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ABSTRACT

Objective: This study evaluated the preventive effect of mangosteen pericarp ethanolic extract (MPEE) on obesity by measuring body weight changes 
and fatty acid synthase (FAS) concentration in the adipose tissue and serum of monosodium glutamate and high-calorie diet-induced male Wistar rats.

Methods: The content of MPEE was determined by high-performance liquid chromatography (HPLC) analysis, using α-mangostin and xanthone as the 
marker compounds. The experimental study with rats was conducted for 9 weeks, with rats divided into 5 treatment groups which were normal (standard 
diet), control (high-calorie diet), dose 1 (MPEE 200 mg/kg b.w., high-calorie diet), dose 2 (MPEE 500 mg/kg b.w., high-calorie diet), and orlistat (orlistat 
21.6 mg/kg b.w., high-calorie diet) groups. The FAS concentration was measured by enzyme-linked immunosorbent assay (ELISA) method.

Results: MPEE contained 29.13% of α-mangostin based on HPLC analysis and no xanthone detected. The dose 1 (MPEE 200 mg/kg b.w., high-calorie 
diet) and dose 2 (MPEE 500 mg/kg b.w., high-calorie diet) groups showed less body weight gain than the control, normal, and orlistat group with dose 
2 showed the lowest body weight gain. Dose 1 and dose 2 groups also had significantly lower FAS concentration in either adipose tissue or serum 
compared to the control group.

Conclusion: MPEE have great potential as a therapeutic agent in preventing obesity, by suppressing major body weight gain and reducing FAS concentration.
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INTRODUCTION

The global concern about obesity has been increasing significantly 
over the years, as the number of obese individuals expands remarkably 
both in developing and developed countries [1,2]. By 2013, the 
number of overweight and obese individuals escalated to 2.1 billion 
from 857 million in 1980 throughout the world. Obesity is already 
well-known contributed to the health impairment and several diseases 
such as work disability, sleep apnea, cardiovascular disease, cancer, 
type 2 diabetes mellitus, and osteoarthritis [3]. It was estimated that 
3.4 million deaths in the year 2010 were caused by overweight and 
obesity [4]. Unabated, the upturn trend of obesity could lead to the 
decrease of life quality in the future. Therefore, the preventive methods 
and treatments for obesity are urgently needed [3,4].

Obesity is resulted from an imbalance between energy intake and 
expenditure, characterized by an increase in the size and also in 
some individuals, the number of fat cells [1]. The regulation of energy 
intake and expenditure is monitored by the hypothalamus, which 
responds to peripheral status signals by releasing neuropeptides 
including neuropeptide Y (NPY) [5]. Recent reports have shown 
that several fatty acid synthase (FAS, EC 2.3.1.85) inhibitors were 
able to down-regulate fasting-induced expression of NPY, inhibited 
food intake, and reduced weight in obese and lean mice [6]. FAS is a 
dimer multifunctional enzyme, catalyzing the synthesis of long-chain 
fatty acid from acetyl-CoA (Ac-CoA), malonyl-CoA (Mal-CoA), and 
nicotinamide adenine dinucleotide phosphate hydrogen (NADPH) 
in animals and therefore is a prospective therapeutic target for 
obesity [7].

To date, there are a number of available anti-obesity drugs on the 
market such as orlistat (Xenical) and sibutramine (Reductil), but 
the use of these drugs has implicated in several side effects, some 
of which are mood changes and gastrointestinal or cardiovascular 

complications [8]. Thus, natural products have been suggested as 
better alternative therapies [8]. Plants are rich sources of numerous 
biologically active compounds that have great therapeutic effects [9]. 
Mangosteen (Garcinia mangostana L.), presumably originated from 
Southeast Asia, is one of the plants that popularly known for its medicinal 
properties [10]. The pericarp of mangosteen has been used for many 
years as a traditional medicine to treat several health problems such 
as abdominal pain, diarrhea, dysentery, wound infections, suppuration, 
and chronic ulcers [9]. The major active substance isolated from 
mangosteen pericarps is α-mangostin and it has been demonstrated 
to have antioxidant, antibacterial, anti-inflammatory, antitumor, and 
renoprotective activities [11].

Previous in vitro study revealed that mangosteen pericarp ethanolic 
extract (MPEE) contained phytochemical bioactive contents that 
possess anti-obesity potential through inhibition of pancreatic lipase 
and α-amylase [12]. Thus, in this in vivo study, we further evaluated 
the potential and mechanism of MPEE on preventing the obesity, 
by measuring the FAS level in monosodium glutamate (MSG) and 
high-calorie diet-induced Wistar rats. The MSG was used since it can 
increase the food intake and stimulate the appetite of rats [13].

METHODS

MPEE preparation
Mangosteen (G. mangostana L.) pericarps were collected from 
Indonesian farms in Cicantayan, Sukabumi, Bandung, West Java, 
Indonesia. The plants were identified by a staff from Herbarium in the 
Department of Biology, School of Life Science and Technology, Bandung 
Institute of Technology, Bandung, West Java, Indonesia. The mangosteen 
pericarps were dried, ground, and extracted using reflux method in 
water and 50% ethanol. The 50% ethanol extract then freeze-dried to 
get the dried powder of MPEE [14].
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High-performance liquid chromatography (HPLC) analysis of 
MPEE
The analysis of chemical profiling of MPEE was done using HPLC. The 
marker compounds used are α-mangostin and xanthone. The HPLC 
system consisted of HPLC Pump Hitachi L-6200, Reverse Phase Column 
C-18 (Phenosphere ODS-2, Phenomenex, 4.6 mm × 250 mm), and 
Hitachi L-4000 UV detector. The mobile phase used was acetonitrile 
70% and delivered isocratically with a flow rate of 1.0 ml/minutes. 
The samples were dissolved in methanol as solvent (1000 µg/ml) 
and filtered through a 0.22 µm syringe and injected with a volume of 
20 µl. The UV absorbance was measured at 244 nm. The percentage of 
α-mangostin in the extract was calculated based on the peak area [15].

Experimental design
The study was conducted at the Laboratory of Experimental Animals, 
School of Pharmacy, Bandung Institute of Technology, Bandung, 
Indonesia and Biomolecular and Biomedical Research Center, Aretha 
Medika Utama, Bandung, Indonesia. The methods related to the use of 
animals in this study have been approved by the Ethical Commission, 
School of Pharmacy, Bandung Institute of Technology with ethical 
approval number 05/KEPHP-ITB/05-2015.

A total of 25 male Wistar rats with the age of 4 weeks, with weight in 
the range of 90-110 g were used. All rats were kept under standard 
environment for laboratory animals. Before the treatment, they were 
acclimatized for 7 days by giving normal food and water. Subsequently, 
the rats were divided randomly into five groups, namely, normal, 
control, dose 1, dose 2, and orlistat group. The normal group was given 
sodium carboxymethyl cellulose (CMC-Na) 0.5% (0.05 g/kg) solution; 
the control group was not given any treatment; the dose 1 group was 
given MPEE (200 mg/kg b.w.); the dose 2 group was given MPEE 
(500 mg/kg b.w.); and the orlistat group was given orlistat (Xenical) 
(21.67 mg/kg b.w.). For the first 5 days, all groups except the normal 
group were received MSG 2 mg/kg b.w. through subcutaneous injection 
together with high-calorie diet to induce the obese condition, whereas 
the normal group was received standard diet. For 9 weeks, the normal 
group was continuously received standard diet while the other groups 
received high-calorie diet without MSG. The composition of the standard 
and high-calorie diet was in accordance with Adnyana et al. (2014) 
study [16] with slight modification, as it can be seen in Table 1. The rats 
were maintained daily and checked for the body weight changes. 24 hrs 
after the last day of the experiment, all rats were sacrificed using carbon 
dioxide. Following the euthanasia procedure the serum, perirenal, and 
perianal fat were immediately isolated and stored in a freezer at the 
temperature of −20°C.

FAS measurements in adipose tissues and serum
FAS level from adipose tissue and serum was measured using Rat 
FASN (FAS) ELISA kit (Elabscience, E-EL-R0395) per manufacturer 
instructions. To prepare the serum samples, the serum was incubated to 
clot for 2 hrs at room temperature before centrifugation for 15 minutes 
at 1000 × g. The supernatant was collected and used immediately 
or stored at −80°C. To prepare the adipose tissue homogenates, 
around 100 mg of adipose tissue from rats were minced into small 
pieces and homogenized in 900 µl of cold phosphate-buffered saline 
(0.01 M, pH 7.4). The suspension then was sonicated and centrifuged 
for 5 minutes at 5000 × g. The supernatant was collected and used 

immediately or stored at −80°C. For the ELISA assay, 100 µl of standard 
or samples were introduced to a well plate, incubated for 90 minutes 
at 37°C. The liquid then removed, and 100 µl of biotinylated detection 
Ab was added. The plate was incubated for 1 hrs at 37°C, after that 
it washed for 3 times. Afterward, 100 µl of horseradish peroxidase 
conjugate was added to each well, incubated for 30 minutes at 37°C. 
The plate was washed again for 5 times, and 90 µl of substrate reagent 
was added followed by incubation for 15 minutes at 37°C in the dark. 
Finally, 50 µl of stop solution was added to stop the reaction, and the 
absorbance was read at 450 nm using a microplate reader.

Data analysis
The results were analyzed using the Statistical Package for the Social 
Sciences version 16 program by applying the analysis of Variance 
(ANOVA). The post-hoc least significant difference was used, with 
p value below 0.05 was considered as statistically significant. The data 
were expressed as the mean±standard deviation.

RESULTS

HPLC analysis of MPEE
Based on the Fig. 1, it can be seen that α-mangostin had a retention 
time at 10.92 minutes and xanthone at 5.42 minutes. The MPEE 
had a peak at 10.90 minutes which allegedly is the culmination of 
the α-mangostin compound, but the xanthone peak was not found. 
Therefore, only concentration of α-mangostin in MPEE was calculated. 
The concentration of α-mangostin in 1000 µg/ml MPEE was found to 
be 291.29 µg/ml. Thus, α-mangostin content in MPEE amounted to 
29.13% (w/w).

Changes in body weight
The body weight gain in the control group which was fed high-calorie 
diet alone was the highest after 9 week of the experiment, with more 
than 100% of increase from initial weight. All of the treatment groups, 
which are dose 1 (MPEE 200 mg/kg b.w.), dose 2 (MPEE 500 mg/kg b.w.), 
and orlistat (orlistat 21.6 mg/kg b.w.) group, were found to have lower 
body weight gain than the control group and even the normal group, 
indicating the treatment successfully prevented obese condition for 
the rats. The dose 2 group which was given MPEE 500 mg/kg b.w. and 
high-calorie diet had the lowest body weight gain, with only 35% of 
increase from initial weight.

FAS levels in adipose tissues and serum
The concentration of FAS in the adipose tissue and serum was measured 
quantitatively using ELISA, and the result can be seen in Figs. 2 and 3. 
Based on Fig. 3, the FAS concentration in adipose tissue of rats in the 
control group was the highest, even though it was not significantly 
different from the normal and orlistat group. In contrast, the dose 1 
(MPEE 200 mg/kg b.w.) and dose 2 (MPEE 500 mg/kg b.w.) group found 
to had significantly lower FAS concentration than the control group, 
indicated that MPEE was able to reduce the FAS level in high-calorie 
diet rats. The similar condition also achieved in the quantification of 
FAS concentration in the serum of the experimental rats, with only 
dose 1 (MPEE 200 mg/kg b.w.) and dose 2 (MPEE 500 mg/kg b.w.) 

Table 1: Composition of experimental diets

Component Standard diet 
(g/kg)

High-calorie 
diet (g/kg)

Rice flour - 300
Cornstarch 250 200
Fish flour 160 100
Bean flour 140 100
Wheat flour 340 150
Fat 70 200
Vitamin B complex Ad Libitum Ad Libitum

Fig. 1: Chromatography results on high-performance liquid 
chromatography analysis of (a) α-mangostin compound, 

(b) xanthone compound, and (c) mangosteen pericarp ethanolic 
extract

c

ba
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group to had significantly lower FAS concentration than the control 
group (Fig. 4).

DISCUSSION

Mangosteen has been reported to have several medicinal properties, 
as it contained a variety of secondary metabolites that have numerous 
pharmacological activities [17]. In this study, we demonstrated that 
MPEE has a potential to prevent the obesity in male Wistar rats.

The HPLC revealed that MPEE had a notable α-mangostin content, 
which was 29.13% (w/w). The α-mangostin content in the MPEE 
used this study was higher than Nakatani et al. (2002) findings, which 
reported that 40% ethanol extract of mangosteen contained 10% 
α-mangostin and 100% ethanol extract of mangosteen contained 13% 
α-mangostin [18]. Another study also reported lower α-mangosteen 
content, which was 10.5% [15]. According to Widowati et al. (2014) 
study, α-mangostin is the major xanthone component in the MPEE, as 
the concentration of other xanthones such as γ-mangostin, garcinone-C, 
and garcinone-D was significantly low compared to the α-mangostin 
concentration in the extract [15].

Based on the percentage of body weight results in Fig. 3, it showed that 
the control group has the highest body weight gain. At the 9th week, the 
control group has over than 20% difference of body weight percentage 
than the normal group, indicated the obese condition was achieved [16]. 
The control group consisted of rats fed by high-calorie diet without 
any treatment, with MSG induced at first 5 d of the experiment after 
acclimatization. The result suggested that the MSG and high-calorie diet 
succeed in creating the obese condition for the rats. MSG was able to 
destruct the ventromedial hypothalamic and arcuate nuclei in newborn 
rats, leading to the development of obesity due to the lack of control 
over absorption and energy expenditure [13]. The MSG also reported 
to increased food intake and induced metabolic disorders associated 
with oxidative stress [19]. The groups which were given high-calorie 
diet and MPEE showed remarkably lower weight gain than the control 
group, moreover lower than normal and orlistat group. Orlistat has 
been known as a pharmacological agent used for promoting weight 
loss in obese individuals, by inhibiting the gastric and pancreatic lipase 
which important for the digestion of long-chain triglycerides and 
reduces fat absorption [20]. These results demonstrated that MPEE has 
a great ability to prevent obesity. The ability of MPEE to lowering the 
body weight gain might be related to its beneficial properties toward 
the lipid profile. A study conducted by Adiputro et al. (2013) revealed 
that the ethanolic extract of mangosteen pericarp reduced total 
cholesterol, triglyceride, and low-density lipoprotein levels along with 
increased high-density lipoprotein levels in rats fed high-lipid diet [17]. 
The α-mangostin content in the mangosteen also could play a role in 
inhibiting major body weight gain. The α-mangostin reported to had 
reduced lipid accumulation with decreased peroxisome proliferator-
activated receptor gamma (PPARγ) expression along with stimulated 
the glucose uptake and free fatty acid release from 3T3-L1 adipocytes 
via GLUT4 and leptin expression [21]. PPARγ is a nuclear transcription 
factor that contributes to activate adipocyte-specific gene expression 
and differentiation, as well as controlling energy accumulation in the 
form of adipose tissue mass which strongly correlated with obesity 
development [22].

The preventive effect of obesity by MPEE also could relate to the 
FAS level reduction as seen in Figs. 3 and 4 in this study. Both MPEE 
treatment in dose 1 (high-calorie diet, MPEE 200 mg/kg b.w.) and dose 
2 (high-calorie diet, MPEE 500 mg/kg b.w.) groups showed significantly 
lower level of FAS compared to the control group which given high-
calorie diet and no treatment, in either rats adipose tissue or serum. 
Interestingly, the FAS level in both of adipose tissue and serum of the 
rats in the normal group (standard diet) and orlistat group (high-calorie 
diet, orlistat 21.6 mg/kg b.w.) did not differ significantly than those of in 
the control group. FAS is a key metabolic enzyme that functions in the 
de novo synthesis of long-chain saturated fatty acids from Ac-CoA and 
Mal-CoA in the presence of reducing substrate nicotinamide adenine 
dinucleotide phosphate [23]. Excessive accumulation of fatty acid in the 
body will lead to lipotoxicity, fatty liver and insulin resistance or other 
obesity-related diseases [24]. Inhibition of FAS activity by FAS inhibitors 
has been proposed to cause the reduction of body weight and food intake 

Fig. 2: The percentage of body weight of rats in normal, 
control, dose 1 (mangosteen pericarp ethanolic extract [MPEE] 

200 mg/kg b.w.), dose 2 (MPEE 500 mg/kg b.w.), orlistat (orlistat 
21.67 mg/kg b.w.) group for 9-week period, the results are 

mean±standard deviation (n=5)

Fig. 3: Fatty acid synthase concentration in the adipose tissue 
of male Wistar rats in normal group (standard diet), control 

group (high-calorie diet), dose 1 group (high-calorie diet and 
mangosteen pericarp ethanolic extract [MPEE] 200 mg/kg b.w.), 
dose 2 group (high-calorie diet and MPEE 500 mg/kg b.w.), and 
orlistat group (high-calorie diet and orlistat 21.6 mg/kg b.w.). 
The results are means±standard deviation (n=5), with * marks 
indicate significant differences compared to the control group, 
using one-way ANOVA least significant difference post-hoc test 

and p<0.05 considered as significant

Fig. 4: Fatty acid synthase concentration in the serum of 
male Wistar rats in normal group (standard diet), control 

group (high-calorie diet), dose 1 group (high-calorie diet and 
mangosteen pericarp ethanolic extract [MPEE] 200 mg/kg b.w.), 
dose 2 group (high-calorie diet and MPEE 500 mg/kg b.w.), and 
orlistat group (high-calorie diet and orlistat 21.6 mg/kg b.w.). 
The results are means±standard deviation (n=5), with * marks 
indicate significant differences compared to the control group, 
using one-way ANOVA least significant difference post-hoc test 

and p<0.05 considered as significant
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of obese mice in several studies [5,6,25]. Therefore, the reduction of FAS 
concentration in this study might as well become one of the mechanisms 
to prevent and/or treat the obesity [26]. The anti-obesity of MPEE could 
strongly be related to its bioactive compound, α-mangostin. Li et al. 
(2014) study demonstrated that α-mangostin was able to effectively 
down-regulate FAS expression and inhibited intracellular FAS activity, 
resulting in suppression of intracellular fatty acid accumulation [27]. 
Some studies also reported the properties of phenolic constituents 
from G. mangostana in inhibiting FAS activity [11,23], supported the 
potential use of mangosteen as a therapeutic agent for obesity.

CONCLUSION

In conclusion, MPEE has a beneficial effect toward obesity showed by 
preventing major body weight gain and reducing FAS concentration in 
MSG and high-calorie diet-induced male Wistar rats. The MPEE with the 
concentration of 500 mg/kg b.w. caused the lowest body weight gain 
percentage as well as the lowest FAS concentration in adipose tissue 
and serum of experimental rats after 9 w of treatment. The anti-obesity 
properties of MPEE might strongly relate to its α-mangostin content, 
which was 29.13% based on HPLC assay. Further clinical studies should 
be pursued to ensure the safety of MPEE utilization as a therapeutic 
agent for obesity.
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