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A B S T R A C T

Objective: The aims of this study is to investigate the matrix metalloproteinase-2 (MMP-2) levels and the toxicity
evaluation to determine the safety of carbonate apatite material that will be used as an endodontic sealer.
Methods: Carbonate apatite as endodontic sealer material is fabricated with a size of 2 � 2 � 1 mm, sterilized, and
then implanted in the subcutaneous area on the murine back. Total of 28 rats was divided into 2 groups: the
implantation group and the control group (positive and negative). We observed behavior, macroscopic and
microscopic images (through hematoxylin-eosin/HE staining) and MMP-2 levels in the serum (through ELISA
examination) to determine the reaction of implant material in experimental animals.
Results: Behavioral test shows impaired motor function within 2–24 h in all rats, autonomic behavioral test does
not show any disturbance, macroscopic images show appearance of tumor and rubor within 2–72 h in all rats,
microscopic images shows an increase in the mean neutrophils number with the highest point located in the 24 h
(3.92�103/μL) and lymphocytes with the highest point in the 14 days (15.31�103/μL). The average value of
MMP-2 levels of the negative control group was 1.33 ng/ml, 1.29 ng/ml of the positive control group, and 7.32
ng/ml of the implantation group. Level of MMP-2 in rats with visible implants increased on day 3 (0.75 ng/ml),
day 10 (1.49 ng/ml) and day 14 (17.67 ng/ml).
Conclusion: The implantation of carbonate apatite material did not cause behavioral disorders or abnormalities in
the tissues surrounding of the implant site and did not show signs of toxicity or death.
1. Introduction

An acute toxicity evaluation is a test to detect toxic effects that appear
in a short time after administration of a test material given in a single
dose or repeated doses given within 24 h. In this study, an acute toxicity
evaluation for carbonate apatite-based implants was carried out.
Although, this test does not fully describe the real safety in humans, the
result of the toxicity evaluation can be a reference related to the safety of
a product. The assessment of acute toxicity is determined by the death of
the test animal as the final parameter. Animals that died during the
experiment and lived until the end of the experiment underwent an
(A. Cahyanto).
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autopsy to evaluate the presence of toxicity. In the present study, car-
bonate apatite implants were implanted subcutaneously below the back
skin.

Materials with good biocompatibility, able to stimulate hard tissue
regeneration, and bind well with mineralized structures can be an
alternative material for the application of various clinical needs in the
field of dentistry. One of the materials that have been used for quite a
long time in healthcare, especially orthopedics, is bioceramic of car-
bonate apatite as bone graft material [1, 2, 3, 4, 5]. Carbonate apatite has
the ability to bind to bone structure and can stimulate hard tissue for-
mation [5, 6, 7, 8, 9, 10, 11]. Besides, when carbonate apatite granules
implanted in the cranial bone of rats, after 24 weeks almost all carbonate
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apatite granules were changed to new bone [12]. Other using apatite
cement with CO2 treatment to modify the surface layer of the sample
until turn into carbonate apatite, proved after 6-months of time im-
plantation in tibia rat, the carbonate apatite layer was resorbed gradually
and form new bone [5].

Judging by the basic ingredients of bone which are almost the same as
dental tissue, and the domestic ease of production, it becomes almost
imperative to examine its function more deeply as an endodontic filler so
it can be applied in dentistry [1, 13, 14, 15, 16]. Materials used in
healthcare must be biocompatible so it does not cause side effects or bad
outcome because every foreign object that enters the body will receive an
inflammatory response by the body. One of such materials requiring high
biocompatibility is endodontic filling agents placed close to the soft tis-
sue around the apex of the teeth and capillaries. This material is able to
form hydroxyapatite layers that resemble the bone mineral phase and
produce a good adaptation between apatite cement and bone tissue.
Carbonate apatite can adapt to the physiological environment and can be
resorbed by tissue that will replace damaged tissue [1, 13, 17]. Inflam-
mation which is the body's response to foreign matter can be interpreted
as a series of secondary changes in tissue that are traumatized, whether
physical, thermal, chemical or caused by micro-organisms [18].

Inflammation is characterized by vasodilation of local blood vessels
which causes an increase in local blood flow, increased capillary
permeability which allows extravasation into the interstitial cavity, and
common fluid clotting in the interstitial cavity caused by fibrinogen and
excessive blood protein, migration of granulocytes and monocytes in
large numbers into the network, and swelling of tissue cells [6, 19]. In
clinical examination symptoms can be found in the form of increased
temperature (calor), pain (dolor), reddened tissue (rubor), enlargement
(tumor) and often also lose or decrease of tissue function (functio laesa)
[7, 8, 18, 20].

Acute dermal toxicity evaluation for carbonate apatite-based end-
odontic sealer is carried out by implantation of the material in the sub-
cutaneous layer which will be observed macroscopically on gross tissue
anatomy and microscopically under blood smear, histologically, and by
measuring serummatrix metalloproteinase (MMP-2) levels because these
animals have relative tissue response similar to human tissue. The
response can be visualized as a response to human tissue [2, 17].

The behavior of animals is be observed after implantation because
physiological changes or pathological conditions can change the
behavior of living things. Preliminary test results obtained motor
behavioral change in rats within 2–24 h, macroscopic tissue reactions
(rubor and tumor) in rats within 2–72 h, the highest number of neutro-
phil inflammatory cells before 14 days and the highest lymphocyte in-
crease at 14 days. This study aims to investigate the changes induced in
rats post carbonate apatite material implantation whether macroscopi-
cally, microscopically, behaviorally and by MMP-2 serum levels change.

2. Materials and methods

This was an experimental study, using a randomized controlled
design with a pre-test post-test control group design pattern. The study
population was male white rats (Rattus norvegicus) aged 8–10 weeks old,
weighing 200–350 g, at adult age (approximately 10 weeks), with normal
behavior, no anatomical abnormalities, no visible dullness/hair loss/
baldness. The research sample based on the Federer formula obtained 28
samples that divided into a control group (positive/negative) and an
implant group. This study used tools and materials in the form of a
behavioral form, microscope, experimental animals, carbonate apatite-
based endodontic materials, Giemsa and HE stain, SEA100Ra 96
Enzyme-Linked Immunosorbent Assay (ELISA) for MMP-2 (Cloud-Clone
Corp., Houston, USA). The carbonate apatite-based endodontic materials
were prepared as our previous study which also consists of the evaluation
of the basic properties [15, 16]. Additionally, the carbonate apatite as
endodontic sealer material used in this study was fabricated from cement
with a size of 2 � 2 � 1 mm and incubated at 37 �C in 100% relative
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humidity for 72 h, after the cement was set then sterilized. The carbonate
apatite-based endodontic materials forming method was based on
dissolution and precipitation reaction. When powder particle was mixed
with the solution, the powder was dissolved to supply Ca2þ, PO4

3- and
CO3

2- ions. When the supersaturation phase was reached to carbonate
apatite, the carbonate apatite crystals were precipitated and form the set
cement [3].

The protocols study was approved by The Research Ethics Committee
of Padjadjaran University number 1328/UN6.KEP/EC/2018. The
experimental animals were put into a cage and let to adapt for one week.
In the experimental animals, carbonate apatite-based endodontic mate-
rial was implanted in the rat's subcutaneous back region by surgery. We
observed motoric behavior (platform and hanging test) and autonomous
sensory function (pineal, corneal, respiratory test), microscopic test
(blood smear and hematoxylin-eosin), macroscopic test, as well as
measured the level of MMP-2 serum ELISA using Multiscan FC Thermo
Scientific (Thermo Scientific, Vantaa, Finland) in all samples at day 1, 3,
7, and 14. Data analysis is descriptive non-parametric which obtained
using the mean formula.

3. Results

3.1. Observation of behavioral test, Sensoric dan motoric response

Behavioral test observation showed a decrease in the above platform
activity 24 h after carbonate apatite material implantation. However,
similar results were observed in the control group so the decrease was not
caused by the presence of implants in the rat's body. Although, above
platform activity decreased, observations on motor activity showed
normal results in both groups.

The 24th hours and 14th days observation post-installation of car-
bonate apatite did not find Straub, piloerection, ptosis, lacrimation,
catalysis, salivation, tremor, convulsions or writhing. All test animals
showed normal responses to pineal reflex, corneal reflex, and respiration.
Grooming, urination, and defecation activity in the test group is com-
parable to the normal control group.

Table 1 shows the results of implant and control rat control testing.
Motoric nerve behavior test in experimental rat produce “abnormal” in 2
h period (100%), results vary in 24 h period consisting (64%) “normal”in
control rat with (62%) in controls, and all rats in periods of 0 h, 3 days, 7
days, 10 and 14 days give “normal” results (100%).

Table 2 shows the “normal” results in all rats and all periods in the
autonomic behavior test. The next table will explain the results of
macroscopic tests on experimental animals implanted with carbonate
apatite-based endodontic sealers.
3.2. Macroscopic observation

Table 3 shows the results of macroscopic observation of implanted
and control rats. Rubor and tumor signify “present” test results in all rats
within 2 and 24 h. Macroscopic observation found present rubor and
tumor (36%) in control rats within 3 days, and (45%) in implanted rats
within 3 days, whereas in all rats within 0 h, 7 days, 10 days and 14 days
macroscopic observation yielded “none” or “absent” (100%).
3.3. Organs observation

Bodyweight was observed for 14 days and showed an increase in
weight. However, the increase was greater in control rats than in
implanted rats. There was no death of implanted rats. No deaths were
found after 14 days of carbonate apatite material installation. Body
weight profiles for 14 days were similar in the control and test group. No
organ abnormalities were found in all test animals on the 14th day after
administration of the test preparation (Figure 1).



Table 1. Motoric behavior test on carbonate apatite based endodontic sealer material implanted animals and control animals.

Animal Type (Σ) Effects Period(s)

0 H 2 H 24 H D 3 D 7 D 10 D 14

NC (2) Pl N % 100 - - - - - -

AN % 0 - - - - - -

Ba N % 100 - - - - - -

AN % 0 - - - - - -

C (11) Pl N % 100 0 64 100 100 100 100

AN % 0 100 36 0 0 0 0

Ba N % 100 0 64 100 100 100 100

AN % 0 100 36 0 0 0 0

I (15) Pl N % 100 0 62 100 100 100 100

AN % 0 100 38 0 0 0 0

Ba N % 100 0 62 100 100 100 100

AN % 0 100 38 0 0 0 0

Noted: NC ¼ Negative Controls, C ¼ Control, I ¼ Implant, Pl ¼ Platform, Ba ¼ Bar hanging, N ¼ Normal, AN ¼ Abnormal.

Table 2. Autonomous behavior tests in control animals and experiments implanted in carbonate apatite-based endodontic sealers.

Animal Type (Σ) Effects Period(s)

0 H D 2 D 24 D 3 D 7 D 10 D 14

NC (2) Pi N % 100 - - - - - -

AN % 0 - - - - - -

Co N % 100 - - - - - -

AN % 0 - - - - - -

Re N % 100 - - - - - -

TN % 0 - - - - - -

C (11) Pi N % 100 100 100 100 100 100 100

AN % 0 0 0 0 0 0 0

Co N % 100 100 100 100 100 100 100

AN % 0 0 0 0 0 0 0

Re N % 100 100 100 100 100 100 100

AN % 0 0 0 0 0 0 0

I (15) Pi N % 100 100 100 100 100 100 100

AN % 0 0 0 0 0 0 0

Co N % 100 100 100 100 100 100 100

AN % 0 0 0 0 0 0 0

Re N % 100 100 100 100 100 100 100

AN % 0 0 0 0 0 0 0

NC ¼ Negative Controls, C ¼ Control, I ¼ Implant, Pi ¼ Pineal, Co ¼ Corneal, Re ¼ Respiratory, N ¼ Normal, AN ¼ Abnormal.
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3.4. Microscopic observation

Microscopic observation was carried out by examination of blood
smears and examination of tissue slides through HE staining. The optical
equipment was using biological microscopes (Olympus CX21, Tokyo,
Japan).

3.4.1. Microscopic observation of blood film
Graphs 1 and 2 above show the highest point in the mean number of

neutrophils in implant rats within 24 h with a mean of 3.92�103/μL. The
highest lymphocyte count was found in implant rats within 14-days with
a mean of 15.31�103/μL. There was an increase in the mean neutrophil
level within 2–24 h and then a decrease within 14 days. An increase in
mean lymphocytes level within 2 h–14 days.

3.4.2. Microscopic observation with HE staining
Observations of negative, positive controls and implants with

hematoxylin-eosin (HE) staining showed no sign of inflammation around
3

the area exposed to carbonate apatite implants (Figure 2). Subcutaneous
tissue observation in the test group was similar to the normal.

3.4.3. Serum MMP-2 level observation
Serum MMP-2 level within murine blood increased by the day as

shown in the Graph 3. The observation showed high MMP-2 level within
the 2nd hours and 14th days, in accordance with its role in extracellular
matrix remodeling.

4. Discussion

Inflammation is the body's mechanism for reacting to wounds, foreign
bodies or substances that enter the body. This response can be used as an
indicator of the level of the body's acceptance of a material; the more
difficult a material is received by the body, the worse the inflammation
and the longer the duration. Marker of the emergence of inflammation is
the cardinal signs of inflammation which can be visually observed in
experimental animals: rubor, tumor, and functio laesa. The severity of the



Table 3. Macroscopic test results in control and test animals implanted with carbonate apatite-based endodontic sealers.

Animal Type (Σ) Effects Period(s)

0 H 2 H 24 H D 3 D 7 D 10 D 14

NC (2) Ru NP % 100 - - - - - -

P % 0 - - - - - -

Tu NP % 100 - - - - - -

P % 0 - - - - - -

Fu NP % 100 - - - - - -

P % 0 - - - - - -

C (11) Ru NP % 100 0 0 64 100 100 100

P % 0 100 100 36 0 0 0

Tu NP % 100 0 0 64 100 100 100

P % 0 100 100 36 0 0 0

Fu NP % 100 100 100 100 100 100 100

P % 0 0 0 0 0 0 0

I (15) Ru NP % 100 0 0 55 100 100 100

P % 0 100 100 45 0 0 0

Tu NP % 100 0 0 55 100 100 100

P % 0 100 100 45 0 0 0

Fu NP % 100 100 100 100 100 100 100

P % 0 0 0 0 0 0 0

NC ¼ Negative Controls, C ¼ Control, I ¼ Implant, Ru ¼ Rubor, Tu ¼ Tumor, Fu ¼ Functio laesa, P ¼ Presented, NP ¼ Not Presented.

Figure 1. Observation of control group organs (A), and implant groups (B).
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inflammatory response can be characterized by disruption of the wound
healing process and the level of leukocytosis or increase in the number of
white blood cells that occur systemically. The duration of the inflam-
matory response can be measured by how long the above signs appear
and persist in experimental animals. If inflammation is extensive and
ongoing, it can affect the organ tissue function of an organism which can
ultimately change the organism's behavior [7, 9, 18, 21, 22].

Table 1 shows the results of the “abnormal" motor behavior test in the
control and implant rats within 2 h. The motor behavior test gives
“normal” and “abnormal” results within 24 h “Abnormal” results be-
tween 2 and 24 h occur due to dolor caused by compressive stimulation
of nerve endings by edema resulting from vasodilation and opening of
nerve endings due to injuries, anesthetic effects, as well as fatigue and
discomfort due to energy depletion and body nutrition for healing pro-
cesses [8, 23, 24, 25, 26, 27].

Results vary in implant and control rats within 24 h between
“normal” and “abnormal”. This variation is caused by the inflammatory
and wound healing process which happens at different rates. The rate of
inflammatory processes that occur is influenced by the regeneration
factor of each individual hence some samples regenerate faster [28, 29,
30].

Table 2 explains the results of the autonomous behavior test. The test
showed “normal” results in all rats in every temporal setting. These re-
sults are consistent with the theory conveyed by Williams and Maier
4

(1997) that local inflammation can localize trauma or stimulus, remove
damaged tissue, destroy bacteria, and rebuild damaged tissue, so the
inflammation will end; however, in general inflammation, trauma can
extend to the surrounding tissue and can cause functio laesa in the sur-
rounding tissue. Because trauma has been localized successfully, it does
not cause widespread tissue damage so disruption of the autonomic
nervous system does not occur [8, 31].

Table 3 shows the results of macroscopic observation of inflammatory
signs in the form of tumor, rubor, and functio laesa. Signs of tumor and
rubor inflammation that appear within 2 and 24 h are normal according
to Nguyen (2009) that tumors and rubor occur are the results of vaso-
dilation intended to enable platelets and blood clotting factors to exudate
out of the blood vessels in order maintain homeostasis in the wound area
[28]. This is also followed by A. Gonzalez et al., (2016) who maintains
that inflammation can occur for 24 h to 4 days, so during this period
vasodilation and exudation of fluids can cause redness and swelling [29].
Signs of inflammation that appear in some implant and control rats
within 3 days is normal because the inflammatory period or wound
healing of each individual can be different. S. Guo (2010) proposed
several factors affecting wound healing: oxygenation, infections, foreign
substances, adequacy of local blood vessels, age, sex, hormones, stress,
systemic diseases, body weight, drugs, immunological conditions, and
nutrition [30]. Within these factors, we can observe bodyweight and
infection. Every rat has a different weight so the ability to heal wounds



Figure 2. Rat subcutaneous tissue with HE staining (40x magnification) for 0, 2 and 24 h(s), 7 days and 14 days.
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Graph 1. Mean number of neutrophil inflammatory cells.

Graph 2. Mean number of lymphocyte inflammatory cells.

Graph 3. MMP-2 serum level.
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also yields different results. Microorganisms on the skin, dirt and urine
can come into contact with the wound so contamination can occur which
will cause slow wound healing [30].

The ultimate function of foreign body response (FBR) that occurs
under normal physiological conditions is to protect the body from the
foreign object. Usually, the work of FBR based on nonspecific protein
adsorption, immune, and inflammatory cells. To avoid health complica-
tions of the patient, the effects of the implant on the host tissue and the
host on the implantable device must be clearly understood. When the
level of the homeostatic mechanisms is concerned, the pathophysiolog-
ical conditions formed, then analysis of the inflammatory response
should be considered as a reaction of the host, which ultimately resolves
the relative compatibility of the materials. Whereas it is beneficial to split
homeostatic mechanisms into tissue–material interactions, it is unique
that many of the mechanism associated with homeostasis is a part of the
same physiologic processes. A tissue/material interface is directly formed
after intramuscular and sub cutan implantation. Nonspecific blood
adsorption and tissue fluid proteins are also usually affected by the
implant surface. The FBR severity depends on composition, length of
contact, percentage of degradation, morphology, porosity, roughness,
form, dimension, sterility, and surface chemistry of the material. FBR is
characterized by an inflammatory response that involves a primary acute
phase and following by the chronic phase. The wound healing process
triggered by material implantation and associated tissue injury. The
acute phase is marked by exudation as well as a neutrophilic reaction,
6

and it lasts from hours to days. It is responsible for matrix formation and
wound site cleaning. The vessels expand and blood will move into the
injury area. The FBR reaction can release such as cytokines and growth
factors from blood and tissue protein. After that, leukocytes adhere to the
blood vessels endothelium and penetrate the injury area. Monocytes
(part of leukocytes) then charged into the site and differentiate into
macrophages. The continual presence of biomaterial as inflammatory
stimuli can cause chronic inflammation [32].

Graphs 1 and 2 show the results of microscopic observations. The
highest serum neutrophil level was found in the 24 h implant rat with a
mean of 3.92�103/μL. The highest serum lymphocyte level was found in
the 14 days implant rat with a mean of 15.31�103/μL. The control
variable for Graphs 1 and 2 began to be observed on the third day (3
days) because the acute phase lasts from hours to days and is marked by
fluid and protein exudation as well as a neutrophilic reaction and the
numbers of neutrophil increase rapidly and reach a peak after 24–48 h
[26, 27, 28, 29]. According to Martin, C. W. (1990), peak serum lym-
phocytes will be found within 8–14 days, after which it will decrease [33,
34]. The discussion above gives the impression that the material in this
study has fairly good biocompatibility in the acute stage.

In Graph 3, we found elevated serum MMP-2 level in implanted rats
with a longer period of implantation, showing that gelatinase has extra
fibronectin domain located within the catalytic domain, which allows
binding and processing of denatured collagen or gelatin. This shows that
this enzyme also plays a key role in extracellular matrix remodeling.
MMP gene expression is mainly regulated at the level of transcription,
which usually results in a low basal level in normal physiology. Most
members of the MMP family share a common cis-element in their pro-
moter sequence, which allows strict control of cell-specific expression. As
a result, MMP is often expressed or repressed in response to multiple
stimuli, including inflammatory cytokines, growth factors, glucocorti-
coids or retinoids. The response at the transcription level occurs a few
hours after exposure to the stimulus, indicating that the MMP promoter is
a downstream target in the initial response gene signal pathway, which is
induced shortly after cellular stimulation and in the absence of new
protein synthesis. This initial response gene encodes a signaling protein
that phosphorylates different transcription factors, which can then bind
to the MMP gene promoter. Matrix metalloproteinases (MMPs) form a
family of enzymes that mediate various functions in tissue destruction,
remodeling, and immune responses by hydrolyzing components of the
extracellular matrix under physiological and pathological conditions.
The relationship between the MMP expression and inflammatory lesions
was also examined [35, 36]. Carbonate apatite is a biocompatible im-
plantation material. Behavioral, microscopic, macroscopic, and serum
MMP-2 level observation did not show signs of toxicity.

5. Conclusion

The implant of subcutaneous carbonate-based endodontic sealer
material in experimental animals using behavioral, microscopic, macro-
scopic, and serumMMP-2 level observation did not show signs of toxicity
or death. The carbonate-based endodontic sealer material has an excel-
lent result and promising to be use as an endodontic sealer material for
endodontic dental treatment.
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