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Abstract

Garcinia mangostana L. belongs to the Guttiferae family prominently seen in
South Asia. Its fruits were frequently acknowledged as the “queen of fruits”.
The Genus Garcinia comprises 35 genera and 240 species globally, among
which 6 species were reported endemic to Western Ghats. The Pericarp and
seed of G. mangostana are well known for their use in traditional systems of
medicine against numerous ailments. In the current investigation, the hepa-
toprotective and antioxidant potential of methanolic extract of the pericarp
of Garcinia mangostana L. were investigated against the acetaminophen-
induced hepatotoxicity in HepG2 human liver cell lines. The qualitative
analysis of methanol extract of Garcinia mangostana depicted the presence
of immense phytoconstituents such as alkaloids, phenols, triterpenoids and
flavonoids. It was observed that Garcinia mangostana acts as a potential
hepatoprotective agent by reducing lipid peroxidation while significantly
increasing the level of Glutathione (GSH) and superoxide dismutase (SOD) in
dose-dependent manner. The hepatoprotective property of Garcinia man-
gostana was confirmed by the histopathological analysis and the results
revealed that extract of G. mangostana recovered the liver cell lines towards
almost normal level in a dose dependant manner from the histopathologi-
cal alterations such as necrosis, vacuolation, etc., produced by acetamino-
phen.

Keywords

cytotoxicity; Garcinia mangostana; hepatoprotective activity; MTT assay;
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Introduction

Garcinia mangostana L., widely recognised as Mangosteen in South East
Asia, is prominently cultivated in India, Sri Lanka, Thailand, Malaysia, Philip-
pines and Myanmar. G. mangostana L. is frequently acknowledged as “the
queen of fruits” due to its pleasant aroma and sweet flavour. The Genus
Garcinia comprises 35 genera and nearly 240 species globally and about 6
species were reported endemic to Western Ghats. G. mangostana reaches
up to 6-25 m in height. The leaves are leathery, glabrous, opposite, short
stalk, ovate-oblong or elliptic in shape. The fruits were dark reddish or pur-
ple in colour with fleshy, delicate, inner edible pulp of pleasant aroma (1).
Fruits may contain 1-5 fully developed ovoid-oblong-shaped seeds or
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sometimes seedless. Only 25% of the fruit is sweet and
fleshy, whereas the remaining part is hard, tough and bit-
ter pericarp, which is of greater pharmacological im-
portance. According to WHO, the human consumption of
G. mangostana was safe without any reported mutagenici-
ty and teratogenicity for over a hundred years (2). The per-
icarp and seed of G. mangostana are well known for their
use in traditional systems of medicines against various
ailments like inflammation, gastrointestinal, urinary tract
infections etc. (3). It is also used to treat wounds and skin
infections (4), amoebic dysentery, leucorrhoea (5) and ar-
thritis (6).

The Genus Garcinia is a rich source of alkaloids,
phenols, flavonoids, benzophenones, proanthocyanins
and xanthones. It has been reported that xanthone was
one of the major phytoconstituents present in G. man-
gostana, which exhibits a plethora of biological activities
such as anti-bacterial (7), anti-viral (8), anti-cancer, anti-
inflammatory (9), anti-oxidant, analgesic and anti-allergic
(10). Xanthone derivatives such as a mangostin, B man-
gostin, y mangostin, mangostinone and dihydroxy-3-
methoxy xanthone were isolated from the pericarp of G.
mangostana have immense pharmacological properties
including antioxidant and hepatoprotective. It has been
reported that among the xanthones, alpha-mangostin
suppresses the proliferation and enhances the apoptosis
of HL-60 and HT116 colon cancer cell lines, moreover, it
exhibits anti-proliferative activity against human breast
adenocarcinoma cell lines, SKBR3 (11). Currently, tremen-
dous research has been made in modern medicine to de-
velop new drugs that stimulate or rejuvenate the liver cells
and offer protection for the liver cells from damage (12).
Due to its healthcare potential, recently, there has been an
increase in the use of mangosteen products in the form of
juices and diet supplements such as Xango, Verve and Tri-
aXan. This has attracted the attention of researchers to
analyse the phytochemical constituents of G. mangostana
and its biological activities. Therefore, the present investi-
gation was undertaken to analyse the antioxidant and
hepatoprotective potential of the pericarp of G. mangosta-
na in acetaminophen-induced hepatotoxicity in human
HepG2 cell lines.

Materials and Methods
Plant materials and sample preparation

Plant samples were collected from Garcinia mangostana
tree grown in Elavinthitta region of Pathanamthitta,
Kerala, India (Fig. 1a). Ripened fresh fruits (Fig. 1b) with a
completely purple-coloured pericarp of G. mangostana
were collected and cleaned under running tap water to
remove dust particles thoroughly. The pulp and pericarp
were separated and the pericarp was shade-dried. The
dried pericarp was ground into fine powder. The pericarp
powder (4 g) was kept for 3 days with 200 mL of 95% meth-
anol in a stopped flask with continuous shaking. The ex-
tracts were collected every 24 h and fresh methanol was
added to the powder. The methanol extracts were pooled,
filtered and dried under vacuum by using a rotary evapo-

rator and the yield concentration was noted (13). The total
extract of the plant sample was stored in the refrigerator
(4 °C) for further experiments. The percentage yield of G.

Fig. 1. Garcinia mangostana L. a. Habitat b. Fruit.

Phytochemical analysis

The phytochemical constituents of G. mangostana peri-
carp were qualitatively analysed using standard methods
(14).

Total alkaloid, phenol and flavonoid analysis

Total alkaloid contents were estimated by the spectropho-
tometric method using Dragendroff's reagent (15), total
phenol contents were estimated by Folin-Ciocalteau anal-
ysis (16) and flavonoid contents by aluminium chloride
assay (17).

Determination of hepatoprotective activity
Cell line culture

HepG2 Liver Hepatic cell lines were purchased from the
National Centre for Cell Sciences and grown in Dulbecco’s
Modified Eagles Media (DMEM) (Himedia, India). HepG2 cell
line was cultured in Dulbecco’s Modified Eagles media
along with 10% FBS, sodium bicarbonate, L-glutamine and
antibiotics such as Penicillin (100 pg/mL), Streptomycin
(100 pg/mL) and Amphotericin B (2.5 pg/mL). Cultures
were incubated at 37 °C in a 5% CO; incubator (NBS Ep-
pendorf, Germany). The viability of cells was evaluated
using an inverted phase contrast microscope and MTT as-
say (18).

After 2 days of incubation, a monolayer of cells was
suspended in 10% growth medium (DMEM), 100 pL cell
suspension was harvested and seeded at approximately
5 x 10* cells in 96 well microtiter plates (Nunclon, Den-
mark) and incubated in a humidified 5% CO, incubator at
37°C for24h.

After 24 h, the cells were in an exponential phase,
attaining sufficient growth; the cells were then treated
with Acetaminophen (20 pM) to induce toxicity and incu-
bated for 1 h. Some cells were cultured without Aceta-
minophen as a control. Methanol extracts of G. mangosta-
na in various concentrations (25 pg, 12.5 pg, 6.25 pg, 3.1 ug
and 1.5 pg) in 100 pL of 5% DMEM were prepared. The ex-
periments were performed in triplicates. Prior to inocula-
tion, the extract was filtered using a 0.22 ym millipore sy-
ringe filter and incubated at a temperature of 37 °C for 2 h.
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Cytotoxicity analysis

Observation of the entire plate was done at a regular inter-
val of 24 h using an inverted phase contrast tissue culture
microscope (Olympus CKX41 with Optika Pro5 CCD cam-
era) and the observations were recorded. Variations in the
morphology of the cells in the form of folding, shrinking,
granulation and vacuolisation were considered as an indi-
cation of cytotoxicity (19).

Detection of cytotoxicity by MTT method

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) (Sigma, M-5655) (15 mg) was prepared by dis-
solving in 3 mL PBS, filtered and sterilised. After 24 h of
incubation, the samples were removed and a fresh medi-
um was added to avoid the direct interaction of the test
extract with MTT. About 3.0 pL of MTT solution was added
to all the culture wells. Prior to incubation at 37 °C in a
humidified 5% CO, incubator for 4 h, the plates were
slightly shaken. After incubation, the supernatant was dis-
carded and MTT solubilisation solution (DMSO) (100 pL)
was added to the wells and mixed slightly by pipetting to
solubilise the blue-coloured formazan crystals. The ab-
sorbance was measured by using a microplate reader at a
wavelength of 540 nm (20).

Assessment of lipid peroxidation (LPO)

To analyse the degree of damage to hepatocytes, a lipid
peroxidation (LPO) assay was performed (21). The treated
cell samples were trypsinised with Trypsin-EDTA solution
(Himedia, India) and centrifuged at 5000 rpm for 5 min.
After centrifugation, the pellet was suspended in 200 pL of
lysis buffer (0.1 M tris, 0.2 M EDTA, 2 M NaCl, 0.5% Triton).
Samples were then incubated at 4 °C for 20 min and after
incubation, cell lysate (50 pl) was added with 70% (500 pl)
alcohol and 1.0% (w/v) TBA (1 mL). Then, all the tubes
were transferred to a boiling water bath for 20 min. The
vials were cooled under running water. After cooling the
vials, an equal volume of trichloroacetic acid (10%) was
added to the sample and centrifuged at 1000 rpm for 15
min. The supernatant was compiled and absorbance was
read at 532 nm in a spectrophotometer (Beckman DU 650
Spectrophotometer). Control sample validation was per-
formed in the same manner in which the distilled water
was used instead of the TBA solution. The end product of
lipid peroxidation is the formation of malonyldialdehyde
(MDA) that reacts with thiobarbituric acid and forms a pink
chromogen.

Reduced glutathione (GSH) assessment

GSH level was estimated according to a previously estab-
lished protocol (22). Briefly, 1 mL of cell lysate was added
to phosphate buffer (0.2M) (0.5 mL) (pH 8). The homoge-
nate was added with an equal quantity of 20% trichloroa-
cetic acid. The mixture was incubated for 5 min and then
centrifuged at 200 rpm for 10 min. The supernatant (200
puL) was then added with 0.2 mL of DTNB (0.6 mM)
(Ellman’s reagent), mixed well and the absorbance was
read at 420 nm. The GSH levels were compared with a
standard reduced glutathione (23).

Superoxide dismutase assay (SOD)

The superoxide dismutase assay was performed according
to the standard methods (24). For the analysis of SOD, cell
lysate (50 mL) was mixed with the reaction mixture con-
taining phosphate buffer (50 mM) (pH 7.8), methionine
(45 pM), riboflavin (5.3 mM), potassium ferric cyanide
(84 uM) and NBT (0.1M). The reaction mixture was stirred
well and then incubated at 25 °C for 10 min and the ab-
sorbance was taken at 600 nm. The absorbance was com-
pared with the standard curve obtained from the known
SOD.

Control - Test

Percentage of inhibition = X 100

control

Statistical analysis

Statistical analysis was done using the software Graph pad
Prism 5.01 software (GraphPad Software, Inc., San Diego,
CA). The results were represented as mean + SE (n=3) and
were analysed by one-way ANOVA (analysis of variance)
followed by Dunnet’s test. A value of p < 0.05 was consid-
ered to be statistically significant.

Results
Qualitative phytochemical analysis

Phytochemical analysis of the crude methanolic extract of
G. mangostana pericarp revealed the presence of alka-
loids, saponins, terpenoids, flavonoids and coumarin neg-
ative (Table 1).

Table 1. Preliminary phytochemical screening of methanolic extract of G.
mangostana pericarp

Sample
Phytochemicals Tests
Pericarp
Dragendorff s ++
Mayer’s ++
Alkaloids
Wagner’s +
Hager’s ++
Saponins Foam ++
Phenol Folin“s ++
Flavonoid Shinoda s +++
Carbohydrate Molisch “s ++
Terpenoid Salkowski +++
Steroid Leibermann Buchard ++
Caumarine Caumarine -

+ mild, ++ moderate, +++ abundance, - absence.

Total alkaloid, phenol and flavonoid content

Total alkaloid content, phenol and flavonoid contents
were estimated as 36.26 mg/g dry weight, 38.17 mg gallic
acid equivalents/gram dry weight of extract and 42.27 mg
quercetin equivalents/gram dry weight of extract.

In vitro hepatoprotective activity of G. mangostana using
HepG2 cell lines

The hepatoprotective activity of G. mangostana was evalu-
ated by using different concentrations of methanol extract
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of G. mangostana in acetaminophen-intoxicated human-
derived liver cell-HepG2 cell lines. Acetaminophen is a pro-
totype hepatotoxin that was generally used to analyse
metabolite-dependent toxicity. In the present investiga-
tion, there was a markable reduction in viability of aceta-
minophen-treated cell lines compared with the untreated
control (Fig. 2). Acetaminophen (20 pM) treated human
HepG2 cell lines grown in DMEM showed a reduced per-
centage (50.52%) of viability compared to control (100%)
(Table 2). The methanol extract (100 pL) of G. mangostana
was tested at various concentrations ranging from 1.5
pg/mL to 25.0 pg/mL against acetaminophen-treated
HepG2 liver cell lines and incubated for 72 h. After incuba-
tion, it was observed that the methanol extract (100 pL) of
G. mangostana at various concentrations of 1.5 pg/mL, 3.1
pg/mL, 6.25 pg/mL, 12.5 pg/mL and 25.0 pg/mL showed an
increased cell viability of 58.75%, 75.12%, 80.37%, 86.54%
and 95.45%, respectively. The HepG2 cells treated with
acetaminophen showed liver necrosis with inflammation,
whereas the G. mangostana-treated cell lines showed less

150~
Control

Acetaminophen
1.5

3.1

6.25

12.5

25

g

Parcentage viability
[
BZNEDEE

¢

i

Concentation of sam ple
{pgim i)

Fig. 2. Graphical representation depicting the hepatoprotective effect of the
sample by MTT assay. All experiments were done in triplicates and results are
represented as Mean + SE.One-way ANOVA and Dunnet’s test were per-
formed to analyse data. ***p < 0.001 compared to acetaminophen exposed

group.

Table 2. Effects of methanolic extract of Garcinia mangostana on acetamino-
phen intoxicated HepG2 cell lines

sampe iy St P
Control 0.7905 100
Acetaminophen 0.3994 50.52

G. mangostana
1.5 0.4644 58.75
31 0.5938 75.12
6.25 0.6354 80.37
125 0.6842 86.54
25 0.7467 94.45

cell necrosis and minimal inflammatory condition. The G.
mangostana sample of concentration 25 pg/mL treated
cell lines showed 94.45% cell viability and showed normal
cellular morphology with less cellular necrosis with higher
hepatoprotective activity (Fig. 3). Curative treatments with
plant samples showed cytoprotection against acetamino-
phen-induced cell damage. Based on the findings of the
current study, G. mangostana extract was considered safe
in different concentration for HepG2 cell lines and also
proved to be non-cytotoxic. The study signifies the hepato-
protective potential of G. mangostana and similar hepato-
protective properties were also reported in related species
(25).

'

\
Fig. 3. Effect of Garcinia mangostana on cultured HepG2 cell lines treated
with acetaminophen (A) Untreated control liver cells (normal architecture).
(B) Acetaminophen treated liver cells: necrosis, loss of cellular boundaries. (C)
Acetaminophen-treated cells co-administrated with varied concentrations of
Garcinia mangostana sample 1.5 pg/mg. (D) sample 3.1 pg/mg. (E) sample
6.25 pg/mg. (F) sample 12.5 pg/mg. (G) Liver cells were treated with aceta-
minophen and Garcinia mangostana sample 25 pg/mg showing minimal
inflammatory infiltration almost similar to normal cellular architecture show-
ing hepatocyte regeneration.

Estimation of LPO, GSH and SOD

The current study depicted a significant increase in the
level of MDA as a final product of lipid peroxidation in acet-
aminophen-intoxicated HepG2 cell lines. The level of lipid
peroxides in acetaminophen-derived HepG2 cell lines is
0.64 compared with the control groups. The LPO content
increased significantly in acetaminophen-intoxicated
HepG2 cell lines, whereas the treatment of pericarp extract
of G. mangostana at different concentrations ranging from
1.5, 6.25, 12.5 and 25.0 pg/mL showed a decreased level of
MDA (0.91, 0.88, 0.73 and 0.64, respectively) (Fig. 4). Among
the different concentrations of G. mangostana, extract 25.0
pg/ml showed the maximum protection. The enhanced
range of lipid peroxides (MDA) showed the structural and
functional alteration of the cellular membrane that leads
to tissue damage (26). In the current study, the elevation
of lipid peroxides was observed in acetaminophen-treated
HepG2 liver cell lines, depicting the tissue damage and
inefficient antioxidant defence mechanism against exces-
sive free radical formation. It has been observed that treat-
ment with G. mangostana significantly inversed these con-
ditions and prevented tissue damage. The reduced LPO
activity after the treatment with the G. mangostana extract

1.2
1 |
E 08 -
E 0.6 -
3
2 04 -
0.2 -
0 T T
Control ACT ACT+ ACT+ ACT+ ACT+
Sample (1.5 Sample Sample Sample
pg/mi) (6.25 (12,5 (25.0
ug/ml)  pg/ml)  pg/mi)

Fig. 4. Effect of methanol extract of Garcinia mangostana on the MDA level in
HepG2 cell lines treated with acetaminophen. ACT represents the acetamino-
phen-treated samples. All experiments were done in triplicates and results
are represented as Mean + SE. One-way ANOVA and Dunnet’s test were per-
formed to analyse data, p < 0.001 compared to the acetaminophen-exposed

group.
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may be attributed to the antioxidant potential of G. man-
gostana by scavenging the free radicals produced in liver
cell lines.

The enzymatic antioxidants, SOD and GSH activity
were found to be significantly reduced (P <0.001) in aceta-
minophen-treated HepG2 liver cell lines when compared
with the control. The level of SOD (0.48) and GSH (1.99)
was reduced in acetaminophen-treated cell lines, whereas
the content of SOD was significantly increased in the liver
cells treated with different concentrations (1.5, 6.25, 12.5
and 25.0 pg/mL) of Garcinia mangostana. The percentages
of SOD (0.48) and GSH (1.99) in acetaminophen-treated
samples were very much lesser than the normal untreated
control, 1.24 and 4.25, respectively. The percentage pro-
tection in SOD was 0.51, 0.73, 0.92, 1.02 and GSH was 2.32,
2.87, 3.17, 3.98 at the plant sample concentration of 1.5,
6.25, 12.5 and 25.0 pg/mL, respectively (Fig. 5). Among the
plant sample concentrations 25.0 pg/mL has shown maxi-
mum protection. In acetaminophen-initiated hepatotoxici-
ty, the equilibrium between Reactive Oxygen Species for-
mation and antioxidant defence mechanism may be hin-
dered, resulting in oxidative stress through a series of ac-
tivities that deregulate the normal cellular function, which
finally leads to cellular necrosis. In the current study, it
was clearly depicted that when the acetaminophen-added
liver cell lines were treated with G. mangostana, the level
of SOD and GSH were significantly increased, which indi-
cates the antioxidant property of G. mangostana.

3.17
2.87
1
7' 09'
e ,Qf-":
& :

*SOD =GSH

|

o

3.98

2.32
1.99
0
0.4 0.5
&

44 o

Fig. 5. Effect of methanol extract of the pericarp of Garcinia mangostana on
antioxidant enzyme activity (SOD and GSH) in the acetaminophen-treated
HepG2 liver cell lines. All experiments were done in triplicates and results are
represented as Mean + SE. One-way ANOVA and Dunnet’s test were performed

to analyse data, p <0.001 compared to the acetaminophen-exposed group.

Discussion

Many plant species were claimed to have hepatoprotec-
tive properties and these properties greatly rely upon its
phytoconstituents like phenols, flavonoids, alkaloids, ter-
penes, glycosides and xanthones. The preliminary phyto-
chemical screening gained greater importance in the anal-
ysis of the antioxidant and hepatoprotective potential of
plant species. In the present study, the overall phytocon-
stituents analysis of the methanol extract of G. mangosta-
na pericarp revealed the presence of alkaloids, saponins,
terpenoids, flavonoids, steroids, etc., and this can be at-
tributed to the antioxidant and hepatoprotective potential

of G. mangostana. Phenolic compounds are the major
source of antioxidants or free radical scavengers that
transform free radicals into stable ones (27). Earlier it had
been reported about the involvement of free radicals in
the destruction of liver cells and the free radical scaveng-
ing potential of phytoconstituents. HepG2 are immortal-
ised human hepatoma cell lines, which have been com-
monly used as an in vitro model for hepatoprotective stud-
ies and drug metabolism. Moreover, it is nontumorigenic
and exhibits a high rate of active proliferation (28). Incu-
bating HepG2 cell lines with acetaminophen for 24 h
caused a remarkable reduction in cell viability. The major
mechanism behind acetaminophen-induced hepatotoxici-
ty is the mitochondrial dysfunction caused due to the ac-
tion of acetaminophen. As a result, it causes oxidative
stress due to the overproduction of superoxide (0-). Over-
production of superoxide results in loss of cell function
and ultimately leads to apoptosis or necrosis (29). The
study focuses on the protective effect of G. mangostana
against acetaminophen-induced cytotoxicity in HepG cell
lines to analyse the hepatoprotective potential of the
plant. The effect of methanol extract of G. mangostana at
various concentrations ranging from 1.5 pg/mL to 25.0 yg/mL
against acetaminophen-treated human HepG2 liver cell
lines observed that methanol extract of G. mangostana
exhibited a dose-dependent cytoprotection against aceta-
minophen treated cell lines.

Lipid peroxidation has been detected as evidence of
liver injury due to acetaminophen administration and, the
incapability of an antioxidant defense mechanism to re-
duce the formation of excessive free radical production. It
was observed that the treatment of HepG2 cell lines with
plant extract of G. mangostana remarkably reversed these
variations. The increased level of malondialdehyde (MDA)
in the liver highlighted the enhanced lipid peroxidation
that resulted in tissue destruction and loss of the antioxi-
dant defence mechanism. Treatment with G. mangostana
pericarp significantly reversed all such transformations
and this may be possible due to the antioxidant potential
of G. mangostana. The body has a prominent mechanism
to prevent and mitigate cellular damage induced by free
radicals and this is achieved by an array of endogenous
antioxidant enzymes such as SOD, GSH, CAT, GPX and GR.
The decline in levels of enzymes such as SOD and GSH ob-
served in acetaminophen-treated human HepG2 is a real
manifestation of an enhanced formation of hepatic lipid
peroxides content. It has been confirmed that the hepato-
protective potential of G. mangostana is mainly due to its
antioxidant activity. It has been reported that glutathione
is one of the most abundant tripeptides and non-
enzymatic antioxidants in liver cells. The main function of
glutathione is to scavenge free radicals like superoxide
radicals and hydrogen peroxides and act as a substrate for
glutathione peroxidase. In the present investigation, the
decreased level of GSH is connected with the increased
level of lipid peroxides in acetaminophen-treated cell lines
and confirmed that the administration of G. mangostana
significantly enhanced the level of glutathione in a dose-
dependent manner (30). Reduced enzymatic activity of
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SOD is the actual measure of hepatocellular damage in
acetaminophen-treated cell lines but the treatment with
different concentrations of G. mangostana showed a sig-
nificant increase in the level of SOD which confirms the
antioxidant potential of G. mangostana. SOD scavenges
the superoxide anion and transforms it to hydrogen perox-
ide which were rapidly converted to water molecules by
the action of CAT and GSH, thus reducing the toxic effects
raised by free radicals (31). Moreover, the G. mangostana
extract enhanced the activity of antioxidant enzymes (SOD
and GSH) and reduced the quantity of lipid peroxide
against the acetaminophen-induced hepatotoxicity in
HepG2 cell lines. Thus, it was proved that the G. mangosta-
na extract could scavenge the reactive free radicals that
might cause damage to liver tissue and enhance the activi-
ties of hepatic antioxidant enzymes. Methanol extract of G.
mangostana showed dose-dependent hepatoprotective
activity and the sample (25.0 pg/mL) showed maximum
hepatoprotection. The hepatoprotective and antioxidant
activities of G. mangostana may be associated with flavo-
noid and phenolic compounds of the samples (32). The
possible mechanism for the hepatoprotective activity of
the pericarp extract of G. mangostana may be due to its
ability to inhibit lipid peroxidation and enhance the activi-
ty of antioxidant enzymes (SOD and GSH) (33).

Conclusion

The results of the present study suggest that the meth-
anolic extract of G. mangostana pericarp exhibits antioxi-
dant potential against free radicals, prevents oxidative
damage and affords significant protection against aceta-
minophen-treated human HepG2 cell lines. Immense phy-
tochemicals in G. mangostana extract may be responsible
for its antioxidant and hepatoprotective activities. It has
been proved that the methanol extract of G. mangostana
pericarp can be utilised as a source of natural antioxidant
and hepatoprotective agents. Further studies on animal
models are needed to evaluate their potential benefits.
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