separately
in 20 mL of SBF for the synthesis of HAP and a stoichiometric
ratio of 1.67 was maintained. Thereafter, dropwise addition
of two solutions were prepared while stirring continuously
for 1 h. The pH of the solution was then increased to 10 using
aqueous NH; and then stirred for 2 h. The obtained white susp-
ension underwent 1 h long ultrasonic treatment. The resultant
precipitate was then aged for 24 h and cleaned three times
with ethanol and water. In order to obtain pure HAP, the washed
samples were finally dried for 3 h at 100 °C in an oven, followed
by calcination and sintering. Trilaurin was used in three different
concentrations using the same process. The synthesis was carried
out using three different concentration of trilaurin.

RESULTS AND DISCUSSION

FT-IR spectral studies: FTIR spectra for HAP and tril-
aurin assisted HAP are shown in Fig. 1. The characteristic absor-
ption peaks obtained for HAP can be assigned as OH, CO3~
and PO,* groups. The characteristic band at 955 cm™ has been
ascribed to v,(PO) symmetrical stretching modes, whereas the
ranges of 1017 cm™ have been assigned as v3(PO) antisym-
metrical stretching vibration modes of phosphate group. At
407 cm™ v,(0-P-0O) bending modes of phosphate group is
obtained. The presence of the v, bending mode of the phosp-
hate group obtained in the range of 558 cm™. The stretching
vibrations obtained at the wavenumber 3568 cm™ and bending
vibration mode at 633 cm™ were corresponds to the hydroxyl
group [45,46]. The band obtained at the wavenumber 1460
cm’ are assigned as carbonate group which was obtained from
SBF & atmosphere during precipitation process (Table-2).

XRD studies: Fig. 2a-d demonstrate the XRD patterns
of HAP with trilaurin at varied concentrations. The purity of
the obtained products was examined by XRD pattern. Fig. 2a
indicates the XRD patterns of HAP nanoparticles and all the
diffraction peaks can be well assigned to hexagonal phase,
which are known the HAP hexagonal phase (ICDD card # 09-
0432) and space group of P63/m. From Fig. 2a-d, it is obvious

TABLE-1
IONIC CONCENTRATION OF THE SBF SOLUTIONS AND THEIR COMPARISON WITH HUMAN BLOOD PLASMA

Concentrations (mol/m®)

Solutions

Na* K* Mg* Ca” CI” HCO™ HPO,> PO,*> SO,~ Ca/P
HBP (mM) 142.0 5.0 1.5 25 103.0 27.0 1.0 - 0.50 2.5
SBF (mM) 141.5 5.0 1.5 2.5 124.5 27.0 1.0 = 0.50 2.5
1.5SBF (mM) 212.3 7.5 1.5 3.8 186.8 40.5 1.5 = 0.75 =
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TABLE-2
WAVENUMBER (cm™') REGIONS FOR HYDROXYAPATITE
Sample Free water v;CO* v, PO, v,PO,> v,PO,*> v,PO,*> v, PO, v,CO*

HAP 3566 1459 1018 600,588 471 952 634 21

0.1 g-trilaurin 3572 1466 1019 602,556 471 959 621 421

0.3 g-trilaurin 3572 1453 1018 602,562 471 951 634 421

0.5 g-trilaurin 3568 1460 1017 600,558 407 955 633 407
that the intensity of (002) planes are increased with increase in
trilaurin concentration, which strongly suggests that increase
3568 1460 oo in intensity leads to increase in crystallinity with respect to the
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Fig. 1. FTIR spectra of HAP sample obtained in SBF (a) HAP, (b) trilaurin-
0.1 g, (¢) trilaurin-0.3 g and (d) trilaurin-0.5 g

211

300
202 130 222 213

002
(@)

©

Intensity (a.u.)

()

(@)

T T T T T T
20 30 40 50
20 (°)
Fig. 2. XRD patterns of HAP sample obtained in SBF (a) HAP, (b) trilaurin-
0.1 g, (¢) trilaurin-0.3 g and (d) trilaurin-0.5 g

other system of the as-synthesized HAP powder. The average
crystallite size of blank HAP, 0.1 g trilaurin, 0.3 g trilaurin
and 0.5 g trilaurin calculated using Debye-Scherrer’s formula
was 24, 20, 28 and 30 nm, respectively. The crystallite size is
considerably increased with increase in trilaurin concentration.
Smaller the FWHM values, higher the grain size [47] and the
calculated XRD parameters are tabulated in Table-3.

TABLE-3
DIFFRACTION DATA FOR HAP AND TL ASSISTED
HAP AT VARIED CONCENTRATIONS

Line Grain

Sample 20 . . d-spacin,
con. ditri)ons Plane ©) width size (l;m) J
(FWHM) (nm)

HAP 211 31 0.35 24 0.28
Trilaurin-0.1 g 211 31 0.30 20 0.28
Trilaurin-0.3 g 211 31 0.27 28 0.28
Trilaurin-0.5g 211 31 0.24 30 0.28

SEM studies: The microstructural characteristics of the
as synthesized HAP powders are investigated by SEM analysis.
It is well-known that several factors influences the particle size
and morphology of trilaurin assisted HAP. However, Fig. 3a-d
shows the morphological images of the resultant nanostructure
at different trilaurin concentrations. During precipitation in
SBF solvent, the ions present in SBF induces the formation of
nanosized HAP at different concentration of trilaurin. In Fig.
3a, the HRSEM obtained for HAP is spherical in shape, whereas
Fig. 3b indicates 0.1g trilaurin the observed morphology is
fully spherical. In Fig. 3c, the spherical morphology starts to
elongates into rod. Finally, in Fig. 3d, particles are completely
converted into rod like morphology. It is concluded that using
SBF by varying trilaurin concentration, the morphological
changes are observed.

HRTEM analysis: As given in Fig. 4a-b, the HAP nano-
particles was studied using HRTEM having an individual
particle size in the range of 10 nm. TEM image shows particles
are nearly similar in shape and interconnected particles with
voids confirms the presence of separated particles. During ultra-
sound irradiation, as the sound waves passed to the sample
the nano-HAP are arranged quickly into matrix without being
separated into discrete nanoparticles. In Fig. 4c, SAED pattern
with bright ring with spots indicates the crystallinity in contrast
to the bulk apatite [48]. The d-spacing value obtained in lattice
fringes of Fig. 4b-e correlates with the XRD. The trilaurin
assisted HAP shows rod shaped morphologies and blank HAP
shows spherical shaped morphology [49,50].
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Fig. 3. SEM micrograph for (a) HAP, (b) trilaurin-0.1 g, (¢) trilaurin-0.3 g and (d) trilaurin-0.5 g

Thermal studies: TG curves were recorded for the as
synthesized HAP and different concentration of trilaurin assisted
nanoHAP powders in the temperature range of 50-970 °C. The
thermal stability of the prepared samples was analyzed through
thermogravimetric analysis are shown in Fig. 5a-d as per the
observed from the HAP and TL-HAP samples, weight loss
occurs in two stages: the first weight loss at 135 °C due to the
evaporation of absorbed water [51]. There is huge weight loss
is observed at Fig. 5a-d samples at second stage in the region
of 200-500 °C is due to removal of lattice water [52]. On the
contrary, the sudden weight loss occurs between 600-900 °C
at is due to thermal degradation of carbonate ions bound to HAP
[53].

BET analysis: Nitrogen adsorption-desorption isotherm
measurements were used to analyse the surface features of
HAP samples; the results are displayed in Fig. 6. A Type II
isotherm with a P/P, value between 0.8 and 0.9 [54] is shown
in Fig. 6a, which suggests the formation of rod-shaped aggre-
gates with large pores. By looking at the BJH plot, the pore
radius of the as-synthesized HAP sample was determined using
the desorption curve. The surface area of the trilaurin-assisted
HAP sample, as determined by BET, is 11.19 m* g™

Application of nano HAP powder

Fluorescence staining test: The morphological changes
that takes place were detected via a fluorescence staining images
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Fig. 4. HRTEM images for (a) HAP, (b) lattice fringes
SAED pattern for trilaurin
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Fig. 5. Thermograms of (a) HAP, (b) trilaurin-0.1 g, (c) trilaurin-0.3 g and
(d) trilaurin-0.5 g

as shown in Fig. 7a-b. In Fig. 7a for the untreated samples, the
DAPI (4,6-diamidino-2-phenylindole) staining maintains the

morphology of normal MCF-7 cell line, which includes intact
nuclear structure. The MCF-7cell line is treated with trilaurin-
HAP shows the change in morphology, which indicates that
the apoptosis induction ability of trilaurin assisted HAP has
been enhanced (Fig. 7b). Apoptosis is the cell death that occurs
when there is a characteristic change in morphology of the
cells. Using DAPI staining, the cells can be differentiated from
apoptotic cells to normal cells [55-57].

Conclusion

In this work, trilaurin was synthesized at varying concen-
tration using the ultrasound method in order to develop hydro-
xyapatite (HAP). The results shows that the unit cell volume,
crystallite size and lattice parameters are significantly by incre-
ased trilaurin concentration. HAP powders with rod like morp-
hology were successfully synthesized ultrasound method in
the presence of trilaurin as organic modifier possessing exce-
llent dispersing ability. The XRD studies affirmed that the
nanoHAP possess hexagonal structure without an impurity
phase. The XRD and HRSEM studies conclusively show the
decrease in crystal size, the variation in surface morphology.
TG analysis proves the high thermal stability of the synthesized
nanoHAP, whereas the HRTEM image provides information
about the nanopowders size of the samples. The apoptotic
activity is induced by fluorescence staining assay using MCF-7
cell line.
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Fig. 6. (a) Nitrogen adsorption-desorption isotherm of HAP-trilaurin and (b) pore size distribution of HAP-trilaurin sample
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Fig. 7. Fluorescence images obtained on (a) untreated HAP and (b) treated with trilaurin-nano HAP
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