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Abstract

Purpose: To examine the effect of mangiferin on insulin resistance (IR) in a rat polycystic ovary
syndrome (PCOS) model.

Methods: The rat PCOS model was established via subcutaneous injection of 6 mg/kg of
dehydroepiandrosterone (DHEA), and mangiferin was orally administered. Body and ovarian weights
were recorded. Serum levels of glucose, insulin, and related inflammatory cytokines were evaluated by
guantitative real-time polymerase chain reaction (QRT-PCR) and enzyme-linked immunosorbent assay,
while the expression levels of key proteins were analyzed by western blotting.

Results: DHEA significantly increased ovarian weight and the ratio of ovarian weight/body weight (p <
0.001), while mangiferin treatment decreased them (p < 0.001). Mangiferin also lowered DHEA-induced
enhancements in serum glucose and insulin levels (p < 0.001). The mRNA and, expression and
concentrations of inflammatory cytokines (interleukin-6(IL-6), interleukin-18 (IL-18) and tumor necrosis
factor-a (TNF-a)) were also significantly reduced by mangiferin treatment (p < 0.001). Furthermore,
mangiferin  suppressed phosphorylation of nuclear factor-kappa B (NF-kB) but increased the
phosphorylation of protein kinase B (AKT, p < 0.001).

Conclusion: These results reveal that mangiferin not only decreases inflammatory cytokine levels by
regulating NF-«kB signaling pathway but also ameliorates IR in a rat PCOS model via regulating AKT
signaling pathway. Thus, mangiferin is a potential therapeutic strategy for the management of PCOS.
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INTRODUCTION

Polycystic  ovary syndrome (PCOS), a
gynecological endocrine disorder, is
characterized by insulin resistance (IR) [1].
Although lifestyle changes help alleviate PCOS,
there is still devoid of cure [2]. Therefore, it is
necessary to develop more effective therapeutic
drugs and strategies for the treatment of PCOS.

Mangiferin was firstly isolated from the leaves
and bark of the mango tree (Mangifera indica),
and it can also be found in mango peels and
kernels. Mangiferin has also been found in Iris
unguicularis, the rhizomes of Anemarrhena
asphodeloides, leaves of Bombax ceiba, and in
the genera Salacia and Cyclopia [3]. One study
showed that mangiferin can function as a
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bioactive compound to regulate blood glucose
levels and can help treat lifestyle-related
disorders, such as IR [3]. Mangiferin can
effectively increase the uptake of glucose by
3T3-L1 adipocytes [4]. Moreover, mangiferin can
ameliorate metabolic disorders caused by high
lipid levels, increase the utilization rate of
glucose, and maintain the physiological
homeostasis of insulin, thus protecting against IR
[5]. In addition, the anti-inflammatory effects of
mangiferin have been widely reported.

Mangiferin has been shown to reduce the
inflammatory response of mouse macrophages
stimulated by lipopolysaccharide by inactivation
of nucleotide-binding oligomerization domain-like
receptor pyrin domain-containing protein 3
inflammasome [6]. Mangiferin also reduces the
level of inflammation in rats after spinal cord
injury [7]. However, the effects of mangiferin on
PCOS-induced IR and inflammation have not
been reported previously, and the mechanism is
still unclear.

This study aimed to investigate the effects of
mangiferin on IR and inflammation in a rat PCOS
model, and reveal the underlying mechanism.
The present study may contribute to the
development of novel therapeutics for the
treatment of human PCOS.

EXPERIMENTAL
Animal experimental model

Three-week-old SPF-grade female Wistar rats (n
=60, 35 - 40g), were used. Each rat was housed
separately and provided a standard pellet diet
and water based on the “Guide for the Care and
Use of Laboratory Animals” [8] and approved by
the Ethics Committee of Obstetrics and
Gynecology Hospital, Fudan University (approval
no. 2017FD046). The rats were assigned to two
groups: 48 rats were subcutaneously injected
with DHEA (Sigma, St. Louis, Missouri, USA) (6
mg/kg body weight/day, dissolved in 0.2 mL
sesame oil) for 28 days and 12 control rats were
subcutaneously injected with 0.2 mL sesame oll
per day for 28 days.

Twenty days later, rats in the DHEA treatment
group were subjected to exfoliative vaginal
cytology to identify rats with PCOS, as described
previously [9]. Forty rats with PCOS were then
assigned to four groups (10 rats per group): the
DHEA group, the 10 mg/kg mangiferin group, 20
mg/kg mangiferin group, and 30 mg/kg
mangiferin group. The DHEA and control groups
were orally fed 0.01 mL/g saline per day in place
of mangiferin. After treatment for 4 weeks, the

body weights of rats were recorded. The rats
were then anesthetized with 1.5 % pentobarbital
sodium (40 mg/kg body weight). Blood was
collected from the orbital vein, and ovarian
weights were recorded.

and

Determination of glucose, insulin

inflammatory cytokine levels

For the detection of glucose and insulin levels,
the rats were fed a 3-g/kg glucose solution
(Sigma) by oral gavage prior to anesthesia.
Blood was collected 30, 60, 90, and 120 min
after glucose administration using glucometry
(Cygnus, Redwood City, CA, USA). Blood
collected 120 min after glucose administration
was used for the detection of insulin and
inflammatory cytokine (interleukin-6(IL-6),
interleukin-1B (IL-18) and tumor necrosis factor-a
(TNF-a)) levels wusing an enzyme-linked
immunosorbent assay kit (Sigma).

chain

Quantitative real-time

reaction

polymerase

Total RNA was extracted from rat ovaries and
reverse-transcribed into cDNA using the miScript
Reverse Transcription kit (Qiagen, Hilden,
Germany). cDNA was then amplified using
SYBR1 Premix Ex Tag™ Il (Takara, Shiga,
Japan). GAPDH was used as the endogenous
control. The primer sequences are shown in
Table 1.

Table 1: Primer sequence for PCR

ID Sequence (5'- 3)

GAPDH F TGTTCGTCATGGGTGTGAAC
GAPDH R ATGGCATGGACTGTGGTCAT
IL-6 F ATGAACTCCTTCTCCACAAGC
IL-6 R GTTTTCTGCCAGTGCCTCTTTG
IL-1B F CACCTTCTTTTCCTTCATCTTTG
IL-1B R GTCGTTGCTTGTCTCTCCTTGTA
TNF-a F ACTGAACTTCGGGGTGATTG
TNF-a R GCTTGGTGGTTTGCTACGAC

Western blot

Proteins were extracted from rat ovaries via
RIPA lysis buffer (Beyotime, Beijing, China),
subjected to 10% SDS-PAGE, and transferred to
a PVDF membrane. The membrane was blocked
in PBST containing 5% BSA for 2 h and then
probed with rabbit antibodies to p65, p-p65
(2:1,500, Abcam, Cambridge, MA, USA), AKT, p-
AKT (1:2,000, Abcam), and GAPDH (1:3,000,
Abcam) overnight at 4 °C. The membrane was
then washed with TBST and incubated with
horseradish peroxidase-conjugated secondary
antibody  (1:5,000; Abcam) for 1 h.
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Immunoreactivities were detected by enhanced
chemiluminescence (KeyGen, Nanjing, China).

Statistical analysis

The results were expressed as mean + SEM of
at least three independent experiments.
Statistical analyses were performed using
GraphPad Prism software (GraphPad Prism
Software Inc., San Diego, USA) and one-way
analysis of variance. p < 0.05, 0.01, or 0.001
were considered statistically significant.

RESULTS

Mangiferin improves ovarian function in rats
with PCOS

In the DHEA induced PCOS rat model, the body
weight (Figure 1A) and the ratio of ovarian
weight/body weight were significantly increased
(Figure 1B) (p < 0.001). However, these levels
were significantly decreased by the
administration of mangiferin compared with the
DHEA group (p < 0.001). Interestingly, the
effects of mangiferin were dose-dependent,
showing that 30 mg/kg mangiferin treatment
group had the lowest body weight and the ratio of
ovarian  weight/body  weight. Therefore,
mangiferin might improve the ovarian function of
DHEA induced PCOS rats.
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Figure 1. Mangiferin decreased body weight and the
ratio of ovarian weight/body weight in DHEA induced
PCOS rats. (A) Mangiferin decreased body weight of
rats with PCOS induced by DHEA. (B) Mangiferin
decreased the ratio of ovarian weight/body weight in
rats with PCOS induced by DHEA. ** p < 0.001,
DHEA vs. Control orl0, 20, 30 mg/kg mangiferin vs.
DHEA

Mangiferin decreases the levels of glucose
and insulin in rats with PCOS

To further investigate the effect of mangiferin on
PCOS, serum glucose and insulin levels were
measured. First, a rat blood glucose release
curve at different time points was generated and
found that blood glucose release was time
dependent: the glucose level at 30 min after the
oral administration of glucose was the highest,

and the glucose level at 120 min after the oral
administration of glucose was the lowest (Figure
2 A). DHEA (dehydroepiandrosterone) treatment
significantly increased glucose levels as
compared to the control (Figure 2 A) (p < 0.001).
And the administration of mangiferin decreased
blood glucose levels (Figure 2 A) as compared
with the DHEA group. Similarly, DHEA treatment
significantly increased insulin levels compared to
the control (Figure 2 B) (p < 0.001), and the
administration of mangiferin decreased insulin
levels (Figure 2 A) as compared with the DHEA
group. These results revealed that mangiferin
could decrease the levels of glucose and insulin
(two characteristic of IR) in rats with PCOS.
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Figure 2: Mangiferin decreases the levels of glucose
and insulin in rats with PCOS. (A) Mangiferin
decreased blood glucose level of rats with PCOS
induced by DHEA. ©: Control, =: DHEA, ™:
DHEA+MF 10 mg/kg, *: DHEA+MF 20 mg/kg, ~*:
DHEA+MF 30 mg/kg. (B) Mangiferin decreased insulin
levels of rats with PCOS induced by DHEA. W
Control, . DHEA, B: DHEA+MF 10 mg/kg,
DHEA+MF 20 mg/kg, m: DHEA+MF 30 mg/kg. * p <
0.05, *** p < 0.001 DHEA vs. Control or 10, 20, 30
mg/kg mangiferin vs. DHEA.

Mangiferin ameliorates inflammation in rats
with PCOS

The effects of mangiferin on the expression of
inflammatory cytokines were then determined.
Results showed that DHEA treatment
significantly increased the mRNA expression
(Figure 3 A) and concentrations (Figure 3 B) of
inflammatory cytokines, such as IL-6/13 and
TNF-a, compared to control (p < 0.001).
Moreover, the administration of mangiferin
decreased the mRNA expression (Figure 3 A)
and concentrations (Figure 3 B) of IL-6/13 and
TNF-a as compared with the DHEA group.
Therefore, mangiferin ~ could  ameliorate
inflammation in rats with PCOS.

Trop J Pharm Res, January 2020; 19(1): 91



Qian et al

B Contred W Contrel B Conltral
DHEA o DHEA DHEA
B DHEA+MF 10 mgikg . [ DHEA+NF 10 mgikg B DHEAMF 10 mgikg
¥ OHEA+MF 20 moikg 2 OHEA+MF 20 mglicg ) DHE&A+MF 28 mgikg
& B DHEASMF 30 mgikg 2 H DHEA+MF 30 mgikg 2 W DHEA+MF 30 maikg
i Y 3y p 2.
i
= 32 = %
£ & £ 2
i3 4
E] - ! 2w
& (4
E E £ o
o a
% w 5
= Z o
B B Contral W Control Pa—
| DHEA DHEA R Contr

B DHEA+MF 10 mgikg

1 DHEA+MF 10 mgikg

DHEA+MF 20 mgikg

W DHEA+MF 30 mgikg
e

DHEA+MF 20 mgfig
B DHEA+MF 30 mgrkg

DHEA+MF 20 malkg
B DHEA+MF 30 mglkg
e

Figure 3: Mangiferin decreases the secrection of
inflammatory cytokines in rats with PCOS. (A)
Mangiferin decreased the mRNA expression of IL-6/13
and TNF-a in rats with PCOS induced by DHEA. (B)
Mangiferin decreased the concentrations of IL-6/13
and TNF-a in rats with PCOS induced by DHEA. *** p
< 0.001, DHEA vs. Control or 10, 20, 30 mg/kg
mangiferin vs. DHEA

Mangiferin regulates the NF-kB and AKT
pathways in rats with PCOS

Western blot analysis revealed that DHEA
treatment had no significant effects on the
protein expression of NF-kB (p65), but the
phosphorylation of p65 (p-p65) and the p-
p65/p65 ratio were increased by DHEA (Figure
4). Moreover, the administration of mangiferin
decreased the protein expression of p-p65 and
the p-p65/p65 ratio (Figure 4). Furthermore,
DHEA and mangiferin had no significant effects
on the expression of AKT, but the
phosphorylation of AKT (p-AKT) and the p-
AKT/AKT ratio were decreased by DHEA (Figure
4). In contrast, the administration of mangiferin
increased the levels of p-AKT and the p-
AKT/AKT ratio (Figure 4). Thus, mangiferin
inactivated the NF-kB signaling pathway and
activated the AKT pathway in rats with PCOS.
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e

Figure 4: Mangiferin decreased p-65 and increased p-
Akt in rats with PCOS. Mangiferin decreased the
levels of p-p65 and p-AKT in rats with PCOS induced
by DHEA, but had no significant effects on protein
expression of p65 and AKT. *** p < 0.001, DHEA vs.
Control, ** p < 0.001, 10, 20, 30 mg/kg mangiferin vs.
DHEA
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DISCUSSION

Bioactive compound quercetin has been shown
to restrain inflammatory responses to prevent
PCOS with fewer side effects than metformin (a
conventional treatment for PCOS) [10]. Recently,
mangiferin, also known as 1, 3, 6, 7-
tetrahydroxyxanthone, (chemical name: 2-B-D-
glucopyranosyl-1, 3, 6, 7-tetrahydroxy-9H-
xanthen-9-one; chemical formula: Ci9H18011), is
a xanthone found in higher plants, including
mango fruit [11]. Recent pharmacological studies
have indicated that mangiferin elicits antioxidant,
antidiabetic, and immunomodulatory effects
[12,13]. Therefore, the protective role of
mangiferin against PCOS and the underlying
mechanism were investigated in this study using
arat PCOS model.

DHEA, a steroid hormone, is widely used to
induce PCOS in rats for research [14]. In the
present study, a rat PCOS model were
successfully established, as shown by increases
in body and ovarian weights, and the ratio of
ovarian weight/body weight. Moreover, IR, as a
leading cause of PCOS [15], was also induced
by DHEA treatment, as shown by increases in
serum glucose and insulin levels. In line with
previous research showing that mangiferin can
ameliorate PCOS by decreasing IR [16], the
present study demonstrated that mangiferin not
only decreased the ratio of ovarian weight/body
weight to improve ovarian function, but also
decreased serum glucose and insulin levels to
ameliorate IR. The anti-IR effect of mangiferin in
3T3-L1 adipocytes was revealed by the inhibition
of both glucose uptake and insulin signaling [17].
During insulin signaling, insulin binds to its
receptor, phosphorylates the insulin receptor
substrate-1  (IRS-1), and  recruits  the
phosphatidylinositol 3-kinase to activate AKT and
other downstream targets [18]. The activation of
AKT facilitates the translocation of glucose
transporter type 4 and stimulates glucose uptake
[19]. Therefore, the AKT signaling pathway
exerts a vital role in the regulation of IR. In the
present study, mangiferin increased levels of p-
AKT and the p-AKT/AKT ratio, thus activating
AKT signaling to ameliorate IR in rats with
PCOS; this same mechanism is utilized by
guercetin [20]. However, due to the regulation of
other complicated cellular functions, AKT
signaling may affect PCOS by a mechanism
other than its effects on IR, which requires further
study.

Inflammation is considered a key contributor to
the pathogenesis of PCOS [21]. In line with a
previous study in which mangiferin decreased
inflammation [22], this study revealed that
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mangiferin  decreased the expression of
inflammatory cytokines IL-6/13 and TNF-a
induced by DHEA, thus ameliorating

inflammatory responses in rats with PCOS.
Mangiferin is known to activate adenosine 5'-
monophosphate-activated protein kinase [17],
which blocks NF-kB signaling by the inhibition of
IL-6/18 and TNF-aq, thus reducing inflammation
[23]. Therefore, the involvement of NF-kB
signaling pathway in the effects of mangiferin on
inflammatory responses in PCOS is verified.
Here, results revealed that DHEA induced
chronic inflammation by increasing the p-p65/p65
ratio, thus activating the NF-kB signaling
pathway. However, mangiferin decreased the p-
p65/p65 ratio, thus blocking NF-kB signaling and
the expressions of inflammatory cytokines. In
PCOS patients, glucose may induce oxidative
stress which stimulates an inflammatory
response, and the inflammatory cytokine TNF-a
has been shown to increase the serine
phosphorylation of IRS-1 as a mediator of IR
[24]. Therefore, inflammation may underpin IR in
PCOS [25]. Quercetin was found to ameliorate IR
in PCOS by improving the inflammatory
microenvironment [10] and mangiferin was also
found to ameliorate IR by inhibiting inflammation
[17]. The present study showed that mangiferin
ameliorated IR in a rat PCOS model by inhibiting
inflammation.

CONCLUSION

The present study demonstrates that mangiferin
improves ovarian function, ameliorates IR, and
inhibits inflammatory responses in rats with
PCOS. Moreover, the protective effects of
mangiferin are closely associated with the
inhibition of NF-kB signaling and activation of
AKT signaling. Thus, the findings provide a new
insight into the relationship between the
components of mangiferin/NF-kB/AKT regulatory
axis and PCOS, suggesting the potential
application of mangiferin as a new therapeutic
strategy for PCOS.
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