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The potential of mangosteen (Garcinia mangostana) peel
extract, combined with demineralized freeze-dried bovine
bone xenograft, to reduce ridge resorption and alveolar
bone regeneration in preserving the tooth extraction
socket
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Abstract Background: Following the extraction of a tooth, bone resorption can cause significant problems for

a subsequent denture implant and restorative dentistry. Thus, the tooth extraction socket needs to be
maintained to reduce the chance of any alveolar ridge bone resorption.

Objective: The objective of this study is to determine whether the administration of mangosteen peel
extracts (MPEs), combined with demineralized freeze-dried bovine bone xenograft (DFBBX) materials for
tooth extraction socket preservation, could potentially reduce inflammation by decreased the expression
of nuclear factor k3 (NfKb) and receptor activator of nuclear factor-«3 ligand (RANKL), to inhibit alveolar
bone resorption, and increased of bone morphogenetic protein-2 (BMP2) expressions to accelerate alveolar
bone regeneration.

Materials and Methods: This study consists of several stages. First, a dosage of MPE combined with graft
materials was applied to a preserved tooth extraction socket of a Cavia cobaya. Second, the C. cobaya was
examined using immune histochemical expression of Nfkb, RANKL, BMP2, as well as histology of osteoblasts
and osteoclasts. The research was statistically analyzed, using an analysis of variance test and Tukey honest
significant difference test.

Results: The results of this research were that it was determined that MPEs combined with graft materials on a
preserved tooth extraction socket can reduce NfKb, RANK, and osteoclasts also increase of BMP2 and osteoblast.
Conclusion: The induction of MPEs and DFBBX is effective in reducing inflammation, lowering osteoclasts,
decreasing alveolar bone resorption, and also increasing BMP2 expression and alveolar bone regeneration.

Keywords: Bone morphogenetic protein-2, graft materials, mangosteen peel extracts, nuclear factor xf3,
preserved tooth extraction socket, receptor activator of nuclear factor-«f ligand expressions
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INTRODUCTION

The posttooth-extraction bone resorption process can
result in significant problems for denture implants and
restorative dentistry. To deter the denture from falling
apart, one of the most important factors in denture
construction is its retention factor, which is heavily affected
by other anatomical factors, such as a high scaling ridge as a
cantilever for the denture implant. To gain a high positional
ridge, the ridge resorption, usually caused by trauma after
a tooth extraction, needs to be reduced. Inflammation
will trigger osteoclast growth and also cause alveolar bone
resorption. Original tooth extraction socket preservation in
patients is required to reduce the likelihood of occurrence
of alveolar bone resorption. Conservation of the original
tooth extraction socket in patients, along with an optimal
technique of dental implant therapy is needed. The same
principal can be applied to the edentulous area, to increase
the aesthetic point on both fixed and removable dentures.!"

Inflammation can raise the number of osteoclast cells,
pro-inflammation cytokines (tumor necrosis factor
(INF)-a and intetleukin 1 B (IL-1 3), and also receptor
activator of nuclear factor-kf3 ligand (RANKL) and RANK
(teceptor activator of nuclear factor-kf3).”*) The RANKL
process is a signal of an osteoclast, which occurs because
the TNF or TNF receptor family plays an important role
in controlling the death of cells and also the proliferation
of cells. Family molecule RANK and RANKL receptors
are key regulators of bone remodeling and are essential for
osteoclast activation and development. When osteoclast
cell growth rises, alveolar bone resorption will take place.

Hayden, ¢# a/P have stated that nuclear factor kB (NfKb)
is one aspect of the cause of inflammation. The
pro-inflammation cytokine production path indicates a
specific dependency on NfKb, just as TNF-o activates
NfKb; therefore, NfKb is a fundamental part of
propagation and cytokine response. According to Bellanti,)
the level of inflammation can be categorized as acute,
sub-acute, or chronic. Acute inflammation takes place
from the 1* day until the third; subsequently, there will be
chronic inflammation, based on the history of illness. In
the fields of Medicine and Dentistry, the use of grafts to
mend or augment a bone defect is a common practice,”'
but it was not stable enough to produce the expected
result. In the bone growth process, bone morphogenetic
protein-2 (BMP2) triggers the process of osteoblast genesis,
stimulating either an osteoblastic-specific factor-2 or a
core binding factor-1, affecting the produced osteoblast;
the collagen 1 and noncollagen product osteocalcin will
increase, and another alveolar bone growth will appear.!"’)

Demineralized freeze-dried bovine bone xenograft
(DFDBBX) is a product made by Batan Research Tissue
Bank and offered in powder form; it has been relieved
of its immunogenic attribute by gamma (Y) ray radiation.

There are various uses for mangosteen peel in the medical
field, one of them being as an anti-inflammatory; it may also
function as an antioxidant, and is also capable of activating
wound-healing hormones.!""

Pedraza-Chaverti, ez al.,'¥ Palakawong, ez al.'” Khairunisa,')
Yatman, ' stated in their report that xanthones were
detected inside the mangosteen peel and that these
contain dibenzopyran, an anti-inflammatory substance.
Dibenzofuran is a close relative to the flavonoids and
another anti-inflammatory which works by inhibiting the
production of the cyclooxygenase-2 (COX-2) enzyme, the
main cause of inflammation. Various illnesses are caused
by free radicals; in protecting the body from free radicals,
the antioxidant substance stabilizes them. Mangosteen
peels contain compounds that are useful as antioxidants
and are also pharmacologically active: flavonoid, xantone,
and tannin.["¥

Based on the above description, the question arises
as to whether the administration of a combination of
mangosteen peel extract (MPE) and DFDBBX on tooth
extraction sockets can decrease the generation of NfKb,
RANKL as an indicator of inflammation, reducing
osteoclasts, lowering the chance of ridge resorption
and also increasing BMP2 expression and alveolar bone
regeneration. This research is an effort at tissue engineering,
with the objective of preserving tooth extraction sockets
by combining MPE and DFDBBX to fill in the extraction
socket to reduce the inflammation caused by the extraction,
which can cause ridge resorption and increase osteoblast
cells, resulting in alveolar bone regeneration.

MATERIALS AND METHODS

Research procedure and animal model

Every procedure performed in this research meets the
ethical requirements as stated by the Dentistry Ethics
Commission of Airlangga University as stipulated in their
decree No 1/KKEPK.FKG/III/2015.

The materials used are mangosteen (Garcia mangostana) peel
extract, sterile distilled water (aquades), DFDBBX, absolute
alcohol, 70% alcohol, monoclonal antibody anti-NfKb
p 56 (Santa Cruz), monoclonal antibody RANKL (Santa Cruz),
monoclonal antibody BMP2 (Santa Cruz), immune
staining kit reagent (Novocastra-Leica), and a reagent
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for hematoxylin and eosin (HE) coloring. Indirect
immunohistochemically examination can be conducted
using primary antibodies as well as secondary antibodies.
The experimental animals used were healthy and active male
Cavia cobaya (Guinea pigs), weighing around 300-350 g,
aged 3-3.5 months.

The MPE was obtained using a maceration technique;
after that the most appropriate dosage of the mixture
of MPE and xenograft + polyethylene glycol (PEG) was
calculated, followed by a Histopathologic Examination of
Osteoblasts and Osteoclasts by HE, along with a staining
and immunohistochemistry examination using monoclonal
antibody NfKb p 56, RANKL, and BMP2.

Research procedure

Fifty-six C. cobayas were divided into eight groups, each
group containing seven animals. The groups were then
separated into 7-day groups and 30-day groups, each group
received four treatments. The tooth extracted was the
bottom right incisor. Afterward, the C. wbaya were taken
from their treatment facility and anesthetized intravenously
with 0.2 CC/300 g ketamine BB."! The bottom left incisor
extraction was conducted with specialized (needle holder)
pliers. The extraction socket was then filled with PEG,
DFDBBX + PEG, MPE + PEG, and a combination of
MPE + DFDBBX + PEG. Each mixture was allowed as
much as 0.1 CC, corresponding with the volume of the
tooth extraction socket, which was then sewn up with
Braun Aesculap brand polyamide monofilament sewing
thread, DS 12 3/8c, 12 mm, 6/10 met, 0.7 sterile.”” The
groups was sorted as follows. Groups 1 and 2: Tooth
extraction performed, followed by filling in the socket with
PEG only. Groups 3 and 4: Tooth extraction performed
followed by filling in the socket using DFDBBX + PEG.
Groups 5 and 6: Tooth extraction was performed, followed
by filling in the socket with MPE and PEG. Groups 7 and 8:
Tooth extraction was performed followed by filling in the
socket with a combination of MPE + DFDBBX + PEG.
An examination after 7 and 30 days for each group were
conducted.

Histopathologic specimen preparation

After 7 days and 30 days had passed, the C. cwbayas were
euthanized and their jaws were removed with a surgical
incision. Paraffin block was prepared. The paraffin block
was then sliced, using a rotary microtome with a thickness
of approximately 4 W, after which it was laid out on a glass
slide. Deparatfinization was conducted by dissolving the
specimen in xylol for 2 X 3 min. The remainder of the xylol
was washed out with absolute alcohol, 99%, 95%, 90%,
80%, 70%, for 2 X 1 min each, the calculation for NfkB,

RANKIL, and BMP2 expressions, and also Osteoblast and
Osteoclast cells, was carried out under a light microscope
each slide was examined with 1000 times magnification
and 2 maximum of 10 fields of view. The calculation
results were noted on a worksheet with a mean value per
field of view.

The calculation results were then recorded and tabulated
to be statistically analyzed by the Kolmogorov—Smirnov
method and a homogeneity test. An An analysis of variance
(ANOVA) was conducted to discern the differences among
the groups. A multiple comparison by Tuckey honest
significant difference (HSD) was then carried out, to
discover the group with the best result.

RESULTS

The preliminary results for the best dosage, number
of calculated mean and standard deviations (SDs) of
osteoblasts and osteoclasts after 30 days of treatment,
showed that the dose of 2% had the highest osteoblast
result at 22.825. The lowest osteoblast count occurred in
the control group that was only filled with PEG,; i.e., 5.5714,
while the highest osteoclast count was observed from the
dose control with a result of 22.428; meanwhile, the dose
of 2% obtained the lowest yield at 7.

The osteoblast and osteoclast calculation results with 2%
dosage and with treatment for 7 and 30 days are presented
in Figure 1.

The block diagram [Figure 1] displays the difference
between the control groups, the DFDBBX + PEG, the
MPE + PEG, and the MPE + DFDBBX + PEG group.
The group that was treated with MPE + DFDBBX + PEG
had the highest osteoblast number, at 12.50 = SD 1.049.
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Figure 1: Mean of osteoblast and osteoclast, axis X: Account
of osteoclast and osteoblast. Axis Y: treatment filled socket with
PEG (control), DFDBBX + PEG (Graft), MPE + PEG and combination
of MPE + DFDBBX + PEG at 7 and 30 days. PEG: Polyethylene
glycol, DFDBBX: Demineralized freeze dried bovine bone xenograft,
MPE: Mangosteen peel extract
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Meanwhile, the lowest osteoblast count was in the control
group. Against this, for osteoclasts, the lowest number was
the precise group with MPE + DFDBBX + PEG with
a value of 8.50 £ SD 1.761, while the highest osteoclast
number was in the control group (or PEG-only-group)
with a value of 19.33 SD * 3.

A microscopic appearance of osteoblasts and osteoclasts
can be seen in Figure 2. From the normality test, we
obtain P = 0.000 < 0.05, the result showing that there are
significant differences between the groups. On the Levene
test, a homogeneity test which was carried out before the
ANOVA test obtained P=0.167 > 0.05, which means that
we can continue with the ANOVA test.

The ANOVA statistical test on the 7 and 30 days treatment
shows a significant difference of the osteoblasts and
osteoclasts on the control group, the DFDBBX + PEG group,
the MPE + PEG group, and the MPE + DFDBBX + PEG
combination group, characterized by a significance value
of 0.00 < 0.05. There are significant differences between
Osteoblast cells in the control group and in the MPE group,
and also in the MPE and DFDBBX combination group with
P = 0.001 < 0.05. Meanwhile, the results of the ANOVA
statistical test on osteoclast cells for the 7 and 30 days treatment
are as follows: results show significant differences of the
osteoclast cells between control group, DFDBBX + OEG
group, MPE Group, and MPE + DFDBBX + PEG
combination group, indicated by P = 0.00 < 0.05. This was
then followed by statistical Tukey HSD test for osteoclast
cells, with the results indicating significant differences between
osteoclast cells in the control group, and the MPE group,
and also the MPE + DFDBBX + PEG combination group

Figure 2: Figure Microscoplc of osteoblast and osteoclats at 30 days.
(a). Filled socket with PEG; (b). Filled socket with DFDBBX + PEG; (c).
Filled socket with Manggosteen peel extract + PEG; (d). Filled socket
with combination of Mangosteen peel extract + DFDBBX + PEG. Black
arrow show Osteoblast. White arrow show Osteoclast

with P = 0.000 < 0.05. There are also differences between
the control group and DFDBBX (Xenograft) group with
P =0.018 < 0.05. The result of the immunohistochemistry
test or NfKb, RANKI.,, BMP2, osteoblast and osteoclast with
a 2% dosage on the 7 and 30 days treatments is as follows

[Figure 3].

The difference for expression group NfKb p 65 can be seen
starting from the control group, DFDBBX + PEG group,
MPE + PEG group, and MPE + DFDBBX + PEG group.
The lowest score belongs to the MPE + DFDBBX + PEG
with 5.44 = SB 1.033. Meanwhile, the highest score belongs
to the control group (the PEG-only group) with 11.33 + SB
1.751.

The differences are visible in the amount of RANKL
expression in the control group, DFDBBX + PEG group,
MPE + PEG group, and MPE + DFDBBX + PEG
combination group. The lowest score belongs to the
MPE + DFDBBX + PEG combination group which is
5.17 = SB 1472, while the highest score belongs to the
control group (PEG-only group) which is 17.50 = SB
1.378. As for the osteoclast, the highest score belongs to
the control group (PEG-only group) with 19.33 SB * 3.
In the BMP2 expression examination, the highest score
belonged to the MPE + DFDBBX + PEG combination
with 14.29 (30 days) and the lowest belonged to the control
group (PEG-only) group with 3.14 (30 days).

An overview of NfKb, RANKL and BMP2 expression on
a 30 days examination can be seen in Figures 4-0.
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Figure 3: Osteoblast, osteoclast, RANKL, NfKb, and BMP2 at 7 days
and 30 days. Axis X: Account of Osteoblast, osteoclats, expression
of RANKL, NfKb, and BMP2. Axis Y: Treatment filled socket with
PEG (control), DFBBX + PEG (graft), MPEs + PEG and combination
MPE + DFBBX + PEG at 7 and 30 days. RANKL: Receptor activator
of nuclear factor-xf3 ligand, NfKb: Nuclear factor k3, BMP2: Bone
morphogenetic protein-2, PEG: Polyethylene glycol, MPE: Mangosteen
peel extract, DFBBX: Demineralized freeze dried bovine bone xenograft
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Figure 4: Microscopic figure of expression of RANKL at 30 days. (a) Filled
with PEG; (b) filled with DFDBBX + PEG; (c) filled with MPE + PEG;
(d) filled with combination of MPE + DFDBBX + PEG. Black arrow show
RANKL expression. RANKL: Receptor activator of nuclear factor-kf3
ligand, DFDBBX: Demineralized freeze dried bovine bone xenograft,
MPE: Mangosteen peel extract, PEG: Poly etylene glycol

ANOVA statistical calculations on NfKb expression on the
7 and 30 days treatments show significant differences of
the NfKb results on the control group, DFBBX + PEG
group, MPE + PEG group, and MPE + DFBBX + PEG
combination group, as indicated by significant values of
P =10.00 <0.05 0n 7 and 30 days treatments.

This was then followed by a Tukey HSD Statistical test
on the NfKb expression results, which showed significant
differences of the NfKb expression for the 7 and 30 days
treatments between the control group and MPE group,
with a value of P = 0.000 < 0.05. Furthermore, between the
control group and MPE + DFBBX + PEG combination
group, with a value of P = 0.000 < 0.05.

ANOVA statistical calculations of RANKL expression on
the 7 and 30 days treatments show significant differences
on the RANKIL expression results on the control group,
DFDBBX + PEG group, MPE + PEG group, and
MPE + DFDBBX + PEG combination group, as indicated by
a significant value of P = 0.00 < 0.05. This was then followed
by a Tukey HSD Statistical test on RANKL expression results,
which showed significant differences of the RANKL expression
for the 7 and 30 days treatments between the control group and
MPE group, with a value of P = 0.000 < 0.05. Furthermore,
the control group and MPE + DFDBBX + PEG combination
group with a value of P= 0.002 < 0.05. There is also a significant
difference between control groups and DFDBBX + PEG
groups, with a value of P = 0.002 < 0.05.

A decline in the number of osteoclast cells for the
amount of NfKb and RANKL expression occurred in
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Figure 5: Microscopic figure of Nbe expression at 30 days (a) Filled
with PEG; (b) filled with DFDBBX + PEG; (c) filled with MPE + PEG;
(d) filled with combination of MPE + DFDBBX + PEG. Black arrow shows
NfKb expression. NfKb: Nuclear factor k8, DFDBBX: Demineralized
freeze dried bovine bone xenograft, MPE: Mangosteen peel extract,
PEG: Poly etylene glycol

every group on the 7 days treatment, from the control
group, the DFBBX group, the MPE group, and the
MPE + DFBBX + PEG group. The lowest decline was
observed on the MPE group + DFBBX + PEG group.

DISCUSSION

Trauma resulting from the extraction of teeth can cause
inflammation; according to Yenary ef /") when trauma
occurs, the immunocompetent macrophage cells and
mast cells will increase the TNF-0/ (pro-inflammatory
cytokines). As part of the immune response is controlled
by NfKb which contains cytosol and is bound to Ikappa
B (IkB), this will lead to IkB phosphorylation, which then
causes a proteasome degradation and release of NfKb
from the translocation into the nucleus. Even though the
inflammation from extraction trauma has subsided, and the
extraction wound is closed, the mastication process in the
oral cavity would cause mechanical stimuli to be directly
accepted by residual ridge through the neurogenic receptor,
which will activate the TNF-o and 1L-1. This would mean
that even when the extraction wound has closed, the
alveolar bone resorption will continue to occur.”

There has been a distinction in this study on the block
diagram of NfKb expression for the control group,
DFBBX + PEG group, MPE + PEG group, and the
MPE + DFBBX + PEG group. This study shows
that stuffing/filling the tooth extraction socket with a
combination of MPE + DFBBX + PEG was effective in
reducing the NfKb and RANKL expression significantly;
this is in accordance with a study by Chen ¢# 4/, which
stated that Garciana mangostana Linn can be used as an
anti-inflammatory. The types of Xanthone known to be the
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Figure 6: Microscopic figure of BMP2 expression at 30 days. (a) Filled
socket with PEG; (b) filled socket with DFDBBX + PEG; (c) Filled
socket with mangosteen peel extract + PEG; (d) filled with combination
of mangosteen peel extract + DFDBBX + PEG. Black arrow
show BMP2 expression. BMP2: Bone morphogenetic protein-2,
DFDBBX: Demineralized freeze dried bovine bone xenograft, PEG:
Poly etylene glycol

most beneficial are the -mangostin and Y-mangostin. Both
of these are quite capable of inhibiting the production of
nitric oxide and PGE2 from liposacharida cell stimulation
RAW 2647. In the human body, Xanthone serves as an
antioxidant, antiproliferative, anti-inflammatory, and
anti-microbial. Xanthone is a strong antioxidant which
is extremely important in the balancing of pro-oxidants
in the body, also known as “free radicals” in our
natural surroundings.'! According to Nakatani ef al,*!
Y-mangostin possesses the ability to inhibit the production
of the enzyme COX, the cause of inflammation, and
directly retards the activity of 1kB kinase enzyme, while
also preventing COX-2 gene transcription (NfKb target
genes), as well as suppressing the production of PGE2 in
the inflammatory process.

This study is in accordance with a study by
Jinsart, e al?Y which states that in the mangosteen peel
there are xanthones, which contain an anti-inflammatory:
The o and Y mangostin, which is the main bioactive
compound.

In this study, the block diagram of the RANKL expression
result shows the differences among each group, from the
control group, DFDBBX + PEG group, MPE + PEG
group, and MPE + DFBBX + PEG combination group. It
shows that the combination of MPE + DFDBBX + PEG
produces the lowest RANKL expression; it indicates that
there is a significant decrease of inflammation because of
the preservation of the tooth extraction socket by filling
it with MPE + DFBBX + PEG.

This is in accordance with another study from Porth
and Matfin®! which states that inflammation will cause
macrophages to induce pro-inflammatory synthetic
cytokines IL-1 and TNF-o, which play a role in the release
of phospholipids from the fibroblast cell membrane, cell
mast, neutrophil, macrophage, and lymphocytes; hence, the
phospholipase A2 enzyme may start working as arachidonic
acid metabolism initiates and produces the COX-2 enzyme.
An increase in the level of COX-2 plays a role in the
synthesis of prostaglandins, especially PGE-2 since it
can cause an increase in vasodilatation and can increase
endothelial permeability, thereby facilitating the infiltration
of inflammatory cells.” RANKL is a key mediator of the
osteoclast development process The RANKL binding
to the RANK receptor on the preosteoblast surface will
activate the jun terminal kinase and NfKb, which leads to
osteoclast development.* RANKL also plays an important
role in osteoimmunology. When COX-2 is inhibited and
the pro-inflammatory cytokines (IL-1, TNF-o) and also
PGE-2 decline, osteoclast development, cither directly or
through RANKL, will be hampered, so a differentiation
and fusion of osteoclast precursors into osteoclasts will
not occur. Aside from that, inhibition may also occur in
the bounding process of the RANKL to RANK on the
surface of preosteoblasts which will hamper the activation
of NfKb; where the NfKb leads to osteoclast development,
decreasing NfKb will reduce the osteoclast cell numbers.”
Socket preservation procedure aims to reduce the loss of
bone following tooth extraction, to maintain the alveolar
bone volume. This is carried out by placing a bone graft
into the extraction socket immediately after the tooth is
extracted.™ There has been an increase in the number
of BMP2 expressions, the highest number being with the
insertion of MPE + DFDBBX + PEG combination; the
BMP2 is an alveolar bone growth factor, and it shows in
the increasing number of osteoblast cells. In accordance
with a study by Pagni, ¢z @/, BMP is a growth factor;
it can induce differentiation of stem cells into cells that
will develop the bone, in a process called osteoinduction.
A study once introduced a method to preserve the socket
after a tooth extraction process by utilizing the BMP2
absorbed in a sponge collagen. This was done by Howell,
et al.in 1997, which shows that this BMP2 grafting material
is safe; the result of the preservation on the patient shows
an increase of alveolar bone material.

The result of this study shown in the block diagram makes
it clear that the lowest osteoclast count is observed in
the MPE + DFDBBX + PEG group, while the highest
osteoclast count belongs to the control group. From this
study, we can conclude that utilizing the combinations of
MPE with DFDBBX and PEG as filling/stuffing proved
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effective in decreasing NfKb and RANKL expression,
which then led to decrease in inflammation, reducing
osteoclast cell growth and ridge resorption. This research
also provides an insight into the process of homeostasis in
bones, that when the osteoclast cells responsible for ridge
resorption decreasel™ then osteoblast cells as bone-forming
elements will rise.

CONCLUSION

The conclusion of this research is the induction of
combination of MPEs and DFDBBX is effective in
reducing inflammation, lowering osteoclasts, decreasing
alveolar bone resorption, and also increasing BMP2
expression and alveolar bone regeneration.
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