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Abstract
Stem cells gave a new way to accelerate healing progress because the stem cells can be
utilized for the treatment of various degenerative diseases including periodontitis. The number of
stem cells is limited; therefore, a growth factor is needed to increase stem cell proliferation. Growth
factor that has been used is still expensive and difficult to obtain so it is necessary to develop an
alternative use of growth factors from natural materials that potentially accelerate wound healing.
Mangosteen (Gracinia mangostana L) contains xanthones which are flavonoid compounds that can
activate kinase protein, as growth factor stem cells.
To discover the potential effect of mangosteen skin extract (Gracinia mangostana L) as growth
factor of stem cells.
Proliferative ability test of mangosteen skin (Gracinia mangostana L) as a growth factor for
mesenchymal stem cell (MSC) using MTT assay with FGF comparator. Test of osteogenic
differentiation using Alizarin Red coloring.
Viability cells in MSC combined with higher mangosteen skin compared with MSC combined
with FGF. After stem cells and mangosteen skin extracts were added the osteogenic induction
medium, a presence of mineralization indicating differentiation into osteoblasts.
The addition of mangosteen skin extract on MSC can increase the ability of proliferation and
differentiation into osteoblasts from MSC.
Experimental article (J Int Dent Med Res 2018; 11(3): 765-769)
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Introduction
Repair of periodontal tissue damage can
be done through various surgical procedures,
namely the use of grafting material and growth
factors. In dentistry, the use of mesenchymal
stem cells (MSC) has shown satisfactory results
that can be used as a new strategy for
regenerative periodontal therapy. But, this is
constrained by the number of stem cells is limited
so that required growth factor to increase stem
cell proliferation. Growth factor that has been
used such as Fibroblast Growth Factor (FGF) is
still expensive and difficult to obtain.1 Therefore,
an alternative is needed to developed use of
growth factor from natural materials
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The skin of the mangosteen fruit (Gracinia
mangostana L) contains alkaloids, saponins,
triterpenoids, tannins, phenols, flavonoids,
glycosides,
steroids,
benzophenone
and
xanthones which are the main classes of phenols
in plants.2 Xanthones contain compounds
including
mangostin,
mangostenol,
mangostinone
A,
mangostenon
B,
trapezifolixanthone, tovophyllin B, -mangostin,
β-mangostin, garcinon B, mangostanol, flavonoid
epicatechin and gartanin. The main compound or
phytochemical of Mangosteen's skin (Garcinia
mangostana L.) is α-mangostin 3 α-mangostin is
a natural xanthone found as a dominant
compound on the skin of the mangosteen fruit. 4
The Xanthone has very high antioxidant
content, even the antioxidant content in xanthone
substances is higher in comparison with the
existing antioxidants in vitamin C and E.2 The
mangosteen skin is expected to increase the
ability of stem cell proliferation so it is expected
to function as a natural growth factor for stem cell
growth. This study aims to determine the ability
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of mangosteen skin extract as a natural growth
factor for stem cells.
Materials and methods
The material for the research is
Mangosteen Skin (Garcinia mangostana L.)
obtained and determined in Purwodadi Botanical
Garden, Pasuruan conservation hall, Indonesia.
The skin is cleaned from other plants and dirt and
then dried in the open air without direct sunlight
exposure. The dried material is smoothed with a
grinding machine and sifted with a powder sieve.
The obtained powder is stored in a sealed
container. The powder is then given a solvent to
make it easier to contact the plant's active
ingredients so that the extraction is more
perfect.5
The preparation of extracts from
Mangosteen skin (Garcinia mangostana L.) is
made by maceration, soaking the powder of
Mangosteen skin (Garcinia mangostana L.) in a
methanol solvent for 24 hours in a closed vessel
left at room temperature while stirring frequently.
The Mangosteen skin is then filtered with a
Buchner filter and the filtrate obtained is
accommodated. The obtained pellet is macerated
again with new solvent. The maceration is
discontinued if the xanton content seen using
Thin Layer Chromatography (TLC) using the
methanol mobile phase (eluent) with AlCl3
marker does not show a brownish red color on
the TLC plate. The result of maceration is
collected, evaporated by rotary evaporator at low
pressure (rotary evaporator) until it cannot
evaporate again to obtain the mass of viscous
extract. The residual solvent in the viscous
extract evaporated in the resulting acid cabinet is
called dry methanol extract.6
Isolation of Mesenchymal Stem Cells
(MSC) derived from Wistar rats’ femur bone
marrow. The proliferative ability test of MSC was
performed by MTT assay method. In this study,
the stem cells were divided into three groups:
MSC group given mangosteen skin, MSC group
given FGF and control group. Cells were cultured
in 96/well plates in medium DME. The addition of
mangosteen skin was done as much as 1 μg/ml
and the addition of FGF was given as much as 1
μg/ml then cells were cultured for 4 days. MTT
test results are read with Elisa reader at
wavelength 550 nm.7
Osteogenic differentiation ability test is
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done by using Alizarin Red coloring. The test was
divided into three groups: control group, MSC
group and MSC group given mangosteen skin
extract. The MSC group was bred for 28 days in
DME medium with 10 mM beta-glycerophosphate,
100 nM dexamethasone, and 50 μg/ml ascorbic
acid-2-phosphates (medium osteogenic). The
control group was not given an osteogenic
medium but was bred only in DME medium. Then,
a coloring is done with Alizarin red staining.7
Results
The visible fibroblastic MSC appears to
be attached to the bottom of the dish.
Substitution of culture media is done every three
days. On microscopic examination, the number
of MSCs seen is increasing (Figure 1).
In the microscopic examination results,
MSC group proliferation combined with
mangosteen skin (Figure 1C) was higher when
compared with MSC proliferation combined with
FGF (Figure 1B). The cell vitality (%) was the
amount of MSC present in the media. MTT test
results can be seen in Table 1.

Figure 1. A description of MSC fibroblastic
proliferation in the media. (A) control group. (B)
MSC + FGF. (C) MSC + mangosteen skin extract.
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Table 1. Result of MTT Assay.
N
MSC + FGF
3
MSC
+
mangosteen 3
skin extract

X

SD

129.48

0.055

189.39

0.173

Levene
test (sig)

Independent t
test (sig)

0.071

0.019

Table 2. Test Results of Levene Test and
Independent T Test Viability Cell.
Table 1 shows that the viability cell of
189.39% in MSC combined with higher moss
skin preparation when compared with MSC
combined with FGF of 129.48%. The data were
then tested using Levene test and T-Test test.
The statistical test using Levene test
shows that the data is homogeneous data
P=0.071
(P>0.05).
Different
test
using
independent t-test showed a significant
difference of viability cell between MSC
combined with mangosteen skin with MSC
combined with FGF P=0.019 (P<0.05) (Table 2).
The MSC group and mangosteen skin extracts
are grown on osteogenic induction mediums
have seen mineralization showing differentiation
to osteoblasts (Figure 2).

Figure 2. Differentiation of osteoblasts in MSC
cultures combined with mangosteen skin (A) and
MSC cultures (B).
Discussion
MSC can be found in a variety of adult
tissues, such as adipose tissue, periosteum,
synovial membrane, muscle, dermis, pericyte,
blood, trabecular bone and bone marrow. 8 Bone
marrow is the largest and most accessible source
of MSC. The number of MSCs in the bone
marrow is only 0.01 to 0.0001% of the total
nucleated cell bone marrow.9 Growth factor plays
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an important role in increasing the number of
MSC. A growth factor is a material that can help
the process of proliferation and differentiation of
stem cell. A sufficient number of stem cells can
be obtained from outside the body then the cells
can be applied in the body by using the
appropriate scaffold.10 In MSC, several growth
factors were found. Growth factor in stem cells
has several roles to secrete VEGF (vascular
endothelial growth factor), FGF (Fibroblast
Growth Factor), TGF (transforming growth factor)
-β, hepatocyte growth factor IL-10 and 13, and
cytokines and other growth factors (paracrine
signal), which helps remodeling the extracellular
and neovascular matrices.11
An attempt to increase the number of
stem cells should not eliminate the ability of
these cells to differentiate. In addition to
attempting to multiply the number of cells,
attempts to regulate the MSC differentiation
process can also be performed. In-vitroally, the
MSC can be directed to differentiate according to
our purpose e.g. to differentiate into osteoblasts,
MSC should be cultured in osteogenic medium
containing beta-glycerophosphate, ascorbic acid,
and dexamethasone.12
Mangosteen's skin Garcinia mangostana
contains bioactive compounds such as
xanthones,
flavonoids,
triterpenoids
and
benzophenone. The main compounds of the skin
content of mangosteen fruit that can have an
anti-oxidant effects, antiaging and antiinflammatory is the xanthone group. Xanthones
are natural chemical substances belonging to
flavonoid compounds, commonly found in plants
that are red, purple, blue, or yellow. The
xanthone classification is oxygenated xanthone,
xanthone glycoside, prenylanted xanthone,
xanthonolignoid, and miscellaneous xanthone.
The most important xanthone content is Alfamangostin.13 Garcinia mangostana has the
highest xanthone content with more than 50
xanthone compounds such as α-, β-, Ɣmangostin, Garcinone E, 8-deoxygartanin, and
Gartanin. The mangosteen skin has the highest
xanthone content compared to the other
mangosteen parts.14
Mangosteen skin contains xanthones that
can effectively protect oxidative damage from
hydroxyl DNA. One of the techniques of
xanthone to protect against oxidative damage of
DNA caused by hydroxyl is through the reduction
of ROS (Reactive Oxygen Species) which can be
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mediated through metal-chelating, and direct
radical retrieval, through the administration of
hydrogen atoms (H) and electrons (e). Both
provide a hydrogen atom (H) and an electron (e)
that can produce xanthone oxidation into a stable
quinone form.15
There are phenolic compounds such as
tannins,
flavonoids,
and
xanthones
in
mangosteen skin extract (Garcinia mangostana
L.). Tanin content in mangosteen skin extract has
antioxidant ability that can inhibit lipid
peroxidation and inhibit the initiation of free
radical arrangement. Flavonoids and xanthones
have antioxidant ability that can decrease ROS
(reactive oxygen species).16
The α-mangostin content of mangosteen
skin inhibits the release of TNF-α and IL-4
inflammatory markers in macrophage-like cells
U937. The α-mangostin compound may stimulate
the release of fibroblast chemotactic mediators,
i.e. TGF-β which play a role in the proliferation of
fibroblasts. The α-mangostin and γ-mangostin
compounds in the mangosteen skin also have an
anti-inflammatory property by inhibiting the
cyclooxygenase pathway and the release of
PGE2. Mangosteen skin extract has antiinflammatory and anti oxidant properties that can
stimulate FGF-2.17
Mangosteen skin also contains flavonoid
compounds. Flavonoids play a role in inducing
the release of TGF-β which serves to promote
proliferation and migration of fibroblasts to the
wound and synthesis of extracellular matrix.18
Xanthone is a flavonoid compound capable of
activating phosphatidylinositol-3 kinase (PI3K) /
Akt, protein kinase C and mitogen-activated
protein kinase.19
Research conducted, showed that the
addition of Mangosteen skin extract (Garcinia
mangostana L.) on MSC can increase MSC
proliferation when compared with the addition of
fibroblast growth factor (FGF). The process of
cell proliferation and differentiation involves
activation of MAPK / ERK signaling pathways.
FGF is also involved in the process of cell
proliferation. The role of FGF in the proliferation
process begins through the binding and
activation of fibroblast growth factor receptor
(FGFR) that activates the RAS/MAP kinase
pathway. FGF stimulates the phosphorylation of
fibroblast growth factor receptor substrate (FRS),
followed by forming the GRB2-SHP2-GAB-1
complex which ultimately results in activation of
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the RAS-MAPK kinase pathway, resulting in a
proliferation process.20 Increased MSC proliferation
after addition of Mangosteen skin extract
(Garcinia mangostana L.) is related to the ability
of α-mangostin and xanthone to increase the
signaling activity of MAPK / ERK transcription
factor. Increased signaling activity of transcription
factor MAPK/ERK, resulting in increased
proliferation and differentiation of MSC.21
Mangosteen skin extract (Garcinia
mangostana L.) also able to increase MSC
differentiation into osteoblasts. Based on the
results of this study it can be concluded that the
addition of Mangosteen skin extract (Garcinia
mangostana L.) on MSC can improve the
proliferation ability of MSC and higher than FGF.
Conclusions

The addition of Mangosteen skin
extract (Garcinia mangostana L.) on MSC
can increase MSC proliferation to differentiate
into osteoblasts.
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