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Abstract
Introduction: Crab shell (Portunus pelagicus) has the potential to be a source of
hydroxyapatite biomaterials that used as bone grafts. Before clinical application, crab shell
graft should be tested for its biocompatibility in vitro on human gingival fibroblast. Objective:
This study aimed to determine the biocompatibility of Portunus pelagicus hydroxyapatite
graft on human gingival fibroblast cell culture. Methods: Human gingival fibroblast cell
cultures were divided into control group and treatment group with the addition of
hydroxyapatite graft powder from Portunus pelagicus at a concentration of 100 ppm, 50 ppm,
and 25 ppm. The synthesis process of hydroxyapatite was conducted by heating at 1000°C
then characterizing the compound with SEM-EDX. All samples were incubated in α-MEM
medium, then were given MTT material. The cultures on the plate were examined using
ELISA reader. The results were analyzed using a Oneway Anova. Results: The percentage of
living cells throughout all treatment group shown results that exceeded the LD50 parameter.
The highest percentage of living cells was at 25 ppm concentration group. Conclusion: The
hydroxyapatite graft powder from crab shells is biocompatible with human gingival fibroblast
cell culture.
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1. Introduction

The development of science and technology is not guaranteed the tooth resistance

against disease or trauma completely, so there are still many cases of tooth loss. When

tooth loss occurs, bone volume will decrease. Bone resorption due to tooth extraction

may cause a problem in prosthodontics because it may lead to poor results of long-term

treatment (1). Within 6 months, bone resorption occurs as much as 1.5-2 mm in vertical

direction and 40%-50% in horizontal direction, and most cases occur in the first three

months. If the treatment is not taken, the bone resorption can reach 40-60% of bone

ridge volume in the first three years (2).

At present-day, there are various types of materials and techniques used for bone

resorption treatment, including bone graft material, usage of guided tissue regeneration,

application of growth factors to stimulate bone regeneration (3). Bone graft is used as

scaffolds, matrix attachment and proliferation osteoblast (4). Bone graft material must

have a biocompatibility property with living tissue, profitable for osteoconduction,

osteoinduction and has ability to support new bone formation. Graft biocompatibility is

very crucial in order to prevent rejection by the host and not toxic to the body (5, 6).

The most ideal bone graft to use is an autograft that derived from the patient's own

body. However, sometimes the process is not able to support, so that autograft is

developed to allograft material. Yet, allografts often transmit infectious diseases,

especially HIV and for that reason allograft is developed to xenograft material. The

most commonly used xenograft is from bovine, but transmission of bovine spongiform

encephalitis (BSE) is commonly occur. Various type of synthetic bone grafts was

developed to minimize the risk of transmitting disease. Ideal conditions that need to be

fulfilled by synthetic bone grafts are biocompatible, profitable for osteoconduction,



osteoinduction and osteogenesis. Those three mechanisms are the most important for

resorbable biomaterials that support tissue growth (6). However, alloplast particles

cannot be counted on the site at the location of the embedded graft so that bone

formation cannot be determined (7).

One type of bone graft, namely hydroxyapatite graft which can be produced from

coral reef skeletons, bovine bones, chicken claws, shellfish shells and human cancellous

bones (8). In Indonesia, natural raw materials, especially those derived from marine

biota are easily found, relatively low-cost and the production process is simple. Among

these raw materials are crab shells (Portunus pelagicus) which are uncommonly used,

even turned into waste (9).

A crab shell contains large amounts of calcium carbonate, about 40% - 70% (9).

Calcium carbonate is source of calcium that can be used as synthesis material of

hydroxyapatite. Apatite crystals contain many carbon groups in carbonate shapes.

Hydroxyapatite is a stable apatite crystal and implanted as bone replacement or filler.

Hydroxyapatite biomaterials consist of bioactive components that are compatible with

bones and teeth. This supports the use of crab shells as bone replacement alternative

biomaterial based on the chemical composition. In addition, the development of crab

shells as hydroxyapatite graft has not been carried out further and still requires

biocompatibility test to be used on a wide scale (10).

In performing in vitro test of a new materials, fibroblasts are used. Fibroblasts are

connective tissue cells that function as defense because they are able to differentiate as

odontoblast and osteoblast cells and produce collagen fibers in healing process. The

ability to grow fast in tissues and be able to live solitary is the reason why fibroblast

cells are easily cultured into cell subjects (11). The biocompatibility test of



hydroxyapatite graft produced from crab shells on human gingival fibroblast (HGF) cell

cultures is required to determine whether the graft is ideal to be applied to the bone.

2. Materials and Methods

This is an experimental laboratory research with post-test only control group

design. The treatment was carried out by giving hydroxyapatite graft powder from crab

shell (Portunus pelagicus) on HGF cell culture. This study used 5 samples for each

treatment group, those include the addition of hydroxyapatite graft crab shell at

concentration of 100 ppm, 50 ppm and 25 ppm as well as cell control group and media

control of 5 samples respectively. The sampling technique used is simple random

sampling.

Processing of crab shells (Portunus pelagicus) for the synthesis of

hydroxyapatite graft conducted at the Center for Biomaterials of Dr. Soetomo General

National Hospital Surabaya. It was began by the washing process of crab shells using

distilled water, chlorine and H2O2 then continued with the heating process of crab shells

using furnace at 1000°C for 2 hours. Powder sifting process was performed with sifting

machine until the particle size was less than 155µm and continued with the

characterization of hydroxyapatite compounds using SEM-EDX.

The in vitro study was conducted at Stem Cell Research Development Center of

Universitas Airlangga Surabaya. The isolation process of Human Gingival Fibroblast

(HGF) cells was conducted from healthy gingival samples patients aged less than 30

years old. HGF cells are processed by splitting process which aim to multiply cells and

replace α-MEM media. Before the treatment phase, cell preparations are processed by

doing washing for several times using trypsin enzymes and α-MEM. Cells were divided



into 96-well microplate as much as 100 µl with density 3-5x103 and incubated for 24

hours at 37°C.

Hydroxyapatite graft powder was diluted with α-MEM media according to the

concentration dose, at 100 ppm, 50 ppm and 25 ppm. Each of 5 samples were dripped

by hydroxyapatite graft crab shell at concentration of 100 ppm, 50 ppm and 25 ppm.

Incubation was carried out for 24 hours then microscopic observation was performed to

observe whether cytotoxic effects had occurred. 25µl of MTT was dripped, incubated,

then dripped with 10µl of DMSO. The results were analyzed with ELISA reader with

wavelength of 620 nm and viability of fibroblast living cells were calculated. The data

obtained were tested by Oneway Anova and Post-hoc Tukey HSD.

3. Results

The results of SEM micrograph was shown on Figure 1. It showed fineness and

homogenity of hydroxyapatite structure. The analysis of the element characerization of

the hidroxyapatite graft, the EDX test was conducted and the result shown in Figure 2.

The analysis then described in table 1 and showed that the dominant atom in

hydroxiapatite graft derived from Portunus pelagicus was O followed by Ca and P.

Optical density (OD) value of formazan hydroxyapatite graft powder from

Portunus pelagicus was measured using spectrophotometer. The mean value of

formazan optical density in 5 samples for each treatment group and percentage of living

cells can be seen in Table 2. From the result of MTT assay, it indicated that the

treatment at concentrations of 100 ppm and 50 ppm is capable to reduce the number of

living cells to a certain extent. The results will be analyzed using the LD50 parameter to



assess the biocompatibility of hydroxyapatite graft powder from crab shells from the

entire concentration group.

Kolmogorov-Smirnov test results showed that all groups have a normality

probability value greater than 0.05 (p> 0.05) which means that the data was normally

distributed. Data analysis was continued by testing the sample variance homogeneity

using Levene's test. The homogeneity test results indicated the significance value of

0.987 which means the data was homogeneous (p > 0.05). Data was normally

distributed and homogeneous so the data needs to be tested using the Oneway Anova

test with Post-Hoc Tukey HSD. Oneway Anova test was conducted to find out the

overall difference in the sample group. From the test results shown the value of sig. =

0.752 which means there is no significant difference in the whole group because it had

not met the sig requirements (p <0.05).

4. Discussion

Bone graft is a material for bone resorption treatment. One type of bone graft is

hydroxyapatite graft, which can be produced from marine biota (8). Crab shell has

potential to be source of hydroxyapatite biomaterials that used as bone grafts. Before

clinical application, crab shell graft should be tested for its biocompatibility in vitro on

human gingival fibroblast (HGF) cell cultures which grown on the media. HGF cells

can grow easily and have high sensitivity compared to other fibroblast cells. HGF cell

cultures was selected because it derived from humans therefore the results are expected

to represent material toxicity to human cells (12).

Previous studies by Raya et al. (2015) suggest that CaCO3 content inside shell

material is on average 40-70% and varies depending on the species. From these data, it



can be proved that the crab shell (Portunus pelagicus) is a good source for

hydroxyapatite because of high Ca content more than 50%. According to Kartono et al.

(2014), apatite crystals contain many carbon groups in carbonate shape (13).

Generally, hydroxyapatite is synthesized in powder shape, thus when observed

visually the sample shape is appeared composed of fine granules. With observations

using SEM (Scanning electron microscopy), it can be observed the sample morphology

and the granules appeared more prominent in shape. The powder particles of sample

elements are not completely rounded, but the particles shape varies and resembles the

shape crystal. In addition, observations showed that the hydroxyapatite structure had a

smooth surface and low porosity (9). The composition and distance of particle as

element of the powder sample are quite regular. Moreover, hydroxyapatite size tends to

be small. This was obtained from sifting process so that the powder is less than 155 µm.

Furthermore, the results of EDX analysis obtained hydroxyapatite element

mapping which showed the atom distribution of three main elements. The composition

and mapping confirm the composition of hydroxyapatite element so that it can be

concluded that the synthesis results are achieved correspond to the target.

The percentage of living cells above 50% means that hydroxyapatite graft

powder has optimal biocompatibility to living tissue. In this case, the material had

passed in vitro test before going through the next test, in vivo test and even clinical

application tests in humans.The high number of fibroblast cells caused by optimal

conditions that inducing work rather than several factors that affect fibroblast cell

proliferation, namely Platelet Derived Growth Factor (PDGF), basic Fibroblast Growth

Factor (bFGF), and Transforming Growth Factor (TGF-β) is associated and influences



each other (14). These factors will induce fibroblast cells to migrate, proliferate, and

differentiate.

The high number of fibroblast cells can be caused by the high ability of

epidermal growth receptor (EGFR) and expression of α5β1 integrin in fibroblast cells,

especially human periodontal fibroblasts. Hydroxyapatite plays a role in stimulating

fibroblast cell proliferation because it is associated with activation of the epidermal

growth factor receptor (EGFR). The active receptor will be phosphorylated in tyrosine

1173 so that an increase in Akt pathway is a signal transduction pathway. Akt pathway

activation promotes cell growth and proliferation in response to extracellular signals

(20). Increased expression of α5β1 integrin also occured in fibroblast cells associated

with EGFR. Increased expression of α5β1 integrin caused increasing attachment of

fibroblast cells to hydroxyapatite which activates EGFR and increases cell proliferation

(15).

From the results of this study it can be concluded that hydroxyapatite graft

powder from Portunus pelagicus has biocompatible properties on HGF cell culture and

at the lowest concentration of 25 ppm has optimal biocompatibility compared to the

other two concentrations.
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Biocompatibility of Portunus pelagicus 
Hydroxyapatite Graft on Human 
Gingival Fibroblast Cell Culture
Michael Josef Kridanto Kamadjaja1, Janery Fidelia Abraham2, Harry Laksono1

ABSTRACT
Introduction: Crab shell (Portunus pelagicus) has the potential to be a source of hydroxyapa-
tite biomaterials that used as bone grafts. Before clinical application, crab shell graft should 
be tested for its biocompatibility in vitro on human gingival fibroblast. Aim: This study aimed 
to determine the biocompatibility of Portunus pelagicus hydroxyapatite graft on human gin-
gival fibroblast cell culture. Material and Methods: Human gingival fibroblast cell cultures 
were divided into control group and treatment group with the addition of hydroxyapatite graft 
powder from Portunus pelagicus at a concentration of 100 ppm, 50 ppm, and 25 ppm. The 
synthesis process of hydroxyapatite was conducted by heating at 1000°C then characteriz-
ing the compound with SEM-EDX. All samples were incubated in α-MEM medium, then were 
given MTT material. The cultures on the plate were examined using ELISA reader. The results 
were analyzed using a Oneway Anova. Results: The percentage of living cells throughout all 
treatment group shown results that exceeded the LD50 parameter. The highest percentage of 
living cells was at 25 ppm concentration group. Conclusion: The hydroxyapatite graft powder 
from crab shells is biocompatible with human gingival fibroblast cell culture.
Keywords: Hydroxyapatites, Graft, Fibroblasts.

1. INTRODUCTION
The development of science and 

technology is not guaranteed the 
tooth resistance against disease or 
trauma completely, so there are still 
many cases of tooth loss. When tooth 
loss occurs, bone volume will de-
crease. Bone resorption due to tooth 
extraction may cause a problem in 
prosthodontics because it may lead 
to poor results of long-term treat-
ment (1). Within 6 months, bone re-
sorption occurs as much as 1.5-2 mm 
in vertical direction and 40%-50% in 
horizontal direction, and most cases 
occur in the first three months. If the 
treatment is not taken, the bone re-
sorption can reach 40-60% of bone 
ridge volume in the first three years 
(2).

At present-day, there are various 
types of materials and techniques 
used for bone resorption treatment, 
including bone graft material, usage 
of guided tissue regeneration, appli-
cation of growth factors to stimulate 
bone regeneration (3). Bone graft is 
used as scaffolds, matrix attachment 
and proliferation osteoblast (4). Bone 
graft material must have a biocom-
patibility property with living tissue, 
profitable for osteoconduction, oste-
oinduction and has ability to support 

new bone formation. Graft biocom-
patibility is very crucial in order to 
prevent rejection by the host and not 
toxic to the body (5, 6).

The most ideal bone graft to use 
is an autograft that derived from the 
patient’s own body. However, some-
times the process is not able to sup-
port, so that autograft is developed 
to allograft material. Yet, allografts 
often transmit infectious diseases, 
especially HIV and for that reason 
allograft is developed to xenograft 
material. The most commonly used 
xenograft is from bovine, but trans-
mission of bovine spongiform en-
cephalitis (BSE) is commonly occur. 
Various type of synthetic bone grafts 
was developed to minimize the risk 
of transmitting disease. Ideal condi-
tions that need to be fulfilled by syn-
thetic bone grafts are biocompatible, 
profitable for osteoconduction, oste-
oinduction and osteogenesis. Those 
three mechanisms are the most 
important for resorbable biomate-
rials that support tissue growth (6). 
However, alloplast particles cannot 
be counted on the site at the location 
of the embedded graft so that bone 
formation cannot be determined (7).

One type of bone graft, namely hy-
droxyapatite graft which can be pro-
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duced from coral reef skeletons, bovine bones, chicken 
claws, shellfish shells and human cancellous bones (8). 
In Indonesia, natural raw materials, especially those de-
rived from marine biota are easily found, relatively low-
cost and the production process is simple. Among these 
raw materials are crab shells (Portunus pelagicus) which 
are uncommonly used, even turned into waste (9).

A crab shell contains large amounts of calcium car-
bonate, about 40%–70% (9). Calcium carbonate is source 
of calcium that can be used as synthesis material of 
hydroxyapatite. Apatite crystals contain many carbon 
groups in carbonate shapes. Hydroxyapatite is a stable 
apatite crystal and implanted as bone replacement or 
filler. Hydroxyapatite biomaterials consist of bioactive 
components that are compatible with bones and teeth. 
This supports the use of crab shells as bone replacement 
alternative biomaterial based on the chemical composi-
tion. In addition, the development of crab shells as hy-
droxyapatite graft has not been carried out further and 
still requires biocompatibility test to be used on a wide 
scale (10).

In performing in vitro test of a new materials, fibro-
blasts are used. Fibroblasts are connective tissue cells 
that function as defense because they are able to differ-
entiate as odontoblast and osteoblast cells and produce 
collagen fibers in healing process. The ability to grow 
fast in tissues and be able to live solitary is the reason 
why fibroblast cells are easily cultured into cell subjects 
(11). The biocompatibility test of hydroxyapatite graft 
produced from crab shells on human gingival fibroblast 
(HGF) cell cultures is required to determine whether the 
graft is ideal to be applied to the bone.

2. AIM
In the present study, we determine the biocompatibil-

ity of Portunus pelagicus hydroxyapatite graft on human 
gingival fibroblast cell culture.

3. MATERIAL AND METHODS
This is an experimental laboratory research with po-

st-test only control group design. The treatment was 
carried out by giving hydroxyapatite graft powder from 
crab shell (Portunus pelagicus) on HGF cell culture. This 
study used 5 samples for each treatment group, those in-
clude the addition of hydroxyapatite graft crab shell at 
concentration of 100 ppm, 50 ppm and 25 ppm as well 
as cell control group and media control of 5 samples re-
spectively. The sampling technique used is simple ran-
dom sampling.

Processing of crab shells (Portunus pelagicus) for the 
synthesis of hydroxyapatite graft conducted at the Cen-
ter for Biomaterials of Dr. Soetomo General National 
Hospital Surabaya. It was began by the washing process 
of crab shells using distilled water, chlorine and H2O2 
then continued with the heating process of crab shells 
using furnace at 1000°C for 2 hours. Powder sifting pro-
cess was performed with sifting machine until the par-
ticle size was less than 155µm and continued with the 
characterization of hydroxyapatite compounds using 
SEM-EDX.

The in vitro study was conducted at Stem Cell Rese-
arch Development Center of Universitas Airlangga Su-
rabaya. The isolation process of Human Gingival Fibro-
blast (HGF) cells was conducted from healthy gingival 
samples patients aged less than 30 years old. HGF cells 
are processed by splitting process which aim to multiply 
cells and replace α-MEM media. Before the treatment 
phase, cell preparations are processed by doing washing 
for several times using trypsin enzymes and α-MEM. 
Cells were divided into 96-well microplate as much as 
100 µl with density 3-5x103 and incubated for 24 hours 
at 37°C.

Hydroxyapatite graft powder was diluted with α-MEM 
media according to the concentration dose, at 100 ppm, 
50 ppm and 25 ppm. Each of 5 samples were dripped by 
hydroxyapatite graft crab shell at concentration of 100 
ppm, 50 ppm and 25 ppm. Incubation was carried out for 
24 hours then microscopic observation was performed 
to observe whether cytotoxic effects had occurred. 25µl 
of MTT was dripped, incubated, then dripped with 10µl 
of DMSO. The results were analyzed with ELISA reader 
with wavelength of 620 nm and viability of fibroblast li-
ving cells were calculated. The data obtained were tested 
by Oneway Anova and Post-hoc Tukey HSD.

4. RESULTS
The results of SEM micrograph was shown on Figure 

1. It showed fineness and homogenity of hydroxyapatite 
structure. The analysis of the element characerization 
of the hidroxyapatite graft, the EDX test was conducted 
and the result shown in Figure 2. The analysis then de-
scribed in Table 1 and showed that the dominant atom 
in hydroxiapatite graft derived from Portunus pelagicus 
was O followed by Ca and P.

Optical density (OD) value of formazan hydroxyapa-
tite graft powder from Portunus pelagicus was measured 
using spectrophotometer. The mean value of formazan 
optical density in 5 samples for each treatment group and 
percentage of living cells can be seen in Table 2. From 
the result of MTT assay, it indicated that the treatment 
at concentrations of 100 ppm and 50 ppm is capable to 
reduce the number of living cells to a certain extent. The 
results will be analyzed using the LD50 parameter to as-
sess the biocompatibility of hydroxyapatite graft powder 
from crab shells from the entire concentration group.

Kolmogorov-Smirnov test results showed that all 
groups have a normality probability value greater than 
0.05 (p> 0.05) which means that the data was normally 
distributed. Data analysis was continued by testing the 
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Figure 1. SEM micrograph of hydroxyapatite crab shell samples at 500x 
magnification from two different fields of view.
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sample variance homogeneity using Levene’s test. The 
homogeneity test results indicated the significance value 
of 0.987 which means the data was homogeneous (p > 
0.05). Data was normally distributed and homogeneous 
so the data needs to be tested using the Oneway Anova 
test with Post-Hoc Tukey HSD. Oneway Anova test was 
conducted to find out the overall difference in the sam-
ple group. From the test results shown the value of sig. 
= 0.752 which means there is no significant difference in 
the whole group because it had not met the sig require-
ments (p <0.05).

5. DISCUSSION
Bone graft is a material for bone resorption treatment. 

One type of bone graft is hydroxyapatite graft, which can 
be produced from marine biota (8). Crab shell has poten-
tial to be source of hydroxyapatite biomaterials that used 
as bone grafts. Before clinical application, crab shell graft 
should be tested for its biocompatibility in vitro on hu-
man gingival fibroblast (HGF) cell cultures which grown 
on the media. HGF cells can grow easily and have high 
sensitivity compared to other fibroblast cells. HGF cell 

cultures was selected because it derived from humans 
therefore the results are expected to represent material 
toxicity to human cells (12).

Previous studies by Raya et al. (2015) suggest that 
CaCO3 content inside shell material is on average 40-
70% and varies depending on the species. From these 
data, it can be proved that the crab shell (Portunus pe-
lagicus) is a good source for hydroxyapatite because of 
high Ca content more than 50%. According to Kartono et 
al. (2014), apatite crystals contain many carbon groups in 
carbonate shape (13).

Generally, hydroxyapatite is synthesized in powder 
shape, thus when observed visually the sample shape is 
appeared composed of fine granules. With observations 
using SEM (Scanning electron microscopy), it can be ob-
served the sample morphology and the granules appea-
red more prominent in shape. The powder particles of 
sample elements are not completely rounded, but the 
particles shape varies and resembles the shape crystal. In 
addition, observations showed that the hydroxyapatite 
structure had a smooth surface and low porosity (9). The 
composition and distance of particle as element of the 
powder sample are quite regular. Moreover, hydroxyapa-
tite size tends to be small. This was obtained from sifting 
process so that the powder is less than 155 µm.

Furthermore, the results of EDX analysis obtained hyd-
roxyapatite element mapping which showed the atom 
distribution of three main elements. The composition 
and mapping confirm the composition of hydroxyapatite 
element so that it can be concluded that the synthesis 
results are achieved correspond to the target.

The percentage of living cells above 50% means that 
hydroxyapatite graft powder has optimal biocompatibili-
ty to living tissue. In this case, the material had passed in 
vitro test before going through the next test, in vivo test 
and even clinical application tests in humans.The high 
number of fibroblast cells caused by optimal conditions 
that inducing work rather than several factors that affect 
fibroblast cell proliferation, namely Platelet Derived 
Growth Factor (PDGF), basic Fibroblast Growth Factor 
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Figure 2. EDX spectrum of hydroxyapatite samples from Portunus 
pelagicus with three main elements, O, Ca, and P.
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Figure 3. Microscopic images of fibroblast cells after hydroxyapatite 
graft powder exposure at concentration; A) 100 ppm, B) 50 ppm, and C) 
25 ppm with 20x magnification.

Element Normalized Weight 
Calculation (wt.%)

Atom Calcula-
tion (at.%)

Standard 
deviation

O 67,59 83,54 6,9
Ca 29,16 14,39 0,7
P 3,25 2,08 0,1

Table 1. Calculation of normalized weight and calculation of atoms in 
Hydroxyapatite Graft derived from Portunus pelagicus.

Treatment Group N
Optical 
Density 
Mean

Standard 
Deviation

Percentage 
of Living 
Cells

Hydroxyapatite graft 
100ppm 5 0,0684 0,017785 89,8%

Hydroxyapatite graft 50ppm 5 0,0724 0,018366 93,27%
Hydroxyapatite graft 25ppm 5 0,0816 0,018366 101,2%
Cell Control 5 0,0802 0,014704 100%
Media Control 5 0,0358 0,000837 0%

Table 2. The mean value of optical density and the percentage of living 
cells for each treatment.
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(bFGF), and Transforming Growth Factor (TGF-β) is 
associated and influences each other (14). These factors 
will induce fibroblast cells to migrate, proliferate, and di-
fferentiate.

The high number of fibroblast cells can be caused by 
the high ability of epidermal growth receptor (EGFR) 
and expression of α5β1 integrin in fibroblast cells, espe-
cially human periodontal fibroblasts. Hydroxyapatite 
plays a role in stimulating fibroblast cell proliferation 
because it is associated with activation of the epidermal 
growth factor receptor (EGFR). The active receptor will 
be phosphorylated in tyrosine 1173 so that an increase 
in Akt pathway is a signal transduction pathway. Akt 
pathway activation promotes cell growth and prolifera-
tion in response to extracellular signals (20). Increased 
expression of α5β1 integrin also occured in fibroblast ce-
lls associated with EGFR. Increased expression of α5β1 
integrin caused increasing attachment of fibroblast cells 
to hydroxyapatite which activates EGFR and increases 
cell proliferation (15).

6. CONCLUSION
From the results of this study it can be concluded that 

hydroxyapatite graft powder from Portunus pelagicus 
has biocompatible properties on HGF cell culture and at 
the lowest concentration of 25 ppm has optimal biocom-
patibility compared to the other two concentrations.
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Biocompatibility of Portunus 
Pelagicus Hydroxyapatite Graft 
on Human Gingival Fibroblast Cell 
Culture
Michael Josef Kridanto Kamadjaja1, Janery Fidelia Abraham2, Harry Laksono1

ABSTRACT
Introduction: Crab shell (Portunus pelagicus) has the potential to be a source of hydroxyapa-
tite biomaterials that used as bone grafts. Before clinical application, crab shell graft should 
be tested for its biocompatibility in vitro on human gingival fibroblast. Aim: This study aimed 
to determine the biocompatibility of Portunus pelagicus hydroxyapatite graft on human gin-
gival fibroblast cell culture. Material and Methods: Human gingival fibroblast cell cultures 
were divided into control group and treatment group with the addition of hydroxyapatite graft 
powder from Portunus pelagicus at a concentration of 100 ppm, 50 ppm, and 25 ppm. The 
synthesis process of hydroxyapatite was conducted by heating at 1000°C then characteriz-
ing the compound with SEM-EDX. All samples were incubated in α-MEM medium, then were 
given MTT material. The cultures on the plate were examined using ELISA reader. The results 
were analyzed using a Oneway Anova. Results: The percentage of living cells throughout all 
treatment group shown results that exceeded the LD50 parameter. The highest percentage of 
living cells was at 25 ppm concentration group. Conclusion: The hydroxyapatite graft powder 
from crab shells is biocompatible with human gingival fibroblast cell culture.
Keywords: Hydroxyapatites, Graft, Fibroblasts.

1. INTRODUCTION
The development of science and 

technology is not guaranteed the 
tooth resistance against disease or 
trauma completely, so there are still 
many cases of tooth loss. When tooth 
loss occurs, bone volume will de-
crease. Bone resorption due to tooth 
extraction may cause a problem in 
prosthodontics because it may lead 
to poor results of long-term treat-
ment (1). Within 6 months, bone re-
sorption occurs as much as 1.5-2 mm 
in vertical direction and 40%-50% in 
horizontal direction, and most cases 
occur in the first three months. If the 
treatment is not taken, the bone re-
sorption can reach 40-60% of bone 
ridge volume in the first three years 
(2).

At present-day, there are various 
types of materials and techniques 
used for bone resorption treatment, 
including bone graft material, usage 
of guided tissue regeneration, appli-
cation of growth factors to stimulate 
bone regeneration (3). Bone graft is 
used as scaffolds, matrix attachment 
and proliferation osteoblast (4). Bone 
graft material must have a biocom-
patibility property with living tissue, 
profitable for osteoconduction, oste-

oinduction and has ability to support 
new bone formation. Graft biocom-
patibility is very crucial in order to 
prevent rejection by the host and not 
toxic to the body (5, 6).

The most ideal bone graft to use 
is an autograft that derived from the 
patient's own body. However, some-
times the process is not able to sup-
port, so that autograft is developed 
to allograft material. Yet, allografts 
often transmit infectious diseases, 
especially HIV and for that reason 
allograft is developed to xenograft 
material. The most commonly used 
xenograft is from bovine, but trans-
mission of bovine spongiform en-
cephalitis (BSE) is commonly occur. 
Various type of synthetic bone grafts 
was developed to minimize the risk 
of transmitting disease. Ideal condi-
tions that need to be fulfilled by syn-
thetic bone grafts are biocompatible, 
profitable for osteoconduction, oste-
oinduction and osteogenesis. Those 
three mechanisms are the most 
important for resorbable biomate-
rials that support tissue growth (6). 
However, alloplast particles cannot 
be counted on the site at the location 
of the embedded graft so that bone 
formation cannot be determined (7).
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One type of bone graft, namely hydroxyapatite graft 
which can be produced from coral reef skeletons, bovine 
bones, chicken claws, shellfish shells and human cancel-
lous bones (8). In Indonesia, natural raw materials, espe-
cially those derived from marine biota are easily found, 
relatively low-cost and the production process is simple. 
Among these raw materials are crab shells (Portunus pe-
lagicus) which are uncommonly used, even turned into 
waste (9).

A crab shell contains large amounts of calcium carbon-
ate, about 40% - 70% (9). Calcium carbonate is source 
of calcium that can be used as synthesis material of 
hydroxyapatite. Apatite crystals contain many carbon 
groups in carbonate shapes. Hydroxyapatite is a stable 
apatite crystal and implanted as bone replacement or 
filler. Hydroxyapatite biomaterials consist of bioactive 
components that are compatible with bones and teeth. 
This supports the use of crab shells as bone replacement 
alternative biomaterial based on the chemical composi-
tion. In addition, the development of crab shells as hy-
droxyapatite graft has not been carried out further and 
still requires biocompatibility test to be used on a wide 
scale (10).

In performing in vitro test of a new materials, fibro-
blasts are used. Fibroblasts are connective tissue cells 
that function as defense because they are able to differ-
entiate as odontoblast and osteoblast cells and produce 
collagen fibers in healing process. The ability to grow 
fast in tissues and be able to live solitary is the reason 
why fibroblast cells are easily cultured into cell subjects 
(11). The biocompatibility test of hydroxyapatite graft 
produced from crab shells on human gingival fibroblast 
(HGF) cell cultures is required to determine whether the 
graft is ideal to be applied to the bone. 

2. AIM
In the present study, we determine the biocompatibil-

ity of Portunus pelagicus hydroxyapatite graft on human 
gingival fibroblast cell culture.

3. MATERIAL AND METHOD
This is an experimental laboratory research with post-

test only control group design. The treatment was car-
ried out by giving hydroxyapatite graft powder from 
crab shell (Portunus pelagicus) on HGF cell culture. This 
study used 5 samples for each treatment group, those in-
clude the addition of hydroxyapatite graft crab shell at 
concentration of 100 ppm, 50 ppm and 25 ppm as well 
as cell control group and media control of 5 samples re-
spectively. The sampling technique used is simple ran-
dom sampling.

Processing of crab shells (Portunus pelagicus) for the 
synthesis of hydroxyapatite graft conducted at the Cen-
ter for Biomaterials of Dr. Soetomo General National 
Hospital Surabaya. It was began by the washing process 
of crab shells using distilled water, chlorine and H2O2 
then continued with the heating process of crab shells 
using furnace at 1000°C for 2 hours. Powder sifting pro-
cess was performed with sifting machine until the par-
ticle size was less than 155µm and continued with the 

characterization of hydroxyapatite compounds using 
SEM-EDX.

The in vitro study was conducted at Stem Cell Research 
Development Center of Universitas Airlangga Suraba-
ya. The isolation process of Human Gingival Fibroblast 
(HGF) cells was conducted from healthy gingival sam-
ples patients aged less than 30 years old. HGF cells are 
processed by splitting process which aim to multiply cells 
and replace α-MEM media. Before the treatment phase, 
cell preparations are processed by doing washing for sev-
eral times using trypsin enzymes and α-MEM. Cells were 
divided into 96-well microplate as much as 100 µl with 
density 3-5x103 and incubated for 24 hours at 37°C.

Hydroxyapatite graft powder was diluted with α-MEM 
media according to the concentration dose, at 100 ppm, 
50 ppm and 25 ppm. Each of 5 samples were dripped by 
hydroxyapatite graft crab shell at concentration of 100 
ppm, 50 ppm and 25 ppm. Incubation was carried out for 
24 hours then microscopic observation was performed 
to observe whether cytotoxic effects had occurred. 25µl 
of MTT was dripped, incubated, then dripped with 10µl 
of DMSO. The results were analyzed with ELISA reader 
with wavelength of 620 nm and viability of fibroblast liv-
ing cells were calculated. The data obtained were tested 
by Oneway Anova and Post-hoc Tukey HSD.

4. RESULTS
The results of SEM micrograph was shown on Figure 

1. It showed fineness and homogenity of hydroxyapatite 
structure. The analysis of the element characerization 
of the hidroxyapatite graft, the EDX test was conducted 
and the result shown in Figure 2. The analysis then de-
scribed in table 1 and showed that the dominant atom 
in hydroxiapatite graft derived from Portunus pelagicus 
was O followed by Ca and P.  

Optical density (OD) value of formazan hydroxyapa-
tite graft powder from Portunus pelagicus was measured 
using spectrophotometer. The mean value of formazan 
optical density in 5 samples for each treatment group and 
percentage of living cells can be seen in Table 2. From 
the result of MTT assay, it indicated that the treatment 
at concentrations of 100 ppm and 50 ppm is capable to 
reduce the number of living cells to a certain extent. The 
results will be analyzed using the LD50 parameter to as-
sess the biocompatibility of hydroxyapatite graft powder 
from crab shells from the entire concentration group. 

Kolmogorov-Smirnov test results showed that all 
groups have a normality probability value greater than 
0.05 (p> 0.05) which means that the data was normally 
distributed. Data analysis was continued by testing the 
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sample variance homogeneity using Levene's test. The 
homogeneity test results indicated the significance value 
of 0.987 which means the data was homogeneous (p > 
0.05). Data was normally distributed and homogeneous 
so the data needs to be tested using the Oneway Anova 
test with Post-Hoc Tukey HSD. Oneway Anova test was 
conducted to find out the overall difference in the sam-
ple group. From the test results shown the value of sig. 
= 0.752 which means there is no significant difference in 

the whole group because it had not met the sig require-
ments (p <0.05).

5. DISCUSSION
The results of SEM micrograph was shown on Figure 

1. It showed fineness and homogenity of hydroxyapatite 
structure. The analysis of the element characerization 
of the hidroxyapatite graft, the EDX test was conducted 
and the result shown in Figure 2. The analysis then de-
scribed in Table 1 and showed that the dominant atom 
in hydroxiapatite graft derived from Portunus pelagicus 
was O followed by Ca and P.  

Optical density (OD) value of formazan hydroxyapa-
tite graft powder from Portunus pelagicus was measured 
using spectrophotometer. The mean value of formazan 
optical density in 5 samples for each treatment group and 
percentage of living cells can be seen in Table 2. From 
the result of MTT assay, it indicated that the treatment 
at concentrations of 100 ppm and 50 ppm is capable to 
reduce the number of living cells to a certain extent. The 
results will be analyzed using the LD50 parameter to as-
sess the biocompatibility of hydroxyapatite graft powder 
from crab shells from the entire concentration group. 

Kolmogorov-Smirnov test results showed that all 
groups have a normality probability value greater than 
0.05 (p> 0.05) which means that the data was normally 
distributed. Data analysis was continued by testing the 
sample variance homogeneity using Levene's test. The 
homogeneity test results indicated the significance value 
of 0.987 which means the data was homogeneous (p > 
0.05). Data was normally distributed and homogeneous 
so the data needs to be tested using the Oneway Anova 
test with Post-Hoc Tukey HSD. Oneway Anova test was 
conducted to find out the overall difference in the sam-
ple group. From the test results shown the value of sig. 
= 0.752 which means there is no significant difference in 
the whole group because it had not met the sig require-
ments (p <0.05).

6. CONCLUSION
From the results of this study it can be concluded that 

hydroxyapatite graft powder from Portunus pelagicus 
has biocompatible properties on HGF cell culture and at 
the lowest concentration of 25 ppm has optimal biocom-
patibility compared to the other two concentrations.
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Figure 2. EDX spectrum of hydroxyapatite samples from Portunus 
pelagicus with three main elements, O, Ca, and P.

Element Normalized Weight 
Calculation (wt.%)

Atom Calculation 
(at.%)

Standard 
deviation

O 67,59 83,54 6,9
Ca 29,16 14,39 0,7
P 3,25 2,08 0,1

Table 1. Calculation of normalized weight and calculation of atoms in 
Hydroxyapatite Graft derived from Portunus pelagicus.

Treatment Group N Optical Den-
sity Mean

Standard 
Deviation

Percentage of 
Living Cells

Hydroxyapatite graft 
100ppm 5 0,0684 0,017785 89,8%

Hydroxyapatite graft 
50ppm 5 0,0724 0,018366 93,27%

Hydroxyapatite graft 
25ppm 5 0,0816 0,018366 101,2%

Cell Control 5 0,0802 0,014704 100%
Media Control 5 0,0358 0,000837 0%

Table 2. The mean value of optical density and the percentage of living 
cells for each treatment.
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Biocompatibility of Portunus pelagicus Hydroxyapatite Graft on Human Gingival

Fibroblast Cell Culture

Running Title: Hydroxyapatite Graft Biocompatibility Test

ABSTRACT

Introduction: Crab shell (Portunus pelagicus) has the potential to be a source of

hydroxyapatite biomaterials that used as bone grafts. Before clinical application, crab shell

graft should be tested for its biocompatibility in vitro on human gingival fibroblast.

Objective: This study aimed to determine the biocompatibility of Portunus pelagicus

hydroxyapatite graft on human gingival fibroblast cell culture. Methods: Human gingival

fibroblast cell cultures were divided into control group and treatment group with the addition

of hydroxyapatite graft powder from Portunus pelagicus at a concentration of 100 ppm, 50

ppm, and 25 ppm. The synthesis process of hydroxyapatite was conducted by heating at

1000°C then characterizing the compound with SEM-EDX. All samples were incubated in α-

MEM medium, then were given MTT material. The cultures on the plate were examined

using ELISA reader. The results were analyzed using a Oneway Anova. Results: The

percentage of living cells throughout all treatment group shown results that exceeded the

LD50 parameter. The highest percentage of living cells was at 25 ppm concentration group.

Conclusion: The hydroxyapatite graft powder from crab shells is biocompatible with human

gingival fibroblast cell culture.

Keywords: Hydroxyapatite, Graft, Biomaterials, Fibroblasts.
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BACKGROUND

The development of science and technology is not guaranteed the tooth resistance

against disease or trauma completely, so there are still many cases of tooth loss. When

tooth loss occurs, bone volume will decrease. Bone resorption due to tooth extraction

may cause a problem in prosthodontics because it may lead to poor results of long-term

treatment (1). Within 6 months, bone resorption occurs as much as 1.5-2 mm in vertical

direction and 40%-50% in horizontal direction, and most cases occur in the first three

months. If the treatment is not taken, the bone resorption can reach 40-60% of bone

ridge volume in the first three years (2).

At present-day, there are various types of materials and techniques used for bone

resorption treatment, including bone graft material, usage of guided tissue regeneration,

application of growth factors to stimulate bone regeneration (3). Bone graft is used as

scaffolds, matrix attachment and proliferation osteoblast (4). Bone graft material must

have a biocompatibility properties with living tissue, profitable for osteoconduction,

osteoinduction and has ability to support new bone formation. Graft biocompatibility is

very crucial in order to prevent rejection by the host and not toxic to the body (5, 6).

The most ideal bone graft to use is an autograft that derived from the patient's

own body. However, sometimes the process is not able to support, so that autograft is

developed to allograft material. Yet, allografts often transmit infectious diseases,

especially HIV and for that reason allograft is developed to xenograft material. The

most commonly used xenograft is from bovine, but transmission of bovine spongiform

encephalitis (BSE) is commonly occur. Various type of synthetic bone grafts were

developed to minimize the risk of transmitting disease. Ideal conditions that need to be

fulfilled by synthetic bone grafts are biocompatible, profitable for osteoconduction,
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osteoinduction and osteogenesis. Those three mechanisms are the most important for

resorbable biomaterials that support tissue growth (6). However, alloplast particles

cannot be counted on the site at the location of the embedded graft so that bone

formation cannot be determined (7).

One type of bone graft, namely hydroxyapatite graft which can be produced

from coral reef skeletons, bovine bones, chicken claws, shellfish shells and human

cancellous bones (8). In Indonesia, natural raw materials, especially those derived from

marine biota are easily found, relatively low-cost and the production process is simple.

Among these raw materials are crab shells (Portunus pelagicus) which are uncommonly

used, even turned into waste (9).

A crab shell contains large amounts of calcium carbonate, about 40% - 70% (9).

Calcium carbonate is source of calcium that can be used as synthesis material of

hydroxyapatite. Apatite crystals contain many carbon groups in carbonate shapes.

Hydroxyapatite is a stable apatite crystal and implanted as bone replacement or filler.

Hydroxyapatite biomaterials consist of bioactive components that are compatible with

bones and teeth. This supports the use of crab shells as bone replacement alternative

biomaterial based on the chemical composition. In addition, the development of crab

shells as hydroxyapatite graft has not been carried out further and still requires

biocompatibility test to be used on a wide scale (10).

In performing in vitro test of a new materials, fibroblasts are used. Fibroblasts

are connective tissue cells that function as defense because they are able to differentiate

as odontoblast and osteoblast cells and produce collagen fibers in healing process. The

ability to grow fast in tissues and be able to live solitary is the reason why fibroblast

cells are easily cultured into cell subjects (11). The biocompatibility test of
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hydroxyapatite graft produced from crab shells on human gingival fibroblast (HGF) cell

cultures is required to determine whether the graft is ideal to be applied to the bone.

MATERIALS AND METHODS

This is an experimental laboratory research with post-test only control group

design. The treatment was carried out by giving hydroxyapatite graft powder from crab

shell (Portunus pelagicus) on HGF cell culture. This study used 5 samples for each

treatment group, those include the addition of hydroxyapatite graft crab shell at

concentration of 100 ppm, 50 ppm and 25 ppm as well as cell control group and media

control of 5 samples respectively. The sampling technique used is simple random

sampling.

Processing of crab shells (Portunus pelagicus) for the synthesis of

hydroxyapatite graft conducted at the Center for Biomaterials of Dr. Soetomo General

National Hospital Surabaya. It was began by the washing process of crab shells using

distilled water, chlorine and H2O2 then continued with the heating process of crab shells

using furnace at 1000°C for 2 hours. Powder sifting process was performed with sifting

machine until the particle size was less than 155µm and continued with the

characterization of hydroxyapatite compounds using SEM-EDX.

The in vitro study was conducted at Stem Cell Research Development Center of

Universitas Airlangga Surabaya. The isolation process of Human Gingival Fibroblast

(HGF) cells was conducted from healthy gingival samples patients aged less than 30

years old. HGF cells are processed by splitting process which aim to multiply cells and

replace α-MEM media. Before the treatment phase, cell preparations are processed by

doing washing for several times using trypsin enzymes and α-MEM. Cells were divided
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into 96-well microplate as much as 100 µl with density 3-5x103 and incubated for 24

hours at 37°C.

Hydroxyapatite graft powder was diluted with α-MEM media according to the

concentration dose, at 100 ppm, 50 ppm and 25 ppm. Each of 5 samples were dripped

by hydroxyapatite graft crab shell at concentration of 100 ppm, 50 ppm and 25 ppm.

Incubation was carried out for 24 hours then microscopic observation was performed to

observe whether cytotoxic effects had occurred. 25µl of MTT was dripped, incubated,

then dripped with 10µl of DMSO. The results were analyzed with ELISA reader with

wavelength of 620 nm and viability of fibroblast living cells were calculated. The data

obtained were tested by Oneway Anova and Post-hoc Tukey HSD.

RESULTS

The results of SEM micrograph was shown on Figure 1. It showed fineness and

homogenity of hydroxyapatite structure. The analysis of the element characerization of

the hidroxyapatite graft, the EDX test was conducted and the result shown in Figure 2.

The analysis then described in table 1 and showed that the dominant atom in

hydroxiapatite graft derived from Portunus pelagicus was O followed by Ca and P.

Optical density (OD) value of formazan hydroxyapatite graft powder from

Portunus pelagicus was measured using spectrophotometer. The mean value of

formazan optical density in 5 samples for each treatment group and percentage of living

cells can be seen in Table 2. From the result of MTT assay, it indicated that the

treatment at concentrations of 100 ppm and 50 ppm is capable to reduce the number of

living cells to a certain extent. The results will be analyzed using the LD50 parameter to
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assess the biocompatibility of hydroxyapatite graft powder from crab shells from the

entire concentration group.

Kolmogorov-Smirnov test results showed that all groups have a normality

probability value greater than 0.05 (p> 0.05) which means that the data was normally

distributed. Data analysis was continued by testing the sample variance homogeneity

using Levene's test. The homogeneity test results indicated the significance value of

0.987 which means the data was homogeneous (p > 0.05). Data was normally

distributed and homogeneous so the data needs to be tested using the Oneway Anova

test with Post-Hoc Tukey HSD. Oneway Anova test was conducted to find out the

overall difference in the sample group. From the test results shown the value of sig. =

0.752 which means there is no significant difference in the whole group because it had

not met the sig requirements (p <0.05).

DISCUSSION

Bone graft is a material for bone resorption treatment. One type of bone graft is

hydroxyapatite graft, which can be produced from marine biota (8). Crab shell has

potential to be source of hydroxyapatite biomaterials that used as bone grafts. Before

clinical application, crab shell graft should be tested for its biocompatibility in vitro on

human gingival fibroblast (HGF) cell cultures which grown on the media. HGF cells

can grow easily and have high sensitivity compared to other fibroblast cells. HGF cell

cultures was selected because it derived from humans therefore the results are expected

to represent material toxicity to human cells (12).

Previous studies by Raya et al. (2015) suggest that CaCO3 content inside shell

material is on average 40-70% and varies depending on the species. From these data, it
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can be proved that the crab shell (Portunus pelagicus) is a good source for

hydroxyapatite because of high Ca content more than 50%. According to Kartono et al.

(2014), apatite crystals contain many carbon groups in carbonate shape (13).

Generally, hydroxyapatite is synthesized in powder shape, thus when observed

visually the sample shape is appeared composed of fine granules. With observations

using SEM (Scanning electron microscopy), it can be observed the sample morphology

and the granules appeared more prominent in shape. The powder particles of sample

elements are not completely rounded, but the particles shape varies and resembles the

shape crystal. In addition, observations showed that the hydroxyapatite structure had a

smooth surface and low porosity (9). The composition and distance of particle as

element of the powder sample are quite regular. Moreover, hydroxyapatite size tends to

be small. This was obtained from sifting process so that the powder is less than 155 µm.

Furthermore, the results of EDX analysis obtained hydroxyapatite element

mapping which showed the atom distribution of three main elements. The composition

and mapping confirm the composition of hydroxyapatite element so that it can be

concluded that the synthesis results are achieved correspond to the target.

The percentage of living cells above 50% means that hydroxyapatite graft

powder has optimal biocompatibility to living tissue. In this case, the material had

passed in vitro test before going through the next test, in vivo test and even clinical

application tests in humans.The high number of fibroblast cells caused by optimal

conditions that inducing work rather than several factors that affect fibroblast cell

proliferation, namely Platelet Derived Growth Factor (PDGF), basic Fibroblast Growth

Factor (bFGF), and Transforming Growth Factor (TGF-β) is associated and influences
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each other (14). These factors will induce fibroblast cells to migrate, proliferate, and

differentiate.

The high number of fibroblast cells can be caused by the high ability of

epidermal growth receptor (EGFR) and expression of α5β1 integrin in fibroblast cells,

especially human periodontal fibroblasts. Hydroxyapatite plays a role in stimulating

fibroblast cell proliferation because it is associated with activation of the epidermal

growth factor receptor (EGFR). The active receptor will be phosphorylated in tyrosine

1173 so that an increase in Akt pathway is a signal transduction pathway. Akt pathway

activation promotes cell growth and proliferation in response to extracellular signals

(20). Increased expression of α5β1 integrin also occured in fibroblast cells associated

with EGFR. Increased expression of α5β1 integrin caused increasing attachment of

fibroblast cells to hydroxyapatite which activates EGFR and increases cell proliferation

(15).

From the results of this study it can be concluded that hydroxyapatite graft

powder from Portunus pelagicus has biocompatible properties on HGF cell culture and

at the lowest concentration of 25 ppm has optimal biocompatibility compared to the

other two concentrations.

REFERENCES

1. Emam SH. A Textbook of Advanced Oral and Maxillofacial Surgery. USA: InTech,

2013. pp.617-38

2. Sheikh Z, Sima C, Glogauer M. Bone Replacement Materials and Techniques Used

for Achieving Vertical Alveolar Bone Augmentation. Mater. 2015; 8(1): 2953-993.

doi: 10.3390/ma8062953.



9

3. Hardhani PR, Lastianny SP, Herawati D. Pengaruh penambahan platelet-rich plasma

pada cangkok tulang terhadap kadar osteocalcin cairan sulkus gingiva pada terapi

poket infraboni. Jurnal PDGI. 2013; 62(3): 75-82.

4. Reynolds MA, Aichelmann-Reidy ME, Branch-Mays GL. Regeneration of

periodontal tissue: bone replacement graft. Dent Clin N Am. 2010; 54(1):55-71. doi:

10.1016/j.cden.2009.09.003.

5. Delee ZC, Delee J, Drez D, Miller MD. Delee and Drez’s Orthopaedic Sports

Medicine. Virginia: Elsevier/ Saunders. 2009. p.51.

6. Ichsan MZ. Sintesis makroporus komposit kolagen - hidroksiapatit sebagai kandidat

bone graft. Journal saintek. 2012; 60(1): 1-6.

7. Hassan KS., Alagl AS. Immediate Dental Implants and Bone Graft, Implant Dentistry

– The Most Promising Discipline of Dentistry. USA: InTech, 2011. p.1.

8. Dumitrescu A. Chemicals in surgical periodontal therapy. Berlin: Springer. 2011.

pp.73 - 144.

9. Raya I, Mayasari E, Yahya A, Syahrul M, Lantura AI. Synthesis and

Characterizations of Calcium Hydroxyapatite Derived from Crabs Shells (Portunus

pelagicus) and Its Potency in Safeguard against to Dental Demineralizations. Int J

Biomater. 2015; 1(1): 1-8. doi: 10.1155/2015/469176.

10.Fujii E, Kawabata K, Nakazaki Y. Fabrication of hydroxyapatite with controlled

morphology in a micro-reactor. JCSJ. 2011; 119(1386): 116–119. doi:

10.2109/jcersj2.119.116

11.Freshney IR. Culture of Animal Cells: A Manual of Basic Technique and Specialized

Applications. Canada: John Wiley&Sons. 2016. pp.513-21.

12.Pegg DE. Principles of cryopreservation. Methods Mol Biol. 2017; 368: 39-57. doi:



10

10.1007/978-1-59745-362-2_3

13.Kartono GS, Widyastuti, Setiawan HW. Biokompatibilitas graft cangkang kerang

darah terhadap kultur sel fibroblas. Denta. 2014; 8(1): 1-8.

14.Putra ATW, Ade W, Hamidy MY. Tingkat Kepadatan Fibroblas pada Luka Sayat

Mencit dengan Pemberian Gel Lidah Buaya (Aloe chinensis Baker). Jurnal

Universitas Riau. 2013; 1: 8.

15.Kasaj A, Willerhausen B, Reichert C, Kasaj AG, Zafiropoulos GG, Schmidt M.

Human periodontal fibroblast response to a nanostructural hydroxyapatite bone

replacement graft in vitro, Arch Oral Biol. 2008; 53(7): 7-11. doi:

10.1016/j.archoralbio.2008.01.009



11

Table and Figure Legend

Table 1. Calculation of normalized weight and calculation of atoms in

Hydroxyapatite Graft derived from Portunus pelagicus.

Table 2. The mean value of optical density and the percentage of living cells for

each group.

Figure 1. Scanning Electron Microscope view of Hydroxyapatite Graft derived from

Portunus pelagicus at 500x magnification from two different fields of view.

Figure 2. Energy-dispersive X-ray (EDX) spectrum of Hydroxyapatite Graft derived

from Portunus pelagicus.

Figure 3. Microscopic images of fibroblast cells after Hydroxyapatite Graft derived

from Portunus pelagicus powder exposure at concentration; A) 100 ppm, B) 50 ppm,

and C) 25 ppm with 20x magnification.
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