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Abstract

Aim: This study was undertaken to comprehend the effect of a combination of bovine bone graft (BBG) and propolis extract on the
receptor activator of nuclear kB ligand (RANKL) and osteoprotegerin (OPG) expressions in post-extraction tooth sockets.

Materials and methods: Fifty-six male Cavia Cobayas were divided into eight groups each containing seven subjects. The lower left
incisor of each subject was removed prior to four different materials - polyethylene glycol (PEG), propolis extract+PEG, BBG+PEG, and
propolis extract+BBG+PEG (combination) being applied to the post-extraction sockets. The laboratory animals were sacrificed at three
and seven days. An immunohistochemical examination was subsequently performed to observe the expression of RANKL and OPG
using a light microscope at 1000x magnification.

Results: The mean expression of RANKL on the third and seventh days was the lowest in the combination group, while the mean OPG
expression on those days was the highest in the combination group. The one-way ANOVA tests conducted on each group produced a
p value <0.05 indicating that significant differences existed between certain groups. A Pearson’s correlation test conducted on both ob-
servation day groups highlighted the opposite correlation of RANKL and OPG.

Conclusions: A combination of propolis extract and BBG effectively upregulates OPG expression and downregulates RANKL expres-
sion in the preserved post-extraction socket.
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INTRODUCTION lar process, both vertically and horizontally. 23!

The initial phase of the healing process is character-
According to Indonesia’s Basic Health Research (Riset Kes-  ized by blood clotting and the migration of inflamed cells
ehatan Dasar/RISKESDAS), oral health problems in 2018  which releases cytokines such as the insulin growth fac-
affected 57.6% of Indonesia’s population.l!) Such problems  tor-I (IGF-I), parathyroid hormone (PTH), tumor necrosis
often culminate in tooth extraction, while the healing pro-  factor-a (TNF-a), and interleukin-6 (IL-6). These cyto-
cess in the resulting socket induces resorption of the alveo-  kines activate osteoblasts culminating in the expressing of
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the receptor activator of the nuclear kB ligand (RANKL).
RANKL binds to this receptor activator of nuclear xB
(RANK) and initiates osteoclast differentiation, which
subsequently resorbs the bone and, on completion of this
function, undergoes an apoptotic process. In addition to
RANKIL, osteoblasts will express osteoprotegerin (OPG),
the decoy receptor of RANKL that can inhibit the RANKL-
RANK bond in osteoclastogenesis.*!

The inflammation phase will be followed by a prolifer-
ation phase characterized by the rapid formation of new
tissue. From the second week after extraction, provisional
matrix deposition will be followed by the penetration of
the blood vessels, bone forming cells, and projections of
the woven bone over a period of several weeks. The final
phases consist of bone modeling and bone remodeling.
The former is characterized by changes in bone shape due
to bone resorption that will affect the alveolar ridge di-
mension, while the latter constitutes a change, such as the
remodeling of woven bone into lamellar bone that leaves
the shape of the bone unaltered. Resorption of osteoclasts
activities occurs in the socket.!

Post-extraction alveolar bone resorption occurs rapidly
in the first year but at a slower rate in subsequent years.
The first year sees the loss of 25% of bone width, a figure
that increases to up to 40% in the third year."

Alveolar bone resorption is unsuitable for prosthodon-
tic treatments. The treatment success rate will be higher
if the bone volume is adequate. Prosthodontic treatments
require an adequate bone height in order for them to prove
effective and have a positive aesthetic outcome. Alveo-
lar bone loss greater than 7 mm potentially complicates
prosthodontic treatment®), which is the reason for clini-
cians ideally maintaining as much bone height as possible.
One treatment is intended to preserve the post-extraction
socket to avoid the need for clinicians to undertake more
invasive bone augmentation procedures in the future.”

Maintaining post-extraction bone dimensions can be
achieved through the application of a bone graft, with the
xenograft being one of the most frequently used varieties
in dentistry. This variety of graft is biocompatible with,
and structurally similar to, human bone. Xenograft, the
variety most frequently used being bovine xenograft'®,
possesses osteoconductive properties with the result that
interposition with connective tissue is rare.

Another material used in this study was propolis ex-
tract. Propolis is a natural product in the form of a res-
in collected by honeybees from various plants. Bees use
propolis as the material from which to build their nests
and render it resistant to bacterial and fungal infection.
Propolis not only acts as an anti-microorganism agent, but
also as an antioxidant and anti-inflammatory agent. The
antioxidant property of propolis is derived from flavonoid
and polyphenol, substances that can remove free radicals
from tissue, thereby supporting the regulation of RANKL
and OPG. The expression of RANKL can be increased,
while that of OPG can be decreased due to their sensitivity

to the level of oxidative.’] The chrysin content of propolis
can reduce the expression of TNF-q, interleukin-1p (IL-
1B), and IL-6. Cytokines perform specific roles in regulat-
ing RANKL expression by osteoblasts.['1!

Bone remodeling is highly dependent on osteoclast and
osteoblast activity. These cells have numerous cell mark-
ers that can be studied. RANKL and OPG are important
markers in osteoclastogenesis. A study by Arnez et al. de-
scribes how RANKL expression increases at 7 and 10 days,
while that of OPG increases at 3 and 7 days. In this study,
the expression of RANKL and OPG during socket preser-
vation, using propolis extract and BBG combination, was
observed on the third and seventh days.!'?

AIM

The present study aimed to comprehend the effect of a
combination of BBG and propolis extract on the RANKL
and OPG expressions in post-extraction tooth sockets.

MATERIALS AND METHODS

This study has been reviewed and approved by the Eth-
ical Clearance Committee, Faculty of Dental Medicine
and issued with approval number 556/HRECC.FODM/
VIII/20109.

Animal characteristics

This study involved 56 male Cavia Cobayas, 300-350
grams in weight and 3-3.5 months old, which were divid-
ed into eight groups of seven subjects each.

Procedures

Before extraction of their lower left incisors, the animals
were anesthetized by means of a 0.2-cc/300-g dose of ket-
amine. Following extraction, the sockets were filled with
different materials according to the group. Suturing was
performed using polyamide monofilament. These labo-
ratory subjects were observed on the third and seventh
days after application of the materials to the interior of the
post-extraction sockets.

These subjects were divided as follows: groups 1 and 2
(controls), the post-extraction socket received 25 g of poly-
ethylene glycol (PEG); groups 3 and 4, the post-extraction
socket was administered with 0.5 g of propolis extract and
24.5 g of PEG; groups 5 and 6, the post-extraction socket
was given 0.5 g of BBG and 24.5 gram of PEG; and groups
7 and 8, the post-extraction socket received 0.5 g of prop-
olis extract, 0.5 g of BBG, and 24 g of PEG. Groups 1, 3, 5,
and 7 were observed on the third day, while groups 2, 4, 5,
and 8 were monitored on the seventh day.
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Immunostaining observation

The research subjects were sacrificed, and their man-
dibles removed and decalcified using ethylene diamine
tetra acetate (EDTA) for a period of two months. The
soft mandibles were made into paraffin blocks, which
were subsequently cut using a microtome (4 ) to make
immunohistochemistry slides. After deparaffinization, the
slides were stained using monoclonal RANKL antibodies
(12A668, Novus Biologicals, dilution 1:200) and OPG
(98A1071, Novus Biologicals, dilution 1:200). The RANKL
and OPG expression in the osteoblasts were observed
under a light microscope at magnification 1000x and from
20 visual fields.

Statistical analysis

The data generated by this experiment were statistically an-
alyzed using a Statistical Package for Social Science (SPSS)
version 23.0 (IBM Corporation, Illinois, Chicago, United
States). A One-way ANOVA and Tukey HSD were em-
ployed to analyze the RANKL and OPG expression.

RESULTS

The highest means of RANKL expression in the third- and
seventh-day observation groups occurred in the control
groups followed by the propolis extract groups, the BBG-
groups and, finally, the propolis extract-BBG combination
groups. The highest means of OPG expression in the third-
and seventh-day observation groups were found in the
propolis extract-BBG combination groups, followed by the
BBG groups, the propolis extract groups, with the lowest
means occurring in the control groups (Fig. 1).

The statistical test conducted during this experiment
was a Shapiro-Wilk normality test, the result of which

OPG expression at 3 and 7 days
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Figure 1. Chart describing mean numbers and standard deviations of RANKL and OPG expressions on the third and seventh days of

study.
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confirmed that the data was distributed normally (p>0.05).
A subsequent one-way ANOVA test whose significant val-
ue was <0.05 indicated significant differences between
certain groups. Consequently, a Tukey HSD test was con-
ducted to identify the significant differences between each
group. The picture of OPG and RANKL expressions in
this experiment was obtained using a light microscope
from 20 visual fields (Fig. 2).

The statistical analysis of RANKL and OPG correla-
tion shows that there are significant correlations between
these two markers in both the third and the seventh day
observation groups (Sig. (2-tailed) <0.05). The third day
observation group sig. (2-tailed) value was 0.010, while
the seventh day observation group sig. (2-tailed) value was
0.000. A negative Pearson’s correlation value means that the
subjects have an inverse relation. On the third observation
day, the Pearson’s correlation value (r) was —0.480, signi-
fying a moderate significant inverse correlation between
RANKL and OPG. On the seventh observation day, the
Pearson’s correlation value (r) was —0.665, which means
that there was a strong significant inverse correlation be-
tween RANKL and OPG.

DISCUSSION

The majority of tooth extractions will lead to significant re-
sorption of the alveolar bone, which occurs because of the
post-trauma healing process. Fifty percent of ridge width
will be loss.[*13] Excessive amounts of bone loss will com-
plicate prosthodontic treatment with the result that clini-
cians must invest considerable effort in preserving the al-
veolar bone. Socket preservation can be undertaken using
bone graft to maintain bone dimension and avoid future
invasive bone augmentation.(”)

In this study, bone graft was combined with propolis
extract as the socket preservation material. BBG is a type

RANKL expression at 3 and 7 days
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Figure 2. (A) RANKL expression on the third day; (B) OPG expression on the third day; (C) RANKL expression on the seventh day;
(D) OPG expression on the seventh day. The black arrows indicate the expression of RANKL in (A) and (C); expression of OPG in (B)
and (D).

of xenograft often used in dentistry due to its relatively
greater availability and promotes osteoconductive activi-
ties®14], while propolis extract has anti-inflammation, an-
ti-microorganisms, antioxidant, and immunomodulator
properties.'® This combination is expected to accelerate
the bone healing process.

RANKL and OPG are important factors in bone healing
which play essential roles in osteoclastogenesis. RANKL
will bind to RANK, thereby inducing the osteoclastogenic
process. The RANK-RANKL bond will initiate osteoclast
precursor differentiation to become mature osteoclast, stim-
ulate bone resorption capacity, and reduce osteoclast apop-
tosis. In this process, OPG acts as an inhibitor, preventing
RANKL from binding to RANK by binding to RANKL.¢!

The mean values of RANKL and OPG were observed
on the third and seventh days. On each occasion, the low-
est mean of RANKL occurred in the propolis extract-BBG
combination groups, followed by the BBG groups, then the
propolis extract groups, while the highest mean was in the
control group. The mean values of OPG were the oppo-
site of those of RANKL. The lowest number occurred in
the control groups, followed by the propolis extract group,
while the highest number was in the group where a com-
bination of propolis extract and BBG was applied to the
post-extraction socket.

Bone graft is a material often employed to substitute for
lost bone mass. Bone tissue demonstrates regenerative ca-
pability and can grow into the site provided by the graft.
There are various types of bone graft such as autograft,

allograft, xenograft and alloplast, although autograft is
the gold standard in the field of dentistry. However, auto-
graft requires an additional surgical site in order for the
graft material to be obtained. Consequently, xenograft is
used in this study due to its greater accessibility, osteo-
conductive properties, and structural similarity to hu-
man bone. Osteoconductivity in xenograft can support
new bone growth inside the graft, with the result that
interposition of connective tissue rarely occurs. Bovine
bone graft is the most widely employed type of xenograft
in dentistry.[81417]

The propolis extract used in this study was obtained
from Lawang, East Java. It contained caffeic acid (2.56%),
apigenin (1.05%), flavonoid (1.28%), saponin (0.82%), quer-
cetin (1.03%), and terpenoid (1.15%) which account for its
anti-microorganism, anti-tumor, anti-oxidant, immu-
nomodulatory, and anti-inflammatory properties.!%1518]
Apigenin and quercetin constitute flavonoid derivatives.
Each constituent element within the Lawang propolis
extract possessed the ability to downregulate proinflam-
matory cytokines such as IL-1f, IL-6, and TNF-a, while
also upregulating anti-inflammatory cytokines. Apigenin
and caffeic acid also demonstrate the ability to inhibit os-
teoclastogenesis by deactivating nuclear factor kappa light
chain enhancement.!'2%!

The healing process is initiated by the hemostatic phase
followed by the inflammation phase during which numer-
ous proinflammatory cytokines are produced. This phase
happens on the second and third days after extraction and
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is characterized by inflammatory cell migration. The re-
sidual cells and the product of the inflamed cell-induced
apoptotic process will be phagocyted by macrophages.
Proinflammatory cytokines such as IL-1B, IL-6, and
TNF-a will be produced by macrophages and mast cells.
Macrophages emerge in the late inflammation phase 48-72
hours after extraction and will be retracted to the wound
area by chemoattractant agents such as cytokines.*

In osteoclastogenesis, proinflammatory cytokines exe-
cute important roles. For example, TNF-a, IL-6, and IL-1
can upregulate osteoclasts formation by upregulating the
production of RANKL and M-CSF and increasing the re-
sponsivity of osteoclast precursors to RANKL. RANKL
plays the role of stimulating preosteoclast differentiation,
the attachment of osteoclasts to bone tissue, and, subse-
quently, the activation and longevity of osteoclasts. The
TNF-a that is released by activated macrophages can
upregulate the production of proinflammatory cytokine
and also RANKL by osteoblasts.!%2!

In addition to RANKL, osteoblasts regulate OPG ex-
pression. The analysis conducted in this study shows that
RANKL expression had a significant negative correlation
with OPG expression in the third- and seventh-day obser-
vation groups. Negative correlation means that RANKL
and OPG have an inverse relation to each other. Similar
to the results of other studies, this research found that
when RANKL expression increases OPG expression will
decrease relatively or, at least, OPG induction will be re-
duced, and vice versa. These processes can cause changes
in the RANKL/OPG ratio during osteoclastogenesis.?!

Proinflammatory cytokines (TNF-a, IL-1B, and IL-6)
are ones that can induce osteoblasts to upregulate RANKL
expression. If the expression of these cytokines is sup-
pressed by the characteristics in propolis extract, RANKL
expression by osteoblast will decrease. Most of the factors
that induce RANKL expression by osteoblasts will also
regulate OPG. The upregulation of RANKL expression
with the help of cytokines will also downregulate OPG ex-
pression.?? Therefore, the decreasing degree of RANKL
expression by osteoblasts in this study will also be fol-
lowed by an increase in OPG expression.

This study not only observed the mean number but,
in addition, compared each group using the Tukey HSD
test by means of which the significant differences in each
group were located. RANKL expression on the third ob-
servation day showed that there were significant differenc-
es between the combination (propolis extract-BBG) group
and the other three groups. This indicated that BBG, with
its osteoconductive properties, and propolis extract, with
its anti-inflammatory and antioxidant properties, worked
together and decreased the number of RANKL expression
on the third observation day, which was the first peak of
RANKL expression.?’]

The OPG expression in the third day observation group
showed significant differences between the control group
and the BBG group; the control group and the combination
(propolis extract and BBG) group. A nonsignificant differ-

Propolis-Bovine Bone Graft Socket Preservation

ence was found between the combination (propolis extract
and BBG) group and the BBG group; as well as the com-
bination group and the propolis extract group. This might
be because the peak OPG expression occurred on the first
and seventh days after the bones had been injured. There-
fore, the result for the third day observation group showed
some insignificant differences.[*! The peaks of RANKL ex-
pressions occurred on the third and fourteenth days, while
those relating to OPG expressions manifested themselves
on the first and seventh days after the wound had occurred.
This study was conducted to observe RANKL and OPG ex-
pressions on the third and seventh days in order that they
could be observed at their peak times.[!22]

RANKL and OPG expressions observed on the sev-
enth day demonstrated the same results in terms of which
groups had significant differences compared with other
groups. The significant differences occurred between the
control groups and the BBG groups; the control groups
and the combination groups; as well as the propolis ex-
tract groups and the combination groups. Apart from
these groups, the results indicated no significant differenc-
es between the combination groups and the BBG groups;
the propolis extract groups and the control groups; or the
propolis extract groups and the BBG groups. There were
no significant differences between the BBG groups and the
combination groups in terms of RANKL expression on the
seventh day, which may have been due to the fact that it
was not supposed to be the peak of RANKL expression
day. Moreover, the process may have happened earlier be-
cause the anti-inflammation effect of the propolis extract
can accelerate the inflammation process. That is why the
result was significant on the third observation day. OPG
expression also demonstrated an insignificant difference
on the seventh day possibly because it constitutes the sec-
ond peak of OPG production. Therefore, there is a possi-
bility that the peak of OPG expression in this study hap-
pened on the first day with the result that it produced an
insignificant result on the seventh day.[?*24

In accordance with a number of earlier studies, the ap-
plication of immunomodulatory and anti-inflammatory
agents from the propolis extract in this study can decrease
the magnitude and duration of inflammation. In cases of
the overactivation of inflammatory cells, the healing pro-
cess will be compromised. Proinflammatory cytokines
released by macrophages can exacerbate the inflammato-
ry reaction. Therefore, they need to be temporarily sup-
pressed in order to promote more rapid healing.?%

Certain results indicate that there are insignificant
differences between the combination group and the BBG
group. However, the means may show a contrasting sit-
uation. For example, the means still indicate that BBG
groups have a lower level of RANKL expression and a
higher degree of OPG expression when compared to the
combination groups. Bone remodeling is a complex pro-
cess influenced by various factors. Osteoclastogenesis, in
which RANKL and OPG play important roles, is only one
of the factors that influence it. For this reason, observation
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of other factors and markers is required in order to under-
stand the entire bone remodeling process.*

The results of this study concur with those of the re-
search conducted by Kresnoadi et al. in 2020 and Lunard-
hi et al. in 2019, which stated that the combination group
(BBG and propolis extract) show the highest mean num-
ber of osteoblasts and lowest mean number of osteoclasts
on the third and seventh days. Kresnoadi et al. asserted
that the combination of natural propolis extract and BBG
can increase HSP70 expression, osteocalcin, as well as the
number of osteoblasts, while decreasing the number of os-
teoclasts.?”) The RANKL and OPG values obtained in this
study parallel the number of osteoblasts and osteoclasts re-
sulting from previous studies. The decreasing expression of
RANKL and increasing expression of OPG after application
of BBG-propolis extract combination as a socket preserva-
tion material will help OPG bind to RANKL with the result
that RANKL cannot bind to RANK. This will inhibit the
initiation of osteoclast precursor differentiation.!?>2¢/ By
impeding the process of osteoclastogenesis, it is anticipated
that the healing process may occur more rapidly resulting
in minimal bone resorption.

CONCLUSIONS

Based on the experiment conducted during this study, it
can be concluded that the combination of propolis ex-
tract and BBG effectively upregulates OPG expression
and downregulates RANKL expression in the preserved
post-extraction-socket.
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Pe3tome

Lenb: Oto nccnenoBanne 6bII0 MPEANPUHATO, YTOOBI HOHATH BIUAHME KOMOMHAINMYM ObIYbero KOCTHOrO TpaHcIviantara (BBG) u
9KCTPAKTa IIPOIOINCA Ha SKCIIPECCHIO PellenTopa-akTusaropa spepHoro mmuranga kB (RANKL) n ocreonporereputa (OPG) B myHKax
3y60B IIOCTIe yHaIeHNA.

Matepuanbl u MeTofbl: IlaTbaecaT mecTh camioB Mopckoit cBuHKN Cavia Cobayas 6b1mm pasjienieHbl Ha BOCeMb I'PYIIIL, B KaXK/[OM
13 KOTOPBIX OBUIO TO ceMb cyObekToB. HIDKHMIT /IeBbIiT pesel] KaKIoro cyObekTa ObIT yfanéH mepey TeM, KaK Ha JIYHKM IIOCTIe 9KC-
Tpaxuuy OBUINM HaHeCeHbI YeThIpe PasIMIHBIX MaTepuasa — noaatiieHrmnkons (PEG), skerpaxr npomonuca + PEG, BBG + PEG u
aKcTpakT npomnomuca + BBG + PEG (xom6uHanys). JTabopaToOpHBIX )XKMBOTHBIX YMEPIIB/LAIN Yepes3 TPYU U ceMb JHell. Brocnencrsum
ObI/IO IIPOBEIEHO MUMMYHOTMCTOXMMIYECKOE MCCIeloBaHe Jyid Habmonenns 3a akcnpeccueilt RANKL 1 OPG ¢ ncrionb3oBaHmeM cBe-
TOBOr0 MUKpocKomna 1pyu 1000-KpaTHOM yBenMYeHUN.

Pesynbratbl: Cpennss sxcnpeccns RANKL Ha TpeTuit 1 ceibMoit JHY ObUIa caMOJt HUSKOJT B TPyIIIle KOMOMHAIMM, TOTAA KaK Cpel-
Hss akcnpeccuss OPG B aTu gHu 6bla caMoit BBICOKOI B rpyie kombuHanuu. OpHoctoponnue tectsl ANOVA, npoBefieHHbIE B
Ka)K[I0i1 IpymIe, famy sHadeHye p<0.05, 4TO yKasbIBaeT Ha Ha/JM4NMe 3HAYMTETbHBIX Pas/IMyMil MeXY ONpPeNe€HHBIMA IPYIIIIaMIL.
Koppenammonnsiit Tect IlnpcoHa, IpoBeAEHHbIT B 00enx Ipymmax 06cepBalliOHHOTO MCCIENOBAHNA, BBLABIII IIPOTUBONIONOKHYIO
xoppenaunio RANKL u OPG.

3aknoueHne: KombnHarmsa skcTpakTa npomnonuca 1 BBG abdextnsHO ycmmiBaer skcnpeccrio OPG u mmopjaBifeT sKCIpeccuio
RANKL B coxpaHmBILIEliCs TyHKE ITOCTIE 9KCTPAKIIMIA.
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