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ABSTRACT

PDGF-B in fibroblast cell proliferation is critical during wound healing process. An
increase in PDGF-B accelerates the proliferation and migration of fibroblast cells.
Mangosteen peel comprises of numerous benefits, for example, having the ability to speed
up the proliferation of fibroblast cells. Scratch tests also showed crucial cell migration
and proliferation; thus, mangosteen peel extract is expected to speed up the wound healing
process. This study investigated the effect of mangosteen peel extract on PDGF-B
expression on scratched human gingival fibroblast cell cultures. Human gingival
fibroblast cell cultures were divided into four categories: control for 24 hours, control for
48 hours, treatment for 24 hours, and treatment for 48 hours. All of the samples were
initially scratched and then had mangosteen peel extracts applied to them. The
concentration used in the experiment was 800ug/ml. This was followed by RNA
extraction, which was processed by PCR assay. The 24-hour groups, both control and
treatment, showed a brighter band than the 48-hour groups. The application of the

mangosteen peel extract on scratched human gingival fibroblast cell culture increased the



expression of PDGF-B during the first day (24 hours) and decreased it on the second day
(48 hours).

Keywords: PDGF-B, mangosteen peel, human gingival fibroblast cell, human and

medicine.

INTRODUCTION

Tooth extraction is the process of tooth removal, causing injury to the resulting
socket.! The wounds can heal through a physical response which repairs damaged body
parts, but this recuperative process is sometimes impeded due to infection and/or a dry
socket. While the wounds are healing, fibroblasts proliferate, extracellular matrix is
deposited, collagen is synthesized, and angiogenesis occurs. As a result, the damaged
tissue can be restored to its normal condition.? |

Fibroblasts represent the main cells found in the wound healing process.3 When tissue
is inflamed, fibroblasts migrate to the wound site, proliferate, and produce collagen
matrix stimulated by platelet derived growth factor (PDGF) and fibroblast growth factor
(FGF).*In addition to that, the migration of fibroblasts to the location of the injury is also
stimulated by transforming growth factor-B (TGF-B).> Vascular endothelial growth factor
(VEGF) is a potent stimulator in the process of angiogenesis and has an important overall
role in inducing it.%7

Mangosteen peel contains several components useful for the medical field, namely
xanthones, tannins, flavonoids, and saponins, along with components which are
antifungal, anti-inflammatory, antioxidant, antiviral, and antibacterial in function.®® This
study aimed to identify differences in the expression of growth factors after the
administration of mangosteen peel extract during the scratch assay in human gingival

fibroblast cell cultures.

MATERIALS AND METHODS

Samples and cell culture



In January-April 2017, human gingival tissue was carefully extracted from the
permanent third molar region of healthy subjects (aged 18-32 years old) at the Dental
Hospital of Universitas Airlangga. Ethical clearance (117/HRECC FODM/VIII/2017)
was approved, and informed consent was obtained from all individual participants.
Human gingival fibroblasts (HGFs) were isolated and cultured in a humidified
atmosphere of 5% CO2 at 37°C. The cells were cultured in 75 cm? cell culture flasks
containing Dulbecco’s modified Eagle’s medium (DMEM, Gibco-BRL) and added with
10% fetal bovine serum (FBS) (Gibsco-BRL, Grand Island, NY) and antibiotic (100
pg/mL streptomycin and 100U/mL penicillin G, Sigma Chemical Co., St. Louis, MO,
USA).

The cells were sub-cultured using 0.25% trypsin and 0.05% EDTA (Invitrogen,
Carlsgad, CA) after reaching 90% confluency. Cells between the third and fifth passages

were used for experiments.

Powder extract preparation

Garcinia mangostana Linn. was collected from suppliers in Blitar, East Java,
Indonesia. The mangosteen peels were collected, chopped, and placed‘in a drier tunnel at
the Phytochemistry Laboratory, Faculty of Pharmacy, Universitas Airlangga, Surabaya,
Indonesia. Extraction was performed by means of a maceration method using distilled

ethanol with a concentration of 70% as the solvent to collect mangosteen peel extract

(MPE) 10

RT-PCR

An RNeasy Mini Kit (Qiagen, Valencia, CA, USA) was used to isolate the total
RNA according to the protocols stipulated by the manufacturer. Meanwhile, ReverTra
Ace (TOYOBO, Osaka, Japan) was used to synthesize cDNA. Semiquantitative RT-PCR
was performed involving thirty 30-second cycles of denaturation at 95°C. It was then
annealed for 30 seconds and extended for 60 seconds at 72°C. PCR primers were as
follows:

PDGF-B forward 5’-GATCCGCTCCTTTGATGATC-3’ (385bp)

PDGF-B reverse 5"-GTCTCACACTTGCATGCCAG-3’ (385bp)
TGF-B1 forward 5"-CGAAATCTATGACAAGTTCAAGCA-3"(192bp)

TGF-B1 reverse 5-GAGGTATCGCCAGGAATTGTT-3’ (192bp)



FGF-2 forward 5’-CTTCTTCCTGCGCATGCACC-3’ (262bp)
FGF-2 reverse 5’>-CACATACCAACTGGTGTATTT-3” (262bp)
VEGF forward 5’-CTGCTGTCTTGGGTGCATTG-3’ (499bp)
VEGEF reverse :5-CTCGGCTTGTCACACATACGC-3’ (499bp)
GAPDH forward 5’ACCACAGTCCATGCCATCAC-3’ (353bp)
GAPDH reverse 5’ CAGCCCCAGCGTCAAAGGTG-3’ (353bp).

PCR Products in 2% agarose gel were separated by electrophoresis and visualized by
means of staining with ethidium bromide, the results of which were observed by means

of a gel doc machine (Bio-Rad, Mississauga, Canada).

Wound Healing Assay

Cells were seeded at a density of 1.5 x 10° cells/well in 24-well culture plates. A
wound was created by scratching the confluent cells in each well with a 200 pl pipette tip
2. As much as 800 pg/ml mangosteen peel liquid extract was applied to members of the
treatment group. After incubation periods of 24 hours and 48 hours, extraction of RNA
was performed, at which point its levels and purity were measured. Comparison of the
control and treatment groups involved the calibration of results by means of ImageJ

application.

RESULTS

Human gingival fibroblast cells were divided into four categories: 24-hour control, 24-
hour treatment, 48-hour control, and 48-hour treatment. Figure 1 describes the differences
in the PDGF-B, TGF- B1, FGF, and VEGF expressions between the control group and
treatment group at 24 hours and 48 hours.

Figure 1. PCR result visualization. 1,2: 24-hour control group; 3,4: 24-hour treatment
group; 5,6: 48-hour control group; 7,8: 48-hour treatment group; M: Marker.

In Figure 2, PDGF-B expression in the 24-hour treatment group increased
compared to that in the 24-hour control group. This was also the case for the 48-hour

treatment group compared to its 48-hour control counterpart.



Figure 2. PDGF-B expression graphic from callibration with ImageJ software.

In Figure 3, the TGF-B1 expression in each control group produced bands which
were less vivid than that of the treatment groups. Based on the imageJ calibration of band
luminance, an increase was observed in the control and treatment groups at both 24 hours

and 48 hours.
Figure 3. TGF-B1 expression graphic from callibration with ImageJ software.

In Figure 4, the expression of FGF-2 in the 24-hour treatment group was at a
higher level than that in the 24-hour control group, while in the 48-hour group, the
treatment group exhibited a lower level of FDF-2 than the control group.

Figure 4. FGF-2 expression graphic from callibration with ImageJ software.

In Figure 5, the 24-hour treatment group showed a higher level of VEGF
expression than the 24-hour control group. The 48-hour treatment group also showed a
higher VEGF expression level than the 48-hour control group.

Figure 5. VEGF expression graphic from callibration with Image] software.

DISCUSSION

Fibroblasts are vital to the wound repair process since they are responsible for
producing collagen, the protein structure essential for tissue reconstruction. Collagen
links the wound margins and influences the re-epithelizing process in wound healing 311
The activity of fibroblast division is hardly observer under normal circumstances.
However, these cells become more active when an injury occurs by producing
extracellular matrices. During the wound healing process, various growth factors
naturally stimulate fibroblast proliferation. For example, the polypeptides initiate the
acceleration of differentiation and cell metabolism, while also regulating the tissue repair
process. 114

Scratch test assays in HGF cultures affect the increase in growth factor expression
as indicated by increased fibroblast proliferation. Cells migrate and proliferate more
rapidly, and those at the margin of the scratch tend to migrate more quickly to the open

wound to close it until contact between cells is re-established.!’



The contents of mangosteen peel extract have an effect in increasing the
expression of the growth factors: xanthones, flavonoids, tannins, and saponins. The first
two factors act as anti-inflammatory agents by inhibiting the action of cyclooxygenase
enzymes more rapidly. They are characterized by increased fibroblast cell proliferation,
which indicates the involvement of PDGFR-B, a PDGF-B receptor.!¢ PDGFR-§ plays a
significant role in the proliferation, transformation, and secretion of collagen by
fibroblasts. Several studies on vascular repair and angiogenesis have revealed that
PDGFR-$ functions via the PI3K/Akt signaling pathway. PDGFR-B activation is
involved in the regulation of proliferation, migration, differentiation, and angiogenesis of
cells. PDGF-B induces tyrosine phosphorylation in PDGFR-B and increases the
production of inositol triphosphate. PDGFR-B subsequently engages PI3K,
phospholipase Cgl, Src family kinase, and phosphotyrosine phosphatase SHP-2. PI3K
activates Akt, which functions as a multifunctional regulator of cell growth and resistance
and stimulates proliferation, migration, and angiogenesis.!”

The content of xanthone derived from mangosteen peel extract can accelerate the
process of angiogenesis through VEGF expression. Antioxidants contained in
mangosteen peel extract or in xanthones can bind to an element of radical superoxide (O»-
) and subsequently release free nitric oxide (NO). NO can increase VEGF expression via
PI3K (Phosphoinositide 3-kinase)-Akt, which transduces intracellular signals. As a result,
the HIF-1a gene activates and involves a transcription regulator, Hypoxia-inducible factor
(HIF-1) as a key for several angiogenic factors. The signal affects the nucleus which
contains a VEGF gene to express VEGF into the cells will later be excreted in the form
of a VEGF protein affecting the increase in angiogenesis and potentially accelerate wound
healing.'®

Flavonoids in mangosteen peel extract can affect the expression of FGF-2 which
was higher in the 24-hour treatment group. This is related to an increase in nitric oxide
(NO), which is influenced by flavonoids. This mechanism begins with the direct signaling
process of FGF-2, constituting the transfer of molecules from one cell to another across
cell membranes. The binding of extracellular FGF-2 to its receptor (FGFR-2), located on
the surface of fibroblast cell membranes, produces the complex formation of FGF-FGFR-
HSPG with heparan sulfate proteoglycan (HSPG) as a cofactor. This complex then
activates the intracellular tyrosine kinase FGFR-2 domain through phosphorylation of



tyrosine residues. The active receptors will send signals via the Ras-MAPK pathway
(mitogen-activated protein kinase) since their activation increases the cytosolic
concentration of Ca?* through the production of inositol-1,4,5-triphosphate by
phospholipase Cy and Ca?*. This is liberated from the endoplasmic reticulum, mediated
by the activation of Ca?* channels. Increasing Ca?* will form a Ca?'-calmodulin
(Ca2+/CaM) complex, which results in the activation of eNOS, an enzyme that will
synthesize NO. Synthesized NO subsequently activates the cytosolic guanylyl cyclase,
which will induce cGMP that activates protein kinase G (PKG) in the form of RAF kinase.
RAF kinase will phosphorylate and activate the MEK,, which will also phosphorylate and
activate MAPK. MAPK will activate Etv4 and Etv5, members of the family of DNA
transcription factors, which will affect the transcription process of FGF-2 expression in
the nucleus.!*2° |

Tannins and saponins in mangosteen peel extract can affect the increasing
expression of TGF-B1. The tannins themselves can stimulate TGF-B, leading to fibroblast
proliferation. Tannins constitute antioxidants that bond to proteins and polysaccharides
and are capable of forming strong complexes that can increase expression of TGF-$1.%!
Saponins will activate the function of TGF-B. They activate the TGF-B receptor, TGF-
BRI, to stimulate an increase in TGF-B1 in fibroblast receptors. Increased TGF-B1 can
stimulate cell migration towards injury sites and increase fibroblast proliferation.?
Saponin stimulates synthesis, secretion, and activation in fibroblast cells, while also
altering TGF-B receptor expression and modifying signal transduction at TGF-B post-
receptors.®16

In this study, the expression of PDGF-B and FGF-2 in the control and treatment
48-hour sample groups experienced decreases compared to the 24-hour sample groups.
This contrast is most likely related to the completion of proliferation of HGF cell cultures
in the in vitro study reported here. Fibroblast cells cease growing after forming a single,
flat layer (confluent monolayer) at the base of the culture medium due to contact
inhibition. Cells will no longer proliferate once they have come into contact with
others »2* PDGF-B increases during the early stages of wound healing before decreasing
once the neovascularization process has been completed, and perfusion in the wound area
has returned to normal.*?225 Another factor contributing to low FGF-2 expression in the

48-hour group is the transient effect of a concentration of 800 pg/ml of mangosteen peel



extract. Given the continuous expression of FGF-2, overexpression will ensue. This can
eventually lead to the development of various forms of cancer such as prostate cancer,

melanoma, and hepatocellular carcinoma.’®

CONCLUSION
The application of the mangosteen peel extract on scratched human gingival fibroblast
cell culture increased the expression of PDGF-B during the first day (24 hours) and

decreased it on the second day (48 hours).
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FIGURE

Figure 1. PCR result visualization. 1,2: 24-hour control group; 3,4: 24-hour treatment

group; 5,6: 48-hour control group; 7,8: 48-hour treatment group; M: Marker
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Figure 2. PDGF-B expression graphic from callibration with Image]J software
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Figure 3. TGF-B1 expression graphic from callibration with ImageJ software
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Figure 4. FGF-2 expression graphic from callibration with ImageJ software
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Figure 5. VEGF expression graphic from callibration with TmageJ software



