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Summary

Purpose: a-mangostin belongs to xanthone class of nat-
ural products, showing a great biological and pharmaco-
logical potential. a-mangostin has shown remarkable anti-
cancer potential against different cancer cell lines. Herein,
a-mangostin was tested for its anticancer potential against
human ovarian cancer cell line (OVACAR-3). Its effects on
reactive oxygen species (ROS), mitochondrial-mediated apo-
ptosis, cell migration and invasion and m-TOR/PI3K/AKT
signaling pathway, was also determined.

Methods: MTT assay was performed to evaluate the rate
of proliferation and clonogenic assay was used to assess the
effects of a-mangostin on OVACAR-3 cell colonies. Phase
contrast microscopy was implemented to evaluate cellular
morphology. Acridine orange (AO) and ethidium bromine
(EB) staining was used to check apoptosis along with western
blotting. JC-1 and DCFH-DA staining assays were performed
for the determination of mitochondrial membrane potential
(MMP) and ROS, respectively. Cell migration and invasion
analysis was performed with transwell chambers assay. The
effect on m-TOR/PI3K/AKT signaling pathway was moni-
tored by western blotting assay.

Introduction

Ovarian cancer is a frequent gynecologic ma-
lignancy globally [1,2]. In most of the patients,
ovarian cancer is asymptomatic until advanced
stages [3]. This leads to limited 5-year overall sur-

Results: a-mangostin had a tremendous inhibitory effect on
cell proliferation rate in OVACAR-3 cells in a dose-dependent
manner. The number of colonies was also observed to de-
cline in a dose-dependent manner. Phase contrast microscopy
showed significant morphological changes in OVACAR-3
cells after a-mangostin exposure. The antiproliferative effects
were due to mitochondrial-mediated apoptosis. MMP was
decreased by a-mangostin exposure and ROS production en-
hanced dose-dependently. Cell migration and invasion were
also decreased by a-mangostin in OVACAR-3 cells. Finally,
a-mangostin was observed to block the m-TOR/PI3K/AKT
signaling pathway in OVACAR-3 cells.

Conclusion: a-Mangostin could induce antiproliferative ef-

fects against OVACAR-3 cells mediated via ROS production,
mitochondrial-mediated apoptosis and inhibition of m-TOR/
PI3K/AKT signalling. Therefore, it may prove a lead molecule
in ovarian cancer treatment.

Key words: ovarian cancer, xanthones, a-mangostin, apo-
ptosis, cell migration

vival rates extending from 20 to 30%. Moreover,
the appearance of chemotherapeutic resistance
and frequent recurrences result in high mortal-
ity and very poor prognosis in ovarian cancer pa-
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tients [4,5]. Consequently, to improve the survival
chances in patients, refined therapeutic strate-
gies, approaches and search for novel anticancer
agents are immediately needed to successfully
treat ovarian cancer. Up until today, several plant-
based natural products have been isolated and used
against different human diseases including cancer
[6,7]. Natural products are the complementary ap-
proach for cancer treatment and act as basis of tra-
ditional Chinese medicine (TCM) [8]. Mangosteen
Linn (Garcinia mangostana) is a fruit prevalent in
south Asian countries like Myanmar, India and
Sri Lanka. Due to exclusive and appetizing taste,
the fruit is famously referred as “queen of fruits”
[9]. The fruit is being used in traditional medicine
since hundreds of years to manage wounds, dysen-
tery, abdominal pain, skin infections and trauma,
especially using the pericarp of the fruit [10]. In
addition, mangosteen fruit is full of secondary me-
tabolites like oxygenated and prenylated xanthones
[11]. a-mangostin is present in high concentrations
in the fruit and other parts of the plant as well, and
has yellowish appearance. The chemical structure
of a-mangostin was elucidated by Murakami (1932)
and Dragendorff (1930) [12]. a-mangostin is an ac-
tive xanthone holding a great biological and phar-
macological potential. It has been shown to exert
anti-obesity, anti-oxidant, anti-parasitic, anti-fun-
gal, anti-bacterial, anti-diabetic, cardioprotective,
anti-inflammatory as well as anti-tumor potentials.
It also has been reported to achieve complete in-
hibition of proliferation in human leukemia HLGO
via stimulation of apoptosis [13]. Furthermore, it
activates apoptosis in rat pheochromocytoma PC12
cells through mitochondrial pathway by targeting
Ca*-ATPase [14]. Moreover, a-mangostin has been
reported to inhibit cell cycle in colon cancer cells
along with induction of apoptosis [15]. This mol-
ecule inhibits the activity of MMP-2/MMP-9 in
A549 lung adenocarcinoma cells via suppression
of phorbol 12-myristate 13-acetate and also targets
NF-xf and avp3 Integrin/FAK/ERK signaling path-
way [16]. Therefore, the current study was designed
to investigate the anticancer effects of a-mangostin
in OVACAR-3 human ovarian carcinoma cells. In-
volvement of reactive oxygen species (ROS), mi-
tochondrial-mediated apoptosis, suppression of
cell migration and invasion and m-TOR/PI3K/AKT
signaling pathway, were also investigated.

Methods

Estimation of cellular proliferation rate

To determine the rate of proliferation in OVACAR-3
ovarian cancer cells, MTT assay was employed. 2.5x10*
OVACAR-3 cells were placed in 96-well plates under
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humidified conditions in a 5% CO, incubator and pre-
cultured for 24h at 37°C. Preculturing was followed by
a-mangostin exposure in varying time intervals (12h,
24h and 48h) and with varying doses (0, 5, 25, 50, 100 and
200 pM). Afterwards, a-mangostin-treated OVACAR-3
cells were supplemented with MTT solution (10 mg/ml)
and subjected to further 4 h-incubation. MTT solution re-
sulted in the generation of formazan crystals, which were
then dissolved in DMSO (250 pL). Finally, a microplate
reader (ELX 800; Bio-tek Instruments, Inc., Winooski,
United States) was used to determine the absorbance at
490nm wavelength for optical density (OD) assessment.

Clonogenic potential assessment

To measure the clonogenic potential of OVACAR-3
cells, clonogenic assay was performed. 350 OVACAR-3
colonies were placed in 6-well plates and left to adhere
for 12h. Afterwards, variant a-mangostin doses (0, 25,
100 and 200 pM) were added to each plate and left un-
touched on incubation for 48h. Then, fresh RMPI-1640
medium was inserted into each well of 6-well plates
and cell colonies were thereafter cultured for 12 days.
OVACAR-3 cell colonies were then collected and fixed
with 4% paraformaldehyde and staining was commenced
by crystal violet. Finally, stained cells were examined
under a light microscope (Nikon, Japan) and colonies
with >0.5mm diameter were considered for calculations.

Morphological assessment via phase contrast microscopy

Morphology of a-mangostin-treated OVACAR-3 cells
was observed through phase contrast microscopy. In
brief, 4x10* human OVACAR-3 cells were incubated with
variant a-mangostin drug doses (0, 25, 100 and 200 pM)
for two consecutive days within 24-well plates. After two
days of incubation, RMPI-1640 medium was completely
decanted and cells were washed using phosphate buff-
ered saline (PBS). Finally, morphological alterations in
treated OVACAR-3 cells against untreated controls were
observed under 200x magnification of a phase contrast
inverted microscope (Leica DMI 30008, Germany).

AO/EB staining assay

Apoptosis inducing potential of a-mangostin was
examined in OVACAR-3 cells by performing AO/EB
staining assay. Briefly, OVACAR-3 cells were harvest-
ed with full confluence and trypsinized with trypsin
(0.25%). Afterwards, a concentration of 2x10? trypsi-
nized cells/ml were placed in 96-well plates with fetal
calf serum (FCS). Each well plate of was supplemented
with a-mangostin drug at variant concentrations (0, 25,
100 and 200 uM) followed by incubation at 37°C. Af-
terwards, trypsinisation was again accomplished with
20 pl of trypsin, followed by loading onto glass slides.
Each slide was placed with 100 mg/ml of AO/EB staining
solution and enclosed with coverslips. Finally, fluores-
cent microscope (Olympus, Japan) was used to assess
morphology of a-mangostin-treated OVACAR-3 cells.

Assessment of mitochondrial membrane potential

To examine the mitochondrial membrane potential
of OVCAR-3 cells, JC-1 staining assay was performed.
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Briefly, OVACAR-3 cells were cultured onto 12-well
plates for 12h followed by a-mangostin exposure for
24h with variant doses (0, 25, 100 and 200 pM). After-
wards, mitochondrial depolarization was estimated by
using JC-1 mitochondrial membrane potential detection
kit (Beyotime, China). RMPI-1640 culture medium was
removed after a-mangostin treatment followed by wash-
ing of the cells with PBS. Treated OVACAR-3 cells were
then placed in RMPI-1640 medium containing 10 mg/
Ml JC-1 and incubated at 37°C for 30min. Prior to the
estimation of mitochondrial membrane potential cells
were washed thrice with PBS. Finally, fluorescent mi-
croscope (Olympus, Tokyo, Japan) was used to analyse
two different forms of JC-1 i.e. aggregate and monomeric
form.

Monitoring reactive oxygen species (ROS) production

To check the generation of intracellular ROS in
a-mangostin treated OVACAR-3 cells, the ROS kit (Be-
yotime, China) was used. Briefly, OVACAR-3 cells were
exposed to a-mangostin at varying doses (0, 25, 100 and
200 pM). Afterwards, treated OVACAR-3 cells were sub-
jected to DCHF-DA (15mM) staining for half an hour at
37°C. Then, the cells were washed thrice with phosphate
buffered saline (PBS) followed by suspending in PBS
(500mL). Flow cytometer (ACEA NoVoCyte) was finally
used to measure fluorescence.

Cell migration and invasion analysis

Transwell chambers migration and invasion assays
were performed to analyze the cell migration and inva-
sion potential of a-mangostin-treated human OVACAR-3
cells. Briefly, OVACAR-3 cells were transfected with vari-
ant a-mangostin doses (0, 25, 100 and 200 pM) for 24h.
Afterwards, these transfected cells at a concentration of
1x103 cells were placed onto the upper transwell cham-
bers containing RMPI-1640 medium, while the lower
transwell chambers were placed only with 10% fetal bo-
vine serum (FBS) (Corning Incorporated, Corning, NY,
USA) and 600 pl RMPI-1640 medium. Thereafter, the
chambers were incubated for 12h followed by fixation of
cells with methanol for 10min at 4°C. Non-migrated cells
were eliminated and 5min staining of migrated cells was
accomplished with crystal violet at 25°C. Finally, a light
microscope (TS100; Nikon Corporation, Tokyo, Japan)
was used to analyze the migrated OVACAR-3 cells at
200x magnification. A similar procedure was performed
for the determination of the invasion potential except
coating of transwell chambers with Matrigel.

Western blotting analysis

The expressions of several cellular proteins in
a-mangostin-treated human OVACAR-3 cells were ex-
amined through western blotting analysis. Briefly, OVA-
CAR-3 cells were harvested at full growth confluence and
subjected to a-mangostin exposure at variant doses (O,
25, 100 and 200 pM) for 24h. Afterwards, cells were ly-
sed with RIPA lysis buffer and subjected to bicinchoninic
acid (BCA) assay for quantification of protein content
within each lysate. 40 pg of proteins from each lysate
was placed onto SDS-PAGE followed by transference to

nitrocellulose membranes, electrophoretically. There-
after, TBST (tween) with TBS and non-fat dry milk (5%)
were used to block these membranes at 4°C overnight.
Afterwards, primary antibody treatment was instigated
using antibodies against m-TOR, AKT, PI3K, Caspases
(3, 8 and 9), Bax and Bcl-2. Primary treatment with an-
tibodies was followed by secondary antibody exposure
at room temperature for 2h. Finally, after washing twice
with TBST, protein signals were observed through en-
hanced chemiluminescence assay kit (Thermo Scientific,
United States).

Statistics

Difference between mean values were evaluated
with Student’s t-test, data was shown as mean+standard
deviation and analyzed using SPSS software version
25.0. All the individual investigations performed in trip-
licate with p<0.05 as statistically significant.

Results

Cell proliferation inhibition by a-mangostin

To estimate the effects of a-mangostin mol-
ecule (Figure 1) on the cellular proliferation rate
of OVACAR-3 cells, MTT assay was used. As un-
controlled proliferation is the dominating feature
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Figure 1. Chemical structure of a-mangostin molecule.
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Figure 2. MTT assay results representing the viable cell
percentage after a-mangostin treatment. OVACAR-3 cells
were precultured for 24h followed by treatment with vari-
ant drug doses (0, 5, 25, 50, 100 and 200 pM) for indicated
time intervals. Individual experiments were performed in
triplicate and data are shown as mean+SD. *p<0.05 showed
statistically significant difference.
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of cancer cells, targeting it is one of the pivotal
strategies in cancer research. OVACAR-3 cells were
exposed to a-mangostin for different time intervals
i.e. 12h, 24h and 48h and doses 0, 5, 25, 50, 100
and 200 pM. It was evident from the results that
a-mangostin reduced the rate of proliferation in
a time- and dose-dependent manner. After 12h of
treatment the rate of proliferation reduced from
almost 100% to 30% and after 24h of exposure the
proliferation was limited to almost 20%, on higher
drug doses. After extending the a-mangostin ex-
posure for 48h, the proliferation was significantly
supressed to almost 5% (Figure 2).

Suppression of clonogenic potential by a-mangostin
in OVACAR-3 cells

The clonogenic potential of OVACAR-3 cells
after a-mangostin exposure was testified by per-

A oum

25 uM

Number of Cell colonies

B 400 -
*

*
350 -
*
300 -
250 4 - -
200 -
150 -
100 -
50
0 4 . .
0 25 100

a-Mangostin dose (uM)

Figure 3. A: Figure representing the number of cell colo-
nies in controls and after drug exposure at indicated doses
via clonogenic assay. B: Graphical representation present-
ing the results of clonogenic assay after treatment of OVA-
CAR-3 cells with a-mangostin. Individual experiments were
performed in triplicate and data are shown as mean+SD.
*p<0.05 showed statistically significant difference.
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forming clonogenic assay. OVACAR-3 cells were
exposed to variant a-mangostin doses for 12 days
and afterwards colonies were numbered under a
light microscope. The results indicated that the
colonies of OVACAR-3 cells reduced remarkably
with increasing a-mangostin doses (Figure 3A).
The number of colonies in controls were observed
as 350. After a-mangostin exposure the number
of colonies reduced from 350 to almost 50 (Figure
3B).

a-mangostin induced morphological modifications in
OVACAR-3 cells

Morphological modifications in OVACAR-3
cells were evaluated through phase contrast mi-
croscopy. The results indicated normal cell mor-
phology in controls, while a-mangostin treated,
OVACAR-3 cells showed significant changes in
their morphology. These changes included mem-
brane blebbing, plasma membrane rupture, cellular
disintegration and nuclear condensation (Figure 4).

a-mangostin induced apoptotic cell death in OVAC-
AR-3 cells

Apoptosis inducing potential of a-mangostin
was examined through AO/EB staining assay. Apo-
ptosis is a natural phenomenon of cell death under
the circumstances of injury, stress, age and mal-
functioning cells. Targeting apoptosis in a cancer
cell has long served as a lead strategy to tackle
cancer. AO/EB staining indicated that the number

Figure 4. Pictures through phase contrast inverted mi-
croscope representing the morphology of OVACAR-3 cells
after treatment with a-mangostin at designated doses. Cells
in controls revealed normal cellular morphology in con-
trast to treated cells, which revealed membrane blebbing,
plasma membrane rupture, nuclear condensation and cell
disintegration. Individual experiments were performed in
triplicate.
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of apoptotic cells enhanced in comparison to con-
trols in an a-mangostin dose-dependent manner
(Figure 5). As evidenced from the results, early,
late apoptotic and necrotic cells were observed in
a-mangostin treated OVACAR-3 cells. Therefore,
AO/EB staining assay indicated that the antipro-
liferative behaviour of a-mangostin against OVAC-
AR-3 cells is mediated via apoptosis induction. Fur-
thermore, western blotting assay revealed that the
expression of anti-apoptotic protein Bcl-2 was sig-
nificantly decreased in comparison to pro-apoptotic
Bax protein, which enhanced with a-mangostin in-
creased doses. The expression of Caspases (3, 8 and
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Figure 5. Results of AO/EB staining assay showing normal
cells in controls and apoptotic cells in case of a-mangostin
treatment. Arrows represent the early, late stage apoptotic
and necrotic cells. Individual experiments were performed
in triplicate.
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Figure 6. Western blotting assay presenting the levels of
pro and anti-apoptotic proteins along with the levels of Cas-
pases. The figure shows reduced activity of Bax and Bcl-2
and increased activity of Caspases (3, 8 and 9). Individual
experiments were performed in triplicate.
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9) were also observed to increase on a-mangostin
treatment (Figure 0).

a-mangostin suppressed the mitochondrial membrane
potential (MMP) and enhanced reactive oxygen species
(ROS) in OVACAR-3 cells

JC-1 mitochondrial membrane potential detec-
tion kit was used to analyze the effect of a-mangostin
on MMP in OVACAR-3 cells. MMP is an important
parameter in apoptosis as reduced MMP results
in the leakage of cytochrome c into the cytoplasm
that initiates a cascade of reactions that ultimately
result in apoptosis. The a-mangostin exposure of

Figure 7. JC-1 staining assay results showing the re-
duced mitochondrial membrane potential (MMP) after
a-mangostin treatment. Increased green fluorescence in-
dicated reduced MMP. Individual experiments were per-
formed thrice.
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Figure 8. DCHF-DA staining assay presenting ROS in OVA-
CAR-3 cells. Results showed enhanced ROS production in
OVACAR-3 cells post a-mangostin treatment. Individual ex-
periments were performed in triplicate and data are shown
as mean+SD. *p<0.05 showed statistically significant dif-
ference.
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OVACAR-3 cells reduced MMP significantly with a
dose-dependent manner (Figure 7). Increased JC-1
fluorescence indicated decrease in MMP. The ef-
fect of a-mangostin on ROS production was evalu-
ated through DCHF-DA staining assay. The results
indicated potential rise in the intracellular ROS
on a-mangostin treatment (Figure 8). Therefore,
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Figure 9. Transwell chambers assay results presenting the
number of migrated OVACAR-3 cells after a-mangostin ex-
posure. The figure demonstrates reduced number of mi-
grated cells post a-mangostin treatment. Individual experi-
ments were performed in triplicate.

Figure 10. Transwell chambers assay results presenting
the number of invaded OVACAR-3 cells after a-mangostin
exposure. The figure demonstrates reduced number of in-
vaded cells post a-mangostin treatment. Individual experi-
ments were performed in triplicate.
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both MMP and ROS contributed to cytotoxicity of
a-mangostin against human OVACAR-3 cells.

a-mangostin inhibited the migration and invasion po-
tential of OVACAR-3 cells

To analyse the cell migration and invasion of
OVACAR-3 cells, transwell chambers assay was
performed. Cell migration and invasion are the
two important features of malignant metastatic
cancer cell. Therefore, targeting cell migration
and invasion is among the vital strategies to fight
cancer metastasis. After treatment with varying
a-mangostin doses (0-200 pM) OVACAR-3 cells
were subjected to transwell chambers assay. The
number of migrated cells were recorded to de-
cline after a-mangostin treatment in comparison
to controls (Figure 9). The effect of a-mangostin
on invasion potential of OVACAR-3 cells showed
that the number of invaded cells decreased dose-
dependently (Figure 10). Therefore, a-mangostin
reduced both cell migration as well as cell invasion
potential of OVACAR-3 cells dose-dependently.

a-mangostin targeted m-TOR/PI3K/AKT signaling
pathway in OVACAR-3 cells

The m-TOR/PI3K/AKT signaling pathway is
among the vital pathways that regulate cell growth
and differentiation. Western blotting assay was per-
formed to assess the levels of m-TOR/PI3K/AKT
signaling pathway related proteins in a-mangostin
treated OVACAR-3 cells. The results showed that
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Figure 11. Western blotting assay presenting the levels
of m-TOR/PI3K/AKT signaling pathway allied proteins in
OVACAR-3 cells after a-mangostin exposure. Individual ex-
periments were performed in triplicate.
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the expressions of PI3K, AKT and m-TOR remained
almost intact after a-mangostin exposure and those
of phosphorylated PI3K, AKT and m-TOR reduced
on increasing drug concentration (Figure 11).

Discussion

Ovarian cancer is a serious gynecological
malignancy that needs to be addressed as soon
as possible. There are several hurdles in ovarian
cancer management, including distant metastasis,
recurrence of disease, lack of efficient strategy and
methodology, and even lethal side effects of current
chemo-drugs. Therefore, novel therapeutic agents
and targets are needed to tackle this malignancy:.
From the past three or four decades, apoptosis has
been extensively targeted in cancer cells to achieve
better results, as apoptosis is a normal process of
programmed cell death that operates to maintain
homeostasis of normal tissues and also eliminate
damaged cells [17]. Apoptosis serves as a primary
target of chemopreventives. Another strategy is to
target pivotal signaling pathways that maintain
cancer cell survival and differentiation. Lipid ki-
nases (PI3K family) are regarded as key regula-
tors of growth, differentiation and survival [18,19].
PI3K pathway bears numerous nodes that play im-
portant role in maintaining a large number of its
functional outcomes [20]. The downstream targets
of PI3K mediated via AKT includes mTOR (mam-
malian target of rapamycin), translation regula-
tion in growth factor response by phosphorylation
of the protein synthesis/manufacturing machin-
ery and activation of cell proliferation [21]. Sev-
eral studies have reported anticancer activity of
a-mangostin mediated via targeting several cell
signaling pathways. Herein, the current research
was undertaken to investigate whether the anti-
cancer effects of a-mangostin in OVACAR-3 human
ovarian carcinoma cells are mediated via involve-
ment of ROS, mitochondrial-mediated apoptosis,
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