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ABSTRACT

Background: Periodontitis is periodontal tissue inflammation due to Porphyromonas gingivalis which invades
the gingival tissue due to the activity of virulence factors. This causes the host immune system changes and
increases MMP-8 production in periodontal tissue so resulting excessive tissue destruction. Cocoa pod rind
containing proanthocyanidin compound as anti-inflammatory drugs is given to reduce MMP-8 and cure
periodontitis. Objective: To examine the effect of proanthocyanidin extract of cocoa pod rind (Theobroma
cacao L.) on decreasing MMP-8 expression in gingival tissue of periodontitis rats model. Materials and
Methods: The samples used were 16 male Wistar rats divided into 2 groups, placebo gel for the control group
and proanthocyanidins gel for the treatment group. ). Each group was induced by P.gingivalis bacteria every
3 days for 14 days and then smeared with placebo gel and proanthocyanidin gel for 7 and 14 days. Then all
rats’ gingival tissue were taken and made preparations to be observed under a microscope and analyzed using
immunoratio software. Result: There were differences in MMP-8 expression based on observation time

(p<0.05). MMP-8 expression in the 7th day control group was lower than the 14th day and MMP-8 expression

in the 7t day treatment group was higher than the 14th day. Conclusion: Proanthocyanidin of cocoa pod rind
extract (Theobroma cacao L.) can reduce MMP-8 expression in gingival tissue of periodontitis rats model.

Keywords: Periodontitis, MMP-8, Proanthocyanidin extract cocoa pod rind (Theobroma cacao L.)
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INTRODUCTION

Periodontitis is an inflammation of the
periodontal tissue affecting almost 75% of
Indonesia’'s population of various age groups.
Periodontitis caused by gram-negative bacteria
is a continuation from gingivitis which will cause

attachment loss and end in tooth loss?.
Porphyromonas gingivalis is one of the
proteolytic bacteria because the virulence factor
of this bacterium contains protease enzymes,
such as capsules, fimbriae, gingipains,
and lipopolysaccharides. This protease enzyme
is used by P.gingivalis bacteria to fight the host
defense system and cause degradation of the
structural proteins that make up the gingival and
periodontal tissues, making it easier to invade
deeper gingival tissue. Degradation of this
protein will trigger damage and loss of
attachment to the periodontal tissue, especially

the gingivaz.

The gingival tissue is composed of
keratinized stratified squamous epithelium which
functions to support the integrity of the gingival
tissue. Gingival integrity is a form of the body's
defense mechanism through physical defense in
overcoming dangerous agents, including
bacteria. The integrity of the gingival epithelium
can be impaired or damaged by bacterial
protease enzyme activity or the body's response
activity in eliminating bacteria that cause
periodontal disease, one of which is cytokine
inflammation as a host response to P.gingivalis

infectionz.

Colonization and infection of P.gingivalis
will increase the production of proinflammatory
cytokines, including matrix metalloproteinase-8
(MMP-8) which is a collagen-breaking enzyme in
connective tissue and holds the greatest control
of collagenase activity in the gingival tissue in the
periodontitis®>. MMP-8 as a biomarker of
periodontal tissue inflammation is found in low
levels because of the high levels of natural
inhibitors of MMP-8 in healthy periodontal tissue

and will increase if inflammation occurs4.

In order to reduce the production of
proinflammatory cytokines in periodontitis from
excessive bacterial activity, the treatment that
have an anti-inflammatory effect need to be
made, one of the treatment comes from cocoa
pod rind (Theobroma cacao L.) which is rich in
polyphenol compounds and allegedly have
these effects. The rind cocoa is very abundant in
Jember as agricultural waste and has not been
utilized properly. It contains water (85%), crude
fiber (27%), and protein (8%). The polyphenol
compounds including proanthocyanidin (58%),
catechins (37%), and

anthocyanins (4%)5.

Proanthocyanidin is the most abundant
polyphenol in the cocoa pod rind (Theobroma
cacao L.) with utilization that is still not optimal.
Previous studies have shown that 10% of
proanthocyanidin in rind cocoa can reduce COX-
2 levels in periodontitis, whereas COX-2 is
related in the regulation of MMP-8 It is suspected
that the decrease in COX-2 can reduce MMP-8
levels so that bacterial activity is also inhibited.
Proanthocyanidin replaces an inhibitor of MMP-
8 activity because of its ability to inhibit the
secretion of MMP-8 by diverting the nuclear

signal factor-kappaB (NF-KB)G.
MATERIALS AND METHODS

This study is a type of experimental
laboratory research with the post test only
control group design. The code of ethics was
obtained from the Health Research Ethics
Commission (KEPK) at the Faculty of Dentistry,
University of Jember with number 440 /UN25.8/
were observed on the 7th and 14th days. All rats
were induced by Porphyromonas gingivalis
(ATCC 33277) every 3 days for 14 days.

After that, the gingival margins of the
mesial portion of the maxillary first molars of the
right region were given placebo gel once a day
for 7 and 14 days in the control group and were
given a cocoa pod rind (Theobroma cacao L.)
(100 mg/ml) extract once a day for 7 and 14 days
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in the treatment group. Then the gingival tissue
was removed by cutting the maxillary region of
the right region from the mesial portion of the first
molar to distal the second or third molar after
being anesthetized using ketamine anesthesia.
Samples were put into formalin buffer for 24
hours so that the tissue were not damaged and
then decalcified with 10% formic acid to make it
soft. After that, the tissue samples were
processing then coloring using IHC.

The research data were obtained from
observations of histological preparations from
each group. Analysis of MMP-8 expression in
gingival tissue was done on the 7th and 14th
days. Observations were carried out with a
binocular microscope with the help of optilab with
a magnification of 100X. Samples were
observed for brownish color intensity arising
from IHC staining and determined based on the
percentage results that emerged from the
Immunoratio software. The data obtained then
analyzed using One-Way ANOVA test from
SPSS.

Table 1. Calculation of MMP-8 expression in gingival
tissue

Sample Groups

7th Day 14t Day p

Control (K) 47.25+£35.94 55.75+10.720

0.002

Treatment (P) 39.50+£1.291  36.50+1.291

KEPK / DL / 2019. The making of
proantocyanidin cocoa pod rind extract took
place in Phytochemical Laboratory of the Faculty
of Pharmacy, Jember University, manufacture
and rejuvenation of P.gingivalis bacterial
suspension in the Laboratory of Microbiology,
Faculty of Dentistry, University of Jember,
maintenance and treatment of experimental
animals in the Biomedical Laboratory of the
Faculty of Dentistry, University of Jember and
staining of Immunohistochemicals (IHC) in the
Laboratory of Histology, Biomedics, Faculty of
Dentistry, University of Jember.

The samples used were 16 male Wistar
rats which were divided into two groups (control

group and treatment group). Each group
consisted of 8 rats which were divided into 2 sub-
groups with each subgroup consisting of 4 male
Wistar rats which The data shows the mean and
standard deviation in each sample group.p is the
result of the significance of the One- way
ANOVA test.

The data obtained were tested for
normality using Shapiro-Wilk and homogeneity
tests using the Levene Test. After knowing the
data are normally distributed and homogeneous,
the data were analyzed using the One-way
ANOVA test to find out whether or not there were
significant  differences regarding MMP-8
expressions in all groups. One- way ANOVA test
results showed that there were differences in the
mean expression of MMP-8 in the treatment and
control groups (p <0.05) (Table 1).

Table 2. Summary of the Post Hoc Least Significant
Difference (LSD) MMP-8 expression in each sample

group

Groups K7 Ki4 P7 P14
K7 0.058 0.080  0.021*
K14 0.058 0.002*  0.000*
P7 0.080 0.002* 0.473
P14 0.021* 0.000* 0.473
Notes:

K7: 7th day control group K14: 14t day control

group P7: 7th day treatment group P14: 14th day
treatment group
(*): there are significant differences (p<0,05)

Furthermore, the data were tested to
determine the average differences between the
study groups using the Post Hoc Least
Significant Difference (LSD) test. LSD test
results showed that there were significant
differences in MMP-8 expression between the

7th day control group and the 14th day treatment
group and between the 14th day control group

and the 14th day treatment group (p<0.05).
While the expression of MMP-8 in the control

group on the 7th day and the 14th day, the
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control group on the 7th day and the treatment
group on the 7th day, the control group on the

14t day and the treatment group on the 7th day
M s i d 141D

Figure 1. Histological pictures of rat gingival tissue
of the 7th day control and treatment group (100X)
Notes:

Yellow squares indicate the epithelial tissue in which
MMP-8 is expressed

A: Gingival tissue of the 7th day control group with
HE staining (100X)

B: Gingival tissue of the 7th day control group with
IHC staining (100X)

C: Gingival tissue of the 7th day treatment group
with HE staining (100X)

D: Gingival tissue of the 7th day treatment group with
IHC staining (100X)

Figure 1 are some histological pictures of
periodontitis rat gingival tissue with HE and IHC

staining of the 7th day control and treatment
group. MMP-8 expressions were more visible on

the 7t day control group (K) than the treatment
group (P) because there were more cells
expressing MMP-8 in the epithelial tissue in the
yellow square from control group (K).

A l

Figure 2. Histological pictures of rat gingival tissue

of the 14th day control and treatment group (100X)
Notes:

Yellow squares indicate the epithelial tissue in which
MMP-8 is expressed

A: Gingival tissue of the 14th day control group with
HE staining (100X)

B: Gingival tissue of the 14th day control group with
IHC staining (100X)

C: Gingival tissue of the 14th day treatment group
with HE staining (100X)

D: Gingival tissue of the 14th day treatment group
with IHC staining (100X)

Figure 2 are some histological pictures of
periodontitis rat gingival tissue with HE and IHC

staining of the 14th day control and treatment
group. MMP-8 expressions were less visible on

the 14t day treatment group (P) than the control
group (K). This is indicated by the less number
of cells expressing MMP-8 in the epithelial tissue
in the yellow square from treatment group (P).

DISCUSSION

The results showed that there were
differences in MMP-8 expression based on the
time of observation in the control and treatment

groups. MMP-8 expression on 7th day control

group was lower than 14th day. This is probably
caused by an inflammatory process in the
gingival tissue due to the induction of
Porphyromonas gingivalis. Inflammation due to
P.gingivalis triggers collagen degradation
involving the MMP-8 enzyme. MMP-8 activity will
continue throughout the inflammatory process.
The results of Ji (2015) showed that an increase
in MMP-8 expression was in line with increased
periodontal tissue damage in a rat model that
had periodontitis for 14 days.

In the treatment group, MMP-8

expression on the 7th day was higher than the

14th day. It is possible that the administration of
proanthocyanidin in cocoa od rind (Theobroma
cacao L.) is able to inhibit the inflammatory
process due to P.gingivalis induction through
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decreased MMP-8 activity. Inhibition of the
inflammatory process will cause a decrease in
the activity of enzymes involved in the
inflammatory process, such as MMP-8 (Sorsa,
2016). The results of Lagha's research (2015)
showed that the proanthocyanidin of cranberries
was able to reduce MMP-8 expression so that
there was no excessive tissue damage.

In addition, MMP-8 expression on the 7th
day control group was higher than the 7th day

treatment group, as well as on the 14th day. This
is probably because the proanthocyanidin is able
to inhibit the inflammatory  process.
Proanthocyanidin in grape seeds is known to
have anti-inflammatory activity because it can
inhibit the production of proinflammatory
cytokines, one of which is MMP-8, so that there
is no inflammatory process which can result in

periodontal tissue damage3’7’8.
Proanthocyanidin is the most polyphenol
compound (58%) in the rind cocoa (Theobroma
cacao L.) which is suspected to have anti-
inflammatory  activity. This is because
proanthocyanidin is able to inhibit inflammation
by inhibiting the activity of P.gingivalis virulence
factors that invade the gingival tissue. This
activity can reduce the production of
proinflammatory cytokines, one of which is
MMP-8. MMP-8 reduction will inhibit excessive

tissue damage3.

Porphyromonas  gingivalis  triggers
inflammation through the activity of virulence
factors that cause host immune deregulation.
This  process involves  proinflammatory
cytokines, one of which is MMP-8. MMP-8 is the
result of activation of proMMP-8. P.gingivalis
virulence factor causes MMP-8 production to
increase, triggering degradation of type | and 11|
collagen which is a key factor in excessive tissue

damage in periodontitis7.

This tissue damage process can be
inhibited using anti-inflammatory drugs, such as
non-steroidal anti-inflammatory drugs (NSAIDs).
NSAIDs can prevent tissue damage by
modulating the host immune response thereby
inhibiting the inflammatory process. NSAIDs can

inhibit proMMP-8 activation and reduce other
proinflammatory cytokines, such as TNF-a and
IL- 1B, by activating the NF-kB pathway. This

pathway will inhibit MMP-8 productiong.

Proanthocyanidin as one of the herbal
ingredients which is allegedly inhibit the
inflammatory process through the NF-kB
pathway. PAC resulted in inhibition of

translocation of NF-kB as suggested by
decreased protein expression of p65 in the
nuclear fraction ° Under normal circumstances,
NF-kB binds to its inhibitor (IkB) as an inactive
condition in the cytoplasm. NF-kB is then
activated by several stimuli, such as TNF-a and
IL-1B, resulting in an inflammatory process.
When NF-kB is stimulated, IkB is phosphorylated
by IkB Kinase (IKK) and is degraded. Degraded
IkB will cause NF-kB to translocate from the
cytoplasm to the nucleus to synthesize MMP-8

and cause excessive tissue damage6.

Although in this study showed that the
proanthocyanidin of cocoa pod rind extract is
potent as an anti-inflammatory, but the results of
this study still require further research, because
the researchers only used a single dose and 2
periods of observation. Lack of observation time
in the control group turn out insignificant results

on 7th day and 14th day because the
inflammatory process is still ongoing. The
inflammatory process starts from injury to enter

the proliferation phase on the 3" day until the

21St day. In this phase, MMP-8 will be
synthesized and will continue to increase until it

reaches its peak on the 215t day then decreases
until tissue recovery occurs. Therefore,
administration of proanthocyanidin of cocoa pod
rind extract (Theobroma cacao L.) can reduce

MMP-8  expression during the proliferation
phase so as to reduce excessive tissue
damage?.

CONCLUSION

Based on the research that has been

done, it can be concluded that the
proanthocyanidin  extract of rind cocoa
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(Theobroma cacao L.) can give effect in the form
of decreased MMP-8 expression in gingival
tissue of periodontitis rats model.
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