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Garcinia mangostana Pericarp Extract Alleviates Hypertension via Oxidative Stress Reduction
and Normalizes Cardiac Hypertrophy in L-NAME-induced Hypertensive Rats
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ABSTRACT

Garcinia mangostana (mangosteen), a xanthone derivative, one class of polyphenolic compounds which
were shown to be a potent benefit for antioxidant property. The aim of this study was to investigate the preventive
effect of mangosteen pericarp extract on systolic blood pressure (SBP), oxidative stress markers and cardiac wall
dimension in nitric oxide-deficient hypertensive rats. Male Sprague-Dawley rats were given N-nitro-L-arginine
methyl ester (L-NAME) in drinking water to induce hypertension, and simultaneously treated with mangosteen
pericarp extract (L-NAME+Mag group). Age-matched rats served as a control group and normotensive treated with
mangosteen pericarp extract (Control+Mag group). We found that SBP, superoxide production, and plasma
malondialdehyde level in L-NAME+Mag rats was significantly lower than those in L-NAME which is corresponding
to an increase in ventricular luminal area (p<0.05). In conclusion, mangosteen pericarp extract has antihypertensive
property and improved cardiac wall remodeling in L-NAME-induced hypertensive model.
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Introduction

Hypertension is one of the most important
public health problems worldwide and it is a common
cause of cardiovascular disease including ischemic
heart disease and finally cardiac failure (Black and
Elliott, 2007; Cheung and Cheung, 2012). Common
to these processes is an increased bioavailability of
reactive oxygen species (ROS) (termed oxidative
stress) due to excess ROS generation, decreased nitric
oxide (NO) levels and reduced antioxidant capacity in
the cardiovascular systems. In the cardiovascular
system, oxidative stress and NO play a physiological
role in controlling endothelial function, regulation of
cardiac function, inflammation,

vascular tone,

proliferation of wvascular smooth muscle cells
(VSMCs), apoptosis, hypertrophy and fibrosis, all of
which are

important processes contributing to

endothelial ~ dysfunction  and  cardiovascular
remodeling in hypertension (Montezano and Touyz,
2012; Napoli and Ignarro, 2009).

N-nitro-L-arginine methyl ester (L-NAME)
is a nonspecific inhibitor of all three NO synthase
(NOS) isoforms (neuronal, inducible, and endothelial
NOS) (Hlavackova et al.,, 2011; Shimokawa and
Tsutsui, 2010). It has been reported that L-NAME
administration can cause increased in blood pressure,
increased wall thickness and cross-sectional area of
the aorta and decrease of elastin, collagen, actin
content in rat model (Hlavackova et al., 2011) and left
ventricular fibrosis resulting in cardiac hypertrophy
(Paulis et al.,, 2008). Moreover, the increase in
oxidative stress, such as vascular superoxide (02'7)
production and malondialdehyde (MDA) were also
reported in L-NAME-induced hypertensive rats
(Ferroni et al., 2006; Usui et al., 1999). Oxidative

stress promoted VSMCs proliferation, hypertrophy
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and collagen deposition, leading to thickening of the
vascular media and narrowing of the vascular lumen
(Grossman, 2008).

In recent years, polyphenols have attracted
considerable attention as agents that protect cells or
molecules from oxidative myocardial injury.
Garcinia mangostana Linn., commonly known as
“mangosteen” that contains high amounts of
xanthones, a class of polyphenolic compounds which
were shown to be effective for antioxidant, anti-
inflammatory, anti-tumoral, antiviral and anti-obesity
properties (Chomnawang et al., 2007; Devi Sampath
and Vijayaraghavan, 2007; Jiang et al., 2010; Shibata
etal., 2011). However, there is no evidence to support
the preventive effects of Garcinia mangostana
pericarp extract on the structural remodeling of the
heart in the hypertensive rat induced by nitric oxide
deficiency. Therefore, the aim of this study was to
investigate the preventive effect of Garcinia
mangostana pericarp extract on blood pressure,
oxidative stress markers and cardiac hypertrophy in

the L-NAME-induced hypertensive rats.

Materials and methods
Preparation of Garcinia mangostana (mangosteen)
The pericarp extract of mangosteen was
supported by Assistant Professor Dr. Kanokporn
Chayaburakul, Department of Anatomy, Faculty of
Science, Rangsit University, Thailand. The process of
extraction was followed by; the fresh pericarps of
mangosteen (1 kg) were blended and boiled with
water 1 liter at 70°C for 2 hours, then the supernatant
was filtered and dried using spray dry machine. By
this procedure the yield is 0.67% (w/w). Dried
mangosteen pericarp extract was then packed in tight

containers and kept at 4 °C.
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Animal and Experimental protocols

Male Sprague-Dawley rats weighing 220-
240 g were obtained from the National Laboratory
Animal Center, Mahidol University, Salaya,
Nakornpathom. Animals were housed in stainless
steel cages and maintained in an air-conditioned room
(25.1£1°C) with 12:12 h light/dark cycle. They were
fed with a standard chow diet (Chareon Pokapan Co.
Ltd., Thailand) and tap water ad libitum at Northeast
Laboratory Animal Center of the Faculty of
Medicine, Khon Kaen University. All procedures and
experimental protocols were reviewed approved by
the Institutional Animal Ethics Committee of Khon
Kaen University (AEKKU-NELAC 4/2557).

After one week of acclimatization, rats were
randomly divided into 4 groups with 8 animals in
each group: (1) Control group receiving tap water, (2)
received

Control+Mag,  normotensive

group
mangosteen pericarp extract 200 mg/kg/day, (3) L-
NAME, hypertensive group received L-NAME
(Sigma Chemical Co.) 40 mg/kg/day in their drinking
water, and (4) L-NAME+Mag, hypertensive-treated
group received L-NAME 40 mg/kg/day and treated
with mangosteen pericarp extract 200 mg/kg/day. The
pericarp extract of mangosteen was dissolved in
distilled water (DW) 1.5 mg/kg/day and administered
orally using intragastric tube daily for 5 weeks. The
choice of mangosteen pericarp extract dosage used in
this study was selected on the basis of previous study
in experimental model of animals which shown to be
a potent benefit for cardioprotective properties of
mangosteen pericarp extract (Devi Sampath and
Vijayaraghavan, 2007).

Body weight and general cardiac parameters

measurement
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The body weight was recorded every week
until the end of experiment. After the end of
experiment, the animals were sacrificed, their body
weight (BW), weight of the heart (HW), left
ventricular weight (LVW) were determined, and the
LVW/BW ratio was calculated.

Blood pressure measurement

Systolic  blood pressure (SBP) was
measured non-invasively in conscious animals by
using tail-cuff plethysmography (Blood pressure
29; IITC, Woodland Hills,

analyzer, model

California, USA) every week to assess the
development of the L-NAME-induced hypertension
during mangosteen treatment. Rats were placed in a
heated chamber at an ambient temperature of 30-34
°C and restrained inside the cage for 10-15 minutes
before blood pressure measurement. The rat tail was
placed inside the tail cuff, and the cuff was
automatically inflated and released. Then, blood
pressure values were detected and recorded. The
mean values of three successive measurements were
obtained from each rat.
Biochemical analysis
Assay of 02'_ production

Vascular O,” production was measured
using lucigenin enhanced chemiluminescence method
as described previously (Nakmareong et al., 2011).
Concisely, the carotid arteries were quickly dissected
and cleaned of adherent fat and connective tissue on
ice. The vessel segments 3-5 mm were placed in
Krebs-KCl buffer and allowed to equilibrate at 37 C
for 30 min. Lucigenin was added in sample tube and
placed in luminometer (Turner Biosystems, 23 CA,
USA). The photon counts were integrated every 30 s

for 5 min and averaged. The vessels were dried at 45

C for 24 h, for determination of dry weight. 02'_
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production in vascular tissue was expressed as
relative light unit counts per minute per milligram of
dry tissue weight.
Assay of malondialdehyde

The concentration of plasma MDA was
measured as thiobarbituric acid reactive substances by
a spectrophotometric method as previously described
(Nakmareong et al., 2011). Briefly, 150 ul of plasma
samples were reacted with 10 % TCA, 125 pl of 5
mM EDTA, 125 pl of 8 % SDS and 10 pl of 0.5
ul/ml of BHT. The mixture was left for 10 min, then
0.6 % TBA was added in an equal volume and the
mixture was heated for 30 min in a boiling water
bath. After cooling to room temperature, the mixture
was centrifuged 10,000 g for 5 minutes at 25 'C. The
absorbance of the supernatant was measured at the
wavelength of 532 nm by spectrophotomer.
(Amersham Bioscience, Arlington, MA, USA). A
standard curve was generated at different
concentrations from 0.3 to 10 pmol/L using 1,1,3,3-
tetracthoxypropane.
Cardiac morphometry

The hearts were rapidly removed. The atria,
right ventricle and clotted blood in the heart chamber
were removed. The left ventricle was isolated and
bisected coronally at the midventricular position,
equidistant between base and apex. Then, the heart
was fixed 24 h in 4% paraformaldehyde and
dehydrated in graded series of ethanol. The clearing
processes were performed with xylene. After clearing
with xylene, the specimens were infiltrated in the
mixture between xylene and paraffin, finally with
pure paraffin and embedded in paraffin block. The
specimens from each block were serially cut at 5 pm

thick slides from the midventricular surface, either to

the base or to the apex. The sections were stained
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with Hematoxylin and Eosin (H&E) to investigate the

general appearance in the heart ventricle.
Morphometric evaluation of the heart ventricle was
performed by capturing heart images with stereoscope
at 1x objective lens (Olympus SZH-ILLD with NIS
elements software). The values of left ventricular wall
thickness, cross section area and luminal area were
evaluated with Image-J NIH image analysis software
for cardiac morphometry as follows:

1. The left ventricular wall thickness was
measured every 45° interval around the cardiac
circumference. The average value was calculated for
each section.

2. Cross sectional area was calculated by
using the difference between the value of the external
circumferential area of the heart and the chamber
area.

3. The ventricular luminal area was
measured by using the value of the chamber area of

the heart.

Statistical analysis

Data was expressed as mean = S.E.M.
Statistical differences were evaluated by one-way
analysis of variance (ANOVA) and followed by Student
Newman-Keul's test to show specific group differences.
All analysis was performed using Sigmastat software
version 3.1.

The p values<0.05 were considered

statistically significant.
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Results

Effect of mangosteen pericarp extract on BW

SDO4-5
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Figure 1 Effect of 5-week L-NAME and mangosteen
pericarp extract on body weight. Results are

expressed as mean+SEM (n = 5-8/group).

Effect of mangosteen pericarp extract on SBP

At the beginning of the experiment (week 0)
SBP were not significantly different among the
groups. Administration of L-NAME caused a
significantly progressive increase in SBP during 5
weeks of its administration when compared with the
control group (p<0.05). SBP in L-NAME-treated with
mangosteen pericarp extract group was significantly
lower than those in L-NAME group since the first
week until the end of the experiment (p<0.05).
However, blood pressure of mangosteen-treated

group remained higher when compare to the control

group (Figure 2).

NAME group (n = 5-8/group).

Effect of mangosteen on oxidative stress markers
A change of vascular 02°_production

The vascular O, production in L-NAME-
induced hypertensive rats was significantly higher
than control rats (p<0.05). Treatment with
mangosteen at dose 200 mg/kg/day for 5 weeks
significantly attenuated the vascular 02'7production
when compared to hypertensive rats (p<0.05) (Figure
3).
A change of plasma malondialdehyde level

Plasma MDA level was higher in L-NAME-
induced hypertensive rats comparing to that of control
rats (p<0.05). Administration of mangosteen pericarp
extract at dose 200 mg/kg/day significantly decreased
the oxidative stress by reducing the level of plasma
MDA when compared to hypertensive rats (p<0.05)

(Figure 4).
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Figure 4 Effect of 5-week L-NAME and mangosteen
pericarp extract on plasma MDA. Results
are expressed as meantSEM. *p<0.05 vs.
control group, #p<0.05 vs. L-NAME group

(n=5-7/group)
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Effect of mangosteen pericarp extract on body
weight and general cardiac parameters

There was no significant difference in body
weight among all experimental groups. After 5 weeks of
L-NAME administration, HW, LVW and LVW/BW
ratio were significantly increased when compare to those
in the control groups. Administration of L-NAME and
treated with mangosteen pericarp extract at dose 200
mg/kg/day caused significant decrease of these
parameters when compared to the L-NAME-induced
hypertensive group (Table 1).
Effect of mangosteen pericarp extract on wall
thickness, cross-sectional area and luminal area of
left ventricle

Administration of L-NAME only caused a
significant increase in the left ventricular wall thickness
and cross-sectional area when compare to the control
group. The left ventricular wall thickness and cross-
sectional area of L-NAME treated with mangosteen
pericarp extract at dose 200 mg/kg/day were significantly
lower than those in L-NAME rats. Moreover, after 5
weeks of L-NAME administration, the ventricular
luminal area was significantly decreased when compared
to the control group. L-NAME-treated with mangosteen
pericarp extract at dose 200 mg/kg/day was able to
improve the ventricular luminal area when compared to

the NO-deficient hypertensive group (Table 2).

Table 1 Effect of mangosteen pericarp extract on general biological parameters of heart

BW LVW LVW/BW
(2 (® (mg/g)
Control 398.25+1.59 1.3140.01 0.88+0.01 2.2240.03
Control+Mag 398.14+4.83 1.26+0.02 0.86+0.02 2.16+0.02
L-NAME 386.88+4.58 1.44£0.02% 1.06+0.02% 2.7440.16*
L-NAME+Mag 378.40+2.34 1.29+0.05" 0.940.04" 2.48+0.09*"

Values are mean=SEM. *p<0.05 vs. control group, #p<0.05 vs. L-NAME group (n = 5-8/group)
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Table 2 Effect of mangosteen pericarp extract on wall thickness, cross-sectional area and luminal area of left ventricle

Wall thickness (mm) CSA (mmz) Ventricular luminal area (mmz)
Control 2.7940.06 59.50+0.92 9.91+0.61
Control+Mag 2.84+0.05 55.55+1.70 8.25+0.30
L-NAME 3.45+0.12* 72.91+4.31%* 6.27+0.39*
L-NAME+Mag 2.90+0.05" 62.81+1.50" 8.3120.73"

Values are mean+=SEM. *p<0.05 vs. control group, #p<0.05 vs. L-NAME group (n = 5-8/group)

Figure 5 Morphology of left ventricle stained with
H&E. Control (A), Control+Mag (B), L-
NAME (C) and L-NAME+Mag (D). The
heart sections were captured by stereoscope

at 1x objective lens. Scale bar = 10 mm.

Discussion

This study examined the preventive effect
of mangosteen pericarp extract on blood pressure,
oxidative stress profiles and cardiac wall changes in
L-NAME 5-week induced hypertension. We found
that the animal received L-NAME had an increase of
SBP since the first week until the end of the
experiment. Moreover, the L-NAME not only did
exaggerate the 02’_ production in the blood vessel but
also enhanced plasma MDA levels. This finding is

consistent with the other observations (Kumar et al.,

2012; Nakmareong et al., 2011; Paulis et al., 2008)
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It has been known that blood pressure is
determined by total peripheral resistance and cardiac
output, an increase in one of these factors can cause
hypertension. It was well known that NO is a major
endothelium derived relaxing factor that induces
relaxation of vascular smooth muscle cells
(Vanhoutte, 2009). Thus, changes in arterial blood
pressure or total peripheral resistance after acute L-
NAME administration are connected with keeping
balance between vasoconstriction and vasodilatation
(Arnal et al., 1999).

In this study, the preventive effect of
mangosteen pericarp extract on blood pressure,
oxidative stress status and cardiac wall dimension
were investigated. Administration of mangosteen
pericarp extract 200 mg/kg/day for 5 weeks showed
to be a potent benefit to inhibited progression of SBP
from the first week until the end of the experiment.
This would be the effect of an anti-hypertensive
property of its phenolic compound because there is
accumulating evidence reported that a phenolic
compound provides an anti-hypertensive property
(Kumar et al., 2012; Nakmareong et al., 2011; Yilmaz
and Usta, 2012). In addition, we found that
mangosteen supplementation suppressed oxidative
stress  biomarkers 0,

by reducing vascular

production and attenuated plasma MDA. These
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results

indicated that antihypertensive effect of

mangosteen pericarp extract may involve its
antioxidant capacity because several lines of evidence
have shown that antioxidant substances significantly
decrease superoxide generation (Kumar et al., 2012;
Nakmareong et al., 2011; Yilmaz and Usta, 2012).
Therefore, antioxidant properties of mangosteen
pericarp extract may decrease vascular tone by
enhancing NO bioavailability and contributing to
decrease blood pressure. However, in the present
study, I did not investigate the effect of mangosteen
pericarp extract directly on NO or NO synthesis.
Therefore, the further study in this point should be
done.

The wall thickness, CSA and luminal area
of left ventricle were examined. It revealed that not
only did the wall thickness and CSA of left ventricle
increased, but also ventricular luminal area in the L-
NAME-induced hypertensive rats did decrease.
Regarding HW and the relative HW, there was
significant difference among groups. These results
showed that administration L-NAME at the dose of
40 mg/kg/day for 5 weeks causes an increased in the
HW, LVW and the relative LVW. The structural
alterations of heart ventricle are concordance with the
elevation of blood pressure. These results indicated
left of L-NAME-induced

that the ventricle

hypertensive rats have been remodeled by
hypertrophy as cardiac adaptation to maintain the
normal cardiac output. The remodeling which was
observed in this study could be classified as an
inward hypertrophic (Feihl et al., 2008). Similarly to
previous reported, hypertension causes cardiovascular
remodeling and hypertrophy. This alteration helps to
normalized left ventricular and arterial wall stress and

compensated for a reduction in myocardial function
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to preserve a normal cardiac output (Mayet and
Hughes, 2003). Interestingly, Mangosteen pericarp
extract supplementation has shown to be improve

cardiac wall remodeling in NO-deficient rat.

Conclusion

In conclusion, pericarp extract of mangosteen
showed to be an antihypertensive effect by attenuated the
elevation of blood pressure, improves oxidative stress
status and reverse the alterations of cardiac remodeling by
decrease ventricular wall thickness and CSA together
with improve ventricular luminal area leading to decrease
cardiac hypertrophy. This could be its antioxidant
property that related to the alleviation of oxidative stress.
However, a specific mechanism of the myocardial

remodeling need to be further investigated.
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