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Introduction:  Hydroxyapatite is one of the most essential bioactive and biocompatible
ceramics. Due to its unique properties and its structural similarity to bone, it has many
applications in medicine, dentistry, and bone tissue engineering. Therefore, many methods and
strategies have been studied to prepare hydroxyapatite. The purpose of this study was to
optimize hydroxyapatite nanocrystals prepared from biological sources with higher efficiency
and quality.

Materials & Methods: This study synthesized and analyzed hydroxyapatite from White Sea
shells using simple and affordable methods like ultrasonic, hydrothermal, and thermal-
ultrasonic decomposition. White seashells contain carbonate-calcium (CaCOz). For the
synthesis of hydroxyapatite, environmentally friendly solvents such as water (green synthesis)
and di ammonium hydrogen phosphate (ADP) were used as a source of phosphate. The data
were analyzed using Graph Pad Prism V.10 statistical software, and the level of significance
was considered less than 0.05.

Results: Hydroxyapatite was synthesized by the ultrasonic method and was chosen as the most
appropriate. Because in the EDX results, the percentage of elements oxygen and phosphorus
(O, P) in the hydroxyapatite synthesized by the ultrasonic method corresponds to the data of
the standard card, HA~1.67, and for this reason, the ultrasonic method is better than the other
two methods (hydrothermal and thermal-ultrasonic decomposition) and is more suitable. In
FTIR, phosphate, hydroxide, and carbonate (PO4*), OH, and CO3s?* groups were observed,
which indicate the synthesis of hydroxyapatite. With SEM and FE-SEM, the morphology and
size of hydroxyapatite particles were observed to be between 16.5 and 70.80 nm. XRD
analysis, crystallinity, and needle-like structure of hydroxyapatite were observed. The blood
compatibility results showed that hydroxyapatite had no significant hemolysis. Examining the
cell compatibility of hydroxyapatite on bone-like cells (MG63) showed a survival rate of over
90%, and cell proliferation was statistically (Graph Pad Prism 10) significant (P < 0.05).

Conclusion: One of the most effective methods for preparing hydroxyapatite involves
conducting the reactions at the bottom; the ultrasonic method's affordability and cost-
effectiveness are among its positive features, as it can generate multiple processes throughout
the production process. The results demonstrated that this method produced a material with a
hexagonal structure, nanometer size, and suitable biocompatibility.
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Introduction

Hydroxyapatite (HA) is an excellent
biomaterial for various biomedical and medical

applications. These

biocompatible and biodegradable,
© The Author(s)

@ROIE

NC

decomposed into Ca?*, PO4* and toxic for local
cells. Hydroxyapatite is prepared from
biological sources such as fish, mollusk shells,
fish scales, and sea shells, which are an

are unlimited source of C,CO; (1). However,

slowly
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biomedical fields have been using new
biomaterials like hydroxyapatite, leading to
significant  progress  (2).  Researchers
investigated three methods  (ultrasonic,
hydrothermal, and thermal-ultrasonic) for the
preparation of hydroxyapatite (3). The
ultrasonic method provides rapid synthesis and
good particle size control, whereas the thermal
process is very stable, simple, and has excellent
crystallinity. The purpose of this study was to
optimize hydroxyapatite nanocrystals prepared
from biological sources with higher efficiency
and quality.

Methods

First, the shells of White Sea shells were
collected from the coastal areas and then
washed with a brush in running water. In the
next step, the oysters were dried in an oven at
40°C and powdered by a ball mill. The hand
powder contains calcium carbonate (C,COs),
which is used in three ways to synthesize
hydroxyapatite. Then, in a flask, 0.5 gram of
raw white oyster powder was dissolved in 50 ml
of distilled water and placed on a magnetic
stirer at 60°C for 5 min. 0.25 gram of
diammonium hydrogen phosphate (ADP) was
added to another flask and dissolved with 30 ml
of distilled water. In the next step, the solution
inside the second flask was added to the first
flask. The suspension was placed on a magnetic
stirrer at 60°C for 10 min to completely
dissolve, and then the pH of the solution was
adjusted to 10 with NaOH for one minute. Then
the suspension was ultra-sonicated for one hour
to synthesize hydroxyapatite. The obtained
hydroxyapatite nanoparticles were washed three
times with the same ratio of water and ethanol
(5 min with a 2000 rpm centrifuge). In addition,
that material was placed in an autoclave at a
temperature of 180°C and a pressure of 50 to
200 w for different times. According to the
previous method, the synthesized nanoparticles
were washed and dried. In the further approach,
the white seashells obtained were calcined in a
thermal furnace at a powder temperature of
800°C for two hours to remove all organic
materials and growths. At last, the suspension
was ultra-sonicated for one hour to synthesize
hydroxyapatite. The obtained hydroxyapatite
nanoparticles were washed three times with the
same ratio of water and ethanol (5 min with a
2000 rpm centrifuge). The data were analyzed
using Graph Pad Prism V.10 statistical
software, and the level of significance was

considered less than 0.05.

Results

T Hydroxyapatite was synthesized by the
ultrasonic method and was chosen as the most
appropriate. Because in the EDX results, the
percentage of elements oxygen and phosphorus
(O, P) in the hydroxyapatite synthesized by the
ultrasonic method corresponds to the data of the
standard card, HA~1.67, and for this reason, the
ultrasonic method is better than the other two
methods (hydrothermal and thermal-ultrasonic
decomposition) and is more suitable. FTIR
showed phosphate, hydroxide, and carbonate
(PO+*), OH, and CO,* groups, which show that
hydroxyapatite is being made. With SEM and
FE-SEM, the morphology and size of
hydroxyapatite particles were observed to be
between 16.5 and 70.80 nm. XRD analysis,
crystallinity, and needle-like structure of
hydroxyapatite were observed. The blood
compatibility results showed that
hydroxyapatite had no significant hemolysis.
Examining the cell compatibility of
hydroxyapatite on bone-like cells (MG63)
showed a survival rate of over 90%, and cell
proliferation was statistically significant (P <
0.05).

Conclusion

One of the most effective methods for
preparing hydroxyapatite involves conducting
the reactions at the bottom; the ultrasonic
method's affordability and cost-effectiveness
are among its positive features, as it can
generate multiple processes throughout the
production process. The results demonstrated
that this method produced a material with a
hexagonal structure, nanometer size, and
suitable biocompatibility.
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