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Objective To analyze the expression of nuclear factor kappa B (NF-kB) and collagen
type 1 on dental pulp after a treated combination of calcium hydroxide and propolis.
Materials and Methods The first maxillary molars of 30 rats were mechanically per-
forated. Teeth were divided into three groups of 10 for two separate extraction time
frames, giving a total of 60 rats. The control groups were treated with Cention, the
second treatment groups were treated with calcium hydroxide, and the third treat-
ment groups were treated with a combination of calcium hydroxide and propolis. Final
restoration was done with Cention. The teeth were extracted on days 7 and 14, and the
expression of NF-kB and collagen type | was analyzed using immunohistochemistry.
Results There is lowest NF-kB expression and highest collagen type 1 expression on
dental pulp after treated with a combination of calcium hydroxide and propolis on
days 7 and 14 (p < 0.05).

Conclusion The combination of calcium hydroxide and propolis inhibits pulp inflam-
mation and stimulates regeneration through decreasing the NF-kB expression and
increasing collagen type 1.

Introduction

In the pulp affected by inflammation, there are several medi-
ators closely related to inflammatory reactions, one of which
is cytokine. Cytokines function as intracellular signals that
regulate the activity of immune response, local and systemic
inflammation against outside stimuli.! Nuclear factor kappa
B (NF-kB) is a transcription factor that can induce gene tran-
scription factors from several proinflammatory cytokines
associated with signal stimulation in cells caused by a patho-
gen or injury. NF-KkB is a transcription factor that produces
proinflammatory cytokines, which are the main target in
pulp inflammation.??

As a response after pulp inflammation, dentin synthesis
can be formed through the process of biomineralization.
Collagen type 1 plays a crucial role in the biomineralization
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process and accounts for 90% of the total protein in the
organic matrix of bone and dentin. Collagen not only pro-
vides the skeletal and dentinal skeletal structures with visco-
elastic properties but also prepares the space for the mineral
deposition process. Collagen type 1 induces the formation
of hydroxyapatite crystals, which is the initial formation of
reparative dentine, as part of pulp and dentine regeneration.*

Calcium hydroxide is the gold standard for direct pulp
capping and has antibacterial properties due to its pH of
12.5; subsequently, it can damage or destroy cell membranes
and bacterial protein structures. The effectiveness of calcium
hydroxide depends on the dissociation and release of OH-
(hydroxyl ions), which penetrate tissues. The deficiency of
calcium hydroxide affects the ability to form a necrotic layer
and the process of forming a dentine reparative, producing
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a porous structure. This deficiency results in an imperfect
dentine formation,® appear as tunnel defect in the dentine
structure and internal root resorption.> Some cases reported
that 31.5% indirect pulp capping with calcium hydroxide has
failure if compared with other material such as mineral tri-
oxide aggregate (MTA).5

Based on previous research, propolis is an alternative
material that can be used in pulp capping to reduce inflam-
mation in exposed pulp. Propolis contains chemical com-
pounds such as flavonoids, saponins, tannins, and caffeic acid
phenethyl esters (CAPEs), which have antibacterial potential
and anti-inflammation.” The combination of calcium hydrox-
ide and propolis as an intracanal medicament material has a
potent antimicrobial effect compared with calcium hydroxide
only.® Other effect that expected is propolis able to inhibit the
NF-kB, as the main target in the process of inflammation.’
Anti-inflammatory properties of these combinations, affect
the immune system through phagocytosis activity and stim-
ulate cellular immunity, so as to increase collagen type 1
which will affect the process of reparative dentin formation.
Collagen type 1 is the main target that needs to be investi-
gated as a provider of extracellular matrix for the process of
reparative dentin formation.? The many benefits of propolis
provide the chief motive for the authors of this article to inte-
grate natural and modern medicines. By combining calcium
hydroxide with propolis as a pulp capping material, there is
the hope that the superiority of each of these ingredients will
overcome the shortcomings of other materials in current use.

Materials and Methods

Animal

This research has received an ethical eligibility certificate num-
ber: 167/HRECC.FODM/VIII/2017. The sample used the first
molars of 60 rats with the following criteria: 8 to 16 weeks of
maturity, a body weight of 200 to 300 g, giving standard feed
and drinking water ad libitum, perfect growth of first molar
teeth, and giving feed consisting of BR 1 type chicken food
mixed with one-part flour made into 15 to 40 g of pellets, daily.

Tooth Preparation

Equipment was disinfected with 95% alcohol prior to the pro-
cess. All rats were anesthetized with ketamine (Ketalar, Warner-
Lambert, Ireland). The occlusal surface of the teeth was cleaned
with cotton pellets. Class I preparation (Black’s classification)
was made on the right maxillary molar using a handpiece (NSK
Ltd., Japan) with a round bur, 0.46 mm in diameter (Edenta,
Switzerland) at a low speed, until the pulp chamber was
reached. After perforation, the cavity was cleaned with a drop
of sterile saline solution and dried with cotton pellets.

Propolis Preparation

Propolis extract was prepared at Balai Penelitian dan
Konsultasi Industri, Surabaya, East Java, Indonesia by treating
dried Apis mellifera honeycomb (100% propolis); as much as
1 kg was macerated and sliced to a thickness of 0.5 to 1 cm.

Following this, 1,000 mL of 96% ethanol was added to the
closed container and shaken at a speed of 80 rpm for 24 hours
to ensure the mixture was homogeneous and then filtered.
The residue was evaporated using an evaporator vacuum at
a temperature of 50 to 60°C to separate the propolis extract
and the ethanol to obtain a thick consistency of the propolis
extract with a concentration of 11.45%. Finally, 11.45% prop-
olis extract was diluted using sterile, distilled water until a
concentration of 11% propolis extract was obtained.”

Combination of Calcium Hydroxide and Propolis
Calcium hydroxide was obtained by mixing pure cal-
cium hydroxide powder with sterile aquadest at a ratio
of 1:1 (0.9 g calcium hydroxide powder and 0.9 mL sterile
aquadest). It was then stirred using a cement spatula on a
glass slab until it formed a dough-like consistency.

The combination of calcium hydroxide and propolis was
used by mixing calcium hydroxide powder and propolis
extract with a ratio of 1:2 (0.6 g Ca(OH), powder and 1.2 mL
propolis extract).!

Application of the Combination of Calcium Hydroxide
and Propolis

After pulp chamber perforation in the right maxillary molar,
the 60 rats were divided into six groups:

1. Group A: Control group. The pulp chamber is applied with
Cention. Decapitation after 7 days.

2. Group B: Treatment group. The pulp chamber is applied
with calcium hydroxide. Decapitation after 7 days.

3. Group C: Treatment group. The pulp chamber is applied
with a combination of calcium hydroxide and propolis.
Decapitation after 7 days.

4. Group D: Control group. The pulp chamber is applied with
Cention. Decapitation after 14 days.

5. Group E: Treatment group. The pulp chamber is applied
with calcium hydroxide. Decapitation after 14 days.
Group F: Treatment group. The pulp chamber is applied

with a combination of calcium hydroxide and propo-
lis. Decapitation after 14 days.After application, all right
maxillary molars were restored with Cention. Rats were
enclosed in cages and given standard food and water. All
groups were euthanized by peritoneal injection accord-
ing to the posttreatment time frame determined for each
group. After decapitation, the jawbone in the interdental
area of the maxillary first molar was removed.

NF-kB and Collagen Type 1 Expression

Histopathological preparations were completed using hema-
toxylin-eosin staining then observed using a light microscope
(Nikon Corp., Japan) at x400 magnification. Additionally,
immunohistochemical staining with polyclonal rabbit anti-
bodies (Santa Cruz Biotechnology, Inc., United States) was
performed to determine the expression of NF-kB and type
1 collagen. The NF-kB and collagen type 1 expression were
analyzed in the pulp odontoblast cells. All analysis was con-
ducted by a single operator in a blind procedure.

European Journal of Dentistry Vol. 15 No. 1/2021 © 2021. European Journal of Dentistry.

123



124

Calcium Hydroxide-Propolis Effect on Dental Pulp Pribadi et al.

Statistical Analysis

The results of the study were calculated as both mean and stan-
dard deviation and then analyzed using SPSS 24.0 for Windows.
To determine the difference, the one-way analysis of variance
test was performed and followed with the Tukey’s honestly sig-
nificant difference test with a significance level of 0.05.

Result

A histopathological examination of anatomy in rat dental pulp
odontoblast cells showed the morphology of odontoblast cells
located in the peripheral part of the pulp chamber (~Fig. 1).

The NF-kB Expression

The NF-kB expressed by the pulp odontoblast cells with
3,3’-diaminobenzidine staining appears as brown discolor-
ation (=Fig. 2). Treatment with a combination of calcium
hydroxide and propolis showed the highest NF-kB expres-
sion compared with calcium hydroxide only and Cention on
days 7 and 14 (~Fig. 3).

The combination of calcium hydroxide and propolis
exhibited a lower NF-kB expression, compared with cal-
cium hydroxide only (p = 0.027) and Cention (p = 0.000)
on day 7. Moreover, the NF-kB expression in the combi-
nation of calcium hydroxide and propolis was also lower,
compared with calcium hydroxide only (p = 0.000) and
Cention (p = 0.000) on day 14. Calcium hydroxide demon-
strated a lower NF-kB expression than Cention on days 7
(p =0.000) and 14 (p = 0.000) (~Fig. 3).

The Collagen Type 1 Expression

The collagen type 1 expressed by the pulp odontoblast cells
with DAB staining appear as brown discoloration (=Fig. 4).
Treatment with a combination of calcium hydroxide and
propolis showed the highest collagen type 1 expression
compared with calcium hydroxide only and Cention on
days 7 and 14 (~Fig. 5).

The combination of calcium hydroxide and propolis
exhibited higher collagen type 1 expression compared with
calcium hydroxide only (p = 0.001) and Cention (p = 0.000)
on day 7. Moreover, the collagen type 1 in the combination
of calcium hydroxide and propolis was also higher, com-
pared with calcium hydroxide only (p = 0.007) and Cention
(p = 0.000) on day 14. Calcium hydroxide demonstrated a
higher collagen type 1 expression compared with Cention
on days 7 (p = 0.003) and 14 (p = 0.001) (~Fig. 5).

Fig. 1 The histopathology of the pulp chamber (magnification x100)
(A). Histopathological morphology of odontoblast cells located in the periph-
eral part of the pulp chamber (yellow arrow) (magnification x400) (B).
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Discussion

The gold-standard pulp capping material in dentistry is cal-
cium hydroxide because of its ability to stimulate mineral-
ization, but it has the disadvantage of having the potential
to irritate the pulp and cause inflammation.'? Several recent
reports have indicated that calcium hydroxide has some dis-
advantages: it only sets in a dry environment, the dentinal
bridges produced may have tunnel defects, and it is prone
to dissolution over time. Research conducted by Brizuela
et al (2017) shows that the failure of calcium hydroxide to
maintain pulp tissue is only 13.64% compared with MTA."
Concerns over the use of calcium hydroxide are regarding
its physical characteristics; the report stated that calcium
hydroxide has poor cohesive strength, greater solubility, and
marginal leakage.!*

Fig. 2 The pulp odontoblast cells expressed NF-kB (white arrow).
Treated with a combination of calcium hydroxide and propolis after
7 days (A) and 14 days (D). Treated with calcium hydroxide after
7 days (B) and 14 days (E). Treated with Cention after 7 days (C) and
14 days (F). NF-kB, nuclear factor kappa B.
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Fig. 3 The NF-kB expression after being treated with a combina-
tion of calcium hydroxide and propolis, calcium hydroxide only, and
Cention. The same character on the top of the bar shows the dif-
ference in each treatment (p < 0.05). NF-kB, nuclear factor kappa B.
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Fig. 4 The pulp odontoblast cells expressed collagen type 1 (white
arrow). Treated with a combination of calcium hydroxide and prop-
olis after 7 days (A) and 14 days (D). Treated with calcium hydroxide
after 7 days (B) and 14 days (E). Treated with Cention after 7 days (C)
and 14 days (F). NF-kB, nuclear factor kappa B.
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Fig. 5 The collagen type 1 expression after being treated with a com-
bination of calcium hydroxide and propolis, calcium hydroxide only,
and Cention. The same character on the top of the bar shows the
difference in each treatment (p < 0.05).

Calcium hydroxide as a gold standard also has deficient in
the formation of tunnel defects in the reparative dentin for-
mation. This condition can cause the incomplete pulp filling
and result in reinflammation, at least 3 months after treat-
ment."”> To this condition, an alternative ingredient, combi-
nation of calcium hydroxide and propolis is needed. Propolis
has anti-inflammatory properties which is expected to reduce
inflammation than pure calcium hydroxide and to improve
the physical characteristics of calcium hydroxide itself.'

Research on propolis has been widely performed both in vitro
and in vivo, and the results demonstrate that propolis has sev-
eral biological and pharmacological activities and is proven
to be an anti-inflammatory agent.’® The anti-inflammatory

properties of propolis are due to the presence of CAPE. Ethanol
extract from propolis presents beneficial properties for end-
odontics, such as promoting bone regeneration and stimulat-
ing the formation of hard bridge tissue in pulpotomy or pulp
capping.”” The anti-inflammatory properties of propolis are
also caused by the presence of flavonoid compounds, amino
acids, terpenes, and cinnamic acid derivatives. The mechanism
of propolis in inhibiting inflammation is caused by inhibiting
eicosanoid synthesis. This inhibition causes a decrease in the
content of arachidonic acid in cell phospholipid membrane
tissue, which further results in the inhibition of the release of
several inflammatory mediators, such as prostaglandins, leu-
kotrienes, and thromboxane.'® Based on previous explanations,
the combination of calcium hydroxide and propolis to enhance
the properties of calcium hydroxide is needed. In proof of this,
in this study, we discovered that the NF-kB expression is lowest
in the groups treated with a combination of calcium hydroxide
and propolis compared with Cention and calcium hydroxide
only on both days 7 and 14. The possible mechanism for this
condition is the role of ion Ca** and OH (hydroxyl ions) in the
calcium hydroxide. Hydroxyl ions enter the cell through calcium
channels and inhibit the phosphorylation of the inhibitor kappa
3 and the activation of NF-kB. Inhibition of the NF-kB decreases
the production of proinflammation, cytokine-like tumor necro-
sis factor o (TNF-ar), interleukin 6 (IL-6), and interleukin 13
(IL-1B).'*%° In open pulp, an inflammatory reaction occurs, char-
acteristic of increased proinflammatory cytokines production,
which causes a delay in the healing process. Treatment with
calcium hydroxide will inhibit the NF-kB expression and reduce
the production of cytokine proinflammation.?'*

The combination of calcium hydroxide and propolis
showed lower NF-kB expression, compared with calcium
hydroxide on both 7 and 14 days. This combination exhib-
ited superior anti-inflammatory properties compared with
calcium hydroxide only. Propolis not only inhibited NF-kB
expression but also restored the expression of IL-18, IL-6, and
TNF-a to a basal level. A further property of propolis is that it
can interfere with other immune cells to produce cytokine.?*

Calcium hydroxide has a high pH (alkali) and causes
necrosis with a minimum depth of 1 mm on the surface area
of the cell. When it comes into contact with the pulp tissue, it
causes a decrease in cell proliferation, followed by a decrease
in cell differentiation, resulting in a decrease of the forma-
tion of collagen type 1.> A combination of calcium hydroxide
with propolis can prevent this condition, as propolis can be
the active component, CAPE. CAPE plays an important role
in inhibiting the activation of NF-kB to produce the proin-
flammatory cytokines.?® The reduction of cytokines is likely
associated with inhibition of the inflammation feedback
loop as well as with decreased degradation of the extracel-
lular matrix through the inhibition of matrix metallopro-
teinase expression, which plays a role in proteolytic activity.
Moreover, propolis application has also shown upregulation
of transforming growth factor (TGF)-f gene expression and
enhanced Smad2/3 phosphorylation. It has been established
that TGF-B-induced proliferation of keratinocytes and fibro-
blasts leads to new formations of capillaries in the granula-
tion tissue, modulated extracellular matrix deposition, and
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reconstitution of the injured area.?* The upregulation TGF-8
leads to increased activity of pulp cell proliferation and devel-
ops to form fibroblasts. Fibroblasts will differentiate to form
odontoblast-like cells and increase the expression of colla-
gen type 1 to replace damaged odontoblasts.?” This possible
mechanism also explains the higher expression of collagen
type 1 in the combination of calcium hydroxide with propolis
compared with calcium hydroxide only.

The combination of calcium hydroxide with propolis is
not only able to decrease the NF-kB expression and increase
the collagen type 1 expression but also enhances the physical
characteristics of calcium hydroxide itself.

Conclusion

Based on the results of this study, it can be concluded that a
combination of calcium hydroxide and propolis inhibits pulp
inflammation and stimulates regeneration through decreas-
ing NF-kB expression and increasing type 1 collagen. This
combination is promising as a new material for pulp capping.
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