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Background: Glioma is the most common malignant tumor of the nervous system, which
accounts for more than 45% of central nervous system tumors and seriously threatens our
health. Because of high mortality rate, limitations, and many complications of traditional
treatment methods, new treatment methods are urgently needed. f-Mangostin is a natural
compound derived from the fruit of Garcinia mangostana L. and it has anticancer activity in
several types of cancer cells. However, the antitumor effect of B-mangostin in glioma has not
been clarified. Hence, this study aimed to investigate its therapeutic effects on gliomas.
Materials and Methods: To study the effect of B-mangostin on glioma cells, cell viability
assay, reactive oxygen species production, cell cycle, apoptosis, and mitochondrial mem-
brane potential were evaluated in the C6 cell line in vitro. Immunofluorescence and Western
blotting were used to analyze protein expression and phosphorylation to study its mechanism
of action. A subcutaneous xenograft model was used to investigate the effect of f-mangostin
on tumorigenesis in vivo.

Results: We found that B-mangostin can inhibit glioma cell growth and induce oxidative
damage in vitro. In addition, it reduces the phosphorylated form levels of PI3K, AKT and
mTOR. Furthermore, the phosphorylated form levels of PI3K, AKT and mTOR were
increased after the PI3K inhibitor was added. In vivo experiments showed that B-
mangostin can inhibit tumor growth as shown by its reduced size and weight.
Conclusion: This study suggests that f-mangostin can inhibit cell proliferation and induce
oxidative damage in cells. It is the first study to demonstrate that B-mangostin induces
oxidative damage in glioma cells by inhibiting the PI3K/AKT/mTOR signaling pathway.
Keywords: glioma, PI3K/AKT/mTOR, oxidative damage, Garcinia mangostana L.

Introduction

Gliomas are the most common primary intracranial tumors and prognosis remains dismal
despite the optimal treatment approach developed for this disease.' The median survival
time in patients with newly diagnosed glioblastoma (GBM) is frequently less than 15
months, and the 5-year survival rate in patients is about 5%.>” Temozolomide (TMZ) is
the first-line chemotherapeutic drug for glioma treatment with a definite curative effect.*
However, its efficacy is frequently limited by the durability of the chemoresistance
response.” Thus, the development of innovative drugs is urgently needed to prevent
the recurrence and distal metastasis of GBM and prolong the survival in glioma patients.
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Garcinia mangostana L., also known as mangosteen
whose fruits have been used in traditional medicine to treat
several conditions for centuries, is an evergreen tree native to
Southeast Asia.” Mangosteen fruit shells contain a variety of
xanthone derivatives, mainly including o-mangostin, [-
mangostin and y-mangostin. Previous reports have demon-
strated that extracts of mangosteen have antitumoral ®’

10712 antiallergic, 14,15

antioxidant, anti-inflammatory,
antibacterial,'® and antiviral activities.'” B-Mangostin are
xanthones, which have anticancer activity against several
types of cancer cells, including hepatocellular carcinoma
cells,'”® melanoma cells,' and cervical cancer cells.?’
However, the anticancer effect of f-mangostin on glioma is
still ambiguous.

A growing evidence indicates that reactive oxygen
species (ROS) generation is one of the important mechan-
isms underlying the chemotherapy drug effects in
glioma.?! Specifically, o-mangostin induces apoptosis
through activation of ROS and ASK1/p38 signaling path-
way in cervical cancer cells. It was shown in HL60 cells
that B-mangostin from Cratoxylum arborescens activated
intrinsic apoptotic pathway through activation of ROS by
downregulation of the HSP70 gene.** However, it is not
known if mangostin is effective in treating gliomas. In this
study, we aimed to explore the anticancer effect of [-
mangostin on glioma, with particular attention to the
potential molecular mechanisms of oxidative damage.
Furthermore, we tried to provide a theoretical basis for

the drug treatment of cancer.

Materials and Methods
Plant Material

Garcinia mangostana L. were obtained from Thailand in
October 2018. Full publication details for this name can be
found in IPNI: http://ipni.org/urn:lsid:ipni.org:
names:428073-1.

Extraction of -Mangostin from

Garcinia mangostana L

Garcinia mangostana L. were obtained from Thailand in
October 2018. Fresh pericarps were separated and dried in
a ventilated room for a week. The air-dried peel was
crushed into fine powder. The powder (2.4 kg) was
immersed in ethanol (8 L) three times for 7 days and the
supernatant was collected. The three supernatants were
dried with a rotary evaporator to obtain the total extract
(175 g). This was then extracted with water and

chloroform, and the chloroform fraction was collected
and dried. Afterwards, column chromatography was used
to roughly separate the extract into six components, with
petroleum ether and ethyl acetate (from 8:1, 5:1, 3:1, to
1:1 v/v) as mobile phases. The third component was sub-
divided into further fractions and eluted with a gradient of
petroleum ether and ethyl acetate (from 8:1 to 5:1, v/v) to
separate its main component.

Cell Culture and B-Mangostin Treatment
Rat C6 glioma cells were obtained from the Chinese
Academy of Sciences Cell Bank (Shanghai, China), and
were cultured in DMEM (Hyclone, Shanghai, China) med-
ium supplemented with 10% v/v fetal bovine serum (FBS,
Gibco, USA), 100 U/mL penicillin, and 100 pg/mL strep-
tomycin. Cells were maintained and grown in a humidified
incubator with 5% CO,. The cells were treated with -
mangostin which was dissolved in 0.1% dimethyl sulfox-
ide (DMSO, SigmaAldrich, Shanghai, China), and cells
treated with 0.1% DMSO alone were set as a control.

Cell Viability Assay

CCK-8 assay was used to measure cell viability. C6 cells
were seeded at 5 x 10° cells/well in 96-well plates (100
pL/well). After 24 h, the cells were treated with various
concentrations of B-mangostin (0 to 25 uM) for 24 h. After
10 pL of CCK-8
Shanghai, China) was then added, and the cells were

incubation, solution (Beyotime,
incubated for 2 h. The absorbance was monitored at 450
nm using a microplate reader.

Colony Formation Ability Assay

About 5 x 10? C6 cells were seeded in 6-well plates. The C6
cells were pretreated with four different concentrations of
B-mangostin (0, 6.25, 12.5, 25 uM) for 24 h. Subsequently,
the medium was changed in the culture for the next 7 days.
Afterwards, C6 cells were washed with PBS and fixed in 4%
paraformaldehyde (Sigma, USA) for 10 min and stained with
crystal violet (Meilunbio, Dalian, China) for 20 min at room
temperature. Lastly, GraphPad Prism 8 (GraphPad Software,
Inc.) was used to perform statistical analysis of colony forma-
tion ability results.

Scratch Assay

Cells were grown in 6-well plates. After reaching 80%
confluence, a scratch was made using a pipette tip. After
changing the medium, cells were incubated in a new med-
ium containing 1% FBS with mitomycin C (Selleck,
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Shanghai, China), and the images of the scratch region
were captured at 0 and 24 h using a microscope (Nikon,
Tokyo, Japan).

Intracellular ROS Generation

Intracellular ROS accumulation was measured using the
ROS Assay Kit (Beyotime). C6 cells were seeded in
6-well plates and treated with B-mangostin (0, 6.25, and
12.5 uM) for 24 h. Cells were stained with 10 pM DCF-
DA for 20 min at 37°C and washed three times with PBS
for detection. Lastly, cells were harvested by fluorescence
microscope (Nikon, Tokyo, Japan), and analyzed by flow
cytometry.

Detection of the Mitochondrial

Membrane Potential

The mitochondrial membrane potential was visualized
using 5,5',6,6'-tetrachloro-1,1',3,3" tetracthyl-imidacarbo-
cyanine iodide (JC-1, Beyotime, Shanghai, China) stain-
ing. C6 cells were seeded into 6-well plates at a density of
2 x 10°/well and cultured for 24 h. After 24 h of treatment
with B-mangostin, cells were harvested and incubated with
JC-1 for 15 min at 37°C. After washing off the dye, the
cells were immediately analyzed using flow cytometry.

Flow Cytometry Analysis of Apoptosis
C6 cells were seeded in 6-well plates for 24 h and pre-
treated with three different concentrations of f-mangostin
(0, 6.25, 12.5 pM). The induction of apoptosis was
assessed by Annexin V-FITC/PI Apoptosis Detection Kit
(Beyotime, Shanghai, China). Tests were carried out in
accordance with the manufacturer’s instructions. Finally,
the cells were harvested and immediately analyzed using
flow cytometry.

Cell Cycle Analysis

The role of B-mangostin in cell cycle profiles was mon-
itored using flow cytometry with PI/RNase staining buffer.
Briefly, the cells were seeded in 6-well plates at a density
of 3 x 10° cells/well for 24 h. Cells were then harvested
and fixed with 70% (v/v) ethanol. DNA was stained with
a PI (3,8-diamino-5-[3-(diethylmethylammonio)propyl]-
6-phenyl-phenanthridinium diiodide) staining solution for
at least 10 min at room temperature in the dark.
Fluorescence intensity was measured using flow cytometry
in combination with NovoExpress software.

Western Blotting

Briefly, an equivalent amount of protein (20 pg) from each
sample was separated on 10% SDS-PAGE and transferred to
the PVDF membrane (Millipore, Billerica, MA). The mem-
branes were blocked with 5% nonfat dry milk for 1 h and
then incubated with the respective primary antibodies over-
night at 4°C. The antibodies included PI3K (CST, Shanghai,
China), p-PI3K (CST, Shanghai, China), AKT (CST,
Shanghai, China), p-AKT (CST, Shanghai, China), mTOR
(CST, Shanghai, China), p-mTOR (CST, Shanghai, China),
and GAPDH (Huaan, Hangzhou, China). Afterwards, the
membranes were incubated with HRP-conjugated secondary
antibody (Huaan, Hangzhou, China). After the washing step,
protein bands were visualized using the ECL reagent
(Beyotime, Shanghai, China) and captured using the Bio-
Rad image system (Bio-Rad, California, USA). Protein
bands were analyzed using ImageJ software, and the results

were normalized to GAPDH levels in each lane.

Animal Experiments

All experimental procedures and protocols were reviewed
and ethically approved by the Animal Care and Use
Committee of Zhejiang Provincial People’s Hospital and
were in accordance with the Guide for the Use and Care of
Laboratory Animals. All animals were raised in SPF level
environment and all animal experiments were undertaken
while following a robust ethical review. Male BALB/c
nude mice (specific pathogen-free grade, 4 weeks old,
18-20 g) were obtained from Slake Laboratory Animal
Company (Shanghai, China). The mice were housed at
23 £ 1°C on a standard 12:12-hour light/dark cycle, with
water and food pellets available ad libitum. Tumors were
implanted by subcutaneous injection of 1x10° C6 cells in
100 pL of PBS into the right back of each mice. Tumor
volume was calculated as width® x length/2.

Histopathological Analysis

Fresh mice tissues were fixed with 4% paraformaldehyde
and embedded in paraffin. The paraffin-embedded block
tissues were cut into 4 pum sections and the positive
expression of the cleaved caspase-3 (Servicebio, Wuhan,
China) and nuclear factor erythroid 2-related factor
2 (Nrf2) (Servicebio, Wuhan, China) were detected using
a DAB Substrate kit (DAKO, Hangzhou, China), and the
apoptosis level was detected using a One-Step TUNEL
Apoptosis Assay Kit (Roche, Shanghai, China).
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Statistical Analysis

GraphPad Prism 8 (GraphPad Software, Inc.) was used for
statistical analysis. These were expressed as mean + stan-
dard deviation (SD), and were analyzed through one-way
analysis of variance (ANOVA) followed by the least sig-
nificant difference or the Dunnett’s T3 test. Statistically
significant differences were considered when P<0.05.

Results
B-Mangostin Inhibits Viability of Glioma
Cells

The main compound from Garcinia mangostana L. structure
was identified by nuclear magnetic resonance spectroscopy
(Supplementary materials Table 1 and Figures 1-3) and

literature data comparison in confirming -mangostin .

The effect of B-mangostin on C6 cell viability was assessed
using the MTS assay, clone formation experiment, and cell
scratch test. The main extract (SZ) and its six components
were screened using the MTS assay. It was found that the
extract (SZ) and the third component (SZ3) had a significant

inhibitory effect on glioma cells (Figure 1A). B-Mangostin, the
main component of SZ3 (Figure 1B), was tested further with
CCK-8 assay (Figure 1C), and the inhibitory effect on glioma
cells with an IC50 of approximately 4.811 uM was observed.
In addition, we also verified the proliferation of different cell
lines and found that the 50% inhibition rate of U251 and T89G
cells was 5.831 uM and 10.320 uM (Supplementary materials
Table 2).

According to the clone formation and cell scratch experi-

ment (Figure 1D-F), B-mangostin treatment inhibited the
growth of C6 cells in a concentration-dependent manner.
When B-mangostin concentration exceeded 6 uM, both col-
ony formation rate and cell proliferation rate were signifi-
cantly reduced compared with those in the control group.

-Mangostin Induces ROS Generation and
Decreases Mitochondrial Membrane

Potential
The mitochondrial membrane potential was detected using the
JC-1 staining method. Cells with normal mitochondria
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Figure | Effect of B-mangostin on cell proliferation in vitro. (A) CCK8 assay is conducted to measure cell viability in Cé glioma cells treated with different concentration of
different fragments isolated from the shell of mangosteen. (B) The chemical structure of the main compound isolated from the SZ3 fragments. (C) CCK8 assay is conducted
to measure cell viability in Cé glioma cells with different concentration of B-mangostin. (D-E) Cé cells proliferation ability is measured using clone formation assay with
different concentration of B-mangostin (Scar bar:2 mm). (F) Cé cells proliferation ability is measured using cell scratch test with different concentration of B-mangostin (Scar
bar:200 um). Data are the meanzSD for three independent experiments. **P<0.01 and *P<0v.05 vs. controls.
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potential and depolarized mitochondria emitted red fluores-
cence and green fluorescence signals, respectively. The ratio of
the green to red fluorescence reflected the mitochondrial depo-
larization. As shown in Figure 2A—C, the level of depolarized
mitochondria was increased in response to f-mangostin treat-
ment. These results suggest that f-mangostin induced mito-
chondria damage in C6 cells.

Afterwards, we evaluated the generation of
mitochondrial ROS (MitROS) in C6 cells treated with B-
mangostin. The generation of ROS was measured using
the fluorescent probe DCFH-DA with a fluorescence
microscope and flow cytometry. Based on Figure 2D-E,
treatment with f-mangostin for 24 h resulted in an obvious
and concentration-dependent rise in ROS levels in com-
parison with the control. The mean fluorescent intensity of
DCFH-DA was significantly increased in C6 cells treated
with B-mangostin using flow cytometry. The aforemen-
tioned results suggested that B-mangostin induced ROS
generation. We used N-acetylcysteine to block the ROS
and found that N-acetylcysteine (0.5 mM) reversed the
accumulation of ROS (Supplementary materials Figure 4).

In addition, the expression of proteins related to oxida-
tive stress was examined using Western blot analysis.
Based on Figure 2F-G, the treatment of cells with -

mangostin for 24 h increased Nrf2 level in C6 cell.
These data suggest that oxidative stress may contribute
to cell growth inhibition by f-mangostin in glioma cells.

Cell Cycle Arrest and Apoptosis-Inducing
Effect of B-Mangostin in Cé Cells

To examine whether B-mangostin affects cell cycle pro-
gression in glioma cells, we evaluated the cell cycle
phase distribution in treated cells using flow cytometry
analysis. Results showed that 12.5 pM of B-mangostin
significantly arrested cell cycle progression in C6 cells
by decreasing the percentage of cells in the G1 phase
(63.64% =+ 0.69% compared with 72.71% =+ 0.75% in
the control group). It also increased the percentage of
cells in the S phase (27.67% + 1.92% compared with
15.88% + 1.21% in the control group) (Figure 3A
and B).

In addition, flow cytometry analysis was performed to
determine whether cell growth inhibition by B-mangostin
was through apoptosis. As shown in Figure 3C and D, the
treatment of C6 cells with various doses of B-mangostin for
24 h induced cell apoptosis in a dose-dependent manner,
especially for late-stage apoptosis. Briefly, B-mangostin
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Figure 2 Effect of 3-mangostin on oxidative stress in glioma cells. Cé cells are treated with two concentrations of 3-mangostin (6.25 and 12.5 uM). (A-C) The mitochondrial
membrane potential in Cé cells is detected using fluorescence microscopy and flow cytometry (Scar bar:500 um). (D-E) The active oxygen levels in C6 cells is detected using
fluorescence microscopy and flow cytometry (Scar bar:2 mm). (F-G) The oxidative stress relevant protein (Nrf2) levels in Cé is detected using Western blotting. Data are
the mean#SD for three independent experiments. **P<0.01 and *P<0.05 vs. controls.
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Figure 3 Effect of f-mangostin on apoptosis in glioma cells. Cé cells are treated with two concentrations of f-mangostin (6.25 and 12.5uM). (A-B) C6 cells cycle phase

distribution is measured using flow cytometry. (C-D) Cé cells apoptosis is measured

using flow cytometry. (E-F) The expression of Bax in Cé is measured using Western

blotting. Data are the mean<SD for three independent experiments. **P<0.01 and *P<0.05 vs. controls.

treatment led to an increased cell apoptotic rate from 1.98%
+ 0.05% in the control group to 10.22% + 0.58% (1 pg/mL)
and 11.86% + 0.36% (2 pg/mL) in C6 cells. Afterwards, the
expression of proteins related to apoptosis was examined
using Western blot analysis. Treatment with B-mangostin
for 24 h increased Bax level in C6 cell. These data suggest
that apoptosis may contribute to cell growth inhibition by
B-mangostin in glioma cells (see Figure 3E and F).

PI3BK/AKT/mTOR Pathway is Involved in
the Anticancer Effect of -Mangostin in

Glioma Cells
PI3K/AKT/mTOR signaling pathways have been shown to
play essential roles in glioma. Hence, we explored the

effect of the B-mangostin treatment in glioma cells with
this pathway. We determined the inhibitory effects of f-
mangostin on the PI3K/AKT pathway and found that 12.5
uM of B-mangostin obviously repressed the phosphoryla-
tion of PI3K and AKT (S473). Meanwhile, the phosphor-
ylation of downstream proteins, such as mTOR, was
substantially suppressed compared with the control group
(Figure 4A and B). Afterwards, we added the PI3K inhi-
bitor, LY294002 (25 uM). As shown in Figure 4C and D,
LY294002 treatment decreased the levels of p-AKT and
p-mTOR. Moreover, B-mangostin further enhanced the
inhibition of this pathway by LY294002 after the com-
bined treatment with p-mangostin (6.25 uM) and
LY294002 (25 uM).
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Figure 4 Role of f-mangostin on PI3K/AKT/mTOR pathway regulation in glioma. Cé cells were pretreated with three concentrations of $-mangostin (6.25, 12.5, and 25

uM). (

LY294002 in Cé cells. Data are the meanuSD for three independent experiments. **P<0.01 and *P<0.05 vs. controls.

B-Mangostin Inhibited Tumor Growth in
Cé6 Xenograft Tumor Models

To further validate the results of in vitro experiments on
the tumor growth inhibition, C6 xenograft tumor models
were used to probe the inhibitory effects of f-mangostin.
As shown in Figure 5A and B, tumor volumes were sub-
stantially lower in mice treated with $-mangostin than the
control group. Treatment with B-mangostin did not cause
any signs of toxicity or significantly alteration of mice
body weight (Figure 5C). The immunohistochemistry
assay showed that the expression levels of cleaved cas-
pase-3 and Nrf2 were decreased by the treatment of -
mangostin (Figure 5D). Similarly, the TUNEL assay
demonstrated that the number of apoptotic cells increased
in the tumor tissue (Figure 5E).

Discussion

Mangosteen is a fruit that mainly grows in Thailand,
Vietnam, and other tropical countries. Its nutshell has been
used as a natural medicine for dysentery, ulcers, wound

A-B) Western blot analysis of PI3K/AKT/mTOR pathway in Cé cells. (C-D) Western blot analysis of PI3K/AKT/mTOR pathway after adding the PI3K inhibitor,

#P<0.01 and #P<0.05 vs. “B-mangostin+LY294002

infection, typhoid fever, and antibacterial disinfection.'”
Among the bioactive compounds isolated from mangos-
teen, xanthone derivatives, mainly including a-mangostin,
B-mangostin, and y-mangostin, have been widely reported
to have antitumor biological effects in several cancers, such
as hepatocarcinoma, lung cancer, and breast cancer.'®** 2
It was reported that a-mangostin glycosides might be poten-
tial anti-hepatocarcinoma agents that can downregulate
VEGF and HiF-lo via c-Met signal pathway.”® Another
report had shown that antitumor and metastatic effects of -
mangostin in cervical cancer were mediated through JNK2/
AP-1/Snail cascade.?’

the major component of Garcinia mangostana L. extract, -

In this study, we demonstrated that

mangostin, could cause the C6 oxidative damage-induced
cell death in glioma cells through PI3K/AKT/mTOR path-
way inhibition.

PI3K/AKT is a potent pathway to activate and trigger cell
survival signals, which play a crucial role in apoptotic cell
death associated with chemotherapeutic drug treatment.”*’

Dysregulation of this pathway is also related to the
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Figure 5 B-mangostin inhibits growth of glioma cells in vivo. Subcutaneous transplantation tumor model of Cé cells is conducted to determine the effect of B-mangostin in
vivo. (A) Schematic diagram of tumors in treatment group and control group on day 29. (B-C) Tumor volume and body weight in mice comparing between the treatment
and control groups. (D) Immunohistochemical detection of Cleaved Caspase-3 and Nrf2 protein levels in the tumor tissues(Scar bar:500 um). (E) TUNEL immunofluor-
escence method to detect the apoptosis of tumor tissue(Scar bar:200 um). Data are the meanuSD for three independent experiments. *¥P<0.01 vs. controls.

therapeutic resistance of glioma.’® With that, our results
demonstrated that B-mangostin resulted in a significant
induction of apoptosis and in a concomitant reduction of
Akt phosphorylation at Ser473, which consequently inhib-
ited PI3K/AKT/mTOR signaling pathway in C6 cells. In
addition, flow cytometry analysis indicated that treatment
of C6 cells with B-mangostin resulted in a significant induc-
tion of apoptosis. Induction of apoptosis in tumor cells is
considered to act as a protective mechanism that inhibits
neoplastic development by eliminating the cells that have
been improperly stimulated for proliferation.'~** LY294002
(2-4-morpholinyl-8-phenlchromone) is a chemical inhibitor
of PI3K that is used extensively to study the role of the PI3K/
Akt pathway in normal and transformed cells.”*~* Our
results confirmed that B-mangostin with PI3K broad-
spectrum inhibitor LY294002 could further decrease the
phosphorylation of Akt in C6 cells. Furthermore, our findings
indicate that the inhibition of glioma cell proliferation by [-
mangostin is in part due to suppression of PI3K/Akt/mTOR
signaling and B-mangostin appears to be a potent chemother-
apeutic agent against glioma cells.

We also found that when cells were incubated with [3-

mangostin, ROS generation was increased and the

mitochondrial membrane potential was changed, which
was reflected by the significant increase in FITC levels,
a significant decrease in the PE levels, and increase in
Nrf2 protein levels. Since cancer cells have a special
redox state, which is mostly elevated with ROS genera-
tion, ROS damage may be exploited for therapeutic pur-
poses to induce cancer cell death while sparing normal
cells.*® Recent signs of progress in cancer research suggest
that intracellular ROS generation through oxidative stress
is a common pathway of cancer cell cytotoxicity and
apoptosis.*®>’ An imbalance between the production of
ROS and cells antioxidant system’s ability to readily
detoxify ROS, results in oxidative stress.’*3’ It was
shown that ROS released during quercetin and chloroquine
administration resulted in caspase activation which was
particularly involved in the survival of glioma cells.*® In
addition, mitochondria-mediated apoptosis was accompa-
nied by BAX mitochondrial distribution and oligomeriza-
tion, and caspase 3/caspase 8/caspase 9 activation.*' This
finding is consistent with our current results showing that
the cleaved-caspase 3 activated and PI3K/AKT/mTOR
signaling pathway were inhibited by the B-mangostin
treatment.
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Although in vitro cell culture models are a good
method for preliminary screening of chemotherapeutic
drug effects, results must be verified in vivo using ani-
mal models before considering human trials. Lee et al
demonstrated that a-mangosteen extracted from the peri-
carp of the mangosteen fruit inhibited the growth of
tongue mucoepidermoid carcinoma cells in vitro and
in vivo using murine ectopic xenografts models.® We
also used in vivo xenograft mice model inoculating C6
tumor cells in athymic nude mice to verify the che-
motherapeutic potential of f-mangostin treatment against
glioma tumor cell growth. Our experiment provided evi-
dence that B-mangostin administration via tail vein injec-
tion at 5 mg/kg dosages significantly inhibited the
growth of C6 tumor xenografts. Moreover, tumor xeno-
graft growth inhibition in BALB/c nude mice by inject-
ing B-mangostin was also associated with the induction
of apoptotic cell death in C6 cells, as indicated by the
TUNEL-positive and activated caspase-3-positive cells
in xenograft tissues.

Conclusion

Results demonstrated that B-mangostin treatment inhibition of
cell proliferation in rat C6 glioma cells depended on oxidative
stress induction via PI3K/AKT/mTOR pathway inhibition. -
Mangostin administration was found to induce cell migration
and apoptosis. Therefore, these findings support the possibi-
lity of B-mangostin as a potential treatment for glioma.
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