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Study on the cytotoxicity and chromosome aberration following
implantation of sea coral in rabbits
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ABSTRACT

Coral has been used as a bone substitute in many experimental studies. It has been proven to be biocompatible, biodegradable
and easy to handle: and it has not been found to cause any inflammatory responses. The present study was undertaken to determine
the cytotoxicity in terms of mitotic index as well as the clastogenic effect (chromosome aberration) of sea coral implantation in
rabbits. The animals comprised of five male adult healthy New Zealand White (Oryctolagus cuniculus) rabbits. The biomaterial, sea
coral granules used in this study was obtained from Porites species and processed by the tissue bank of Universiti Sains Malaysia,
Health Campus, Kubang Kerian, Malaysia. The blood samples were collected twice from the rabbits, once before the implantation of
the sea coral granules (which acted as the control) and the other, one week after the implantation (which acted as the treatment) and
lymphocyte cultures were set up. The cultures were then harvested and the chromosomes were prepared for analysis. The diploid
number of chromosomes in the rabbits (Oryctolagus cuniculus) was found to be 44. Mean mitotic indices of 3.84 ± 0.54 per cent and
3.76 ± 0.23 per cent were obtained before and after implantation of sea coral granules respectively. There were no structural or
numerical chromosomal aberrations observed in both the cases. The mitotic index values and chromosomal analyses in this preliminary
study carried out indicate that the biomaterial, sea coral granules is non-cytotoxic and non-clastogenic under the present test
conditions.
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INTRODUCTION

Autogenous bone graft has been considered the gold
standard for bone repairing procedures as it contains
triggering ingredients necessary for bone formation in bone
defect. However, the availability of the autograft bone is
limited and the harvesting of autografts bone causes
morbidity at the donor site. Therefore, allografts are used
as an alternative to autografts. Eventually, alternative bone
substitute materials or biomaterials have been developed.1

Most corals are colonial organisms consisting of
thousands of individual polyps.2 Natural coral graft
substitutes are derived from the exoskeleton of marine
madreporic corals. Coral skeletons are composed primarily
of calcium carbonate (99%) in the form of aragonite and
the remaining 1% is composed of simple amino acids.3

Researchers first started evaluating corals as potential bone
graft substitutes in the early 1970s in animals and in 1979
in humans. The structure of the commonly used coral,
Porites, is similar to that of cancellous bone and its initial
mechanical properties resemble those of bone. The
exoskeleton of these high content calcium carbonate
scaffolds has since been shown to be biocompatible,
osteoconductive, and biodegradable at variable rates
depending on the exoskeleton porosity, the implantation
site and the species. Coral grafts act as an adequate carrier
for growth factors and allow cell attachment, growth,

spreading and differentiation. When applied appropriately
and when selected to match the resorption rate with the
bone formation rate of the implantation site, natural coral
exoskeletons have been found to be impressive bone graft
substitutes.4

Coral has been used as a bone substitute in many
experimental studies.5,6 It has been proven to be
biocompatible, biodegradable and easy to handle: and it
has not been found to cause any inflammatory responses.7,8

An ideal bone substitute should be biocompatible, which
means acceptance of the implant to the tissue surface.8

Recognition of an implant material as biocompatible
nowadays depends on a large number of factors such as
absence of cytotoxicity, mutagenicity, carcinogenicity,
exclusion of allergenic properties, physical-chemical and
biological inertia and its stability in its biological
environment.9 The chromosome aberration test using
cultured mammalian cells is one of the sensitive methods
to predict mutagens and/or carcinogens and is a
complementary test to the Salmonella/microsome assay.10

The aim of this study was to determine whether the
implantation of sea-coral granules (obtained from the
Porites species and processed by tissue bank of Universiti
Sains Malaysia, Health Campus, Kubang Kerian, Malaysia)
produced any cytotoxicity in terms of mitotic index and
chromosome aberration in the lymphocytes of rabbits.
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MATERIALS AND METHODS

The Animal Ethics Committee of Health Campus,
Universiti Sains Malaysia, approved this experimental
study. Five adult male rabbits of New Zealand White breed
were used in the present study. Blood samples were
collected prior to (which acted as the control) and one week
after (which acted as the treatment) the implantation of the
biomaterial.

The coral used in this study is derived from a species of
dead sea coral, Porites species that was harvested from the
Malaysian coastal region. This coral was cleaned from
debris and washed with distilled water, made into granular
form and then chemically treated followed by freeze-
drying. After that this sample was triple packed and
sterilized using gamma radiation.

The animals were anaesthetized using xylazine and
ketamine and a cavity of size 2.5 cm × 0.5 cm × 0.5 cm
was made in the femur of the rabbits using a surgical bur.

500 mg of the biomaterial, sea coral granules was implanted
in the cavity (Figure 1). Blood samples were collected from
the ear vein of rabbits prior to and after the implantation of
the biomaterial. RPMI 1640 medium, mitogen,
phytohaemagglutinin M, fetal bovine serum, L-glutamine,
antibiotic solutions, Penicillin and streptomycin and
0.3 ml of whole blood were the constituents of the cultures
set which were incubated at 37 °C CO2 incubator for
72 hours (Figure 2). The cultures were mixed twice daily
by gentle shaking during the incubation period. Colcemid
was added to the cultures 1½ hours prior to harvesting to
arrest the cell division at metaphase. Hypotonic treatment
was given using 0.56 percent potassium chloride solution
for 30 minutes to swell the cells and then the cells were
fixed using 3 : 1 methanol : acetic acid. The cultures were
left in the refrigerator overnight at 4 °C for effective fixation
of cells. Next day, the cultures were repeated with fresh
fixative washes twice and the chromosomes were prepared
on clean grease free slides. The slides were stained with
Leishman’s stain for analysis.

The mitotic index was calculated as follows.

100     ×=
counted cells ofnumber  Total

metaphase  incell ofNumber 
IndexMitotic

The slides were screened for both the numerical and
structural aberrations in all the samples collected prior to
and after the implantation of the biomaterial.

RESULTS

Good metaphase chromosomes were obtained with
RPMI 1640 as medium and the addition of colcemid 1½
hours prior to harvesting for culturing the lymphocytes of
rabbits. The protocols of the culture like hypotonic
treatment using 0.075 M Potassium chloride solution
(0.56 per cent) at 37 °C for 30 minutes and fixation of cells
overnight at 4 °C resulted in consistent results with regard
to chromosome preparation. The diploid number of
chromosomes in New Zealand White rabbit (Oryctolagus
cuniculus) was found to be 44.

A total of 1000 cells were counted per culture to
determine the mitotic index values to assess the cytotoxicity
of the sea coral granules. The mean mitotic index values of
the lymphocyte cultures from the five rabbits, before and
after implantation of sea coral granules were 3.84 ± 0.54
and 3.76 ± 0.23 percent respectively as given in table 1.

Figure 1. Implantation of sea coral granules.

Figure 2. Incubation of culture.

Table 1. Mean mitotic indices of lymphocytes cultured from five rabbits

Mean ± SE 
Parameter n Before implantation of sea coral 

granules 
After implantation of sea coral 

granules 

Mitotic Index (%) 1000 3.84 ± 0.54 3.76 ± 0.23 

N = number of cells counted/sample 



10 Maj. Ked. Gigi. (Dent. J.), Vol. 39. No. 1 January–March 2006: 8–11

Two hundred metaphase spreads per culture sample
were analyzed to screen for any chromosomal aberrations
that might have been caused due to the implantation of sea
coral granules. However, in the present study, no
chromosome aberrations, either numerical or structural
were observed as shown in the metaphase photos of
chromosomes taken before (Figure 3) and after implantation
of the biomaterial (Figure 4).

produced synthetically. The sea coral granules used in the
present study went through material characterization
studies, biological validation studies, in vitro and in vivo
and finally followed by a controlled clinical trial. This
biomaterial has similar characteristics to bone with a pore
size ranging from 60 to 800 μm. Chemical analysis using
X-ray diffraction showed that the processed coral material
is composed of 99 percent calcium carbonate in the form
of aragonite and was also free of other elements and toxic
compounds. The current status of a new bone graft
substitute is made by conversion of calcium carbonate
skeleton of the coral into hydroxyapatite. Hydroxyapatite
does not cause a chronic inflammatory response, toxic
reactions and have excellent biocompatibility.13 In addition
efforts have been made to enhance the mechanical
properties of coralline hydroxyapatite to extend the field
of application.14 If such materials are intended for use in
medicine, the combination of two different mutagenesis
studies (e.g. bacteria and mammalian cells) continues to
be necessary. Many of them are based on the principle that
genotoxicity of mutagenicity serves as an indicator for the
carcinogenic potential of the substance.15

Under the Organization for Economic Co-operation and
Development (OECD) high production volume (HPV)
testing program, chromosomal aberrations tests of the HPV
industrial chemicals have been conducted using Chinese
hamster lung cells to examine the induction of chromosomal
aberration.16 Similarly, genotoxicity of dental amalgams
were assessed using chromosome aberration test in Syrian
hamster embryo cells.17

The culture technique for rabbits followed in the present
study for whole blood yielded consistent results which are
in agreement with the reports of earlier workers.18-21 The
diploid chromosome number for rabbits was reported to
be 2n = 44 first by Painter22 in the year 1962. The modal
chromosome number of rabbit (Oryctolagus cuniculus) in
the present study was also found to be 2n = 44.

The mitotic index is a measure of cytotoxic/cytostatic
effects and depends on the time after treatment. At the time
of harvesting, a reduction in degree of mitotic index (greater
than 50 per cent) is considered as an indication of
cytotoxicity.23 A reduction greater than 50 per cent in the
mitotic index value after treatment when compared to the
control indicates that the biomaterial is cytotoxic in nature.
However, the values of the mitotic indices obtained in the
present study does not show greater than 50 per cent
reduction 3.76 ± 0.23 per cent (after treatment) when
compared to the control, 3.84 ± 0.54 per cent (before
treatment) which indicates the non-cytotoxic nature of the
biomaterial.

In this preliminary study carried out, no chromosome
aberrations, either numerical or structural were observed
before or after implantation of Sea coral granules. A normal
complement of 2n = 44 XY devoid of any chromosomal
aberrations were observed in the cells that were analyzed,
both in the control and treatment groups. This shows that
the result is negative and that the biomaterial, sea coral

Figure 3. Metaphase spread of male rabbit
( O r y c t o l a g u s  c u n i c u l u s )  b e f o r e
implantation of sea coral granules.

Figure 4. Metaphase spread of male rabbit (Oryctolagus
cuniculus) one week after implantation of
sea coral granules.

DISCUSSION

When a bone substitute with some mechanical strength
is needed, hydroxyapatite appears most appropriate, as it
represents the natural mineral in human bone and
approximates the natural structure of cancellous bone.11

The recent developments in the use of resorptive
biomaterials as osseous substitutes show a growing interest
by the potential users (orthopaedic and maxillo-facial
surgeons, aestheticians, etc.12 Some hydroxyapatite bone
substitutes are made from bovine bone while others are
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granules does not cause any chromosome aberrations in
cultured mammalian cells.23

The mitotic index values indicate the non-cytotoxic
nature of the Sea Coral granules. Similarly, the
chromosomal analyses show neither structural
(clastogenicity) nor numerical aberrations (aneuploidy) in
this study, which shows that the biomaterial is non-
clastogenic. Hence, it can be concluded that the non-
cytotoxic and non-clastogenic nature of the sea coral
granules may be attributed to the reason that it is devoid of
any toxic compounds as well as due to the biocompatible
nature of the hydroxyapatite.
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