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Abstract

Aim: To analysis collagen type | density on inflamed rat dental pulp after capping with propolis.
Methods: Flavonoid and non-flavonoid substances were purified from propolis. Eighty male rats
were divided into five groups, each group consisting of 16 rats. As a negative control (group I), rats
were not conducted any treatment. A class | cavity was prepared on the occlusal surface of right
maxillary first molar. Dental pulp was exposed and allowed in oral environment for 60 minutes,
then dental pulp capping with ethanolic extract of propolis (group 1), flavonoid propolis (group ll),
non-flavonoid propolis (group 1V), or calcium hydroxide as positive control (group V). Rats were
sacrificed at 6 hours, 2, 4 or 7 days, biopsy samples were obtained, stained and viewed by light
microscope. Data was statistically analysis using Friedman and Kruskal-Wallis tests. Results:
Except in group |, collagen type | density was increased in group I, lIl, and V with the longer of
observation time periods. However, in group |V, collagen type | density increased only on day 7.
No statistically significant differences of collagen type | density among the groups for each time
period were found. Conclusions: Propolis and flavonoid propolis may increase collagen density on
inflamed rat dental pulp.

Keywords: Propolis. Collagen type I. Inflammation. Dental pulp. Rat.

Introduction

Propolis, or bee glue is a natural wax-like resinous substance collected by bees
from buds and exudates of the plants'. Honey bees used propolis as antibiotic, seal hole
or cracks of its combs, and also protect it from insects®. Propolis has been used since
long time ago as traditional medicine due to its several biological properties, such as
antibacterial®, anti-inflammatory*, and immunomodulatory®. Among of its constituents,
both flavonoid and non-flavonoid substances of propolis also showed anti-bacterial and
anti-inflammatory activities. The chemical composition of propolis is very complex,
depends on the collecting location, time, and plant source®. Commonly, the composition
of propolis primarily consists of resinous (50%), wax (30%), essential and aromatics
oils (10%), bee pollen (5%), and other substances (5%)’.
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In recent years, a new trend of using complementary
and alternative medicines including apitherapy has increased
worldwide. Using propolis in conservative dentistry and
endodontic treatment to treat tooth and pulp diseases is a popular
practice such as cariostatic agent in suppressing cariogenic
bacteria®, desensitizing agent to treat hypersensitivity dentin’,
intracanal irrigant'’, cavity disinfecting agent in atraumatic
restorative treatment!!, medicament during root canal treatment'?,
and also as direct pulp capping agent'.

Dental pulp is a loose connective tissue uniquely situated
within the rigid encasement of mineralized dentin. However, dental
pulp may become exposed due to caries, accidental mechanical
during cavity preparation, tooth fracture or attrition'*. Collagen
is a major organic component of macromolecular structures in
the dental pulp, designated as collagen fibers. Collagen type 1
play pivotal role during wound healing process, especially in
hemostatis, inflammatory response, cell growth, differentation and
migration'>!¢. Previous studies have demonstrated that propolis is
toxic to dental pulp fibroblasts at 2 mg or above'” and not reduced
the viability of dental pulp fibroblasts at 1 mg/mL's.

One of honeybee species that breeding by many beekeepers in
South Sulawesi province, Indonesia is Trigona sp. This honeybee
species is stingless and can produce a lot of propolis. Therefore, the
aim of the present study was to evaluate the impact of the use of
ethanolic extract of propolis, flavonoid propolis and non-flavonoid
propolis for direct pulp capping in collagen type I density.

Material and Methods

The experimental protocol was approved by the ethical
committee of Faculty of Medicine, Hasanuddin University number
0032/H04.8.4.5.31/PP36-KOMETIK/2015.

Animals

Eighty Sprague Dawley rats (male, 8-16 weeks old, weight
200-300 g), obtained from the Animal Research Development
Center, Gadjah Mada University, Yogyakarta Indonesia with
standard food and water ad libitum throughout the experiment. The
room was maintain on a 12 h light-dark schedule at a temperature
of 26 = 2°C and a relative humidity of 60-70%.

Propolis

Raw propolis was purchased from Honey Bee Development
Center, Hasanuddin University, Makassar which collected from
honeycombs in Luwu regency, South Sulawesi Province, Indonesia
in the early monsoon season.

Extraction of propolis

Dried propolis (250 g) was sliced and squashed with a mortar
and pestle, and the extract was cultured for five days in the dark
at 45°C with continous shaking (100 rpm) in a flask containing
ethyl alcohol (95%) at a ratio of 1:5. It was then filtered through
Whatman paper, and the crude extract of propolis was dried at
60°C using a vacuum rotary evaporator to get ethanolic extract of
propolis. The residue was separated using toluene solution to yield
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flavonoid and non-flavonoid fraction, which were then subjected to
thin layer chromatography using silica gel GF254 precoated plates
with n-butanol: acetic acid: water (3:1:1 v/v) as mobile phase.
Examination under ultraviolet light at A 253 and A 366 nm and
treatment with ammonia showed that the flavonoids group from
propolis contains flavones, flavonoles, flavanols, and chalcones®.

Experimental groups and treatment

Rats were divided into five groups randomly, each consisting
of 16 animals. Group I as a negative control was not conducted
any treatment. In group I, III, IV and V, rats were anesthetized
intramuscularly with ketamine (Ketalar®, Warner Lambert,
Ireland) (65 mg kg-1 body weight) and xylazine-HCl (Xyla®,
Interchemie, Netherlands) (7 mg kg-1 body weight), and then
Class I (Black’s Classification) cavities were prepared on the
occlusal surface of right maxillary first molar using a low-speed
tapered round diamond bur (Intensiv®, Switzerland) (0.84 mm in
diameter). The dental pulp was then exposed at the cavity floor
using a dental explorer (Martin®, Germany) (0.35 mm in tip
diameter) and allowed in the oral environment for 60 minutes,
after that, dental pulp was immediately capping with ethanolic
extract of propolis (EEP) (group II) (0.5 mg), extract of flavonoid
propolis (group III) (0.5 mg), extract of non-flavonoid propolis
(group 1V) (0.5 mg), or calcium hydroxide (Ca(OH),) (Hydcal®,
Technew, Rio de Janeiro, Brazil) as positive control (group V)
(0.5 mg), respectively. Each cavity was then air-dried and filled
with glass ionomer cement (HS Posterior Extra®, GC, Tokyo,
Japan) as permanent filling.

Histological examination

Four rats were sacrificed at 6 hours, 2 days, 4 days and 7 days
respectively. The teeth and the surrounding bone were resected,
fixed in Bouin’s fixative solution for 24 hours, decalcified with
acetic acid/ formal saline for 7 days, embedded in paraffin wax
blocks and sliced into 6 pm-thick sections serially at bucco-palatal
direction. The slides were stained with Mallory and examined under
a light microscope (Leica®, Olympus BX41-U-CA, Tokyo, Japan)
with 400x magnification. The scoring of collagen type I density on
rat dental pulp was blindly evaluated by two separate independent
pathologists. The density of collagen type I was scored according
to the absent or presence of collagen type I, using a 0 to 2 score
system : score 0 - no collagen type I was detected; score 1 - thin
collagen type I was detected; and score 2 - thick collagen type I
was detected. If there was any disagreement between the evaluators,
the sample under discussion was jointly analyzed until a consensus
was reached.

Statistical analysis

Statistical anaylsis was performed by using the SPSS-PC
package for Windows (version 8.0, SPSS Inc, Chicago, USA).
The Friedman test was used to analysis the significant difference of
collagen type I density between observation time periods for each
group. Meanwhile, for analysis the significant difference between
the groups for each observation time period were evaluated by
Kruskal-Wallis test. A value of p <0.05 was considered statistically
significant.
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Results

Histogram of collagen type I density on rats dental pulp
tissue of all groups after 6 hours, 2 days, 4 days and 7 days of
application can be seen at Figure 1. It was showed that collagen
type I density was increased at group II, III, and V along with
the increase of the observation time periods. Meanwhile, at

group IV collagen type I density slight increased only on day
7. However, the result of Friedman and Kruskal-Wallis tests
showed no significant difference (p>0.05) of the collagen type
I density among 4 time periods of each group (Table 1) and
among 5 groups of each time period (Table 2). No necrotic pulp
tissues were found in all animals of treatment groups throughout
the study.
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Fig. 1 - Histogram of percentage of collagen type I density on rats dental pulp tissue of all groups after 6 hours, 2 days, 4 days and 7 days of materials test

application.

Table 1 - The difference of collagen type I density among time periods for each group.

Mean Rank

Groups 6 hours 2 days 4 days 7 days Freidman test p
No treatment 2.50 2.50 2.50 2.50 0.00 1.00
EEP 2.00 2.50 2.50 3.00 2.400 0.494
Flavonoid 1.88 2.38 2.88 2.88 2.538 0.468
Non-Flavonoid 2.38 2.38 2.38 2.88 3.000 0.392
Ca(OH), 2.00 2.50 2.50 3.00 3.000 0.392
Note: *Significant at p<0.05
Table 2 - The difference of collagen type I density among groups for each time period.

) . Mean Rank )
U3 ) No treatment EEP Flavonoid Non-Flavonoid Ca(OH), . LAl P
6 hours 10.50 10.50 10.50 10,50 10.50 0.000 1.000
2 days 9.00 11.50 1150  9.00 11.50 2.235 0.693
4 days 8.50 11.00 1350  8.50 11.00 4.156 0.385
7 days 7.00 12.00 12.00  9.50 12.00 3.341 0.503

There was no statistically significant difference among the groups in each period (p>0.05).

Braz J Oral Sci. 15(4):264-268



Impact of the use of Ethanolic Extract of Propolis, Flavonoid and Non-Flavonoid Propolis for Direct Pulp Capping in Collagen Type | Density

The photomicrograph of collagen type I density evaluation
is presented here in only by the section from all groups at 6 hours
and 7 days (Figure 2).

6 hours

T days

Fig. 2 - Collagen type I density on rats dental pulp tissue after materials test
application for 6 hours and 7 days in groups I (A-B), II (C-D), lIl (E-F), IV
(G-H) and V (I-J) with no treatment (negative control), ethanolic extract
of propolis (EEP), extract of flavonoid-propolis, extract of non-flavonoid
propolis and calcium hydroxide (Ca(OH),) (positive control), respectively.
White arrows show collagen type 1. Mallory stain, original magnification 400 x.

Discussion

Wound healing represents an interactive process which
requires highly organized activity of many cells, synthesizing
cytokines, growth factors, chemical mediators, extracellular matrix
and collagen'®. Healing mechanisms are a dynamic and continuous
process that occurs when no inflammation is present. Proliferation
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and angiogenesis process will followed with connective tissue
regeneration by collagen as results fibroblast cell synthesis®.

The present study showed that except in negative control
group (without treatment), all treatment groups showed collagen
type I in different density and tends to increased with the
longer of observation time periods. However in group IV (non-
flavonoid propolis), collagen type I density increased only on
day 7. (Figure 1). The present results are not surprising, since
propolis is known to have antibacterial, anti-inflammatory,
antioxidant and immunomodulatory properties that permits cells
regeneration and the healing process in dental pulp with collagen
formation®?2, Previously study by Bretz et al.?* (1998) reported
that propolis was effective to maintain the presence of fibroblast
cells, low inflammatory and microbial cell population as well as
in stimulating the formation of reparative dentin. These effects are
mediated by the presence some of propolis constituents -such as
active flavonoids, caffeic acid phenethyl ester, terpenoid, steroid,
vitamin and minerals- that have a significant role in healing
process?*.

The results of present study also showed that the collagen type
I density was increased on inflamed rat dental pulp after capping
with flavonid propolis. Study by Kandhare et al.*> (2014) in ulcer
rat found that naringin (flavanone glycoside) was significant up-
regulation of mRNA expression of growth factor and collagen
type I whereas mRNA expression of pro-inflammatory mediators
was down-regulated. Further results suggest that angiogenesis
was improved via naringin-mediated inhibition of oxidative
stress, down-regulation of inflammatory mediator expression and
up-regulation of growth factor expression, leading to improved
wound healing of ulcer. Moreover, when inflammation was
occurs, damage of blood vessels increases capillary permeability.
Flavonoid substances have a significant role in maintaining
permeability and increasing resistance of capillary blood vessels®.
It will also increase biosynthesis mucopolysaccharide acid process
of ground substances that finally caused both the number of new
capillary blood vessel and collagen density were increased”’. Our
previous study in rats showed that flavonoid propolis could delay
inflammation process and stimulated reparative dentin in direct
pulp capping treatment®. In contrast, collagen type I density on
inflamed rat dental pulp increased only on day 7 after capping with
non-flavonoid propolis. (Figure 1). This result may due to that the
antibacterial and anti-inflammatory properties of non-flavonoid
substances weaker than other material test. Havsteen®® (2002)
stated that flavonoids are considered as the most biologically active
substance in propolis. Our previous study found that antibacterial
activity of non-flavonoid propolis weaker than flavonoid propolis
against Streptococcus mutans®.

Calcium hydroxide was used in this study as material of
positive control group because until now it was known as the
most promising capping agent for direct pulp capping treatment
to preserve tooth vitality in an exposed pulp cavity. Nelson-Filho
etal.** (1999) reported that Ca(OH), initially induce the formation
of a necrotic zone when contact with dental pulp tissue due to
its high pH (11-12). Following infiltration of inflammatory cells,
fibroblast-like cells proliferate and migrate to the injury site. This
action is followed by the formation of new collagen that is arranged
in contact with the superficial necrotic zone?'.
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The results of this present study showed that the application
of all material test on inflamed rats dental pulp tissue increased
collagen type I density along with the increase of the observation
time period. However, ethanolic extract of propolis, flavonoid
propolis, and Ca(OH), have better effect than non-flavonoid
propolis in stimulated collagen type I on inflamed rats dental
pulp tissue. Therefore, the present results suggest that both extract
ethanolic of propolis and flavonoid propolis increase collagen
type I density when used for direct pulp capping, presenting a
comparable effect to Ca(OH),.
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