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East Java propolis effect on toll-like receptor 2 and nuclear
factor-kappa B expression in chronic apical periodontitis

Tamara Yuanita, Nanik Zubaidah, Sri Kunarti!
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Absiract Apersistentinfection after cleaning and shaping a root canal is the main etiology of root canal treatment (RCT)
~ failure. Enterococcus faecalis has been considered as one of the most resistant species post-RCT. E. faecalis
can stimulate toll-like receptor 2 (TLR-2) which can increase nuclear factor-kappa B (NF-kB) in chronic apical
periodontitis. East Java propolis has in vitro antibacterial and biocompatible effects.
Aim: This study aimed to analyze the effectiveness of East Java propolis extract as a potential intracanal
medicament in chronic apical periodontitis caused by E. faecalis bacterial infection by the decrease of TLR-2
and NF-kB.
Materials and Methods: Maceration method was conducted for propolis extract. This study used thirty
Wistar rats which were divided into three groups, a negative control (Group 1); a positive control that the
first upper right molar root canal induced with E. faecalis ATCC29212 and filled using glass ionomer cement
(GIC) (Group 1I) and treatment group that the first upper right molar root canal induced with E. faecalis
ATCC29212 and 10 pl propolis was applicated and filled using GIC (Group III). After 21 days, those rats
were sacrificed, and then immunohistochemical examination was conducted to investigate the expressions
of TLR-2 and NF-xB.
Results: The mean of TLR-2 and NF-kB expressions on Group Il was significantly lower than that of the
positive control group (P < 0.05).
Conclusion: It can be concduded that East Java propolis extract is a potential intracanal medicament in
chronic apical periodontitis caused by E. faecalis infection by decreasing the expression of TLR2 and NF-xB.
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INTRODUCTION eliminated, especially in the apical area of the root canal
Enterococcns faecalis has been considered as one of the most

Chronic inflimmation in periapical area is a defense resistant species post-RCT. These bacteria can lead to the

of an active host against bacteria and toxins. Complex re-infection of RCT.I"™

anatomy of the root canal system often leads to imperfect

cleaning during cleaning and shaping procedure of the Toll-like receptor (TLR) is a membrane-signaling receptor.

- : ,
root canal treatment (RCT'). The bacteria cannot totally be TLR plays an important role in the body’s natural defenses
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against microbes. E. faecalis is a Gram-positive bacterium
that has lipoteichoic acid (LTA) and peptidoglycan
components which can be recognized by specific signaling
molecules on the surface of the host cells. TLR can lead
to stimulation of innate and adaptive immunity. LTA is a

unique polymer that affects cellular processes, including
virulence, biofilm for mation, defense homeostasis, autolysis
activity regulation, sensitivity to ultraviolet radiation, acid
tolerance, and resistance to antibiotics.

Nuclear factor kappa B (NF-kB), furthermore, isa complex
protein that controls DNA transeription. NF-kB is also
a transcription factor that regulates many genes such as
interleukin-1 (IL-1), IL-6, IL-8, intercellular adhesion
molecule-1, and interferon-y."! In the unstimulated
cells, NF-kB is in the cytoplasm and binds to inhibitor
of NF-kB (IkB) that prevents NF-KB to move into the
nucleus.! Meanwhile, when cells are stimulated, specific
kinases will phosphorylate IkB, leading to IKB degradation
by proteasome. NF-KB gets transferred into the nucleus
and binds to specific targeted genes that will stimulate
gene transcription. NF-kB activation will result in its
translocation into the cell nucleus so that NF-kB will
be increased within the cell. Transcription factor of
NF-KB can be considered as a regulator of a variety of
pro-inflammatory mediators.!

Hast Java propolis is a yvellow-brown or dark brown resin
which is the substance of a honey bee, Apis mellifera,
collected from tree buds, sap, shrub, or other plants in
Lawang, East Java.'""!"l Propolis has a broad spectrum
of biological and pharmacological activities, including
antibacterial, antibiofilm, anti-inflammatory, antibiotic,
antifungal, and antioxidants.I'"?

The results of the recent studies, however, show that the
differences of TLR-2 and NF-KB expressions after the
application of propolis on periapical lesions induced with
E. faecalis bacteria stll cannot be explained."*"*! Thus, it
is necessary to study how East Java propolis affects the
decrease of TLR-2 and NF-KB expression in the periapical
tissues of Wistar rats. The purpose of this study was to
analyze the effectiveness of East Java propolis extract as a
potential intracanal medicament by decrease of TLR-2 and
NF-KB expression in chronic apical periodontitis caused

by E. faecalis.
MATERIALS AND METHODS

This study used thirty Wistar rats ((_3;', aged 12 weeks,
130-150 g) divided into three groups, namely negative
control group, positive control group, and treatment
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group. To obtain internal validity, those samples were
randomly chosen into three groups. Ethical clearance was
obtained from the Health Research Ethics Committee of
the Faculty of Dental Medicine, Universitas Airlangga

No. 28/KKEPK. FKG/III/2015.

Propolis extract was used by maceration method;
briefly, 350 ¢ of raw East Java propolis was macerated
with 650 ml of 70% ethanol and shaken using a shaker
in 80 rpm. After 7 days, the maceration process was
stopped and filtered. The solution was evaporated until
the substance was free from ethanol and was diluted with
aquadest to obtain 12% of propolis extract. Wistar rats
were anesthetized using 80 mg/kg of ketamine (Ketalar,
Warner-Lambert, Irlandia) and 10 mg/kg of xylazine
(Xyla, Warner-Lambert, Irlandia) with intraperitoneal
technique in sterile phosphate-buffered saline (PBS)
(Merck, USA). Those rats then were fixed on retraction
board, and later the pulp of their right maxillary molar
was opened by using a low-speed electric handpiece
(W and H, Zalsburg, Austria) with a round bur sized
4 (S§ White burs Inc., Lakewood, NY, USA). Group 1
served as the negative control group with healthy teeth.
Group I served as the E. faecalis group, the pulp was
opened and then immediately induced with 10 ul of
BHI-bL (Merck, USA) containing 10° colony-forming
unit (CFU) of E. faecalir ATCC29212 bacteria and filled
with glass ionomer cement (GIC, Fuji, Japan) to prevent
contamination with oral microorganisms. Meanwhile, in
Group 111, the treatment group (propolis group), the pulp
was opened and was immediately induced with 10l BHI-»
containing 10° CFU of E. faecalic ATCC29212 bacteria, and
then 10 pL of propolis was applied and filled with GIC. It
took 21 days to get chronic apical periodontitis after pulp
infection. Rats were terminated, and the specimen was
taken. The specimen was then immersed into embedded
paraffin and cut into 4 m thickness (1 section for each
sample with 10 viewing fields that describe the condition
of periapical tissue) for immunohistochemistry evaluation
using monoclonal antibody TLR2 (Novus Biological, USA)
and monoclonal antibody NEF-kB (Abcam, UK).

The specimen cut was then placed on the polysine
microscope slides and then deparaffinization using xylol
was performed. Retrieval antigen was performed in a
microwave oven with citrate buffer at pH 6. Furthermore,
it was immersed in PBS 2 times for 5 min and then in
spilled endogenous peroxidase for 15 min. The specimen
was washed with water for 5 min and then serum blocking
was spilled for 5 min, drained, then immunohistochemically
evaluated using monoclonal antibody anti rat against TLR-

2 and NF-xB.
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Microscopic evaluaton of the specimen was conducted
using light microscope (Nikon HL600, Japan) by the x400
magnification in ten field of view. All data were described
as mean value * standard deviation and then analyzed using
one-way ANOVA.

RESULTS

The expression of TLR-2 in Group 111 on microscopic
evaluation is shown in Figure 1. The chromatic color
indicated the positive expression of TLR-2. ANOVA test
was conducted to know whether there were differences
of TLR-2 expression among the groups after the
application of East Java propolis extract [Table 1. To
know the significance of the differences of TLR-2
among the groups, Tukey’s honestly significant
difference (HSD) test was conducted as shown in
Table 2.

The results showed that there were significant differences
of TLR-2 between both the F. faecalis group and the East
Java propolis group. Next, to know whether there were

differences of NF-kB among the groups, ANOVA test

was conducted as shown in Table 3.

The expression of NF-kKB in Group 11l on microscopic
evaluation is shown in Figure 2. The chromatic color
indicated the positive expression of NF-kB. To know
the significance of the differences of NF-kB among the
groups, Tukey’s HSD test was conducted as shown in

Table 4.

The results showed that there were significant differences
of NF-KkB between the E. faecalis group and the East Java
propolis group.

r , -
> " 4 ’
A P g : !
Figure 1: The expression of toll-like receptor-2 in periapical teeth of

the Wistar rats in Group Ill with x400. The expression of the positive
toll-like receptor-2 is marked by the blue arrow sign

DISCUSSION

Indonesia is also the world community, and especially East
Java now is beginning to prioritize the use of drugs from
natural materials (back to nature). In East Java, Apir welifera
propolis is collected from beehives located in Lawang
area located on the plateau which is dominated by the silk
cotton tree (Ceiba pelandral )" The chemical composition
of propolis is very complex, highly variable, and is directly
related to existing flora around the apiary, which may vary
from region to region in the same territory. Polyphenols
are one of the most important groups of compounds that
occur in propolis. Flavonoids and phenolic acids constitute a
significant class of polyphenols and consequently the most
important class of pharmacologically active compounds
which appear as the main components responsible for their
biological activities.!'”l

Regarding the therapeutic properties of propolis,
inflammatory processes have played a critical role in
many diseases. Several studies have been associated
with the anti-inflammatory activity of caffeic acid that

Table 1: ANOVA test for toll-like receptor-2 expression
Research n

¥ positive TLR-2 cells

groups MeanSD P
Group | 10 5.80+0.83 0.000*
Group Il 10 19.60£1.51

Group Il 10 8.00+1.00

*Significance (P=0.05}, m Number of samples. SD: Standard
deviation, TLR: Toll-like receptor

Table 2: The result of Tukey HSD analysis for the expression
of TLR-2

Group | Group Il
Group | P=0.000*
Group Il P=0.000*
Group Il P=0.009 P=0.000*

*Significance (P<0.05)

Table 3: The results of ANOVA test on nuclear factor-xB
variables

Research group n Y positive NF-kB cells
Mean+SD P

Group | 10 8.80+1.30 0.01*

Group Il 10 14.00+2.44

Group Ill 10 10.40+3.13

*Significance (P=0.05), n: Number of samples. SD: Standard deviation,
NF-kB: Nuclear factor-xB

Table 4: The result of Tukey HSD analysis for the expression
of NF-kB

Group | Group Il
Group | P=0.01*
Group Il P=0.01*
Group Il P=0.056 P=0.03*

*Significance (P<0.05)
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Figure 2: The expression of nuclear factor-kappa B in periapical teeth
of the Wistar rats in Group Il with x400. The expression of the positive
nuclear factor kappa B is marked by the blue arrow sign

inhibits TLR-2 expression as well as tumor necrosis
factor-alpha (TNF-ct) and IL-10 production. Propolis
has a positive effect on innate and adaptive immunity in
mice. This role should be mainly attributed to flavonoids
contained in propolis. It is arguable that caffeic acid
synergistically exerts anti-inflammatory action with propolis
flavonoids.I*?!

The results showed that E. faecalis could increase the
number of TLR-2 cells in the periapical tissues. The
number of TLR-2 cells in the inflammatory periapical tissue
was higher than healthy periapical tissue in negative control.
In the treatment group, Hast Java propolis decreased the

number of TLR-2.

E. faecalis is a Gram-positive bacterium that can survive
in limited nutrient condition in a long term."" LTA is the
outer envelope of Gram-positive bacteria that can simulate
macrophages. F. faecalis induces signaling through TLR2.
TLR stimulation by microbial components can cause the
activation of signaling pathways; as a result, the expression
of several genes involved in the immune response will be
induced. TLR2 receptor is a molecule that activates the
immune system against microbial infection. Interaction
between LTA and TLR results in signaling that activates the
natural immune respomnse. This signaling leads to activation
and transcription of NF-KB, which is the primary regulator
of inflammatory responses. NF-kB transcription is
followed by the release of pro-inflammatory evtokines.!'*!%l

East Java propolis can decrease the number of NF-xB in
chronic apical periodontitis caused by E. faecalis infection.
A previous study has shown that propolis has an antibacterial
effect on E. faecalis biofilm."! The main active components
of propolis are flavonoids, phenols, and other aromatic

compounds. Anti-inflammatory effects were demonstrated
through inhibition of prostaglandin synthesis. In addition,
flavonoids and caffeic acid phenylethyl ester (CAPE),
which implies 50% of all components, can inhibit the
pathway of arachidonic acid lipoxygenase.'! CAPE is a
potent inhibitor of NF-kB which has and-inflammatory
effect. A previous report showed that CAPE has an
immunostimulant effect.!"

Moreover, NF-KB is a complex protein that controls
DNA transcription. NF-kB is found in almostall kinds of
animal cells and involves cellular responses to stimulation
including bacteria. The presence of F. faecalis in periapical
tissue acts as an antigen that triggers cellular and humoral
immunologic response. E. faecalir may be the main cause
of chronic apical periodontitis after RCT because these
bacteria can survive in periapical root canal area and
invade periapical tissues, causing inflammaton and tissue
damage.'"! The immune response is a complex cellular
interaction for the presence of a lesion triggering the
body to maintain homeostasis and conditions in extreme
circumstances that can lead to a pathological state. "%l

NEF-KB regulates the expression of cytokines, and the
activation of NF-KB leads to inflammatory maintenance
reaction after initial stimulation. NF-kB plays an important
role in osteoclast and osteoblast functions. In osteoclasts,
NF-KB has a negative regulation of bone formation !l
The activation of NF-kKB depends on two pathways,
namely canonical and non-canonical signaling pathways.
Canonical pathway includes the activation of complex
IKB kinase (IKK) and leads to the phosphorylation and
degradation of IKB. The targeting genes of this pathway
are p50 Rel A and p50 cRel dimers. At the complex
IKK, IKKP plays an important role to activate canonical
pathways (MYD88-dependent pathways). East Java
propolis extract significantly suppresses inflammation with
teduced activation of the transcription factor NF-kB.I*%!

Some components present in propolis extract such as
flavonoids (quercetin, galangin, and pinocembrin), caffeic
acids, benzoic acid, and cinnamic acid probably act on the
microbial membrane or cell wall site, causing functional and
structural damages. The antimicrobial action of propolis is
considered to be due to flavonoids and esters of phenolic
acids. Other compounds such as steroids and salicylic acid
found in propolis may also act synergistically on the final
antimicrobial and ant-inflammatory activities."""*">7 "
Low concentration of CAPE (<1 uM) suppresses
osteoclastogenesis and bone resorption through the
inhibition of NF-kB action. Propolis also blocks
NE-kB-mediated expression of TNF-t, suggesting the
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synergistic effect of compounds present in propolis.!'*
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