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Abstract
Epithelial cells in the gingiva epithelium are among the first host cells encountered by
periodontal pathogens such as Porphyromonas gingivalis. The lipopolysaccharide (LPS) of P.
gingivalis is a crucial virulence factor critically involved in the regulation of immune inflammatory
responses. Early prevention is necessary for the onset of periodontitis, especially in tissues that
have been exposed to gingivitis by maintaining the primary defenses of the gingival epithelium. One
of the effective and efficient efforts by utilizing the plant nutritious plant extracts curcumin. Curcumin
is a medicinal plant material that has anti-inflammatory properties, as a factor inhibiting transcription
factor NF-κB. Barriers to NF-κB are expected to decrease the expression of pro-inflammatory
mediators that play a role in defective gingival epithelial defenses in cases of gingivitis. It is
therefore suspected that inflammatory mediators associated with periodontitis, NF-κB and MMP-7
also play an important role in the mechanism of damage to the gingival epithelial defect which may
result in the breakdown of deeper periodontal tissue.
The aim of the study is to determine the role of NF-κB and MMP-7 in the defense of the gingival
epithelium in intervention by LPS Porphyromonas gingivalis by administering curcumin. Materials
and methods: 40 wistar rats, aged 2-3 months divided into control and treatment group. which got 5
heads for each group. Animal production of gingivitis, performed by induction of LPS P.gingivalis is
injected into the gingival sulcus of the mandibular incisor proximal portion and since 48 hours from
injection of LPS P gingivalis done giving kurkumin. Days 1, 7, and 14, wistar is sacrificed according
to the group and gingival epithelial tissue is taken for immunohistochemical examination procedure
to determine expressions of NFKβ and MMP-7.
The results showed that administration of curcumin in wistar rats after induction with LPS
P. gingivalis decreased NF-κB and MMP-7 expression. Decreased expression of inflammatory
mediators can keep the gingival epithelial defenses.
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Introduction
Inflammatory disease in periodontal tissue
(periodontitis) is still a problem in many
developing countries including in Indonesia due
to its very high prevalence. Periodontitis is
irreversible, so if treatment not optimal, most
patients have the potential for lifelong disruption.1
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Periodontitis begins with the onset of gingivitis,
which is clinically visible features of inflammation
of the gingiva, redness, the presence of gingival
enlargement and bleeding (bledding on probing)
and does not cause attachment loss.2 Proper
treatment of gingivitis, can prevent the
occurrence of periodontitis. Therefore, an
effective prevention of the progression of
periodontitis is more important than treating it
because of the irreversible nature of periodontitis
and has a broad impact of exudate and
reversible when etiologic factors are removed.3
Periodontal tissues that have been damaged,
difficult to regenerate, even tend to be
irreversible. It is therefore necessary early
prevention of the onset of periodontitis, especially
in tissues that have been exposed to gingivitis by
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maintaining the primary defenses of the gingival
epithelium.
Various efforts have been made in the
treatment of periodontitis, among others by the
use of local or systemic antibiotics, periodontal
surgery, but the results are still less satisfactory.
One of the effective and efficient efforts by
utilizing the plant nutritious plant extracts. One of
the plant extract is efficacious as a drug that is
turmeric (Curcuma longa). The main active
ingredient of turmeric is curcuminoid. The main
content of curcuminoid from turmeric is curcumin,
which is the most active ingredient.4 Various
studies have shown that curcumin has
antioxidant, anti-inflammatory, and anti-cancer
properties.5,6 The role of 1% curcumin as
subgingival irrigation can lead to a decrease in
gingival inflammation with bleeding on probing
indicators.7
The fact that prevalence periodontitis in
remains high, the ideal strategy for reducing its
prevalence is with prevention. In theory, the
defect of gingival epithelial occurs due to
invasion of bacteria, causing inflammation, so
one of the prevention efforts by giving antiinflammation, one of the alternatives is the plant
nutritious plant extract. Curcumin is a medicinal
plant material that has anti-inflammatory
properties, as a factor inhibiting transcription
factor for NF-κB.4 Barriers to NF-κB are expected
to decrease the expression of pro-inflammatory
mediators that contribute to damage to the
gingival epithelial defenses in cases of gingivitis.
With efforts to prevent the occurrence of
periodontitis in cases of gingivitis, it is expected
cases of periodontitis decreased more, and
cases of gingivitis can become a reversible
healthy. This thought arises because the
defective process of gingival epithelial defenses
occurs in the inflammatory process. It is therefore
suspected
that
inflammatory
mediators
associated with periodontitis, NF-κB and MMP-7
may also play an important role in the
mechanism of damage to the gingival epithelial
defect which may result in the breakdown of
deeper periodontal tissues.
Materials and methods
This study was an experimental study in
vivo using a 20-week-old white rats (Rattus
norvegicus) male, weighing 325-350 grams, was
obtained from the Biochemistry Laboratory of the
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Faculty of Medicine, Airlangga University,
Surabaya. The research design used is
randomized control design. This study received
ethical approval from The Ethical Committee of
Dental Research Airlangga University 2017.
Animals were divided into 4 groups: group K
(n = 5) control group without treatment, sacrificed
on the first day. Animal model gingivitis without
treatment group K1 (n = 5) was sacrificed on the
first day, group K2 (n = 5) was sacrificed on day
7, group K3 (n = 5) was sacrificed on day 14 and
group K4 (n = 5) with the provision of corn oil as
a curcumin carrier sacrificed on day 14. Animal
model gingivitis with treatment of curcumin,
group P1 (n = 5) sacrificed on the first day, group
P2 (n = 5) sacrificed on day 7, group P3 (n = 5)
was sacrificed on the 14th day. Curcumin is
obtained from Tokyo Chemical Industry, purity is
95%. Preparation of 1% curcumin solution using
curcumin in powder form which has been
standardized and certified, using solvent corn oil
as a carrier, curcumin powder weight 1 gram
then dissolved in corn oil until 100 ml. Gingival
epithelial tissue was taken for immunohistochemi
cal procedures to determine the expression of
NF-κB and MMP-7.
Animal production of gingivitis, performed
by induction of LPS P. gingivalis, injected into the
gingival sulcus of the mandibular incisor proximal
portion. Each experimental animal injected by
LPS P. gingivalis with volume 10 μl and
concentration 1 mg/ml with syringe tuberculin 1
cc/ml (terumo) and needle 30 G (BD).8,9
Consecutive days and since 48 hours of injection
of LPS P. gingivalis, curcumin is given.10
Curcumin active ingredients derived from
turmeric rhizome (Curcuma longa) in the form of
certified powder, from Tokyo Chemical Industry.
Curcumin is made in concentrations of 1% in
corn oil, administered 0.03 ml (30 μl), twice daily
for 2 weeks, topically on the gingival sulcus of the
mandibular incisor proximal portion.
Immunohistochemical staining used in
this study was for the examination of NF-κB and
MMP-7 expression from gingival tissues of the
mandibular incisor. The primary antibodies NFκB
were purchased from Santa Cruz
Biotechnology (NFκB p65 (F-6): sc-8008) and
MMP-7 from Biossantibodies (bs-0423R-HRP).
Histologic samples of the gingival epithelium
performed immunohistochemical tests for NF-κB
and MMP-7. Statistical analyses were performed
using SPSS software version 21. All data were
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expressed as mean ± standard deviation (SD).
Differences between experimental groups were
analyzed with ANOVA. A p value < 0.05 was
considered statistically significant.
Results
NF-κB and MMP-7 expression in
response to LPS P. gingivalis stimulation and
with the curcumin administration, determination by
immunohistochemical examination procedured in
gingival epithelial. Based on immunohistochemical
examination, increased expression of NF-κB and
MMP-7 after treatment of LPS P. gingivalis.
Immunohistochemical measurement of of
NF-κB and MMP-7 showed the following results:

Figure 1. Increased MMP-7 Expression in
LPS Pg Treatment Group on Day 1 and Day 7
Then Decreased at Day 14 (Red Line).
Compared with the Gray Line Showing
Decreased MMP-7 Expression in the LPS
Pg + Curcumin Treatment Group on Days 1, 7
and 14. Blue Dots Showed MMP-7 Expression in
the Control Group.
Furthermore, the results of ANAVA test
comparing between group, both on NF-κB and
MMP-7 expressions demonstrated p < 0.05
indicating that significant difference.

Expression of NF-κB and MMP-7 on Defenses
Eka Fitria Augustina and et al

Figure 2. An Increase in NF-Κb
Expression in the LPS Pg Treatment Group (Red
Line), Compared with Control Group (Blue Dot).
Compared with Grey Line That Showed
Decreased and Lower NF-Κb Expression in the
LPS Pg Treatment Group on Day 1, 7 and 14.
The Blue Dot, Showed NF-Κb Expression in the
LPS Pg on Control Group.
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Figure 3. Histological Compared oo A:
Normal Appearance in the Control Group
(Original Magnification, × 400), Epithelial Cells
and Few Inflammatory Cells B: Moderate
Inflammation Histological Appearance in the LPS
Pg Group. C: Severe Inflammation Histological
Appearance in the LPS Pg Group. D: Mild
Inflammation Histological Appearance in the LPS
Pg Group Administered Curcumin.
Immunohistochemical staining MMP-7 in
the gingiva epithelial after injection LPS
P. gingivalis administered curcumin.

A
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Figure 4. Immunohistochemical Staining
MMP-7 in the Gingiva Epihelial After Injection
LPS Pg Administered Curcumin. MMP-7
Expression in Control Group (A), in LPS Pg
Group (B), in LPS Pg and Administered
Curcumin (C), and in Corn Oil LPS Pg Group (D).
Immunohistochemical staining for NF-κB
in the gingiva epihelial after injection LPS
P. gingivalis and administered curcumin

A
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Figure 5. Immunohistochemical Staining
NF-Κb in the Gingiva Epihelial After Injection LPS
P. Gingivalis Administered Curcumin. NF-Κb
Expression in Control Group (A), in LPS Pg
Group (B), in LPS Pg and Administered
Curcumin (C), and in Corn Oil LPS Pg Group (D).
Discussion
In the present study, we analysed NF-κB
and MMP-7 expression in the gingiva epihelial of
the anterior lower incisor after injection LPS
P. gingivalis. P. gingivalis is an anaerobic gramnegative bacteria that is involved in the
pathogenesis of periodontitis. Lipopolysaccharide
from P. gingivalis is the key leading cause of
periodontitis.11 LPS is a bioactive component and
can induce IL-1 and mononuclear cell
immunoregulation in multiple doses of pg/ml.12
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All of the animals in the positive (LPS Pg)
group showed macroscopic signs of inflammation,
which was confirmed by histological examination.
These findings are consistent with those of the
study by Dumitrescu et al, 2004.13 Several
studies have used LPS to induce periodontal
inflammation in rats.14 Topical application of LPS
results in typical inflammatory changes such as
junctional epithelial disruption, infiltration of
leukocytes and oedema of the subepithelial
connective tissue. We found that the expression
of NF-κB and MMP-7 in the positive (LPS Pg)
group were higher than those in the negative
group. We also found NF-κB and MMP-7 levels
in the LPS Pg group were higher than the
treatment group of LPS Pg given curcumin.
Similarly, Araghizadeh et al, found that the levels
of IL-1β and TNF-α in the positive control group
were higher than those in the negative control
group. Enrico G, et al reported increases in LTB4,
PGE2, PGF2α and PAF after LPS injection.15
LPS serves to integrate bacterial
structures and protect bacteria from the system
host immune defenses consisting of lipids A, O
antigens and oligosaccharides bonded together
is the main structure of gram-negative bacteria
cell wall. Lipid A can trigger an inflammatory
response. LPS is endotoxin because LPS binds
to the CD14 receptor which is the cell surface
receptor on macrophages or monocytes. LPS is
able to activate the innate immune system to
stimulate Toll-Like Receptor-4 (TLR4) which is a
protein on surface cells that can recognize
bacterial products.16
In periodontal disease the most important
pathways include the mitogen activated protein
kinase (MAPK) and janus tyrosine kinase-signal
transducer and activator of transcription
(JAK/STAT).17 NF-κB was first identified as a
transcription factor that binds to a 10 base pairs
(bp) DNA element in kappa immunoglobulin light
chain enhancher in B cells. The NF-κB family of
transcription factors has been shown to be
involved in many different pathways and has a
central role in regulating the expression of a wide
variety of genes that control both innate and
adaptive immune responses. NF-κB under
normal circumstances is found in inactive form in
the cytoplasm as a p50/p65 heterodimer that
binds to the IκBa inhibitor unit. Signals from
pathogens will activate complex IκBa kinase so
that IκBa is phosphorylated which subsequently
undergoes ubiquitinization and degrades sub unit
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by proteasome. This results in increased
transcription activity, so that NF-κB expression
also increases in the LPS P. gingivalis group.
Activation of the NF-κB pathway occurs in the
presence of many pro inflammatory mediators
present in large quantities in tissues with
periodontal diseases such as bacterial LPS,
TNF-α, IL-1, MMPs, COX-2 and inducible nitric
oxide synthase (iNOS).18 In this study, MMP-7
expression also showed increased in LPS group.
This suggests that there is a role of MMP-7 in the
gingival epithelium that is inflamed by invading
pathogenic bacteria. MMP-7 plays a role in the
mucosal immune response and its expression
increases rapidly in the attacked epithelium.19
This increase in MMP-7 expression can be
caused by exposure to LPS P. gingivalis thus
stimulating and activating NF-κB. The activated
NF-κB then express MMP-7. The expression of
NF-κB and MMP-7 on gingival wistar rats
exposed to LPS of Pg bacteria in group K without
treatment was significantly different from LPS
P. gingivalis group; K1, K2, K3, K4, and LPS
P. gingivalis group administered curcumin; P1,
P2 and P3. When viewed from the average in
figure 1 and 2, control group has average NF-κB
and MMP-7 expression lowered than LPS
P. gingivalis. In the LPS P. gingivalis group
showed higher NF-κB and MMP-7 expression
than LPS P. gingivalis group with curcumin
administration.
Curcumin has anti-inflammatory, antimicrobial, antiviral, anti-fungal, antioxidant and
wound healing.20 1% curcumin as irrigant showed
good results to reduce signs of gingival
inflammation (BOP and redness) and improve
healing by reducing the depth of residual
pockets.21 Curcumin affects expression of NF-κB
and MMP-7 because curcumin inhibits the
activation of NF-κB induced by LPS P. gingivalis.
Curcumin mainly gives its therapeutic effect by
inhibiting the IκBα degradation and subsequently
inactivate NF-κB, thus initiating the cascade in
inflammation and immunogenic.22 Curcumin
inhibits the phosphorylation of inhibitor factor of
IκB kinase so that the NF-κB translocation into
the nucleus of the cell is inhibited, which further
causes NF-κB activity to decrease and the
expression of proinflammatory cytokine also
decreased.23 Barriers to phosphorylation of
inhibitor factor IκB kinase in this cytoplasma may
occur because curcumin is lipophilic in order to
penetrate the cell membrane and reside in the
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cytoplasm and nucleus.24 NF-κB activation also
determines the activity of MMP-7, it means that
when NF-κB activation decreases due to the
administration of curcumin, the transcription
activity performed by NF-κB to express the MMP7 gene may also be delayed. In this study,
administration of curcumin in wistar rat gingival
epitel treated with LPS P. gingivalis decreased
NF-κB and MMP-7 expression. When NF-κB
expression as a transcription factor mediator of
inflammation decreases feeding of MMP-7
expression as inflammatory mediator also
decreases.
Conclusion
The present investigation showed that
expression of MMP-7 and NF-κB on the wistar rat
gingival epithelium increased at induction with
LPS P. gingivalis. This suggests that MMP-7 and
NF-κB play an important role in the inflammatory
response of inflammatory processes in the
gingiva due to invasion of pathogenic bacteria.
Administration of curcumin decreased the
expression of MMP-7 and NF-κB in the wistar
gingival epithelium.
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