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ABSTRACT

Nowadays, Chronic Apical Periodontitis closely associated with bacterial 
infections that result in alveolar bone resorption, still remains a pressing 
problem. One of the bacteria causing Apical Periodontitis is Porphyromonas 
gingivalis (Pg). Component of the Pg such as LPS has an ability to stimulate 
production of pro-inflammatory cytokines such as MMP8 that contributes to 
the degradation of periapical tissue. However, the role of MMP8 in periapical 
bone resorption remains unclear. The aim of this study was to analyze the role 
of MMP8 in periapical bone resorption. With Posttest only controlled group 
design, 21 of the three groups of male Rat Wistar were subjected. Chronic 
Apical Periodontitis was induced by exposure intrapulpa injection of 2 microliter 
PgLPS1435/1450 (1,0μg/ml) in aquades solution for three weeks on first upper 
molar. Group (P1) inducted LPS Pg, group (P2) got just LPS Pg solution and 
(Po) as control. After induction each subject was analyzed by MMP8 expression 
using immunohistochemistry assay. Data were analyzed using one-way Analysis 
of Variance (ANOVA) and Turkey's test statistics. The results showed expressions 
MMP8 in group P1 which were significantly different from group P2 p = 
0,001*(p<0,05). Macrophage expressing MMP8 may play an important role in 
increasing the destructive mediators in chronic apical periodontitis.
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INTRODUCTION

Caries can be considered as a factor triggering living micro-organisms to 
come into pulp. Tooth decay involving the pulp tissue can also be caused by 
physical agents, chemical agents, and bacterial agents. Generally, sufficient lesion 
removal is aimed to restore the condition of the pulp, but since in irreversible 
inflammation cases it can also cause damage to the periapical tissues, root canal 
treatment is needed. However, the damage of the periapical tissue, which is not 
eliminated though focal infection occurred at the root canals is eliminated, is 
still debatable. One of the main goals of root canal treatment is to eliminate 
bacteria and its products. In this case, focal infection paradigm becomes the 
base. Periapical damage has the role to the success and failure of endodontic 
treatment and until now, the mechanism of periapical damage is still debatable 
(Cohen et al., 2002; Nair, 2004). Many attempts have been held to increase 
the success of root canal treatment but the result is still unfavorable. Although 
adequate root canal treatment has been performed, there are root canal treatment 
failures, detectable through persistent and continuing periapical resorbtion 
(Nair, 2004). Gram-negative bacteria, especially dark (black) pigmented bacteria 
(Porphyromonas),needs more attention since it has virulence factor of endotoxin 
in cell walls such as lipopolysaccharides (LPS) consisting of polysaccharides 
(polyerized sugars), lipids (fatty acids containing complexes), and proteins (Reife 
et al., 2005; Quinn et al., 2001; Wang et al., 2006; Stashenko et al., 2007). As a 
result, the body will be able to give the immune response by producing cytokines 
caused by LPS induction (Siqueira & Isabela, 2007). 

The extracellular matrix is a complex integrated system responsible for the 
physiologic properties of the connective tissue. Invasion of microorganism 
from pulp to periapical tissue result in inflamation that can lead periapical bone 
destruction. Due to an array of proteolytic enzymes, this destructionist released 
because of the imbalance homeostasis during the host-bacterial interaction. 
Among the enzymes, matrix metalloproteinase (MMPs) play a key role in 
mediating and regulating periapical bone resorption characteristically observed 
in chronic apical periodontitis lesions (Stashenko, 2002; Janna, 2003). MMPs 
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are important in physiological growth and tissue remodeling. Their role in tissue 
destructive pathological conditions is evident but still not completely clarified 
(Janna, 2003).

Matrix Metallo Proteinases (MMPs) makes up a group of zinc and calcium 
dependent endopeptidases which degrades different types of Extracellular Matrix 
(ECM) depending on type of MMP. MMP8, furthermore, is known as pro-
inflammatory cytokines associated with immune response (Kiili et al., 2002). 
MMP8 is also known as a potential cytokine in osteoclastogenesis and inflammation 
processes inducing bone damage (Utomo, 2009). Nevertheless, until nowadays, 
the exact mechanisms underlying the role of MMP8 in inflammation that triggers 
to osteoclastogenesis and bone resorption-remodeling remains unclear and is still 
considered as old one. MMP-8 levels in periapical exudates were significantly 
reduced during root canal treatment. Measuring MMP-8 levels in periapical 
exudates may be used as a biochemical indicator or molecular marker to monitor 
the inflammatory activity and success in root canal treatment.

OBJECTIVE OF THE STUDY

The aim of this study was to analyze and describe the role of MMP8 in 
periapical bone resorption. 

MATERIALS AND METHODS

This experimental study was conducted by means of the test only on group 
design. As this is an experiment with the purpose for getting the evidence, the 
study uses animal for the object of the experiment (Robert, 1998). The type of 
research used is a laboratory experiment. Samples used in this research were adult 
male Wistar rats age of 8-12 weeks with the weight of 120-150 g (Utomo, 2009).
The samples were divided into three groups by random allocation, which are 
the treatment group induced with LPS Pg induction solvent (P1), the treatment 
group 2 induced only with LPS Pg induction solvent (P2), and the control group 
(P0). 

The sample used is a Wistar Rat of 8-12 weeks old, with 150 gr weight. These 
Wistar rats were obtained from the Laboratory of Molecular Biology, University 
of Brawijaya, Malang produced specifically for research. The adaptation has 
been performed during the first- 2- week at the site of action. The sample was 
divided into three groups, one control group, the treatment group, and the 
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LPS induction of the LPS group treated with solvent. The induction of LPS 
was done through intrapulpa of experimental animals that advance in anesthesia 
with ketamine 80mg/kg, intraperitoneal BB. Resection of the maxilla and its 
teeth for the preparation of the apical periodontal ligament examination was 
performed 3 weeks post-induction. Then, the samples were sent to the laboratory 
for immunohistochemical test.

Materials used in this research are lipopolisakarida1435/1450 (tetra-acetylated), Pg 
(Astarte Biologics, WA, USA, catalog number 7010), and monoclonal antibodies 
against MMP8. PgLPS1435/1450 injection by intra pulp was conducted on the 
right maxillary first molar teeth of those experimental animals, wistar rats during 
three weeks to get periapical inflammation (Tripton, 1998). After three weeks, 
the wistar rats were fixed on the jaw retraction board, and then got anesthesia via 
intraperitoneal injection of ketamine (80mg/kg) and xylazine (10 mg/kg) in sterile 
PBS. The treatment was conducted through the perforation of the pulp roof of the 
first molar by using round bur no ¼. The size of the exposure is equivalent to the 
size of the diameter of the round bur. Two micro liters of PgLPS1435/1450 (1.0 ug/
ml) in aquades solution was induced into intrapulp (Utomo, 2009). The closure 
of the cavity was then conducted by using a resin to prevent contamination with 
microorganisms located in the oral cavity after the treatment. After three weeks, 
Wistar rats got euthanize and maxillary molar resection. Finally the specimens 
from 21 samples were counterstained by using immunohistochemical technique 
and then MMP8 were counted at 400 × magnifications in hot-spot areas under 
a light microscope. The results were analyzed by using ANOVA test and Tukey 
HSD exams. P values less than 0.05 was considered to be significant.

RESULTS AND DISCUSSION

The variables of this research included both observation and examination 
results on the number of cells in periapical tissues giving positive reaction to 
MMP8 by using immunohistochemical methods. 

In Figure 1, it can be seen that cells giving a positive reaction had brown color. 
It indicates that there was a reaction between Ag (MMP8) and a monoclonal 
antibody (anti-MMP8).

The variable data obtained from the control group (Po), the treatment group 
with PgLPS (P1) induction, and the treatment group with only the solvent 
PgLPS (P2) was then shown in Table 1. 
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Figure 1. The Description of MMP8 expression in the periapical tissues of 
wistar rats through immunohystochemical examination. The positive expression 

of MMP8 was marked by arrows with 400x magnification.

Table 1 illustrates the description of the average (mean) and the standard 
deviation (SD) of the result data of the number of cells in the periapical 
tissues giving a positive reaction to monoclonal antibody, MMP8, through 
immunohistochemical methods. The normality distribution test (KS test) was 
then conducted on the result data.

Table 1. The results of the ANOVA F test for MMP8 variables

Sample group N

Σ cell positive of MMP8

Mean ranks SD P

Po 7 0,43 0,535

p = 0,000*P1 7 11,71 1,113
P2 7 1,57 0,787

*Significant (p<0,05)

Table 2. The test result of the differences and the strength relation for MMP8 
variables

p0 p1 Beta P

p0 0,000

0,972 0,000p1 0,000

p2 0,052 0,000
*Significant (p<0,05)
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Based on the results, it was also known that the expression data of MMP8 
in periapical tissues have homogeneous variance of p-value = 0.178, (p> 0.05). 
To determine the difference of MMP8 among those groups, one-way analysis 
of variance (One way-ANOVA) was conducted, and then p-value = 0.000 (p 
<0.05) was obtained. The results of ANOVA analysis also showed P1 significant 
differences of the average (mean) value of MMP8 variables in the groups (p = 
0.000) and then Tukey HSD to know the difference of MMP8 among those 
groups.

It is known that there was significant increase in MMP8 expression of 
Group P1, p<0.05 (see Table 2), than in that of Group P2 and Group Po. It 
then indicates that the induction of PgLPS in the periapical tissues could 
affect the increasing of MMP8 (Matsui et al., 2011; Kiili et al., 2002). It is 
because in inflammation condition induced by LPS on the periapical tissue 
lead to the recruitment of polymorph nuclear leukocytes (PMNs) to the site. 
LPS by Toll like receptor 2 (TLR2) and Toll like receptor 4 (TLR4) activated 
macrophage while in the periapical tissue; TLR 4 is more dominant than TLR 
2. Domination TLR4 gave different impact for periapical tissue. While in the 
periodontitis marginalis, TLR2 more dominant give inflammation process more 
dominant. But in the periodontitis apicalis while TLR4 more dominant, give 
bone resorption process more dominant by osteoclast activation. Signaling TLR4 
by IRAK pathway will releasing NFkB-IkB then NFkB became active and get in 
macrophage nucleus cell. Proliferation process in the nucleus cell will expression 
cytokin like IL-8, IL-1 and TNFα (Shin et al., 2002).TNFα and IL-6 will induce 
bone marrow leucocytosis, while IL-8 as cemotatic neutrophill factor will arrange 
leucocytes to lesion. Releasing TNFα will increase e-selectin production and 
MMP production. MMPs as proteolytic enzyme make collagen degradation in 
the matrix extracellular and basal membrane component. That is why periapical 
tissue gets degradation at matrix extracellular.

IL-1 also make monocyte decreased by VCAM and monocyte expression 
growth factor especially TGFβ1 which keep bone remodeling balance. TGFβ1 
lead collagenase by fibroblast proliferation as host response balances injury by 
MMP8.

TNFα also activate macrophage by protein kinase A pathway and protein 
kinase B which will activate osteoblast to RANKL expression by TRAF6 make 
osteoclast mature and lead periapical bone resorption.

The activation mechanisms in vivo are not yet completely understood. 
The onset of collagen destruction in periodontitis is caused by the action of 
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collagenases, which are a subgroup of MMPs. This is because MMP8 serves as 
a stimulus factorsof osteoclast. MMP8 does not only stimulate the migration of 
preosteoclas toward the bone surface that get resorption, but also enhances the 
maturation of osteoclast. 

The stimulation of MMP expression by many growth factors and cytokines 
usually involves the activation protein-1 (AP-1) pathway. The extracellular 
stimulus activates the AP-1 transcription factor complexes to bind into the 
AP-1-binding site in the MMP gene stimulating MMP expression. AP-1 
transcription factors regulate gene expression not only involved in development, 
differentiation and proliferation, but also in stress reactions, inflammation and 
tumor progression. 

CONCLUSIONS

MMP8 was also activated by the initial activator TAT2 (tumor associated 
trypsin-2) (Ala- Aho, 2002; Moilanen, 2003). This is the same with the research 
result conducted by Murakami (1998). Cellular mechanism that accompanies 
osteoclastic phase of bone resorption is osteoclast apoptosis followed by osteoblast 
chemo taxis, proliferation, and differentiation. The increasing of MMP8 
expression increased bone damage factor, and accelerate the resorption process 
of damaged bone tissue. But the continuous expression of MMP8 weakened the 
differentiation of bone cells and the formation of mineralized nodule. 

Therefore, some researchers assume that the precursors of osteoclast will get 
differentiation and will enhance the resorption of the periapical region when the 
expression of MMP8 is too fast.

RECOMMENDATION

The study hopes that further research will open up opportunities to take 
advantage of MMP8 as a potential therapeutic for inflammation that would 
suppress the occurrence of resorption in periapical tissues and as diagnostic kit 
for indicator successful of root canal treatment.
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