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Abstract

Background: Type 2 diabetes mellitus (T2DM) in obese has been
considered a risk factor for male infertility. Garcinia mangostana pericarp
extract (GMPE) is known to have anti-hyperglycemic, anti-diabetic, and
anti-inflammatory effects. This study aimed to evaluate the effect of
GMPE therapy on reproductive function in obese T2DM rats by examining
testosterone level, testicular histopathological features, and hs-CRP level.

Methods: Thirty-six male Wistar rats, aged 2-3 months, were randomly
divided into 6 groups and treated with a standard diet (NC), high-fat diet
(HFD) with GMPE 200 mg/kgBW (obese GMPE control/0GC200), HFD
with 45 mg/kgBW STZ-NA (obese-diabetic control/ODC), obese-diabetic
rats with GMPE 100 (DG100); 200 (DG200); and 400 mg/kgBW (DG400).
STZ-NA was administered after 8 weeks of HFD treatment and followed
by GMPE for 8 weeks after T2DM was confirmed. The level of hs-CRP
and testosterone were measured in the serum using an enzyme-linked
immunosorbent assay. Testicular histopathological examination was
measured after 8 weeks of treatment by using Modified Jonhson Score
(M]S) with HE staining.

Results: ODC rats significantly showed increased hs-CRP level compared
to NC (8.76+0.27 vs 0.30£0.07 ng/mL, p<0.001) and reduced testosterone
level and MJS compared to NC (73.69%2.22 vs 170.14+1.34 ng/dL,
4.57+0.93 vs 9.87+0.16 M]JS, respectively, P<0.001). Testosterone and hs-
CRP levels showed a negative and significant correlation (r=-0.974 and
p<0.001). On the treatment group, GMPE significantly reduced hs-CRP
and increased testosterone levels in a dose-dependent manner.

Conclusion: GMPE effectively protects reproductive function in obese DM
rats by increasing testosterone levels and advanced spermatogenesis, as
well as decreasing hs-CRP level.
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Introduction

Type 2 diabetes mellitus (T2DM) has become
a major public health issue and is associated
with a high incidence of infertility in men.
Obese is considered a major risk of T2DM.
In the obese subjects, there is a pathological
proliferation (hyperplasia) and enlargement
(hypertropia) of adipose tissue as a response
to excessive nutrition that may reduce tissue
oxygenation and cause cell hypoxia. It has an

important role in the inflammation processes
in adipose tissue by activating several pro-
inflammatory cytokines such as interleukin-6
(IL-6) and tumor nuclear factor-a (TNF-a) that
may induce insulin resistance and systemic
inflammation response. Obese has been
reported to be associated with the gonadal
endocrine system’s multiple alterations and
low testosterone levels, which are essential
factors for normal erectile function. Androgens
are responsible for maintaining an adequate

This is an Open Access article licensed under the Creative Commons Attribution-NonCommercial 4.0 International License (http://
creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original author and source are properly cited



Yora Nindita et al.: Garcinia Mangostana Pericarp Extract Protection on Reproductive Function of Obese- 137
Diabetic Rats Model

level of nitric oxide (NO), a normal penile
structure, and an endothelial function of the
corpus cavernosum (CC) related to penile
erectile response. Visceral obesity in men
also increases the risk of arteriosclerosis and
vessel endothelial dysfunction that are related
to erectile dysfunction (ED). The prevalence of
ED in diabetic patients increases two to four
times more than that in normal subjects. This
infertility problem is a sensitive health issue
and is associated with depression in some
patients, which causes it to be late diagnosed.
Therefore, identifying some potent herbs is
a good choice for study in the treatment of
diabetic-suppressed reproductive function
effects.!?

Garcinia mangostana Linn, which is
also called mangosteen and belongs to the
Guttiferae family, is known as a queen of
fruit because of its distinctive and delectable
tropical taste.® It is a popular fruit in tropical
countries, mostly in Southeast Asia, and has
been used as a medicine for hundreds of years
around the world. Mangosteen has a potential
secondary metabolite with biological effects
that exist on leaves, bark, whole fruit, and
pericarp part of fruit. It is known as xanthones,
a class of polyphenolic compounds, with a-
and y-mangostin as the most abundant ones.*
Previous pharmacologic studies have reported
numerous therapeutic effects of this fruit,
such as anti-inflammation, anti-dyslipidemic,
anti-oxidant, hypoglycemic activity, and
anti-obese.>'* However, there is still a lack
of information about the mangosteen’s
therapeutic effect in improving reproductive
function in diabetic conditions.

The aim of this study was to evaluate the
therapeutic effect of Garcinia mangostana
pericarp extract (GMPE) for reproductive
function in T2DM rats by examining
testosterone hormone levels and testicular
histopathology. This study also measured
inflammatory =~ biomarkers  of  hs-CRP
expressions since T2DM induces oxidative
stress and inflammation. The mechanism
underlying the effect of GMP on T2DM-
suppressed reproductive function has not
been sufficiently investigated. Therefore, the
effect of GMPE on reproductive function in
obese-diabetic rats model was evaluated.

Methods

This research was a true experimental with a
post-test only control group design. The study
was conducted at the animal testing laboratory,
Faculty of Medicine, Universitas Diponegoro.

Althea Medical Journal. Volume 10, Number 3, September 2023

Mangosteen extract was prepared by mixing
dried and ground fruit pericarp (0.5 kg) in
95% ethyl alcohol (3 L) at room temperature
for 48 hours. The solvent was then removed,
resulting in brownish residue. Water was then
added, producing the yellow solid residue.
Then, it was concentrated under a rotary
vacuum evaporator, producing a crude extract
(35g)."

A total of 36 male Rattus norvegicus Wistar
strains weighing 150-200 g at 2-3 months of
age were acclimatized for seven days. The rats
were randomly divided into normal and obese
groups. The obese group was induced by a
high-fat diet (HFD) with a composition of 20%
pork oil and 0.5% cholic acid for 8 weeks. The
HFD is mixed into standard Comfeed II. After 8
weeks, the rats were randomly divided into an
obese group and obese-DM groups. The obese-
DM group was then injected with 45 mg/kgBW
streptozotocin (Nacalai Tesque, Inc) and 110
mg/kgBW nicotinamide (Nacalai Tesque,
Inc) intraperitoneally. Rats were classified as
T2DM when they had fasting serum glucose
levels >200 mg/dL. These T2DM rats were
randomly divided into obese-diabetic control
and treatment groups with 3 different doses of
GMPE for 8 weeks.

The following list was group classified
in this experiment: (i) Normal control (NC),
the rats only receiving a standard diet, (ii)
Obese GMP control (0GC200), the rats only
received HFD with GMP extract of 200 g/
kgBW, (iii) Obese-diabetic control (ODC), the
rats receiving HFD and STZ-NA. (iv) Diabetic
rats with GMP extract 1 (DG100), the rats
receiving HFD and STZ-NA with GMP extract
of 100 mg/kgBW, (v) Diabetic rats with GMP
extract 2 (DG200), the rats receiving HFD and
STZ-NA with GMP extract of 200 mg/kgBW,
(vi) Diabetic rats with GMP extract (DG400),
the rats receiving HFD and STZ-NA with GMP
extract of 400 mg/kgBW. Testosterone, hs-
CRP level and testicular histopathology were
examined after 8 weeks of treatment.

A total of 2 mL of blood from sinus
periorbital was collected for biochemical
analysis. Serum levels of biochemical markers
were evaluated with the use of commercial
ELISA kits according to the manufacturer’s
instructions, testosterone (cat. no. EU0400,
FineTest Ltd., China), and hs-CRP (cat. no.
ER1048, FineTest Ltd., China).

At the end of the experiment, the rats were
terminated by carbon dioxide and cervical
dislocation. The procedure was done by
trained operator.

Histopathological assessment was carried
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out in Hematoxylin and eosin stain (HE). Every
samplewasexaminedin5differentfieldsofview
with 400x magnification. Modified Johnson
Scoring (M]S) was used for histopathological
assessment. MJS was given a score 10 if there
was complete spermatogenesis, a score 9 if
there was any incomplete spermatogenesis
with many late spermatids, a score 8 if
there were less than 5 spermatozoa per
tubules and a few late spermatids, a score
7 if there were many early spermatids but
no spermatozoa or late spermatids, score
6 if there were few early spermatids but
no spermatozoa or late spermatids, score
5 if there were many spermatocytes but no
spermatozoa or spermatids, score 4 there
were few spermatocytes but no spermatozoa
or spermatids, score 3 if there were only
spermatogonias, score 2 if the only presence
of Sertoli cells and no germinal epithelial
cells, and score 1 if there was no seminiferous
epithelium.!?

The data was normally distributed for hs-
CRP and testosterone level and was presented
as the meantstandard deviation, then
analyzed using one-way ANOVA with posthoc
LSD and Kruskal Wallis with posthoc Mann-
Whitney test. A correlation of testosterone
level and hs-CRP levels was analyzed using
Spearman correlation. Data was considered
significant if p-value<0.05. SPSS version 25 for

Windows was used to analyze the data.

These research protocols have been
approved by the Medical and Health Research
Ethics Committee, Faculty of Medicine,
Universitas Diponegoro, Semarang Indonesia
No. 115/EC/H/KEPK/FK-UNDIP/VIII/2019.

Results

The highest hs-CRP level was found in the
obese-diabetic control group, 8.76+0.27 ng/
mL, and the lowest hs-CRP level was found
in the normal control group, 0.30+0.07 ng/
mL. Among treatment group, DG400 showed
the lowest hs-CRP, 1.06%0.14 ng/mL (Figure
1). The GMPE could reduce hs-CRP levels in a
dose-dependent manner. However, there was
a significant difference between all treatment
group and all control groups (p<0.05). The
significance difference was also found between
0GC200 and normal control (p<0.001).

The highest testosterone level was found in
the normal control group, 170.14+1.34 ng/dL,
and the lowest testosterone level was found in
the obese-diabetic control group, 73.69+2.22
ng/dL. Among the treatment group, DG400
showed the highest testosterone level,
149.56+2.67 ng/dL (Figure 2). The GMPE
could increase testosterone levels in a dose-
dependent manner. However, there was a
significant difference between all treatment
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Figure 1 Scattered Plot Figure of hsCRP among Group

Note: NC= Normal control, 0GC200; Obese GMP control with GMP extract of 200 g/kgBW, ODC; Obese-
Diabetic control, DG100; Diabetic rats with GMP extract 100 mg/kgBW, DG200; Diabetic rats with GMP
extract of 200 mg/kgBW, DG400; Diabetic rats with GMP extract 400 mg/kgBW
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Figure 2 Scattered Plot Figure of Testosterone among Group

Note: NC= Normal control, 0GC200; Obese GMP control with GMP extract of 200 g/kgBW, ODC;
Obese-Diabetic control, DG100; Diabetic rats with GMP extract 100 mg/kgBW, DG200; Diabetic
rats with GMP extract of 200 mg/kgBW, DG400; Diabetic rats with GMP extract 400 mg/kgBW

groups and all control groups (p<0.001)
(Table 4). The significant difference was also
found between OGC200 and normal control
(p<0.001).

Testosterone and hs-CRP levels showed a
negative and significant correlation (r=-0.974
and p<0.001) (Figure 3). This indicated that
a higher level of hs-CRP was correlated with
a lower testosterone levels. The simple linear
regression equation for these variables is Y=-
10.06X +165.8.

The highest testicular histopathology score
was found inanormal control group, 9.87+0.16,
and the lowest testicular histopathology was
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found in the obese-diabetic control group,
4.57+0.93 (Figure 4). Among the treatment
group, DG400 showed the highest testicular
histopathology, 9.47+0.33, and no significance
difference was found compared to normal
control and OGC 200 (p=0.086 and p=0.175,
respectively). A  significance difference
was found between DG100 with a normal
control group and OGC200 (p=0.005 and
p=0.014, respectively). DG200 also showed a
significance difference with a normal control
(p=0.025). No significant difference was

found between OGC200 and normal control
(p=0.719).

r=-0.974
0,001
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Figure 3 Scatter Dote of hs-CRP Level (X-axis) and Testosterone Level (y-axis)
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Figure 4 Scattered Plot Figure of Modified Johnson Score among Group

Note: NC= Normal control, 0GC200; Obese GMP control with GMP extract of 200 g/kgBW, ODC;
Obese-Diabetic control, DG100; Diabetic rats with GMP extract 100 mg/kgBW, DG200; Diabetic
rats with GMP extract of 200 mg/kgBW, DG400; Diabetic rats with GMP extract 400 mg/kgBW

Discussion

The GMPE is well known as an herbal
medicine in tropical countries. The raw
pericarp of mangosteen is not consumable
due to its strange taste, so it often becomes
waste. Nowadays, it is very popular to develop
mangosteens pericarp into herbal medicine
due to its various beneficial effects, especially
GMPE capsules that have been widely
commercialized. The GMPE could prevent
most non-communicable diseases, such as
DM, cardiovascular disease, cancer, mental
illness, and chronic obstructive pulmonary

disease.’*

The previous study reported higher hs-CRP
levels in diabetic rats induced with STZ 60 mg/
kgBW, 12.3+0.9 ng/mL."® The hs-CRP level in
our study was lower than the previous study,
8.76+0.27 ng/mL. Thisis presumably due to the
lower STZ dose, 45 mg/kgBW, used in our study
resulting in lower hs-CRP level. Meanwhile,
the HFD diet in the previous study led to a
mild increase of hs-CRP level, 1.053+0.0067
ng/mL.'7 In our study, the 0GC200 showed a
higher hs-CRP level compared to the previous
study. This mechanism remains unclear
whether the moderate increase of hs-CRP in

Figure 5 Testicular Histopathology Examination with HE Staining 400x Magnification
Note: (a) A full spermatogenesis with MJS 10 was mostly found in normal rats, (b) The diabetic
rats showed late spermatogenesis with MJS 4, no spermatids were found, and (c) the 0GC200
and DG mostly showed many late spermatids with MJS 9. Black arrow indicates spermatogonia,
blue arrow indicates spermatocytes, and red arrow indicates spermatids. HE; Hematoxylin and
eosin stain, MJS; Modified Johnson Scoring 0GC200; Obese GMP control with GMP extract of
200 g/kgBW, DG; Diabetic rats with GMP extract
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0GC200 is due to the consumption of GMPE
itself, or presumably more severe obesity,
or any external factors such as different
measurement methods, rats genetic, and
environmental factor.

In this study, DM significantly reduced
testosterone levels. By using the same ELISA
kit measurement, the previous study found
thatrats induced T2DM with STZ 35 mg/kgBW
had testosterone levels of approximately 178
+42.8 ng/dL."® Our obese-diabetic control has
a lower testosterone level, 73.69+2.22 ng/dL.
In addition to the higher STZ applied in our
study, based on our knowledge, HFD might
also contribute to infertility by decreasing
testosterone levels. However, this HFD effect
could not be examined in our study because
0GC200 showed no significant difference
compared to the normal control group. This
is presumably since the GMPE could maintain
the testosterone levels in obese rats. Moreover,
our normal control group also showed lower
testosterone level compared to normal
control group in the previous study. Different
rat strains, maturity, and sexual interactions
may also contribute to different testosterone
levels.'?

DM and obesity can progress to
reproductive complications. In men with DM,
several complications that often occur are
testicular dysfunction, impotence, decreased
fertility potential, and retrograde ejaculation.
The alteration of testosterone levels in men
with DM is due to the impairment of Leydig
cell. Moreover, oxidative stress due to DM
complications may lead to mitochondrial and
DNA damage during spermatogenesis. Obesity
can cause an increase in visceral adipose
tissue, resulting in increased conversion
of testosterone to estradiol. In addition,
leptin release from adipocytes disrupts the
hypothalamic-pituitary axis by suppressing
the action of gonadotrophins on Leydig cells.?

In our study, GMPE could significantly
reduce hs-CRP and increase testosterone
levels in obese diabetic rats, dose-dependently.
This finding is consistent with previous
research. The hs-CRP level is a specific marker
for inflammation, and a previous study found
that 2,520 mg/day of GMPE might be given
to diabetic patients for 90 days, resulting in
a reduction in hs-CRP level.”! Testosterone
levels are a marker of reproduction due to its
function in stimulating spermatogenesis. The
previous study also proved that 25 mg/kgBW
isolates of a-mangosteen from GMPE could
improve testosterone levels equivalent to 1
mg/kgBW of gliclazide.?
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Our study also found a negative correlation
between hs-CRP and testosterone levels
(r=-0.974 and p<0.001). This indicates
that higher levels of hs-CRP correlate with
lower testosterone levels. Previous study
also documented that CRP was negatively
correlated with total testosterone (r=-0.471,
p=0.001) but not calculated free testosterone
(r=-0.238, p=0.11).2*?* Higher levels of
inflammatory markers such as IL-6, IL-1(,
TNF-a, and CRP are associated in men with
hypogonadism or low testosterone levels.?
Testosterone therapy also documented
leading to reduction of IL-6, IL-1f3, and TNF-a.
The mechanism underlying testosterone has a
protective effect against inflammation because
androgens inhibit adipose tissue deposition,
resulting in a reduction in fat mass, which is
a source of many inflammatory cytokines.?¢
Thus, the strong negative correlation between
hs-CRP and testosterone levels in our study
is presumably due to the direct pathway of
obese-DM induced by hs-CRP level as well as
the indirect pathway of obese-DM induced by
low testosterone levels, resulting in higher hs-
CRP levels.

On histopathological examination, DG200
and DG400 showed better improvement in
spermatogenesis compared to the obese-
diabetic control group. This is presumably
due to higher testosterone levels compared
to the obese-diabetic control group. However,
only DG400 showed no significant difference
compared to the normal control group.

The underlying mechanism of reproductive
protection in obese-DM rats is due to GMPE
containing oxygenated and prenylated
xanthone derivatives. There were 14 xanthone
derivatives identified in the previous study.?”
The GMPE, with optimization extraction
protocols, has a-mangostin concentration
121.01 mg/g*® On T2DM, the xanthone
compound is important for sensitizing
the insulin receptor.?® This compound also
contributes to reducing the progression of
metabolic syndrome through activation of
mitogen-activated protein kinase (MAPK),
suppression of NF-kB, and inhibition of
adipocyte differentiation and improvement of
lipid profile via SirT1-AMPK and peroxisome
proliferator-activated  receptors  (PPAR)
pathways.?® Besides xanthone, GMPE also has
a potential antioxidant capacity that contains
various bioactive compounds, for example,
flavonoids and phenolic acids. These bioactive
compounds also contribute to reducing
the progression of T2DM via inhibition
peroxidation chain reactions. Thus, the GMPE
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is a potential herbal medicine for protecting
reproductive function in obese-diabetes rats.

There are several limitations in this study.
First, the chemical compounds of GMPE
were not characterized in this study. It is
very important to know the concentration
of xanthone, especially a-mangostin, using
our maceration method. Second, several
factors might affect the testosterone level
measurement in rats, especially sexual
interaction and sexual behavior of rats that
were not identified in this study. Third, the
obese control rats in our study were also given
GMPE 200 mg/kgBW. Thus, this might alter
the variables observed in our study, and the
interpretation of the HFD effect is biased by
GMPE. However, this group could represent
GMPE in obese rats.

In conclusion, GMPE effectively protects
reproductive function in obese-DM rats by
increasing testosterone levels and advanced
spermatogenesis. GMPE also significantly
decreased hs-CRP levels. Further study
on sperm morphology and motility is
recommended. Administering GMPE to
humans as a complementary herbal medicine
requires further study to establish its
therapeutic effect in humans.
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