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The objectives of the present study were undertaken to prepared
hydroxyapatite powder from seashell and convert this to nano size and
then added to gold nanoparticles. Materials and Methods: The seashells
were cleaned and the phosphoric acid was added. The product was
inserted in oven then calcined in the muffled furnace, to evaporate CO>
and getting the white crystalline powder which indicated presence of
hydroxyapatite. This powder was converted to nanoparticle. Gold 1%
mixed with prepared seashell nano hydroxyapatite. The characteristics
of the prepared nano hydroxyapatite from seashell, were studied by the
FTIR infrared spectrophotometer. The most biocompatible nano
hydroxyapatite estimation by chemical test and examine prepared nano
hydroxyapatite from seashell alone or when mixed with gold 1% in
vivo to detect the effectiveness on reparing bone defect in mandibulare
rabbits. Results: The results of an infrared measurement (FTIR
Spectroscopy) for prepared nano hydroxyapatite showed that the
chemical structure and band have the same FTIR spectrum of standard
nano hydroxyapatite and have the same nano traits as the chemical test
showed a yellow precipitation consisting in the nHA seashells. As an
indication of biocompatibility and increase Bone Mineral Density by
repairing bone defect in rabbits. And when added gold to nano
hydroxyapatite, increased the efficacy of bone remodeling and repair
bone. Conclusions: The possibility of preparing nanoparticles for
hydroxyapatite from seashell are simple and inexpensive feedstock's
and can be successfully produced by chemical precipitation technology
from seashells with a phosphoric acid solution.

1. Introduction

Bones are specialized forms of connective tissue that can be classified either by their shape: long bones, short
bones, flat bones, and irregular bones; or by their place of development into intramembranous and endochondral
bone (Nanci, 2017) [21]. Bone preservation and formation is regulated by three main types of cells residing
within it: osteoblasts, osteocytes, and osteoclasts. In order to meet the demands of skeletal growth and
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mechanical function, and to maintain bone vitality and health, bone undergoes a dynamic remodeling process
through a process combined with bone formation by osteoblasts and bone resorption by osteoclasts (Han et al.)
[12]. Healing large bone defects is a major clinical challenge. Although bone possesses remarkable repair and
regeneration, there are many clinical situations in which the size and/or location of the bone defect impairs
healing (Verrier et al.) [32]. Bone healing is a meticulously regenerative process, which restores 98% of bone
structure. The bone healing process is conventionally divided into three phases: an early inflammatory phase, a
repair phase, and a final remodeling phase (Mohammed et al.) [18]. Bone remodeling is an important, dominant,
and coordinated lifelong process in the adult skeleton (Nyary and Scammell) [22]. Bone remodeling is therefore
essential to maintain bone mass, to repair partial skeletal damage, and to prevent the accumulation of too much
old bone. Bones are unique in that regeneration can occur without a fibrous scar. Although skeletal tissue has a
strong regenerative capacity, the healing process may fail, resulting in a delayed healing period, (Einhorn and
Gerstenfeld) [9]. So surgeons have tried to add substances to the bone matrix to promote and speed up healing
and the formation of new bone (Naji et al.) [20]. New bone graft alternatives have been devised in recent
decades, such as demineralized bone matrix, bone-forming proteins, calcium phosphate, calcium sulfate, and
hydroxyapatite (HA) (Athanasiou et al.) [1]. There has been a growing trend towards using nanomaterials, such
as nanoporous hydroxyapatite (Caio(PO4)s(OH)2, nHA), to develop bone grafts. These materials, which mimic
the nanostructure of natural hard tissues, can be used to regenerate bone and accelerate the healing process of
fractured bone (Lu et al.) [17]. Bone grafting has been done to repair bony defects for centuries. Since then, bone
grafts and bone grafting procedures have been developed (Hussein and Taga) [15]. Most of the previous studies
indicated that the fabrication of bone grafts using ion-supportednano-hydroxyapatite (nHA) in combination with
bioactive polymers can significantly accelerate the healing of bone and cartilage defects and this may be due to
the physicochemical similarities between the structures of the compensated bone and bone tissue (Prondvai et
al.) [24]. Other types of nanoparticles are gold nanoparticles (GNPs) which are widely used in diagnostics, drug
delivery, biomedical imaging, and photothermal therapy due to surface plasmon resonance, fluorescence, and
facile surface operation. According to recent studies, gold nanoparticles show a positive effect on osteogenic
differentiation of mesenchymal stem cells and osteoblast-like cells (Heo et al.) [13]. Therefore, the purpose of
the present study is to Prepare hydroxyapatite from the seashell and then converting it to nanoparticles and
adding them to gold, and study effect of nHA when used it as implants to remodeling the lost bone in the
mandibular rabbits.

2. Materials and Methods

2.1. Chemical Study

2.1.1. Synthesis of Seashell Hydroxyapatite

The snail sea shell was soaked in water for 24 hours and then washed with deionized water and its surface was
mechanically cleaned to remove the dirt stuck to it. Then 100 grams of clean dried shells were weighed and then
the dried shells were burned at 900°C for 1 hour in Furnest muffled furnace, to remove CO2 and obtain white
crystalline powder and calcium oxide (CaO). The exact molar ratio needed for a 98% solution of phosphoric acid
was added to CaO and left for 24 hours to allow time for the reaction to occur and complete, a strong reaction
occurred with a large foam (Figure (1 A & B). Then we wash it with deionized water, then filter the precipitate
through paper and leave it for 48 hours at room temperature, then put the precipitate in the oven for 30 minutes
at 100 ° C for drying and thus we obtain hydroxyapatite.

2.1.2. Preparation Hydroxyapatite nHA Nanoparticles

Hydroxyapatite nHA nanoparticles were prepared by the mechanical grinding method described by Claudio et al.
[6]. Mechanical grinding is a simple technique that does not require high temperature to create nanopowder. In
this technique, the coarse feedstock is crushed between a vigorously rammed ball and this leads to the shredding
of the feedstock, which results in very fine particles. This process can be performed at room temperature and the
rotating speed in the mill has reached 3000 rpm for two hours. In order to equalize the particle size, the materials
were separated using a well-defined non-porous membrane and the size of the particles ranged between 27-37.5
nanometers when examined with a scanning electron microscope Transmission Electronic Microscope. 1% of
gold for the purpose of treating laboratory animals and knowing its role in repairing and grafting lost bone.
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2.1.3. Estimation by Chemical Test (Silver Nitrate Test)

This test is done by added silver nitrate on prepared Hydroxyapatite from seashell to know this compound ortho
or di or metaphosphorous by the color of precipitation that formed (Clarence, 1964) [5]. Depending on the
method of preparation different crystal forms of silver phosphate can be produced of the same lattice structure
the reaction can be used to know the biocompatibility of orthophosphate (Dorozhkin) [8].

2.1.4. Infrared Spectroscopy
The prepared nHA from seashell were characterize by using FTIR-Alfa-Bruker spectrophotometer (Germany) in
region (500-4000 cm™). This measurement was carried out in the University of Mosul, College of dentistry, Iraq.

2.2. Experimental Procedure

2.2.1. Experimental Animals

16 white male rabbits were given general anesthesia using a mixture of intramuscular injections of ketamine (40
mg/kg) and xylazine (8 mg/kg) and waiting for a few minutes until the rabbit lost consciousness. Then the rabbit
was placed on its left side on the operating table, and hair was removed from the pinna area. Submandibular
using electric hair clippers and sterilized with povidine iodine as an antiseptic.

2.2.2. Surgical Procedure:After the animals were anesthetized within 5 minutes, a small incision (about 5 cmin

length) was made in the skin over the submandibular region with the lower border of the beginning of the jaw

from the symphysis region using the surgical blade, using a scientific and sterile technique. Part of the jaw bone

was removed by drilling a groove (2 mm in diameter and 6 mm in length) in the dental engine at a low speed

using a 2.3 mm drill head. The groove was washed with distilled water and dried from the blood using cotton

granules. Then the rabbits were divided into 3 groups depending on the type of material that will be placed in the

groove where the groove was filled as follows:

1. Group 1: serve as control group consisted from 4 rabbits no treatment. This group were scarified after (30)
days.

2. Group 2: filled bony defect with Seashell Nano hydroxyapatite prepared from seashells, group consist from 4
rabbits this group were scarified after (30) days.

3. Group 3: filled bony defect with nano hydroxyapatite prepared from seashells and mixed with gold 1% |,
group consist from 4 rabbits this group were scarified after (30) days.

After that, the incisions of all rabbits were closed with surgical sutures using the intermittent suture technique,
and then the wound was sterilized with iodine 4%.

2.2.3. Postoperative Care

Immediately after the surgery, oxytetracycline was given (0.5 ml/kg body weight, intramuscularly) and it was
repeated once daily for the next three days with examination of the animals daily and noticing the recovery from
the surgery, and the sutures were removed after one week of the operation.

2.2.4. Histologic Procedures:

The histological examination was performed to assess the degree of healing that was reached after 30 days of
using hydroxapite prepared from seashell alone or when we mixed it with 1% of gold with the control group
(only performing a surgical operation without using any substance). Histological examination was performed in
the Department of Pathology at the College of Veterinary Medicine/ University of Mosul by a histological
expert, and each slide was examined under a light microscope. (BH2 Olympus) by a histologist and two
experienced pathologists.

The process of regeneration and healing of injured bone occurs via several steps, including the development of
granulation tissue, along with the differentiation of osteoblasts and osteoblasts, which are responsible for the
deposition of osteoblasts and the filling of the bone with compacted bone material and osteoblasts with
inflammatory area.

2.2.5. Statistical Analysis
Data were processed and analyzed using SPSS Ver. 18. Analysis of variance (ANOVA) was used to compare the
differences between study groups. For histological observations, histopathological analysis was performed by
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using the Kruskal-Wallis H test for K-independent samples at a probability level of p-value <0.05 that was
considered significantly different.

3. Results and Discussion

3.1. FTIR Infrared Spectrometer Estimation

Estimation of seashell nano-hydroxyapatite bands Determination of the chemical composition of hydroxyapatite
prepared from seashells by FTIR spectrophotometer. Infrared spectrophotometer showed the location of the
beams (Figure 2) of nano-hydroxyapatite powder prepared from seashells, indicating that the nano-
hydroxyapatite prepared from seashells is a-orthophosphate and is biocompatible with human use. The structure
of the powder was analyzed using FTIR spectroscopy after dried at 100°C. The IR Spectroscopy for the
hydroxyapatite showed some important bands between the region 500-4000 cm™ which is due to P-O, P=0 and
OH groups. In FTIR analysis, mainly the peaks for PO4* and OH™ groups in the hydroxyapatite can be identified
these bands confirm the structure of hydroxyapatite. The IR spectrum of raw HA powder are showed. The sharp
peak at 925 cm™ can be explained owing to O-H group deformation. Intense PO4 peak appeared at 1030 cm™.
Additional phosphate group bands are found in the region 1000, 963, 875, 639,610, 566, 531 and 450 cm™, An
intense PO4® peak appeared at 1030 cm™. The additional phosphate peaks are found in the region 1138, 495 and
450 cm™. The C-O-C peak at 1206 cm™ and an intense phosphate peak is found is found at 1037 cm™. The
additional phosphate group bands at 718 cm™. From the results, the IR analysis showed that the synthetic
seashell HA have approximately the same important band regions to the standard hydroxyapatite.

3.2. Estimation of the Chemical Structure

Determination of the chemical composition Silver nitrate solution was added to the prepared nano
hydroxyapatite powder. A yellow precipitate is formed, which indicates that the hydroxyapatite powder is
nanoscale, and this test is evidence of biocompatibility with orthophosphate.

3.3. Histologic Evaluation and Biocompatibility

Histological evaluation and biocompatibility of hydroxyapatite prepared from seashells and compared to the
control group. Histological examination was performed by three examiners in a blinded manner. Histological
examination revealed that all groups showed healing and bone development but with some variation,
examination included description of specimens, assessment of extent of space filling, formation of connective
tissues, osteoclasts, lamellar osseous interconnection and evaluation of newly formed vasculature.

Histological examination after 30 days to examine the site of bone removal showed that there was a high density
of bone material in the group treated with nano-hydroxyapatite prepared from seashells compared to the control.
The bone density was greater when mixing hydroxyapatite prepared from seashells with 1% gold in terms of
increased osteoblasts, also showed a dense amount of granulation tissue, blood vessels and bone marrow
compared with the control group. The sites of the missing bone showed that the defect area was filled with a
substance. The bone is very dense compared to the control group, and the size of the osteoblast is larger than the
control (Figures 3,4, 5 & 6).

The chemical formula of hydroxyapatite is Caio(PO4)s(OH)2, which is the main inorganic component of bones
and teeth in humans (Rahman, 2019) [25] and hydroxyapatite makes up about 70% of the weight of human
bones (Elbasuney) [10]. The prepared synthetic nano-hydroxyapatites are considered as potential biomaterials
for bone tissue engineering applications due to their excellent biological properties.

The present work included the preparation of HAn hydroxyapitate nanoparticles from a cheap source of seashell.
The synthetic HA derived from different raw materials is of paramount importance as it inherits variable
structural and chemical properties (Sundarabharathi et al.) [29]. In this work, there was no sign of an
inflammatory reaction in all the complexes except in the control group. This result can be explained by what was
mentioned by (Nagaraja et al.) [19] that hydroxyapatite constitutes the main inorganic part of the hard tissue due
to its improved osseous properties. By stimulating the activity of osteoclasts and promoting local growth factors,
it therefore improves bone healing (Bayani et al.) [2]. HA contains only calcium and phosphate ions, and
therefore has no harmful local or systemic toxicity and that the high temperature used to prepare HA burns any
organic molecules such as proteins that inhibit immune response and transplant rejection (Dorozhkin,) [8].
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In this work, hydroxyapatite was prepared from seashells, which are considered as a source of calcium carbonate
with phosphoric acid, and then converted to nanoscale. In a simple and cost-effective way, to convert seashell
into a high-value biomedical product from nanoscale hydroxyapatite with its ability to regenerate bones (Usha
and Sudhaparimala) [31]. Where prepared nano hydroxyapatite in the treated group showed good mechanical
properties that support bone repair and grafting until healing occurs that prevents bone fracture compared to the
control group in which animals showed incomplete bone filling, and this may be related to the properties of HA
prepared from The coincidence, which led to an increase in the contact area for bone implants, which enhances
the entry of the prepared nano-hydroxyapatite into the mineral tissues, and this result can be explained by the
opinion mentioned by (Tihan et al.) [30] that the developed hybrid materials containing hydroxyapatite do not
show significant cytotoxicity and support diffusion into the cell Thus, this result holds great promise for
applications in bone tissue engineering.

Infrared spectra analysis is one of the important techniques used to identify and characterize the chemical
composition of compounds. From the results, FTIR analysis showed that nano-hydroxyapatite prepared from
seashells has the same properties as standard HA nano-hydroxyapatite. From the results of the chemical test
carried out we found that the prepared compound contains orthophosphate depending on the yellow color of the
obtained sediment. This may indicate that nano-hydroxyapatite prepared from seashells can be safely used as an
alternative to bone graft.

The nHA prepared from seashells succeeded in replacing the missing bone surgically, and it did not show any
irritation or injury after surgery in all treated groups. These results can be explained that the use of nano-
hydroxyapatite prepared as a bone substitute is useful because it does not cause an immune response and does
not cause irritation and it is non-irritating and inflammatory.

The addition of gold to hydroxyapatite prepared from seashells increased the healing of lost bone, and these
results were in agreement with other findings indicating that gold-containing injectable hydrogels for tissue
regeneration would stimulate bone regeneration and could serve as a biodegradable grafting material to treat a
defect (Li et al.) [16]. After 4 weeks of using the nano-hydroxyapatite prepared from the shell at the site of the
missing bone, new bone formation appeared in the periphery and covered the entire surface of the prepared
nano-hydroxyapatite implant and the entire missing bone was repaired, and this may be related to the bone
conduction properties of the prepared nano-hydroxyapatite implant so that it can adhere to Osteoblast cells and
eventually form new bone, and these results agreed with the results of other studies that showed that the
formation of new bone can be the result of the work of bone marrow from the bone marrow from the ends of the
missing bone (Sharifi et al.) [28]. Furthermore, the lower density scores recorded in the control group could be
explained by the inability and oligodendrocytes, which are activated during slight osteogenic differentiation, to
synthesize and mineralize sufficient bone matrix that can fill the bone defect. Moreover, the lower scores
obtained in terms of signs of remodeling in the control group could be explained by the absence of osteoclasts,
the cells responsible for this bone healing stage (Bigham-Sadegh et al.) [4]. These results confirm the failure of
bone fusion in the control group, in contrast to the group treated with nano-hydroxyapatite prepared from shells.

The results of the histological examination showed the formation of granulation tissue at the site of the missing
bone, and the histological results indicated that the areas of the missing bone in the experimental animals in all
groups showed healing and different amounts of new bone formation by the HA-prepared nanohydroxyapatite.
The surfaces covered with HA hydroxyapatite increase osteoblast cell activity, differentiation, and ossification.
This result can be explained by what the scientists mentioned (Hiratsuka et al.) [14] that the process of bone
formation increases using hydroxyapatite, as it filled the lost bone place with bone material compared to the
control group. This result may be related to HA that promoted bone formation and this result agrees with what
the scientist (Orman et al.) [23], that hydroxyapatite has an ideal pore size and properties that support bone tissue
growth and osteoblast proliferation therefore, it can be a good candidate for clinical applications due to its low
production cost and natural biological origin.

The results of the histological examination of the infiltration of inflammatory cells at the site of the bone defect

were found only in the control group, while there was no infiltration of inflammatory cells in all the
hydroxyapatite groups, whether it was in its normal form or its nano-form mixed with gold. As hydroxyapatite
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has an anti-inflammatory effect, it does not provoke any inflammatory response, and therefore, no excess
inflammatory cells accumulate at the site of the operation. This result can be explained by what the author
Shapovalova et al. [27] reported. The author showed that HA can stimulate the release of anti-inflammatory
cytokines indicating the presence of potential anti-inflammatory properties.

The healing process shows an increase in pre-existing circulating blood vessels that are believed to transport
osteoblasts to the site of the missing bone (Ripszky et al.) [26]. This may be appropriate to the bone which may
lead to the formation of new bone and the remodeling of the newly formed bone. The scientists explained that
the pore size and the porosity of hydroxyapatite play an important role in bone growth, as well as the
proliferation of osteoclasts. Therefore, the nano-shape increased the capacity of the prepared hydroxyapatite
more than its normal form (Gredes et al.) [11].

Histological examination showed in the group in which gold was mixed in a small percentage with
hydroxyapatite prepared from seashell after 30 days after the operation, it filled the defect of the missing bone
and increased bone density more than hydroxyapatite when it was alone, as was found in the histological
examination results for the infiltration of inflammatory cells at the site of the defect. The osteoblasts were only
in the control group, while there was no infiltration of inflammatory cells in all groups of hydroxyapatite alone
or nano-hydroxyapatite with gold. The inability to detect inflammatory cells in the hydroxyapatite nanoparticles
group could be due to the anti-inflammatory effect of the hydroxyapatite and gold used, and this result can be
explained by the opinion mentioned by the scientist (de Aradjo et al.) [7], who said that gold nanoparticles have
analgesic and anti-inflammatory effect.

(A) (B)
Figure (1). (A & B): Preparation of sea shell Hydroxyapatite.
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Figure (2). Chemical structure of hydroxyapatite prepared from seashells by infrared spectrophotometer).

Figure (3). Light micrograph of rabbit’s mandibular bone from control group at 30 days showed newly bone
formation, lamellar bone trabecular &=9). Staining H&E. Magnification 4 X.
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Figure (4). Micrograph of the mandible bones of rabbits from the control group at 30 days’ new bone formation,
lamellar bone (B.L).

Figure (5). Micrograph of the mandible bone of rabbits 30 days after treatment with nano-hydroxyapatite
prepared from seashell showed an increase in connective tissue (DCT), abundance of connective tissue (D.C.T)
and abundance of bone lamella (B.L).
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Figure (6). Light micrograph of rabbit’s mandibular bone of 1% Gold with Seashell nHA group at 30 days
showed space filling with granulation tissue and new bone formation
( —) Staining H&E.

4. Conclusions

We conclude from this study that giving the implant of nano-hydroxyapetite prepared from seashells alone or
mixed with gold has repaired and grafted the bone when used in place of the missing bone in the mandible. The
ability of nano-hydroxyapetite prepared from shells to repair and replace lost bone without any side effects. This
promises to open horizons for doctors and dentists in replacing lost or broken bones in short periods of time and
from natural biological materials. It serves two purposes, the first is the production of osteoblasts in large
quantities and at a low cost, and the second purpose is at the same time preserving the environment by making
use of the marine crustaceans that died in the aquatic and marine environment.

Acknowledgement: The authors are very grateful to the University of Mosul/ College of Dentistry for their
provided facilities, which helped improving the quality of this work.
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