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ABSTRACT

In this study, nHAp/CS@B—CD-E nanocomposite has been synthesized
by incorporating of chitosan (CS), B-cyclodextrin (3-CD), and Ficus
pumila (L) leaf extract with nano-hydroxyapatite (nHAp) via co-
precipitation method. Meanwhile, the nHAp obtained from seashells as
the starting material sources. The formation of nHAp crystalline phase
structure, interfacial interactions, thermal stability and surface structural
morphology of nanocomposite samples were characterized by
physicochemical methods including XRD, FT-IR, TGA/DTA and SEM,
respectively. Investigation of osteoblast cell proliferation activity for the
MT3C3-osteoblast cell line was carried out using the MMT method. The
results showed that nHAp/CS@B-CD biocomposite has osteoblastic
cell proliferation activity, in which the composite contains the Ficus
pumila (L.) leaf extract has higher activity than composite without
extract. This research has new prospects in the field of biomedical
material research.

1. Introduction toughened alumina (ZTA), silicate and the most typically
hydroxyapatite (HAp) [2]. Hydroxyapatite, also known as
calcium phosphate, was a form of apatite with the
chemical formula Cai(PO4)s(OH)2 and was known as a
substitute for typical human and animal bones in
medicine due to its bioactivity and high biocompatibility

with cells. It was one of the versatile materials used for

Biomedical materials are materials of natural or artificial
origin, used to replace or perform a vital function of the
human body. Typical of which was biomedical porcelain
material, a type of material used to replace injured bone
parts in the human body without causing harm to the

body. Furthermore, this material was also used in
cosmetic surgery, dentistry,... [1]. Therefore, the design
and development of ideal biomaterial frameworks such
as ceramics, polymers, metals and organic bone
substitutes must have adequate mechanical properties,
biocompatibility, controlled biopermeability, non-
toxicity, cost-effectiveness and bioactivity [1]. Some
biomedical ceramic materials have been researched and
commercialized such as zirconia, bio-glass, zirconia-

implant purposes due to its similarity to the inorganic
mineral composition of the bones of the human body
[3-5]. Currently, there have been a number of studies
on fabrication of HAp material and its composites for
application in bone repair [6,7]. Due to the good bone
bonding properties of HAp, it has been widely used in
dental and orthopedics surgery to repair bone defects.
Combining HAp with chitosan was one of the suitable
choices due to its compatibility and high biological
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activity [8-11]. Chitosan (CS, (CsH1OsN),) was a cationic
polyheterosaccharide that was unique in nature
consisting of N-acetylglucosamine  (GIcNAc) and
glucosamine (GIcN) moieties, has created orthopedic
and biomedical applications. The biological and
mechanical properties of chitosan for bone replacement
were improved by combining it with HAp [12].

Besides, B-Cyclodextrin (3-CD) was also reported in
studies showing that 3-CD derivatives have strong bone
anabolic effects and aids in bone regeneration. Since [3-
CD belong to the group of cage molecules whose
structural core consists of a size-stable hydrophobic
cavity resulting in a "host-guest" relationship that can
improve chemical, physical and biological properties of
the guest molecule. Therefore, 3-CD can be applied in
the fields of pharmacy, chemistry, biotechnology,
agriculture, medicine,...[13].

Recently, An et al. [14] reported that extract from Ficus
pumila L. leaves has activity to proliferate bone-forming
cells MG-63 in humans. HAp has been synthesized from
various starting sources such as eggshells [15],
amorphous calcium carbonate [16], calcium lactate
pentahydrate and orthophosphoric acid [17], Venerupis
clam shells [18,19]. Ataka et al. [20] synthesized chitosan,
nano-hydroapatite/chitosan composite, and amine
group (NHz) modified nano-hydroxyapatite/chitosan
composite for bone tissue engineering. The obtained
results show that all synthetic scaffold types have the
potential to be used in bone tissue engineering
approaches. Mansour et al. [21] studied co-doping Ag*
and Mg?* into hydroxyapatite/chitosan biocomposite to
produce an anti-bacterial effect and improve the
mechanical properties of biocomposite. Ghosh et al. [22]
used doxorubicin  (DOX) to incorporate into
hydroxyapatite (HAp)-chitosan (CS) nanocomposite
triggered on osteosarcoma cells.

In this study attempt, we have developed a green
method for synthesis of biocomposite based on nano-
hydroxyapatite (nHAp). Namely, nHAp has been
synthesized from seashells and the use of nHAp powder
for the fabrication of a biocomposite coating with CS
and aqueous extract of Ficus pumila (L) The synthesized
biocomposite has been studied by physicochemically
through Fourier transform infrared (FTIR), X-ray
diffraction (XRD), scanning electron spectroscopy (SEM),
and thermogravimetric analysis (TGA) and differential
thermal analysis (DTA). The in-vitro of the synthesized
nanocomposite was assessed through the ability to
proliferate MG-63 bone cells.

2. Experimental
Reagents

Chemicals were used in this study including chitosan
(CS) with degree of deacetylation (>85%), -
Cyclodextrin (B-CD), CoHsOH (99.7%), NaOH (>97%),
(NH4)2HPO4 (99%), CH3COOH (99.5%), HCI (37%). Fresh
leaves of Ficus pumila (L.) were purchased from Lam
Dong, Vietnam. Seashell were collected from the wet
market in Duc Thang, Vietnam. The chemical reagents
were all analytical grade and used without further
furification. Deionized water was used in all experiments.

Synthesis of nHAp from seashells

First, seashells were cleaned with tap water, boiled to
remove odors, organic matter and impurities. The
washed seashells were dried at 100 °C for 2 h in an oven.
After drying, the seashells were crushed into a fine
powder. The crushed sample was heated in furnace at a
rate of 5°C/mim and maintained at 650 °C for 3 h to
convert calcium carbonate to calcium oxide phase. The
sample was then naturally cooled inside the furnance.
The calcined powder (CaO) was then used as a calcium
source to synthesize nHAp and its biocomposite.

The nHAp fabrication process was carried out as follows:
The above 5.27 g of CaO was dissolved in 100 mL of
distilled water and stirred continuously to obtain a
homogeneous Ca(OH), soluttion. To achieve a Ca/P
ratio of 0.7, 0.3 M of (NH4).HPO4 was then added to the
Ca(OH), solution. Then the solution was stirred
continously with 450 rpm in a magnetic stirrer for 2 h at
room temperature. The mixture was then transferred to
autoclave and hydrothermally incubated at 180°C for 24
h to obtain nano-hydroxyapatite suspension. Next,
nano-HAp was filtered and washed several times with
distilled water until pH=7 and dried to obtain white
powdered nano-hydroxyapatite.

Preparation of Ficus pumila (L.) aqueous extract

The aqueous extract of Ficus pumila (L.) was prepared
by Soxhlet extraction method. The leaves were washed
roughly with tap water for removal of physical dirt. The
washed leaves were allowed to dry in sunlight till it dries
completely. Then, 100 g of the leaves were grounded
into a powder and extracted by the Soxhlet system with
a 60:40 (v/v) ratio deionized water and ethanol for 3 h
at temperature of 60 °C. The extract was left to cool at
room temperature before it was filtered using Whatman
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filter paper. The extract was stored at 4 °C until further
use.

Synthesis of nHAp/CS@B-CD-E

1g of CS powder dissolved in 2 wt.% glacial acetic acid
solution mixed into 100 mL deionied water and stirred
continously for 24 h to obtain a homogeneous
suspension (Solution A). Beside, 1 g of nHAp waw
dispersed in 100 mL deionied water by sonication for 15
min (Solution B). The B-CD powder (1 g) was also
dispersed in 100 mL distilled water by sonication for 15
min (Solution C). The reaction was carried out by mixing
the solution A drop-wise into the solution B until the
mixture was evenly mixed and then adding the solution
C drop-wise into the mixture. The obtained mixture was
stired continuously at 900 rpm for 24 h at room
temperature. The product was then filtered and washed
several times with deionized water until the filtrate
became neutral and dried at 60 °C to obtain
nHAp/CS@B-CD.

10 mL of aqueous extract of Ficus pumila (L.) was added
into 0.1 g of nHAp/CS@B-CD nanocomposite. This
mixture was continuously stirred for 2 h at room
temperature. The obtained nanocomposite was
washed, filtered and dried at 80 °C for 24 h, producing
the nHAp/CS@B-CD-E powder.

Characterization

X-ray diffraction (XRD) method was measured using a
D8 ADVANCE-Bruker (Germany) with Cu-Kor emission
with wavelength 1=15406 A, power 40KV, current
intensity 40 mA, scanning angle 26=10-60°. Infrared
absorption spectroscopy (FT-IR) was measured on an
FT-IR IMPAC-410 (Germany) in the region of 4000-400
cm™. Scanning electron microscopy (SEM) method was
performed by a Hitachi $-4800. Thermal analysis
method (TGA-DTA) was measured in the air
environment and heated from 30 °C to 800 °C at the
rate of 10°C/min.

In—vitro test

Investigation of proliferative activity of MT3C3-E1 cells
(mice osteoblasts) by MTT method using tetrazolium salt
(MTT—(3—(4,5-dimethylthiazol-2-yl)-2,5-)

diphenyltetrazolium)) as a reagent in the colorimetric
assay, thereby assessing cell survival and viability. The
tetrazolium ring of the reagent adheres tightly to the

mitochondria of the active cell. Under the action of
dehydrogenase enzyme in the cell, the yellow color of
MTT changes to formazan purple.

The test was performed under the condition: insert 190
mL of cells into the wells of a 96-well plate containing 10
UL of reagent. Place the culture plate in the CO»
incubator at 37°C, 5% CO;, culture for 72 h. After 72 h,
10 pyL of MTT (final concentration of 5 mg/mL) was
added to each well. After 4 h, remove the medium,
formazan crystals were dissolved with 50 pyL (DMSO)
100%. The OD value was measured at 540 nm using a
BioTek spectrophotometer. The test was repeated 3
times.

The percentage induction of cell proliferation in the
presence of reagents were determined by the following
formula:

OD(pattern)—O0D(blank)
0D(DMS0)—0D(blank) (1)

% living cells =

The test was carried out at the Institute of
Biotechnology, Vietnam Academy of Science and
Technology, 18-Hoang Quoc Viet, Cau Giay, Hanoi,
Vietnam.

3. Result and discussion

Characterization of samples

Figure 1 shows the XRD patterns of a as-prepared of
nHAp, nHApP/CS, and nHAp/CS@B-CD-E composite.
From Figure 1 displays all the diffraction peaks match
very well the typical hexagonal structured pure nHAp
(JCPDS No. 09-0423). Namely, the diffraction peaks at
26=25.9° (002), 31.8° (211), 32.9° (300), 34.1° (202), 39.8°
(310), 46.7° (222), 49.5° (213) and 53.1° (004) were the
typical feature of nHAp. Besides, all the XRD patterns of
the as-synthesized nHAp/CS@R-CD composites match
with the polycrystalline structure of nHAp. This result
indicated that the nHAp/CS@B-CD biocomposite has
been successfully synthesized through grafting reagents
into nHAp. However, the peak intensity of nHAp peaks
gradually decreased when CS and CS@B-CD-E were
coated into NnHAp, it was due to chitosan was an organic
polymer with poor lattice crystallinity, along with using
CS@B-CD-E coated into nHAp can form complexes
leading to changes in NnHAp structure and properties,
where the peaks correspond to the crystal faces.

The average crystalline sizes of the samples were
calculated by Scherrer equation: D=kA/BcosB (2), where
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A is the wavelength of monochromatic X-ray beam
radiation Cu radiation (\=1.5406 A), © is the Bragg’s
angle, K'is a Scherrer constant defined as the crystallite
shape and is approximately equal to 0.9. From the
Scherrer equation, the crystalline sizes of pure nHAp,
nHAp/CS, and nHAp/CS@B-CD-E composite were
determined to be 94 nm, 13.8 nm and 151 nm,
respectively.
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Fig 1: XRD diagram of a) nHAp, b) nHAp/CS and
NHAp/CS@B-CD-E samples

The FT- IR spectra (Figure 2) displays the functional
groups and chemcial bonds of nHAp, nHAp/CS and
nHAp/CS@B-CD.
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Fig 2. FT-IR spectra of nHAp, nHAp/CS and
NHAp/CS@B-CD samples

The broad band observed around 3440 cm™ might
ascribed to the O-H stretching vabration on the surface
of pure nHAp and nHApP/CS, nHAp/CS@B-CD
nanocomposite. The presence of nHAp in CS@B-CD
matrix of nHAp/CS@B-CD nanocomposite  may
reasonably be noticed by appearance of PO4*" at 1010,
956, 607, 564 and 458 cm™ which are the typical

characteristics absorption of nHAp [23]. The bands at
1550-1700 cm™, which contributed to the N-H primary
and secondary amino groups of polymer. Besides,
appearance of new bands in range band of 2877 and
2901 cmin nHApP/CS, nHAp/CS@B-CD nanocomposite
may be assigned to the C-H bond in chitosan.
Moreover, the band at 1641 cm™ was attributed to the
vibration of C=0 [24].

The SEM images of pure nHAp, nHAp/CS and
nNHAp/CS@B-CD-E nanocomposites (Figure 3) revealed
a surface structure morphology. From the SEM images
of nHAp (Figure 3(a,b) shows nHAp crystal layers and
spherical shape particles. The nHAp/CS SEM image
(Figure 3(c,d)) and nHAp/CS@B-CD-E nanocomposites
(Figure 3(e/f)) exhibited rougher surface than that of
HAp pure and polymer fibers appear on the surface.
This may indicate that the nano-rough surface can
improve cell adhesion and growth for bone

regeneration. Thus, the higher surface nano-roughness
of the nanocomposite may facilitate greater cell
adhesion and proliferation in it [25].

Fig 3: SEM images of (a,b) nHAp, (c,d) nHAp/CS and
(e,f) nHAp/CS@B-CD-E samples

In order to study the thermal properties of the
composite  samples, the thermogravimetric and
differential thermal analysis (TGA-DTA) was carried out
and the results are shown in Figure 4. From the obtained
results show that nHAp pure has a total loss of 11.4% and
was divided into two main phases. The first stage lost
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3.8% of its mass in the temperature range of 25-250 °C
due to the loss of surface adsorbed water of the solid
material NHAp. The second phase loss of 7.6% mass in
the range of 250-800 °C was considered to be the result
of the gradual dehydroxylation of nHAp. And in these
two stages, no obvious appearance of the peaks was
observed to demonstrate the stability of the nHAp
material when changing the temperature. Along with
that, the mass loss of CS appears in two temperature
ranges of 100°C and 272°C corresponding to
dehydration and degradation of CS [26]. While the
nHApP/CS sample, the total loss was 43.2% and divided
into two main phases. The first stage lost 15.3% of its
mass in the range of 25-250 °C and the DTA curve
appeared the endothermic peak at 60.9 °C. The second
stage loses 27.9% of its mass in the range of 250-800
°C and the DTA curve has exothermic peak at 264.8 °C.
This shows that nHAp increases the thermal stability of
chitosan through the interaction between nHAp and
chitosan.
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Fig 4: TGA/DTA diagram of nHAp, nHAp/CS and
nHAp/CS@B-CD-E samples

For the nHAp/CS@B-CD-E nanocomposite had a total
loss of 40.3% and divided into two main stages. The first
stage loses 12.5% of its mass in the range of 25-250 °C.
The second stage loses 27.8% of its mass in the range
of 250-800 °C and has exothermic peak at 262.3 °C. It
was demonstrated that the combination with 3-CD and
Ficus pumila (L.) leaf extract further improved the
thermal stability of the material, specifically, the
additional OH groups leading to increased hydrogen
bonding between the different components in the
material.

Osteoblast proliferation activity assay

To determine the proliferative activity of osteoblasts, the
composite samples were tested on the MC3T3-E1 cell
line: mouse osteoblasts by the MTT method. The results
are shown in Table 1 and the ability to induce cell
proliferation of the material is shown in Figure 5.

From the obtained results show that nHAp/CS@B-CD-
E sample has the same concentration as NHAp/CS@B—
CD and nHAp/CS composites but has a higher
percentage of living cells than the other two samples,
although the percentage of living cells was not
extremely high at the investigated concentrations.
However, nHAp/CS@B-CD-E nanocomposite may
have a higher percentage of viable cells when
investigated at lower concentrations. Thus, it can be
seen that biocomposite based on nHAp/CS@B-CD-E
sample has higer ability to proliferate osteoblastic cells
than the nHAp/CS sample without the extract. And this
will be investigated in further studies.

Table 1: Ability to induce cell proliferation of composite

samples
) nHAp/CS@B-CD £ nHAp/CS@P -CD nHAp /CS
Concentration
% alive: Error % alive Error % alive Error
1mg/mL 9125 525 88.95 6.55 8539 168
0.5 mg/mL 103.74 41 96.74 503 9238 389
0.1mg/mL 104.23 5M 98.98 304 96.97 467
0.05 mg/mL 105.67 331 104.41 267 102.20 191
Negative control 100.00 631
The ability to induce cell proliferation
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Fig 1: Ability to induce cell proliferation of composite
samples

4. Conclusions

The XRD patterns showed the formation of nHAp
spherical crystalline particles. The increase in size of
NHAp/CS@B-CD-E upon incorporation of CS and B-
CD-E compared to nHAp pure. The FT-IR spectra
displayed a intermolecular interaction between the
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components of CS, B-CD with nHAp in nHAp/CS@-
CD-E nanocomposite. Roughness in morphological
surface of nHAp/CS@B-CD-E nanocomposite was
observed through SEM images leading to improve cell
adhesion and growth for bone regeneration.
Investigation of osteoblast proliferation activity of
biocomposite showed bone-forming cell proliferation
activity on cell line MT3C3. In conclusion, we had
sucessfully developed B—CD-E loaded nHAp/CS, which
may have potential application in a bone repairing
systems.
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