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Transforming growth factor-beta, obtained from mangosteen peel extract, is one of the natural
ingredients that can aid in wound healing. It contains antibacterial and anti-inflammatory
properties that help accelerate the inflammatory phase so that the proliferative phase can begin
immediately. The anti-inflammatory properties in mangosteen peel can bind to factor-κB
receptor activator ligands, which can induce osteoclast formation and bone resorption. This
study determined the effect of mangosteen peel extract on transforming growth factor-beta
expression after tooth extractions of Wistar rats. Six healthy male Wistar rats weighing 150–200
gm were used in this study. The animals were divided into a control group and a treatment
group. Both groups had their teeth extracted, but only the treatment group was given mangosteen
peel extract at a dose of 300 mg per-oral, three times a day. Following this, the animals were
sacrificed, and a specimen of their mandibles was taken to make immunohistochemical staining
using the Novocastra detection system and chromogenic detection. Transforming growth factorbeta expression was calculated by selecting the majority of positive visual fields and observation
with the OLYMPUS BX 41 series, DP-70 digital camera, and OLYSIA software. Transforming
growth factor-beta expression increased after oral administration of mangosteen peel extract on
the extraction wounds of Wistar rats in the treatment group. The results indicate that
administration of mangosteen peel extract on the extracted teeth of Wistar rats can increase the
expression of transforming growth factor-beta on the third day after extraction.
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Introduction
In dentistry, tooth extraction is a commonly performed
procedure that can cause complications.1 Complications are influenced
by various factors, both local and systemic. Local factors can include
careless actions, excessive trauma, and patients disobeying instructions.
Systemic factors may include patients with hemorrhagic disorders and
patients consuming drugs such as anticoagulants or non-steroidal
agents. Extraction wounds can also exacerbate bleeding. The extraction
wound will go through four overlapping phases. 2 The first is the
hemostasis phase, which occurs minutes to hours after the injury. The
inflammatory phase is the second stage, which occurs 1–3 days postinjury. The proliferation phase then occurs between days 4–21, and the
remodeling phase between days 21–365.3,4 TGF-β has multiple
functions in the process of wound healing, including modulating wound
contraction, synthesizing collagen contained in fibroblasts,
angiogenesis, and influencing fibroblast proliferation. In addition, TGFβ can also produce granulation tissue in wounds, leukocyte chemotaxis,
and play a role in the differentiation of fibroblasts into myofibroblasts. 5
Socket preservation is important for aesthetics and to ensure the correct
placement of teeth; this aims not to interfere with the treatment of
dentures or implants.6 The preservation of the socket itself aims to
maintain soft and hard tissue from the socket after tooth extraction. 7
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Natural ingredients, such as mangosteen, are necessary to help wound
healing. Mangosteen possesses antibacterial and anti-inflammatory
properties to help accelerate the time of the inflammatory phase so that
the proliferative phase can occur immediately.8 This anti-inflammatory
agent interacts with the factor-kB activator receptor, which can promote
the formation of osteoclasts and bone resorption. 9 This beta-factor
(TGF-β) can stimulate matrix protein synthesis, which plays a role in
bone remodeling, cell differentiation, embryonic development, immune
function, and hormone secretion.10 Due to the vital role TGF-β plays in
wound healing, a study was conducted to determine the expression of
TGF-β in the wound healing process after Wistar rats were given oral
mangosteen peel extract following tooth extraction.

Materials and Methods
Six healthy male Wistar rats aged 2–3 months, weighing between 150–
200 gm, were acclimatized for one week. Mangosteen peel extract was
obtained in capsule form. Each capsule had a dose of 400 mg/kg BW.
The dose for each sample was 300 mg/kg BW dissolved in 10 ml of
distilled water and given orally three times a day. Anesthesia was
administered with 10% ether by inhalation, and the right lower incisor
was extracted using a needle holder and elevator. The extracted wound
was left for three days and treated with mangosteen peel extract. On the
third day after the tooth extraction of the Wistar rats, specimens in the
form of mandibles were taken from the sacrificed Wistar rats. The
experimental protocols were approved by the ethics committee, Faculty
of Dental Medicine, Universitas Airlangga, with the ethical clearance
number 25/KKEPK.FKG/III/2015. These specimens were processed in
immunohistochemical preparations. The kit included the Biogear
Universal HRP Excell Stain System — Biogear, BDK-HES25, with the
Novocastra detection system and chromogenic detection, related to the
color that appears when the slide reacts with SA-HRP DAB
(diaminobenzidine)
and
H2O2.
Antibodies
used
in
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immunohistochemistry were primary antibodies and secondary
antibodies labeled with biotin. The procedure to calculate TGF-β
expression occurred by selecting the majority of positive visual fields.
These were then divided into five fields of view in a clockwise
direction, and preparations were observed using the OLYMPUS BX 41
series with a DP-70 digital camera and OLYSIA software.
Statistical analysis
Data analysis was conducted using the Kolmogorov-Smirnov test and
the test of homogeneity of variances. The Shapiro-Wilk test of
normality was 0,240 for the control group and 0,555 for the treatment
group, which were both greater than 0.05 (p > 0.05). An independent ttest was conducted, which resulted in a significant value of 0.005 (p <
0.005). This indicated that there was a significant difference between
the control and treatment groups.

Results and Discussions
After the third day of tooth extraction of Wistar rats and treatment with
mangosteen peel extract, TGF-β expression in the treatment group
increased compared to the control group. This indicates that
mangosteen peel extract has the potential to increase TGF-β in wound
healing, as shown in Figure 1 and Figure 2. TGF-β is a growth factor
that has a role in the wound healing process. TGF-β belongs to the
cytokine group, which functions to stimulate the chemotaxis of
fibroblasts, inhibit the production of collagen and fibronectin, and
inhibit collagen degradation due to an increase or decrease in protease
inhibitors. These protease inhibitors are released from the storage sites
in the extracellular matrix into the wound microenvironment and
secreted by macrophages, fibroblasts, and platelets.5,11,12

Figure 1: The expression of TGF-β in immunohistochemistry
staining (white arrow). A. Control group, B. Treatment Group.
Mag. 1000x.
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During the wound healing process, several mechanisms can activate
TGF-β, for example, avb6, which activates TGF-β1 by interacting
between the inactive complex TGF-β1 and Latency Associated Protein
(LAP). This integrin activates latent TGF-β1 (L-TGF-β1) through a
conformational change in the L-TGF-β1 complex, which allows active
TGF-β1 to be released and interact with its receptor. In addition, TGF-β
activation can also be carried out through proteases. In this mechanism,
L-TGF-β1 and proteinases (MMP-2 and MMP-9) are bound by
integrins causing active TGF-β to be cleaved from the inactive form. 13
This enables TGF-β to appear and help the wound healing process. In
the results of this study, an increase in TGF-β was identified in the
treatment group after the mangosteen peel extract was administered.
This is related to the presence of saponins in the mangosteen peel.
Saponins are amphipathic glycosides found in various plant species,
such as mangosteen peel.14 Saponins in mangosteen peel extract can
activate the function of TGF-β and increase the number of
macrophages. These macrophages secrete TGF-β, increasing TGF-β.5
This occurs when macrophages interact with microbes and ingest them,
resulting in the formation of antigens residing on the outer surface of
the plasmalemma. These antigens are recognized by helper T cells. This
recognition causes T lymphocytes to release cytokines, such as TGFβ.15 The role of saponins in TGF-β begins when saponins activate and
stimulate TGF-β. After that, saponins will activate and change the
TGF-β receptor, resulting in an increase in TGF-β.16 In addition, the
tannin and flavonoid content in mangosteen peel extract can increase
the expression of TGF-β due to the antioxidant properties of tannins.
Flavonoids stimulate the release of TGF-β, which can cause the
proliferation and migration of fibroblasts to the injured area and
synthesize the extracellular matrix.17,18 Research on the flavonoid
content in fruit has found that flavonoids can increase the expression of
TGF-β after oral administration on the third, fifth, and seventh day of
tooth extraction sites of Wistar rats. This is due to the presence of
macrophages stimulated by flavonoids, resulting in the increased
expression of TGF-β.19 The increase in TGF-β following mangosteen
peel extract treatment found in this study was also identified in a study
examining the effect of alpha mangosteen on the quantity of TGF-β1
titter in periodontitis. In the study, alpha mangosteen hydrogel was
applied to the entire area of the damaged and sutured Rattus norvegicus
mandibular bone. After seven days, the results showed an increase in
TGFβ1 titter in the mandibular bone of the treatment group, which was
given alpha mangosteen. However, the results of these studies
contradict the study of alpha mangosteen on cancer cells. Based on the
research, alpha mangosteen (depending on the dose), decreased TGF-β
mRNA and TGF-βR mRNA to inhibit hepatic stellate cell
activation.20,21 Increased TGF-β will cause signaling cascades in
Smad2, Smad3, and Smad4 phosphorylation to be induced due to the
binding between TGF-β and type I receptors. Smad2/3/4 will be
translocated so that activation and deactivation of transcription factors
can be modulated. To promote healing, keratinocyte migration will be
enhanced by TGF-β after the cell surface receptor is bound by the
ligand.22

Conclusion
This research concludes that the administration of mangosteen peel
extract following tooth extractions of Wistar rats can increase the
expression of TGF-β on the third day post-extraction.
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