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ABSTRACT
Synthesis and physico—chemical characteristics of B-Tricalcium
Phosphate from abalone shell
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I . Introduction

Modern society has being rapidly moved to aging society by the extension of life
expectancy due to advancing economic development and medical science. For this
reason, elderly patient with requiring dental implant placement caused by various
oral disease have being explosively increased in dentistry. However, for increasing
the success rate of dental implant placement, the recipient site need to sufficient
bone volume and quality [1]. Whereas, patient with requiring dental implant
placement usually have an insufficient bone volume and a low quality bone caused
by exelcymosis, bone resorption, periodontal defects or trauma. Therefore, guided
bone regeneration (GBR) is performed clinically using bone grafting materials for

increasing the volume and quality of bone at the recipient site [2-4].

Presently, bone graft materials are classified as four divisions according to the
its basic compounds : autogenous, allograft, alloplast, and xenograft. The ideal bone
graft materials has always been autogenous bone, which is derived from the
individual for whom the bone graft is intended. Even though autogenous bone can
permit the excellent predictability and have osteogenesis, osteoinduction, and
osteoconduction with bio—compatability and biological safety, it need to harvest
from the surgical patient from whom a second surgical wound site must be used.
[65-7]. Although autologous bone graft have a major disadvantage, it offers the
promise of high levels of success while avoiding the possibilities of antigenicity
[8-12]. Allografts are tissues taken from individuals of the same species as the
hosts. A major advantage of allograft is that the materials can without the
requirement of a secondary surgery to harvest the bone at other site. While,
disadvantages are that the materials prepared from cadaver or donor have a
cultural taboos, social ethics, and antigenicity [13-19]. Xenografts are derived from

other species. It is need to totally remove the their organic components to avoid

_1_
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the immunological reactions becomes nonexistent. Because the inorganic materials
maintains the physiological dimension of the augmentation during the remodeling
phases. Therefore, alloplastic bone graft materials guaranteed with biological safety
have became noted [20-22]. Alloplasts are synthetic bone graft materials which
contribute to the repair of defective bone and to the enhancement of bone ingrowth
[23, 24]. Today, with the use of synthetic bone graft materials composed of
bioceramic tricalcium phosphate and hydroxyapatitie, it is possible to enhance the
volume, width, and height of bone in deficient areas to regenerate the bone

supporting implant replacement [25-28].

Calcium phosphates have been evaluated as potential materials for bone tissue
engineering. Calcium phosphate materials are similar to bone in composition and
have bioactive and osteocondutive properties. Calcium phosphate materials show a
positive interaction with living tissue, which includes the differentiation of immature
cells towards bone cells [29, 30]. Tricalcium phosphate exists in many polymorphs
(a, B, ¥y, and super-a) [31]. Only two polymorphs (a and B) are used as
biomaterials [32]. These phases have attracted considerable attention and a range of
bone graft materials have been manufactured and used widely in clinical practice.
The advantages of calcium phosphates are they can be injected directly into a bone
defect and set in situ. In addition, they are biocompatible and resorbable [33, 34].
Among these materials, the most prevalent is over come. B-TCP has the properties
of high biocompatibility an osteoconductivity [35, 36]. because of these features, P

-TCP leads to bone apposition in the areas contacting with the material [37].

Although various kinds of synthetic bone grafting materials based on B-TCP has
been developed for using the GBR, but these have a highly expensive due to the
complicated synthesis process. Therefore, an economic and efficient synthesis of 3

-TCP process should be developed.

_2_
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Recently, biocompatible B-TCP powders was synthesized from natural materials,
such as eggshells, cuttlefish bone and oyster shell [38]. But, it is difficult to be
recycled and these shells contain mass protein. Contrary, abalone shells were easy
to recycled because of the vast majority of them are discarede as rubbish. And
then, abalone shells contain very little of protein. So that, it is easily synthesis to
high purity of biocompatible source as CaCos for synthesize high purity of B-TCP
powders. On the other hand, many studies used complex process, high level
concentration and several kind of acid to reaction for synthesize B-TCP. However,
In this study, during the synthesize B-TCP based on the abalone shell processes
were only using CO: immit method, 1096 phosphor acid to phosphor reaction and
sintering process. These development of processing technology could be increase of

biocompatible and biological safety of B—-TCP synthesized from abalone shell.

Although abalone shells largely consist of nacre which is a composite structure
conposed of aragonitic calicum carbonate, but it is regarded as an industrial waste
due to its excellent bulk mechanical properties more than other shells. But, abalone
shell is exceptionally strong and is comprised of microscopic calcium carbonate tiles
stacked like bricks. A large number of abalone had used in several industries. The
meat (foot muscle) of abalone is used for food, and the shell is used as decorative
items and as a source of jewelry, buttons, buckles and inlays, but the wvast
majority of them are discarded as rubbish and are environmental pollutants [39].
Every year, the tipping fees for the proper disposal of waste abalone shell are
particularly high. Therefore, industries related with abalone farm need to develop
the processing technology for preventing the marine pollution caused by the waste
of abalone shell and for creating the high value added product based on the

abalone shell.

_3_
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The aim of this study was to develop the processing technique to synthesis the
biocompatible bioceramic B-TCP from abalone shell and to evaluate the
physico-chemical characteristics of B-TCP synthesized from abalone shell. In this
study, the experiment conformed to the Ministry of Food and Drug Safety, (MFDS)
and National Institute of Food and Drug Safety Evaluation, (NiFDS) furnished

guidelines for an evaluation of the biological and physicochemical characteristics.
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2CaHPO4++Ca0
—Cas(PO4)2+ 2H20
Sintering by an electric
furnace at 1050 Cfor 1 hr

CaCO3 +HsPO4+—
S . CaHPOs+H20+CO:2
Dry and grind (10% Phosphoric acid ), pH=6

!

Abalone shells powder

uonnjos {HO)ED

The turbid liquid is CaCOs
(pH=7.4)

1

Ca0+H,0—Ca(0OH),
CO2+Ca(OH): — CaCOs+H:20

Size dimension < 53 pm

Figure 1. Schematic diagram of B-TCP synthesized from abalone shell
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Io. MATERIALS AND METHODS

II-A. Materials

Abalone shells (WD, Republic of Korea) was used in this study were collected
the near ocean of wando, Republic of Korea. As the control ceramics, Calcium
oxide (CaO) were purchased from DaeJung Co. (DG, Republic of Korea). Calcium
carbonate (CaCQOs were purchased from Sigma-aldrich Co. (MO, USA). Dicalcium
phosphate (DCP, CaHPO,) and B-TCP (Ca3(PO4)2, ASSAY min. 99.9%) were
purchased from OssGen (GB, Republic of Korea) and Georgiachem (Atlanta, GA,

USA), respectively.

For the analysis of cell viability and survival, Human MG-63 osteosarcoma cells
was purchased from Korea cell line bank (KCLB, Seoul, Republic of Korea), and
human normal oral keratinocytes (hNOKs) was purchased from ScienCell Reseach
Laboratories (Carlsbad, CA, USA). Fetal bovine serum (FBS), Dulbecco’s
phosphate-buffered saline (DPBS), Dulbecco’s modifed Eagles’ medium (DMEM),
penicillin, and streptomycin were purchased from Gibco (NY, USA). MTT (3-(4,
5-dimethylthiazol-2-y1)-2, 5-diphenyl tetrazolium bromide) and dimethylsulfoxide
(DMSO) were purchased from Sigma-aldrich Co. (MO, USA). 4'6'-diamidino-2-
phenylindole dihydrochloride (DAPI) and LIVE/DEAD® Reduced Biohazard Cell

Viahility Kit were purchased from Invitrogen (NY, USA).

_6_
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II-B. The process of B-TCP synthesized from abalone
shell

The processing steps to synthesize the B-TCP from abalone shells were briefly

described in Fig. 1.

II-B-1. Preparation of abalone shell to synthesize

calcium oxide

As the washing step to synthesize the calcium oxide, contaminants attached on
the balone shells were removed by distilled water in Ultrasonicator (KODO,
JAC-4020, Republic of Korea) for 30 min at room temperature an repeated this step
five times. Sequentially, abalone shells were incubated in gydrogen peroxied
hydrogen peroxide (Duksan, Republic of Korea) in an ultrasonicator for 100 min fo
remove the remained contaminants and to sterilze. The abalone shells were washed
by distilled water using an ultrasonicator for 100 min. Finally, the abalone shells

were dried at room temperature for 2 days.

II -B-2. Synthesis of Calcium oxide from abalone shell

Completely dried abalone shells were pulverized using a powder in a blender. To
synthesize the calcium oxide, pulverized abalone shells were sintered by an electric

furnace at 950C (the temperature was increased 100C/hr) for 3 hr. After sintering,

_7_
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residue with » 53 um particle size were collected by fine silt. Sequentially, purity
and synthetic rate of calcium oxide from abalone shell were evaluated by FT-IR

and XRD analysis

II-B-3. Synthesis of Calcium carbonate from calcium

oxide derived from abalone shell

Calcium oxide derived from abalone shell was dissolved in deionized water by
stirring with a magnetic bar at 250 rpm. After calcium oxide was completely
safurated as calcium hydroxide (Ca(OH);), the CO., gas was infused into the
Ca(OH)z solution by pH 7.4.

CaO + H:O — Ca(OH)2
Ca(OH)z + COz — CaCOs

Produced residues products were rinsed three times by distilled water to remove
the impurities, filtered through filter paper, and dried in dry oven controlled at 70C
for 24 hr. Sequentially, purity and synthetic rate of calcium hydroxide from abalone

shell were evaluated by FT-IR and XRD analysis

I -B-4. Synthesis of Dicalcium phosphate (DCP)

Calcium carbonate was dissolved in deionized water by stirring with a magnetic
bar at 200 rpm. After stirring, a 10% phosphoric acid was added drop-wisely to

into calcium carbonate dolution by pH 6.0.

_8_
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CaC03 + H3P04 — CaHPOs + H.O + CO,

Produced residues products were rinsed three times by distilled water to remove
the impurities, filtered through filter paper, and dried in dry oven controlled at 70C
for 24 hr. Sequentially, purity and synthetic rate of DCP from abalone shell were
evaluated by FT-IR and XRD analysis.

I -B-5. Synthesis the TCP from DCP

Synthesized DCP was dissolved in deionized water by stirred with a magnetic
bar at 200 rpm. After stirring, the CaO was added drop-wisely into the DCP

solution to synthesize the TCP.

2CaHPO, + CaO — Ca3(PO4)2 + 2H,O

The impurities were removed by filtration and rinsing several times with
deionized water. The suspension was filtered and then dried in dry oven controlled
at 70C for 24 hr. Remain residues were sintered by an electric furnace (MF-22G,
JEIO TECH) at 950C ~ 1100C (the temperature was increased by 100C/hr) for 3
hr to synthesize the B-TCP. Sequentially, purity and synthetic rate of B-TCP from

abalone shell were evaluated by FT-IR and XRD analysis.
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II -B-6. Physical and Chemical analysis of synthesized B
-TCP from abalone shell

The morphology was observed by scanning electron microscopy (SEM; JSM
840-A, JEOL co. Japan). The chemical characteristics were measured by
Fourier-transform infrared (FT-IR; Nicolet 6700, Thermo Electron, USA)
spectroscopy. The crystal structure of the materials was determined by X-ray
diffraction (XRD, X'Pert PRO MRD, PAN alytical co. The Netherlands) using Cuka
radiation produced at 40 kV and 30 mA. The patterns were scanned from 10° ~ 60°
26 at a scan rate of 2° per minute with a step size of 0.05°. The Ca/P ratio was
examined by energy dispersive X-ray (EDS, XS-169, Japan) spectrometry. The
physical and chemical characteristics of the synthesized materials were analyzed

according to the MFDS (the Ministry of Food and Drug Safety) guidelines.

_10_
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I -C The biological safety assessment

I-C-1. Cell viability (MTT assay)

Human MG-63 osteosarcoma cells (KCLB, Korea cell line bank, Seoul, Republic
of Korea) and human normal oral keratinocytes (hNOKs) were cultured in DMEM
medium supplemented with 10% FBS and 1% penicillin/streptomycin in humidified
atmosphere containing 5% CO; at 37C. The cell viability was assessed using a
MTT (3-(4, 5-dimethylthiazol-2-y1)-2, 5-diphenyl tetrazolium bromide) assay.

The control B-TCP and abalone shell B-TCP were released in 10% FBS solution
for 3 times at 72 hr. Thereafter, 20 pL of solution was added to 1 mL culture
medium to each well and the incubated at 37°C for 4 hr. Afterthat, 200 pL
dimethylsulfoxide (DMSO) was added after supernatant medium was removed.
Finally, solution was transferred into the 96-well plate and the absorbency value
was recorded 540 nm (Epoch Micro-volume Spectrophotometer System, BioTek,

VT, USA).

I -C-2. Cell survival assay

The cell attachment of the control B-TCP and abalone shell B-TCP was
assessed using a modified 4'6’-diamidino—2-phenylindole dihydrochloride (DAPI)
stain and live and dead cell viability assay. 25 mg of the control B-TCP and
abalone shell B-TCP were add to a 24-well, respectively, which was followed

by the addition of human MG-63 cells and human normal oral keratinocytes

_11_
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(hNOKs). Finally, 5 x 10° of the cells was added to the 24-well plate in a

humidified at mosphere containing 5% CO: at 37TC.

For the DAPI stain experiment, the cells were washed twice with 1X
Dulbecco’s phosphate-buffered saline (DPBS) after removing the supernatant
medium. The fixation solution was 4% paraformaldehyde at 15 min. The cell
attachment morphology was observed by fluorescence microscopy (Eclipse
TE200; Nikon Instruments, NY, USA) after washing twice with a DPBS

solution.

LIVE/DEAD® Reduced Biohazard Cell Viability Kit (Invitrogen, NY, USA)

was used according to the manufacturer’s protocol.

_12_
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IMI. Results

IMM-A. Optimize sintering temperature to synthesize the

CaO from abalone shell

To identify the optimize sintering temperature to synthesize the CaO. The CaO,
paralited abalone cells were sintered by an electric funace at 900C, 950C and 100
07C, respectively. After sintering at different temperature synthesized residues were

performed FT-IR to verify the CaO synthesis from abalone shells.

As shown in Fig. 2, FT-IR analysis of the residues sintered at 900C, 950C and
1000C showed a sharp band at 3656 cm-!, two broad weak bands centered at
approximately 3822 and 3388 cm !, a medium doublet centered at around 1444 cm-!,
and a very strong absorption below 600 cm-!. Especially, Fig. 2B shows that all
the absorptions displayed for CaO are similar to those exhibited by commerial CaO.
Ca0O has a broad band between 250 and 600 cm ' corresponding to the stretching
vibration of the Ca-O group. These data is indicating that optimize sintering

condition to synthesize CaO form for abalone shell is sintered at 950C for 3 hr.

_13_
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Figure 2. Identification of optimal temperature to synthesize CaO from
abalone shell. Each residues synthesized at different temperature were performed
the FT-IR analysis to verity the synthesis of CaO from abalone shell. (a)
commercial CaO, abalone shell sintered at (b) 900C, (c) 950C and (d) 1000C. As
shown the Fig. 2, sintered at 950C seemed to the most similar peak compared
with control Cao. Black arrow indicate the matching pick compared with

commercial CaO used as control.
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II-B. The synthesis of CaCO3; from abalone shell-derived

CaO using CO2 immit method

To evaluate the synthesis of CaCOs from abalone shell-derived CaO, residues
synthesized by modified CO; immit method were performed FT-IR analysis. As
shown in Fig. 3, the integrated carbonate bands between 2646 — 2423 cm-!, 1833 -
782 cm-!' and 930 - 730 cm-!. The fraction of CaCOs present by integrating the
bands at various wave numbers relative to the intensity in the same region of the
spectrum of the commercial CaCOs; used as control. Therefore, this data is
demonstrated that, CaCOs; was successfully synthesized from abalone shell-derived

Ca0 by CO, immit method
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Figure 3. FT-IR analysis to verify the synthesis of CaCQs from abalone

shell-derived CaO by CO; gas-infusing. Synthesized residues were performed

FT-IR analysis, andthen compared with commercial CaCO3; used as control to verify
the synthesis of CaCOs (a) commercial CaCOs, (b) CaCOs synthesized from abalone
shell. As shown the Fig. 3, two peaks showed a similar tendency. Black arrow

indicate the matching pick compared with commercial CaCOs; used as control.
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II-C. Identification of optimize pH to synthesize the DCP

from abalone shell-derived CaCOQOjs

The solution pH is very important for chemical reactions. Therefore, to identify
the optimal pH fro synthesis of DCP from abalone shell-derived CaCOs; The
solution of calcium hydroxide was reacted with pH 6.02, pH 6.93 and pH 7.95
adjusted by 109 phosphoric acid. After reaction, each synthesized residues were
performed FT-IR analysis and commercial DCP used as control ro identify the
synthesis of DCP from abalone shell derived CaCO; As shown in Fig. 4, the pick
of residue synthesized at pH 6.02 was completely mach with that of commercial
DCP used as control. Our data are demonstratively that high purity of DCP was
synthesized from abalone shell derived CaCOs; by the reaction with phosphoric acid

at pH 60.2.
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Figure 4. FT-IR analysis of DCP obtained at different pH to determine a
valid pH. (a) commercial DCP, (b) DCP synthesized at pH 6.02, (c) DCP at pH
6.93 and (d) DCP synthesized at pH 7.95.
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Figure 5. XRD analysis of DCP synthesized at 6.02 pH compared with
control DCP. (a), the first peak was not observed in the control. (b), was
observed at same position but with different heights. The other peaks were almost
identical. These peaks indicated low crystallinity, similar to that of biological

control DCP. The well defined peaks were assigned to the DCP substrate.
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IM-D. Synthesis of B-TCP from abalone shell-derived
DCP

The molar number of CaO needed to reaction a certain amount of DCP to
become TCP, calculated with the chemical reaction formular, and then sintering at
different temperature for synthesized B-TCP measured by FT-IR analysis.

To verify the optimize sintering temperature for the synthesis of B-TCP, abalone
shell-derived DCP was tintered at different temperature (950°C, 1000, 1050C and
1100C) with CaO by an electric furnace.

FT-IR spectrum of residues calcined at different temperature was obtained in the
range of 400 - 4000 cm'. The FT-IR spectrum for the powders at various
calcination temperature was shown in (Fig. 6). The peaks at 1030 and 570 cm !
which attributed to PO, °, indicating the presence of B-TCP phases. The C-O
vibration in COs; * vibration band disappeared and the septrum obtained was
charcteristic of B-TCP. Fig. 7, shows XRD patterns of B-TCP synthesized by
sintering at 1050C. The XRD patterns B-TCP revealed three unknown peaks after
sintering at 1050C. The other peaks were almost identical. The B-TCP was
synthesized successfully at 1050C. Determination of B-TCP synthesized from
abalone shell by the Korea Institute of Ceramic Engineering and Technology

(Seoul, Republic of Korea) measured by XRD (Fig. 8).
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Figure 8. Reaffirmed of B-TCP synthesized from abalone shell by the Korea
Institute of Ceramic Engineering and Technology (Seoul, Republic of Korea)

measured by XRD.
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M-E. SEM images and EDS analysis of the B-TCP

synthesized from abalone shell

After sintering at 1050C, the surface appearance of a PB-TCP sheet after
sintering was observed by SEM at an acceleration voltage of 5.5 kV (Fig. 9). SEM
revealed the B-TCP synthesized from abalone shell to have a flaky sheet
morphology with a sheet size in the range of 20 - 40 pm. EDS was used for
elemental analysis of the powder at a calcination temperature of 1050C. EDS
confirmed the presence of B-TCP, as shown in Fig. 10. Elemental analysis revealed
O, P and Ca for calcium phosphates and confirming the purity of the sheet. EDS

showed similar result to pure B-TCP, which was produced at 1050C.
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Figrue 9. SEM images showing surface appearance of B-TCP sheets. (A)
1000 x, (B) 3000 x, (C) 10000 x. The synthesized B-TCP sheets size average was
approximately 200 um.
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Figrue 10. EDS analysis of B-TCP synthesized from abalone shell. The [
-TCP synthesized form abalone shell, the calcium to phosphorus ratio (Ca/P ratio)

is 1.91.
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IMM-F. The cell cytotoxicity of B-TCP synthesized from

abalone shell

The cell viability as one of biocompatibility assay by MTT assay. The eluents
prepared by each eluents fo abalone shell-derived B-TCP did not affect the
viability of hNOKs cells in presence or absence of serum. Furthermore, each

eluents of abalone shell-derived B-TCP did not affect the viability of MG-63 cells.

There data are demonstrated that, abalone shell-derived B-TCP have a bilogical

safety as the bioceramic to implant into body.
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Figrue 11. Cell viability of B-TCP synthesized from abalone shell. Effluents

of the control B-TCP and abalone shell B-TCP for measuring the cell cytotoxicity

were prepared according to the guidelines provided by the Ministry of Food and

Drug Safety (MFDS), Republic of Korea. a, HNOKs cultured in medium without
10% FBS, b HNOKSs cultured in medium without 109 FBS. ¢ MG-63 cell culrutred
in medium without 10% FBS, d MG-63 cell cultured in medium without 10% FBS.
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IM-G. Cell survival assay

To confirm the cell viability of abalone shell-derived B-TCP, we performed a cell
survival assay to visualized both DAPI stain assay. As shown in Figure 12 (a), the
commercial B-TCP as a control and abalone shell-derived B-TCP did not affect
the cell survival on the MG-63 cells and hNOKs used as the normal cells.

Cell live and dead assay was performed to visualize the live (stained by green
fluorescence) and dead cells (stained by red fluorescence) stained with green
calcein AM and etidium bromide homodimer 1, respectively. As shown in Figure 12
(b), Both the MG-63 cells and hNOKs stimulated with the commercial B-TCP and
abalone shell-derived B-TCP were stained green through the cleavage of the
membrane permeable calcein AM by the cytosolic esterase in living cells.
Otherwise, both the populations of MG-63 cells and hNOKs did not observed to
stained red by ethidum bromide homodimer. These data demonstrated that abalone
shell B-TCP was used in the manufacture as biocompatible material for bone

grafting.
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Figure 12. Comparison of cell survival between commercial B-TCP used as
control B-TCP synthesized from abalone shell. Cell survival was performed by
nuclear staining using DAPI (a) and Cell LIVE & DEAD assay (b). Life cells

staining as green color, dead cells staining as red color.
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IV. DISCUSSION

The biological mechanisms that provide a rationale for bone grafting are
osteoconduction, osteoinduction and osteogenesis. Osteoconduction occurs when
the bone graft material serves as a scaffold for new bone growth that is
perpetuated by the native bone. Osteoinduction involves the stimulation of
osteoprogenitor cells to differentiate into osteoblasts, which then begin new
bone formation. Osteogenesis occurs when vital osteoblasts originating from the
bone graft material contribute to new bone growth along with the bone growth

generated via the other two mechanisms [40].

In thermal decomposition, amorphous calcium phosphate (ACP) or -calcium
deficient HA, which is obtained under neutral or acid conditions, is used for
preparation. In the phosphorylated process, control by rigorous add phosphoric acid
and the correct potential of hydrogen is used to synthesize pure TCP. Three
polymorphs of TCP can be produced according to the sintering temperature:
low—-temperature B-TCP, and two high-temperature forms, a-TCP and a-TCP. The
last one has no practical use because it only exists at temperatures >1430C and
reverts almost instantaneously to a-TCP upon cooling below the transition
temperature. In contrast, B-TCP is stable at room temperature and transforms
irreversibly to a-TCP at ~ 1125C, which can be retained during cooling to room
temperature [41-45]. Therefore, strict control of the sintering temperature is needed.
Throughout the synthesis processes, each process to determine a valid sintering
temperature. As results, a valid sintering temperature of CaO and B-TCP were 95

0C and 1050C.

Bone graft materials such as B-TCP has been shown to conduct osteoblastic
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differentiation and proliferation of bone marrow mesenchymal stem cells [44].
Calcium phosphate materials have been used increasingly in the past 40 years as
bone graft substitutes in the dental and orthopedic fields. B-TCP powder was
synthesized by using natural materials such as eggshells, cuttlefish bone and lyster
shell had already studied. But, it is difficult to be recycled and these shells contain
mass protein. Contrary, abalone shells were easy to recycled because of the vast
majority of them are discarded as rubbish. And then, abalone shells contain very
little of protein. So that, it is easily synthesis to high purity of biocompatible sorce

as CaCos,

In this study, the synthesis behavior was dependent on the phosophoric acid, and
the temperature for synthesis. The abalone shell powder was easily turned to CaO
by sintering at 950C temperature. There are two major distinct phases of
tricalcium phophate crystals: a-TCP and B-TCP. In spite of their similar chemical
composition, their differet crystallographic features result in different resorption
patterns. The a—-TCP is obtained by heating above 1170C and is more soluble than
B-TCP. In addition, B-TCP is more stable at room temperature than a-TCP, it
presents higher solubility than HA and, consequently, can be degraded faster in the

body, allowing a desirable gradual replacement by the newly formed bone [46-48&].

Studies concerning B-TCP efficiency as a bone graft were already conducted. In
vivo studies with B-TCP implanted in the rat femoral condyle were conducted by
Kondo, et al., are repoted that B-TCP has a good biocompatibility, sinc both
bioresorption and bone formation started at an early phase after implantation [49].
Furthermore, shiratori, et al., are report that also B-TCP an osteoconductive
biomaterial, based on the histological and molecular fidings of bone tissue

withdrawn from bone defects in rat femurs previously implanted with B-TCP
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granules [50, 51]. In this context, the present work showed the synthesis B-TCP
from natural material such as abalone shell. A biomaterial aiming to associate the

osteoconductivity of B-TCP.

However, before performing in vivo studies on the impact of such material in
bone tissue therapy, an in vitro evalution of cytocompatibility should be conduted.
The FT-IR spectra exhibit the characteristic bands of CaO, CaCOs and DCP and 8
-TCP, at testing the accuracy of the biomaterial synthesis [52-54]. Lima,et al., are
report that, assessed the number of biable balb/c3T3 fibroblasts after exposure to
several metal-modified apatite extracts for 24 hr and concluded the cells respond to
the metal that substitutes Ca or phosphate ions in the crystal lattice of HA. For
that reson, soluble biomaterials such as metallic ion-substituted calcium phospates
must be evaluated in terms of their cytocompatibility before clinical use. The CaO,
CaCOs, DCP and B-TCP synthesized from abalone shell of analysis the structure
and morphology measured by SEM and XRD to determine. The MTT assay result
shows that PB-TCP are cytocompatible. Concerning the MTT assay result,
considerable cell density was observed in the cells cultivated with effluents of

control B-TCP and abalone shell 3-TCP.

Comparison of cell survival cultured in control B-TCP and abalone shell B-TCP
medium confirmed by DAPI staining and Cell Live & Dead assay. Assessment of
cell survival in the samples used MG-63 and hNOKSs cells. DAPI is a fluorescent
stain that binds strong to A-T rich regions in DNA. It is used extensively in
fluorescence microscopy. DAPI can pass through an intact cell membrane therfore
it can be used to stain both live and fixed cells, though it passed through the

membtane less efficiently in live cells and therefore the effectiveness of the stain is
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lower. As the result, a majority of MG-63 and hNOKs cells were observed with
blue—fluorescent. The Live & Dead assay stain solution is a mixture of two highly
fluorescent dyes that differentially label live and dead cells. The live cell dye labels
intact, viable cells green. The dye is membrane permeant and non-fluorescent
until ubiquitous intracellular esterases remove the ester groups and render the
molecule fluorescent. The dead cell dye labels the cells with a compromised
plasma membrane red. This i1s membrane-mpermeant and binds to DNA with

high affinity.

As shown in Fig. 12a, when cells die, their nuclei size decreases, which 1is
shown as a higher intensity of DAPI from dead cells. Viable cells have very round
and clear nuclei, whereas dead cells have smaller, condensed, cut or chopped nuclei.
The control B-TCP and abalone shell B-TCP were the same as the control group.
The live & dead viability/ cytotoxicity assay provided a two-color fluorescence cell
viability assay based on the simultaneous determination of live and dead cells with
two probes that measure the recognized parameters of cell viability intracellular
esterase activity and plasma membrane integrity. As shown in Fig. 12b, the MG-63
and hNOKs cells in each group exhibited high cell viability and survival. Most of

the cells were alive with almost no dead cells observed.

At present, many other studies have confirmed that biocompatible B-TCP was
successfully synthesized by using natural materials such as eggshell and cuttlefish
bone and oyster shell [55, 56]. However, many studies used complex process, high
level concentration and several kind of acid to reaction. In this study, the basic
raw material was used natural material as abalone shell for synthesized B-TCP.
Afterwards, the abalone shell powder was easily turned to CaO By sintering

process. The synthesis CaCOs was using CO: immit method. A phosphoric acid
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was used as source of phosphor for the synthesis process. Therefore, the method
of synthesized B-TCP from abalone shell was only using phosphoric acid and
sintering process. As the FT-IR and XRD analysis results, the materials

composition and crystalline were confirmed.

Finally, the beta tricalcium phosphate (B-TCP) synthesized by abalone shell are
expected to a biocompatible material and mass product may be possible in the low

cost and simple process.
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