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ABSTRACT
Background: Alveolar bone defects caused by periodontitis may require regenerative therapy to restore bone structure. Propolis
possesses antibacterial, anti-inflammatory and antioxidant properties, which can stimulate bone regeneration. Propolis-carbonated
hydroxyapatite (CHA) material was applied during open flap debridement (OFD) in periodontitis therapy. Purpose: To analyse the
effect of the application of 10% propolis-CHA after OFD on type 1 collagen expression on periodontitis-induced rabbits. Methods:
Six male rabbits, aged 5–8 months, weight 1500–2000 grams, were ligated with wire and injected with Porphyromonas gingivalis
lipopolysaccharide (LPS) for six weeks to induce periodontitis. The samples were divided into three groups: group A (OFD only),
group B (OFD+CHA) and group C (OFD+10% propolis-CHA). To acquire 10% propolis-CHA, the CHA block was cut into 10mg
and then immersed in 1ml of 10% propolis solution for 24 hours at room temperature. Decapitation was performed on the seventh and
14th day after OFD was performed on each group and microscopic slides were prepared for type 1 collagen examination. The data
was analysed using a two-way ANOVA with a 95% confidence interval followed by a post hoc LSD test. Results: The type 1 collagen
expression in group C (61.36±1.88 on day seven and 70.25±3.89 on day 14) was significantly different from group A (42.91±1.78
on day seven and 45.18±2.48 on day 14) and group B (43.91±5.31 on day seven and 59.63±3.27 on day 14) on both the seventh day
and the 14th day (p=0.000). Conclusion: The administration of 10% propolis-CHA during OFD can increase the type 1 collagen
expression in the alveolar bone of rabbits on the seventh and 14th day.
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INTRODUCTION
Periodontitis is a chronic inflammatory disease in
periodontal tissues which is caused by particular
microorganisms and characterized by the formation
of pockets, recessions, or both.1 The main cause of
periodontitis is polymicrobial periodontal pathogens,
most of which are gram-negative anaerobic bacteria.2
Periodontitis can result in damage to the periodontal
ligament, cementum and alveolar bone, which then leads
to the formation of defects in the alveolar bone.3

Alveolar bone defects due to periodontitis require
adequate treatment. A treatment used to obtain the
biological conditions needed for the regeneration of
periodontal tissues is open flap debridement (OFD), which
has been proven to be successful in treating infrabony
defect.4 OFD is a surgical procedure that aims to get direct
access to the involved periodontal tissues and to remove
necrotic tissues, yet it results in minimal periodontal tissue
regeneration.5 The addition of bone graft material in the
OFD treatment has been proven to increase the filling of
bone defects.6 Carbonated hydroxyapatite (CHA) is one
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example of alloplastic bone graft materials of which the
composition is similar to that of human bone. Besides, it
is biocompatible, has excellent osteoconductivity and can
be resorbed by osteoclasts.7
Propolis is a natural resin substance produced by
bees that possesses antibacterial, anti-inflammatory,
antioxidant, anticancer, antiviral, antifungal and immunestimulant properties.8 In addition, propolis also has the
ability to regenerate bone tissue by increasing osteoblast
activity and decreasing osteoclast activity.9 An in vivo
study showed that 10% propolis gel could stimulate the
healing process of gingivitis in experimental animals by
reducing the number of polymorphonuclear (PMN) cells,
increasing the number of fibroblasts, and stimulating the
formation of angiogenesis.10 A previous study showed that
CHA immersed in 10% propolis solution had an excellent
mechanical and chemical bond between the two materials,11
and this new material showed excellent capability in
stimulating fibroblast cell lines.12 Devitaningtyas et al.13
proved the inhibition properties of CHA-10% propolis
against Porphyromonas gingivalis. Another study of
propolis-coated allograft bone graft material showed
that propolis also has osteoinductive properties by
stimulating the proliferation and differentiation of bone
cells – thus accelerating the bone regeneration processes
in experimental animals.14
Bone regeneration processes can be measured by the
production of bone formation biomarkers: one of which is
type 1 collagen. Type 1 collagen is produced by osteoblasts
during the reparative phase in the bone healing process.15
Osteoblasts are mononucleated cells derived from
mesenchymal stem cells (MSCs) which are responsible
for bone synthesis and mineralization in the early stage
of bone formation and final stage of bone remodeling.16
Expression of type 1 collagen can be observed on day seven,
which increases on day 14.17 Another study showed that
the expression of type 1 collagen reached its peak on day
14 after treatment in experimental animals.18 The objective
of this study was to analyse the effect of the application
of 10% propolis-CHA in OFD on the expression of type 1
collagen on periodontitis-induced rabbits.

MATERIALS AND METHODS
All the procedures for this research were approved by the
Ethical Committee of the Faculty of Dentistry, Universitas
Gadjah Mada, No. 00208/KKEP/FKG-UGM/EC/2019.
This was an experimental study with a randomised post-test
only control group design. The CHA (Gama-CHA®, PT.
Swayasa Prakarsa, Yogyakarta) was cut into pieces, each
of which weighed 10mg. Pure propolis solution (Propolis
Brazilian®, Minas Gerais, Brazil) was diluted using sterile
water with a dilution ratio of 1:9, thus resulting in a 10%
concentration propolis solution. To acquire 10% propolisCHA, the 10mg CHA was then immersed in 1ml of 10%
propolis solution for 24 hours at room temperature.11
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The experimental animals that were used were six
male rabbits (Oryctolagus cuniculus) aged 5–8 months,
weight 1500–2000g and induced with periodontitis.
Periodontitis induction on the rabbits was performed by
the ligation technique and injection of lipopolysaccharide
(LPS) from Porphyromonas gingivalis ATCC 33277 from
Thermo Scientific, USA. The rabbits were first allowed to
acclimatization for one week. Periodontitis induction was
then started by anesthetizing the rabbits using ketamine
HCL 40mg/kg of body weight (BW) and xylazine 3mg/
kg BW by intramuscular injection, and then the cervical
region in the mandibular anterior teeth was ligated using
silk 3.0 for six weeks. Injection of 0.05ml LPS from
Porphyromonas gingivalis was also performed three times a
week by injecting the ligated mandibular anterior teeth.19
The rabbits as periodontitis animal models were
randomly divided into three groups. Clinical signs of the
induced periodontitis that were observed in the rabbits
were tooth mobility, gingival recession and redness of the
gingiva. The rabbits in group A were treated with OFD;
those in group B were treated with OFD and application
of CHA; and those in group C were treated with OFD and
application of 10% propolis-CHA. Prior to the surgery,
the rabbits were anesthetized by injecting ketamine 40mg/
kg BW and xylazine 3mg/kg BW intramuscularly. A full
thickness envelope flap was performed in the buccal side
of the anterior mandible and then the inflamed tissue was
debrided using a universal scaler. The predetermined
material was applied to each group using dental tweezers
while pressed gently onto the bone. The flap repositioning
was done using 4.0 nylon thread. All the rabbits were
then returned to their cages at room temperature and
administered a soft diet for the first 24 hours, followed by
feeding ad libitum during the research.
Rabbits from each group were randomly assigned to
be decapitated on the seventh day and the 14th day after
the OFD. Four microscopic slides were made from each
rabbit. The decapitation procedure was carried out using a
sodium pentobarbital overdose (i.e. 120mg/kg BW) injected
intramuscularly. The defect area in the alveolar bone of the
rabbits was fixed in 10% buffered formalin for 24 hours and
then decalcified. Samples were embedded in paraffin wax
and then sliced into 5µm thick sections using a microtome
for the immunohistochemistry (IHC) staining. This study
used polyclonal antibody type 1 collagen (1:100, bs10423R,
Bioss, Beijing, China).
The observation of type 1 collagen expression was
carried out using a light microscope in 400x magnification
looking at three visual fields for each slide (reviewed by
two independent observers). The observed osteoblasts were
cuboidal in shape and were located on the peripheral side
of the alveolar bone trabeculae. Osteoblasts that positively
expressed type 1 collagen were dark brown in colour,
while those which negatively expressed collagen were a
purplish-blue colour. The data was presented in the form
of a percentage of osteoblasts which were positive to type
1 collagen IHC staining. The formula was as follows:20
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The Shapiro-Wilk test was used as the data normality
test and Levene’s test of homogeneity of variance was
also used. The data was then analysed using the two-way
ANOVA test, with a confidence interval of 95%, and
followed by the post hoc LSD test.

RESULTS
Figure 1 shows the histological view of the alveolar bone
of Oryctolagus cuniculus on the seventh and 14th days for
each group. The type 1 collagen, which was expressed by
osteoblasts in the peripheral of the bone trabecula, is shown
in dark brown.

The percentages of type 1 collagen expression
found in all groups is presented in Table 1. The highest
number of osteoblasts was observed in group C on day
14 (70.25%), whilst the lowest number was observed
in group A on day seven (42.91%). The Shapiro-Wilk
normality test showed that the type 1 collagen expression
in each treatment group on each decapitation day were
normally distributed with p>0.05. Levene’s homogeneity
test showed that all data were homogeneous with p>0.05.
Based on the normality and homogeneity test results,
a parametric statistical test two-way ANOVA was
performed. The two-way ANOVA test showed significant
differences in the type 1 collagen expression on days
seven and 14 between the treatment groups with p=0.000
(p<0.05).
The post hoc LSD test presented in Table 2 shows that
the type 1 collagen expression on day seven in group A was

Day 7

Day 14

A

B

C

Figure 1. Type 1 collagen expression in (A) OFD group, (B) OFD+CHA group, (C) OFD+CHA+10% propolis group on days 7 and
14 at 400x magnification. The red arrows show a positive expression of type 1 collagen.
Table 1.

Mean and standard deviation of type 1 collagen
expression on days 7 and 14
Mean ± SD

Groups

n

Day 7

Day 14

A

4

42.91±1.78

45.18±2.48

B

4

43.91±5.31

59.63±3.27

C
4
61.36±1.88
70.25±3.89
* significant differences between groups (p<0.05)

p

0.000*

Table 2.

LSD test results of type 1 collagen expression on days
7 and 14

Days

Groups
A
B
A
0.687
7
B
C
A
0.000*
14
B
C
* significant differences between groups (p<0.05)
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0.000*
0.000*
0.000*
0.001*
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not significantly different from that in group B (p>0.05),
while that of group A was significantly different from
group C and the group B expression was significantly
different from group C also (p<0.05). On day 14, group
A was significantly different from group B and group C.
In addition, group B was significantly different from group
C (p<0.05). Thus, it can be concluded that the expression
of type 1 collagen in the group treated with 10% propolisCHA was higher than the other groups: both on day seven
and day 14.

DISCUSSION
Type 1 collagen is the most abundant collagen found in
bones, making up more than 90% of the organic bone
mass. 21 Type 1 collagen is produced by osteoblasts
during the reparative phase of bone healing processes.16
Osteoblasts are mononucleated bone cells derived from
MSCs.22
The results of this study showed that the highest
expression of type 1 collagen could be observed in the
group given OFD+10% propolis-CHA: both on day seven
and day 14. An increase in the expression of type 1 collagen
is affected by the addition of propolis into CHA. These
results prove that propolis has the ability to stimulate
bone regeneration. This is in line with the findings of a
previous study, showing that propolis has the ability to
stimulate bone regeneration by stimulating the osteoblast
differentiation process.9 According to Srivastava et al.23
the ability of propolis to stimulate osteoblast differentiation
can be attributed to flavonoids that increase the expression
of runt-related transcription factor 2 (Runx2). Runx2 is a
transcription factor needed by MSCs to differentiate into
preosteoblasts, which express type 1 collagen at a low
level. The preosteoblasts then require Runx2 transcription
factors to differentiate into osteoblasts, which express type
1 collagen at a high level.24
The expression of type 1 collagen on day seven in the
OFD group was not significantly different from that of the
group given OFD+CHA. This is probably because CHA
has lower osteoinductivity, thus resulting in insignificant
new bone formation. This concurs with the results of a
previous study showing that it is necessary to add growth
factors into CHA to increase the osteoinductivity of the
material.25
The results of this study have proved that the addition
of propolis into CHA can increase the osteoinductivity of
bone graft materials, which is evident from the increase
in the expression of type 1 collagen in the group treated
with OFD+10% propolis-CHA. This is in agreement with
the results from a previous study, showing that propoliscoated allograft bone graft material has osteoinductivity
by stimulating the proliferation and differentiation of
bone cells, thus accelerating bone regeneration processes
in experimental animals.14 This study was limited by the
number of subjects and the observation time. From the data,
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it can be concluded that the application of 10% propolisCHA in the OFD procedure could increase the expression
of type 1 collagen in the alveolar bone of Oryctolagus
cuniculus on both the seventh and 14th days. A suggestion
for future research is to investigate the variables over a
longer time period with a larger sample size.
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