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ABSTRACT

Introduction: Periodontitis is a common chronic inflammatory disease characterised by destruction of the
supporting structures of the teeth, generally caused by bacteria Phorphyromonas gingivalis (P.g). Matrix
metalloproteinase-2 (MMP-2) is an enzyme that plays an important role in inflammatory conditions.
All-trans retinoic acid is a metabolite of vitamin A which plays a role in healing the inflamed tissue and
maintain the immune system. The purpose of this study was to determine the effect of ATRA on the
expression of MMP-2 in periodontitis models of mouse Rattus norvegicus. Methods: this was a laboratory
experimental study using post-test only with control group design. This study used 25 male Wistar mice
that was divided into 5 groups. Group 1 is a group of healthy mice, Group 2 is a group of periodontitis
induced mice without treatment, Group 3 is a group of periodontitis mice treated with 5 mg/kgBW doses
of ATRA, Group 4 is a group of periodontitis mice treated with 10 mg/kgBW doses of ATRA, and Group 5
is a group of periodontitis mice treated with 20 mg/kgBW doses of ATRA. The periodontitis was induced
using Phorphyromonas gingivalis bacteria every 3 days for 28 days and followed by administration of
ATRA for 7 days. Expression of MMP-2 from gingival tissues and periodontal ligament was obtained by
immunohistochemical methods. The results were analyzed using the Shapiro-Wilk Test and Mann-Whitney
Test. Results: The results showed there were significant differences in the positive area of MMP-2 and
MMP-2 color intensity (p<0.05) between Groups. Conclusion: ATRA dose of 20 mg/kgBW is the most
effective dose in inhibiting the expression of MMP-2 in mice models of periodontitis when compared with
other doses.
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INTRODUCTION

Periodontal disease is an oral cavity illness that is
most suffered to human being until nowadays. The
survey result of Household Health Survey (SKRT)
in 2004 told that the prevalence of periodontal
disease in Indonesia has reached 96.85%. A type
of periodontal disease which is often suffered in
many cases is periodontitis. Periodontitis is an
inflammation of the periodontal tissues or teeth
supporting tissues.' Periodontitis is usually caused
by Porphyromonas gingivalis bacteria which is
known as the most aggresive bacteria that can
induce the condition. That bacteria produces
toxin which can hamper fagositosis, degrades
imunoglobulin, and triggers pro-inflammatory
cytokines.?

In periodontitis, there are enhancements
of macrophage and osteoclast cell numbers.
Macrophage and osteoclast are the cells producing
proteolytic enzymes, the matrix metalloproteinase
enzymes. Thus, in periodontitis, the production
of this enzyme is increasing. The matrix
metalloproteinase enzyme (MMP) will damage the
collagen that dominates the periodontal ligament.
So, in a periodontitis case, enhancement of
collagen degradation condition will be found.?
From various MMP types, MMP-2 is known as an
agent that signals collagen degradation of the
periodontal tissues, where this condition is very
specific. The expression and the activity of this
enzyme are predictive indicators for periodontitis
condition.*

Today many kind of efforts have been
developed to act against that MMP enzyme activity.
One that is alleged to inhibit MMP activities is
vitamin A metabolite. The consumption of high
quality vitamin Ais very low in Indonesian citizen.>
Vitamin A metabolite which is known as all-trans
retinoic acid (ATRA) is considered to function in
all condition. Vitamin A metabolite is judged to be
able to potentially press damages of inflammatory
conditions.¢ In this case, ATRA works by pressing
inflammatory cell infiltration with cytokines anti
inflammatory enhancement (IL-10, TGF-beta)
and by reducing the production of cytokines pro
inflammatory such as IL-1 and TNF-alfa. The other
way of how ATRA works is by modulating Th-17 cell
and keeping the sync T-regulator cell. It has the
role as body protector towards infection.”
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The ATRA dosage exertion per day which
is safe for the mouse is 20 mg/kgBW. Other ATRA
dosages of 5 mg/kgBW, 10 mg/kgBW, and 15 mg/
kgBW are known to be able to help the healing
process of soft tissue inflammation.® A healing
method for periodontitis with ATRA measured
through MMP-2 activity has not been found, so this
research needs to be done in order to understand
the effect of ATRA dosage variation towards mouse
model MMP-2 expression which is induced by
periodontitis.

METHODS

The research methods were laboratory
experimental and post-test only control Group
design which contained 5 groups. Group 1 was a
mice group which was not induced by periodontitis
and was not given ATRA, Group 2 periodontitis
mice Group which was not given ATRA, Group 3 was
periodontitis mice group which was given the ATRA
of 5 mg/kgBW dosage, Group 4 was periodontitis
mice group which was given ATRA of 10 mg/kgBW
dosage, and Group 5 was periodontitis mice group
which was given ATRA of 20 mg/kgBW.

In this research, used healthy white mice
(Rattus norvegicus) of Sprague dawley, 3-4 months
old, weight of 200-300 grams, male, health status
marked by good physical look, activity, and
normal mouse behaviour. The exclusion were mice
with periodontal disorder before being induced
by Phorphyromonas gingivalis, marked clinically
by swollen, red, tender, and easily bleeding gum.
The number of the sample in this study were
calculated by Federer formulation and found
minimum number were 5 mice, but it was added
by 2, so that the total sample became 35 mice.

The research was started by ethical
permission and clearance submission, preparation
of the testing animal, as many as 35 mice which
were divided into 5 random groups. Mice were
induced to periodontitis by ligation using silk floss
on lower left first incisor by 1 McFarland dosage
as 0.02 ml. Bacteria injection was given 1 time/
day in 3 days for 28 days. Mice periodontitis
condition were checked by x-ray shot on 5 mice,
1 mouse from each group to see the alveolar
bone resorption.®°

ATRA consumption was given every morning
for 7 days. ATRA powder of those any dosage
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Figure 1. Immunohistochemical gingiva on healthy mice Group 1 (A), sore mice Group 2 (B), ATRA at dose 5mg/kgBW Group 3 (C),
ATRA at dose 10mg/kgBW Group 4 (D), ATRA at dose 20mg/kgBW Group 5 (E).

was dissolved in 1 ml corn oil and was given to
the testing animal orally using sonde gastrique
through its palate and then pushed to esophagus.
The groups which were not given ATRA Group 1
and Group 2 were given corn oil as placebo.
Preparation of animal tissues after being
euthanized were retrieval of labial gingival
tissues of lower left incisive. Incision was started
from mesial direction to distal direction with
incision width 4-6 mm from cervical direction
to apical of gingival part. The processing of the
tissue then was done by tissue paraffin block,
deparaffinization process and continued with
MMP-2 immunohistochemical staining."
Immunohistochemistry preparat observation
was done by using light microscope connected
with optilab camera. MMP-2 expression shown
as brown colour on tissues. MMP-2 expression
calculation formula based on cell which expresses
MPP-2 divided to total cell numbers in sight field
multiple to 100 percent and counted each 5 sight
field with 400x enlargement.’”> MMP-2 expression
percentage was achieved based on the formula,
then they were put into MMP-2 positive area
scoring and MMP-2 colour intensity score. After
the preparat had been calculated and observed to
the MMP-2 expression, analyze were performed.

Data analysis was done by using statistical
package for social sciences software (SPSS).
Data analysis was started with normality test
using Saphiro-Wilk test and homogenity test
using Levene test. The MMP-2 expression had not
distributed normally homogen, and then Kruskall-
Wallis test were done to analyze distinction of
each group, and continued with Mann-Whitney
test to see the significancy of distinction group.

RESULTS

The expression of matrix metalloproteinase-2
(MMP-2) at mice was measured. Colouring result
by imunohistochemical technique using MMP-
2 antibody had been seen as brown colour on
fibroblast cells of cytoplasm and macrophage
with variant intensity. The stronger colour
intensity shows higher MMP-2 expression. Score
assessment was done by 3 observers to achieve
data validity, and using Pearson correlation test
(p<0.05). It was decided that observer 1, observer
2, observer 3 were related. Observation results of
MMP-2 expression on gingiva tissue and periodotal
ligament available on picture 1 below.

Based on immunohistochemistry at Figure
1, it could be seen that macrophage cells and
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Table 1. Result of MMP-2 expression positive area score

Table 4. Result of MMP-2 colour intensity score

No. Group MMP-2 Positive area score average (%) + SD No. Group  Meanofcolourintensityscore MMP-2 +SD
1 1 0.80+0.447 1 1 0.40+0.548

2 2 4.40+0.548 2 2 2.80+0.447

3 3 3.80+0.837 3. 3 2.60+0.548

4 4 3.00+1.225 4 4 1.60£0.548

5 5 1.00+0.000 5 5 0.60+0.548

Table 2. Kruskal-Wallis test result between Groups toward
distinction of MMP-2 positive area percentage score

No. Group Mean Rank Sig.
1. 1 5.00

2. 2 20.80

3. 3 18.10 0.000*
4. 4 15.10

5. 5 6.00

Table 3. Mann-whitney test result MMP-2 positive area
percentage score

Group 1 Group 2 Group 3 Group 4 Group 5
Group 1 0.006*  0.007* 0.007* 0.317
Group 2 0.006* - 0.212 0.067* 0.005*
Group 3 0.007*  0.212 - 0.192 0.005*
Group 4 0.007*  0.067* 0.192 0.005*
Group 5 0.317 0.005*  0.005* 0.005*

fibroblast cells of Group 1 were fewer expressing
MMP-2. Group 2 was the group which expressed
MMP-2 the most. Furthermore, MMP-2 positive
area distribution scoring and MMP-2 colour
intensity and positive area percentage on each
picture were seen at Table 1.

The result above showed that Group 1 had
the lowest value and Group 2 had the highest
value. MMP-2 positive area percentage data in
the following step was done using Kruskal-Walls
to see the distinction between treated Groups.
Kruskal-Walls test result can be seen on Table 2.

Kruskal-wallis statistic test result on Table
2 showed there was MMP-2 expression difference
with means (p<0.05). This case showed there was
distinction of MMP-2 positive area percentage
which had meaning between treated groups.
Furthermore, Mann-Whitney statistic test was
done to observe MMP-2 positive area percentage
score distinction between each group. Mann-
Whitney test result could be seen on Table 3.
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Table 5. Kruskal-wallis test result of MMP-2 colour intensity
between Groups

No. Group Mean Rank Sig.
1. Healthy Mouse 5.40

2. Sore Mouse 20.70

3. ATRA 5 mg/kgBW 19.40 0.001*
4. ATRA 10 mg/kgBW 12.90

5. ATRA 20 mg/kgBW 6.60

Table 6. Mann-Whitney test result of MMP-2 colour
intensity score based on Group

Group 1 Group 2 Group 3 Group 4 Group 5
Group 1 0.006*  0.007*¢ 0.020* 0.549
Group 2 0.006* - 0.513 0.014* 0.006*
Group 3 0.007*  0.513 0.031* 0.007*
Group 4 0.020* 0.014* 0.031* 0.031*
Group 5 0.549 0.006*  0.007* 0.031*

Note: Source: Processed Primary Data, 2015, Information: *:
Different Meaning (p<0.05)

Mann-Whitney test result on Table 3 showed
that there were different scores of MMP-2 positive
area percentage with means (p<0.05) on most
groups, except, to Group 1 with Group 5, Group
2 with Group 3, and Group 3 with Group 4 which
had score p>0.05.

Based on MMP-2 colour intensity observation
on healthy mouse group, periodontitis mouse
without administration of ATRA, periodontitis
mouse with ATRA dosage 5 mg/kgBW, periodontitis
mouse with ATRA dosage 10 mg/kgBW and
periodontitis mouse with ATRA dosage 20 mg/
kgBW can be seen on Table 4.

Based on the observation result of MMP-2
colour intensity score on Table 4, the data was
not distributed normally and but homogen. Next,
transformation data and data normality test were
performed again. The result showed that the data
was still not normal then analyzed by Kruskall-
wallis statistic test to know the difference of
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MMP-2 expression colour intensity score between
groups. Kruskall-wallis test result could be seen
on Table 5.

This result showed that ATRA administration
affecting to the degradation of MMP-2 expression.
Next, a Mann-Whitney test was performed to
understand the difference of colour intensity
among each Group. Mann-whitney test result
could be seen on Table 6.

DISCUSSION

Research results show that the administration of
all trans retinoic acid (ATRA) at dosage 20 mg/
kgBW has the most capability to inhibit MMP-2
expression, it can be seen from the percentage of
MMP-2 positive area and MMP-2 colour intensity.
On observation of MMP-2 positive area percentage,
there were different meaning among periodontitis
mouse groups, periodontitis mouse group which
was given ATRA dosage 5 mg/kgBW, periodontitis
mouse group which was given ATRA dosage 10
mg/kgBW and periodontitis mouse group which
is given ATRA dosage 20 mg/kgBW. Different
signification of MMP-2 positive area among treated
groups are 0.000 (p<0.05), so it can be said that
the difference among groups are meaningful.
This research showeds that ATRA 20 mg/kgBW
intake is giving better result toward MMP-2 area
degradation compared with mouse groups given
corn oil, dosage 5 mg/kgBW, and dosage 10 mg/
kgBW groups.

In periodontitis mouse group which ATRA
is not given, MMP-2 expression is the highest
compared to other periodontitis groups which
ATRA are given. This case corresponds parallelly
with previous research that said MMP proteolytic
enzymes is a indicator of inflammatory condition
that its amount is proportional to the severity
of the inflammatory condition.’® MMP enzyme is
excreted by any kind of connective tissue and pro-
inflamation cell include fibroblast, osteoblast,
endothelial, and macrophage so the MMP enzyme
activity is often found in inflammatory condition.™
Periodontitis recuperation formed on regeneration
and structure refinement are known to occur
through treatment procedure or natural ways."

Degradation of MMP-2 expression on
periodontitis group where ATRAis given corresponds
with previous research that enchancement of MMP

gen expression could be down regulated by ATRA
which has been entered into cells. ATRA enters
cell from cytoplasm to nucleus, afterward, ATRA
will be bound with its receptor and regulates
transcription from any gen which finally can
reduce MMP-2 activity.'® The decline of MMP-2
expression on periodontitis group can happen
because of endurance and age factors showing
body’s metabolism that is still good."” Immune
cells will give response toward inflammation so
there will be natural recuperation process.®

On observation of MMP-2 colour intensity,
there is meaningful difference among whole
groups, except in the healthy mouse group when
compared with ATRA 20 mg/kgBW dosage mouse
group and sore mouse group which compared with
ATRA 5 mg/kgBW dosage mouse group. The case
is caused by colour intensity that looks almost
similar between them. MMP-2 expression with
weak intensity looked on healthy mouse group
and ATRA 20 mg/kgBW dosage mouse group. MMP-
2 expression with medium intensity is on ATRA 10
mg/kgBW dosage mouse group. Meanwhile, MMP-2
expression with strong intensity is found on sore
mouse group and ATRA 5 mg/kgBW dosage mouse
group, It proves that ATRA intake with high dosage
affects in declining the MMP-2 colour intensity.

Previous research showed that ATRA intake
with higher dosage had better effectivity in
reducing inflammatory on periodontitis case if
compared with lower dosage.' The case is also
corresponding with previous research that said
that ATRA 15 mg/kgBW plays a role in soft tissues
inflammatory on the back foot of lab mouse which
is better than lower dose. The research showed
anti-inflammatory effect, 20 mg/kgBW dosage was
better than 5 mg/kgBW dosage and 10 mg/kgBW
dosage.

Intake 5 mg/kgBW of ATRA positive area
percentage, there is no meaningful difference
after being tested statistically. This is because
there is just a few degression on MMP-2 positive
area of ATRA 10 mg/kgBW and ATRA 5 mg/kgBW
dosage intake. The difference which is significant
can be seen from MMP-2 colour intensity difference
for both groups. This proves that ATRA 10 mg/
kgBW dosage intake can reduce MMP-2 colour
intensity than 5 mg/kgBW which cannot reduce
the percentage of MMP-2 positive area maximally
and significantly.
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For ATRA 5 mg/kgBW dosage, the degression
of MMP-2 expression amount is lighter than the
sore mouse group. This case corresponds with
previous research which showed that ATRA 5 mg/
kgBw can reduce inflammatory but not optimally
if compared with higher dosage.? This study shows
that MMP-2 expression depends on dosage which
is given (dose-dependent). According to previous
research, higher dosage of ATRA but still on the
safe limit shows inflammatory recuperation in
the form of better collagen fibers density."

The dosage which is safe to be used for
animal testing is about 5-20 kgBW?® and dosage
above 20 mg/kgBW can raise hepatotoxicity
in mouse if consumed everyday until 30 days.
Administration of 50 mg/kgBW dosage can cause
death for the mouse if consumed everyday
until 60 days. The study showed that the higher
administration dosage of ATRA caused the lower
the MMP-2 proteolytic enzyme expression. Safety
dosage amount of ATRAstill need to be investigated
further.

On periodontitis mouse group, the
enhancement of highest percentage of positive
area and MMP-2 colour intensity occured if
compared with other groups. This is because the
group is only given corn oil as placebo. Corn oil has
no recuperation effect of inflammated tissues.”
The histologic description of periodontitis group
without ATRA consumption shows broken tissues,
full of inflammatory cells and higher percentage
of MMP-2 positive area on connective tissues and
stronger colour intensity of MMP-2 than treated
Groups.

CONCLUSION

ATRA dose of 20 mg/kgBW is the most effective
dose in inhibiting the expression of MMP-2 in mice
models of periodontitis when compared with other
doses.
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