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Resveratrol alleviates obesity-associated podocyte
injury in ovariectomized obese rats
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Abstract. Obesity-associated podocyte injury increases in
parallel with inflammatory responses. Resveratrol, as an
anti-inflammatory and antioxidative agent, has been proven
to be effective in obesity. The purpose of the present study
was to investigate the function of resveratrol in the early stages
of podocyte injury in ovariectomized rats fed a high-fat diet
(HFD). The 3-month-old female Wistar rats were randomly
divided into four groups: Sham operation with a standard
diet; sham operation with a HFD; ovariectomy with a HFD
(O+H); and ovariectomy plus HFD treatment with resve-
ratrol (40 mg/kg/day) (O+H+R). Following 12 weeks, the
weights of the rats were measured and serum was obtained
to measure the levels of 17f-estradiol (E2), serum lipids,
serum creatinine, fasting blood glucose (FBG) and insulin.
Periodic acid-schiff staining was used to detect renal
pathological changes. Meanwhile, the expression of the
podocyte-associated proteins nephrin and Wilms' tumor-1 was
investigated using immunohistochemical staining, and the
levels of tumor necrosis factor-a, interleukin-6 and monocyte
chemotactic protein-1 in renal tissues were determined using
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western blotting. Compared with the O+H group, resveratrol
significantly reduced the body weight, serum levels of total
cholesterol, low-density lipoprotein cholesterol, FBG and
insulin resistance, and increased the levels of E2 in obese
rats with an ovariectomy combined with an HFD (P<0.05).
Compared with the O+H group, although the O+H+R group
had no significant changes in renal pathology, the changes in
the levels of podocyte-associated proteins and inflammatory
markers were significantly reversed (P<0.05). These results
suggest that resveratrol may attenuate early podocyte injury
by improving lipid metabolism and insulin sensitivity, and
subsequently inhibiting inflammatory responses in obese rats
induced by an ovariectomy with a HFD.

Introduction

Obesity is increasing globally and is a potential risk factor
for metabolic syndrome, which is associated with insulin
resistance, blood lipid disorders and hypertension (1,2).
Furthermore, the epidemic of obesity, independently of
diabetes and hypertension, has resulted in an increased inci-
dence of obesity-associated glomerulopathy, which is defined
morphologically as glomerulomegaly with or without focal
segmental glomerulosclerosis (3-5). Chronic-grade inflamma-
tion is markedly observed in obesity (2), which may induce
podocyte damage, and further cause proteinuria and renal
injury.

It is well-known that estrogen participates in the regula-
tion of the physiological processes of the human body in
women, and estrogen deficiency increases the susceptibility
of postmenopausal women to metabolic disorders including
obesity, osteoporosis, cardiovascular disease and chronic
kidney disease (CKD) (6-8). Numerous studies have suggested
that decreasing the biosynthesis of estrogen in ovariectomized
animals or menopausal women results in inflammatory
cell infiltration and the production of inflammatory cyto-
kines, which are associated with an increased incidence of
CKD (9-11).

Natural products derived from plants have long been used
in the treatment of lifestyle-associated diseases, including
obesity (12,13). Traditional Chinese Medicine has been used
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as a conventional or complementary therapy for the treat-
ment of renal injury (14,15). It has previously been reported
that natural products such as poricoic acid, are able to
inhibit renal fibrosis by regulating the tumor growth factor
f (TGF-p)/Smad signaling pathway (16-19). Resveratrol
(trans-3,5,4-trihydroxystilbene) is a natural polyphenol with
antioxidant and anti-inflammatory properties (20) which
is produced in a myriad of plants including grapes, berries,
peanuts and other traditional Chinese medicinal plants. It has
been reported to be effective in preventing the development of
a number of diseases including cardiovascular disease (21,22),
diabetes (23), cancer (24), memory deficit (25) and functional
gastrointestinal dyspepsia (26). Several studies have revealed
that resveratrol has anti-obesity activity (13,27,28). Although
resveratrol protects against the development of obesity-asso-
ciated renal damage, the underlying mechanisms are not fully
clear. The present study established an obese rat model via an
ovariectomy and a high-fat diet (HFD), and investigated the
function of resveratrol in the early stages of podocyte injury
in this model.

Materials and methods

Chemicals and reagents. Resveratrol (purity >98%; cat.
no. 0810018-22) was purchased from Sigma-Aldrich (Merck
KGaA, Darmstadt, Germany). High-fat feed (1% cholesterol,
10% lard, 0.1% cholate and 88.9% basic feeding product,
cat. no. SCXK 2009-0012) was purchased from Keaoxieli
Feed Co., Ltd. (Beijing, China). The primary antibodies
used in the present study were: Rabbit anti-tumor necrosis
factor a (TNF-a; cat. no. ab9755), rabbit anti-interleukin 6
(IL-6; cat. no. ab25107), rabbit anti-monocyte chemotactic
protein-1 (MCP-1; cat. no. ab25124), rabbit anti-nephrin
(cat. no. ab136894) and rabbit anti-Wilms' tumor-1 (WT-1;
cat. no. ab180840) (all from Abcam, Cambridge, MA,
USA). GAPDH polyclonal antibody (cat. no. 10494-1-AP)
was purchased from ProteinTech Group, Inc. (Chicago, IL,
USA). Horseradish peroxidase-conjugated Affinipure goat
anti-rabbit immunoglobulin G (IgG) secondary antibodies
(cat. no. ZB2301) were obtained from OriGene Technologies,
Inc. (Rockville, MD, USA).

Animals and different treatments. A total of 40 female
3-month-old Wistar rats, weighing 200+12 g, were provided
by Shandong University Laboratory Animal Center (Jinan,
China). Rats were housed at standard conditions of tempera-
ture (20+2°C) and humidity (50-70%) under a 12-h light/dark
cycle (lights on at 7:00 a.m.) with ad libitum access to food and
water. A rat model of kidney function and structure changes
was intervened by ovariectomy combined with a HFD (11).
Following one week of acclimatization, the rats were randomly
divided into four groups (n=10 per group): Sham operation
with a standard diet (S+N); sham operation with a HFD (S+H);
ovariectomy with a HFD (O+H); ovariectomy plus a HFD
treated with resveratrol (O+H+R). Rats in the aforementioned
four groups were anesthetized with sodium pentobarbital
(50 mg/kg body weight; intraperitoneal). They all underwent
either a sham surgery or bilateral ovariectomy. Following
the surgery, the rats were fed using a standard diet or HFD.
Rats were administered resveratrol or sodium carboxymethyl
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cellulose in their food with a daily dosage of 40 mg/kg/day
for 12 weeks (29). Body weights were measured once a week.
All animal procedures were ethically approved by the Animal
Ethics Committee of Shandong University (Shandong, China).
Symptoms such as unwieldy body affecting their daily activi-
ties were set as the humane endpoints for the present study.
However, no animal was sacrificed prior to the completion of
the experiment as a result of displaying similar symptoms. All
efforts were made to minimize animal suffering and stress
during the experiments.

Blood and kidney sample preparation. Three months later,
owing to surgery or infection, 7 to 9 rats survived in each group.
At the end of the experiment, the remaining rats were reserved
for overnight fasting with water available. The rats were then
anesthetized using sodium pentobarbital (50 mg/kg body
weight) by an intraperitoneal injection, and blood was collected
from the femoral artery. Serum was collected by centrifuga-
tion at 1,048 x g at 4°C for 15 min, and stored at -80°C until
assayed. The rats were then sacrificed by decapitation under
deep anesthesia. The bilateral kidneys were rapidly removed
and dissected on ice. Portions of the kidneys were snap-frozen
in liquid nitrogen and stored at -80°C for protein isolation. An
additional portion was fixed in 4% paraformaldehyde at 4°C
for 24 h before histopathologic observation.

Biochemical assays of serum. The serum levels of 17p-estradiol
(E2) were detected using an iodine ('*°I) estradiol radioim-
munoassay kit (Tianjin Jiuding Medical Bio-Engineering Co.,
Ltd.) according to the manufacturer's protocol. The serum
total cholesterol (TC), triglycerides (TG), low-density lipopro-
tein cholesterol (LDL-C), serum creatinine (SCr) and fasting
blood glucose (FBG) levels were measured using a DVI-1650
automatic biochemistry and analysis instrument (Bayer,
Pittsburgh, PA, USA). Serum insulin levels were measured
using insulin enzyme-linked immunosorbent assay Kkits (cat.
no. DY8056-05, R&D Systems, Inc., Minneapolis, MN, USA)
according to the manufacturer's protocol. The homeostasis
model assessment of insulin resistance (HOMA-IR) was
calculated via the following formula: FBG x insulin/22.5.

Histological analysis. The kidneys were excised, and sections
were fixed in 10% formaldehyde at room temperature for 24 h
and embedded in paraffin and cut into 3-5 gm-thick sections
for light microscopy. Prior to dyeing, following heating at 60°C
for 20 min, paraffin in the section was removed using xylene
before rehydration with absolute ethanol and subsequently
95, 85 and 75% ethanol gradients for 5 min each and finally
added to distilled water. At room temperature, the sections
which had been placed into distilled water were stained using
hematoxylin-eosin (H&E; dyed with hematoxylin aqueous
solution for 7 min and eosin for 2-3 min), periodic acid-Schiff
(PAS; oxygenation with 1% periodic acid for 10-15 min and
colored in Schiff's solution for 10-30 min) and Masson's
trichrome (immersed in Masson complex solution for ~5 min,
2.5% phosphomolybdic acid for ~5 min and aniline blue for
~5 min). Subsequent to dehydration in 75, 85 and 95% ethanol
then absolute ethanol gradients for 2 min before washing using
xylene and sealing by gum, the sections were observed under a
light microscope at a x400 magnification.



EXPERIMENTAL AND THERAPEUTIC MEDICINE 19: 123-130, 2020

Immunohistochemical analysis. At room temperature, the
kidney tissue sections (3-5 ym) were deparaffinized by soaking
in xylene for 20 min after heating at 60°C for 20 min, rehydrated
with 100, 95, 90 and 80% ethanol gradients for 5 min and then
washed three times with phosphate buffered saline (PBS).
Antigen retrieval was performed through incubation in 0.01 M
sodium citrate buffer (pH 6.0) at 95°C for 15 min. Subsequent
to cooling to room temperature, the slides were washed three
times with PBS and then immersed in 0.1% Triton X-100 for
another 15 min. Following that, the slides were incubated in
3% hydrogen peroxide at room temperature for 10 min and
subsequently placed in blocking buffer (10% goat serum) for
1 h at 37°C. The primary antibodies anti-nephrin (1:150) and
anti-WT-1 (1:100), were applied overnight at 4°C, while the
negative control sections were incubated with PBS instead
of the primary antibody overnight at 4°C. All sections were
washed three times with PBS and incubated with horseradish
peroxidase-conjugated goat anti-rabbit antibodies (1:500)
for 1 h at room temperature, and stained with 3,3'-diamino-
benzidine and hematoxylin for 60 min at 37°C. The stained
slides were observed by light microscopy (magnification,
x400), and brown areas were regarded as positive. The colored
sections were graded semi-quantitatively (Leica QWin V3
image analysis software; Leica Microsystems GmbH, Wetzlar,
Germany) Two specimens were randomly selected in each
group and 10 high-power fields per specimen were observed.
Each score primarily reflected the extent of staining, rather
than the intensity, and depended on the percentage of positive
areas: No staining or <5%=0; 5-25%=1; 26-50%=2; 51-75%=3;
and >75%=4.

Western blotting. Tissues were homogenized in a lysis buffer
(Beijing Solarbio Science & Technology Co., Ltd., Beijing,
China; cat. no. R0020) and were centrifuged at 12,000 x g for
20 min at 4°C to collect the supernatant for protein quanti-
fication. The concentration of protein was determined using
the Pierce Bicinchoninic Acid protein assay kit (Beyotime
Institute of Biotechnology, Shanghai, China). A total of 20 ug
proteins of each sample were resolved on 10% SDS-PAGE
gels, and the proteins were transferred to nitrocellulose
membranes. Subsequent to blocking with 5% non-fat milk
at room temperature for 1 h, the membranes were incubated
with the primary antibodies anti-TNF-a (1:2,000), anti-IL-6
(1:1,000), anti-MCP-1 (1:2,000) and anti-GAPDH (1:5,000)
overnight at 4°C. Then, the membranes were incubated with
the secondary antibodies (goat anti-rabbit IgG; 1:10,000) at
room temperature for 60 min. Finally, proteins were visualized
with enhanced chemiluminescence substrate (Pierce; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) and exposed to
film in a dark room. The quantification of protein density was
performed using Image J software (version 1.45; National
Institutes of Health, Bethesda, MD, USA). GAPDH was used
as a loading control and the relative quantities were obtained
by the ratio of protein quantity to GAPDH, and the mean value
was obtained.

Statistical analysis. All data are expressed as the
mean + standard deviation. Statistical analysis was performed
using SPSS 20.0 software (IBM Corp., Armonk, NY, USA).
Single comparisons were performed using a Student's t-test
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and multiple comparisons by a two-way analysis of variance
with post-hoc least significant difference tests for compari-
sons where appropriate. P<0.05 was considered to indicate a
statistically significant difference.

Results

Resveratrol affects body weight and serum E2, TC and LDL-C
levels in ovariectomized rats with a HFD. Body weight was
measured at the beginning of the experiment, and exhibited
no significant difference among all groups (S+N, 201+10 g;
S+H, 20148 g; O+H, 200+13 g; O+H+R, 198+11 g; P>0.05). At
the end of the experiment, the body weight in the O+H group
was significantly higher compared with those of the S+N and
S+H groups (P<0.05). However, the final body weight in the
O+H+R group was significantly decreased compared with that
in the O+H group (P<0.05; Fig. 1).

To assess whether the ovariectomy operation and hyper-
lipidemic rat model establishment were successful, serum
E2, TC, TG, LDL-C and SCr levels were monitored. As
presented in Table I, serum E2 levels in the O+H group were
significantly lower compared with those in the S+N and S+H
groups (P<0.05). Subsequent to 3 months of treatment with
resveratrol, the E2 levels in the O+H+R group were signifi-
cantly higher compared with that in the O+H group (P<0.05).
Serum TC and LDL-C levels in the S+H and O+H groups were
significantly higher compared with those in the S+N group
(P<0.05). However, serum TC and LDL-C levels significantly
reduced in the O+H+R group compared with the O+H group
(P<0.05). There was no significant difference in serum TG and
SCr levels among all groups (P>0.05).

Resveratrol improves insulin sensitivity in ovariectomized
rats with an HFD. The effect of resveratrol on metabolic
parameters in obese rats was evaluated by testing serum
FBG and insulin, and calculating the HOMA-IR. As Fig. 2
reveals, FBG, serum insulin and HOMA-IR were significantly
increased in the O+H group compared with the S+N and S+H
groups (P<0.05). Notably, FBG, serum insulin and HOMA-IR
were significantly decreased in the O+H+R group compared
with the O+H group (P<0.05).

Effects of resveratrol on podocyte injury and renal pathology.
In order to investigate whether resveratrol protects against
podocyte injury, WT-1 and nephrin expression levels were
detected using immunohistochemical analysis as they are
specific markers of podocytes (30,31). Nephrin and WT-1
were primarily expressed in the podocytes of the S+N group.
The expression of nephrin and WT-1 were significantly
decreased in the O+H group compared with that in the S+N
group (P<0.05; Fig. 3). However, subsequent to treatment
with resveratrol for 12 weeks, these expression changes were
significantly reversed in the O+H+R group compared with
the O+H group (P<0.05). No significant pathological changes
in any group were observed by PAS staining (Fig. 4), H&E
staining or Masson staining (data not shown).

Effects of resveratrol on renal inflammatory cytokine levels.
To investigate the effect of resveratrol on renal inflam-
mation, the present study investigated the expression of
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Table I. Effects of resveratrol on serum E2, TC, TG, LDL-C and SCr in all rats.

Animal groups

S+N (n=9) S+H (n=9) O+H (n=7) O+H+R (n=8)
E2 (pg/ml) 15.04+1.74 14362231 8.00+1.89 11.38+2.34¢
TG (mmol/l) 1.54+0.43 1.5620.36 1.63+0.35 1.4420.39
TC (mmol/l) 1.62+0.28 2.25+0.49° 2.93+0.56% 2.28+0.14¢
LDL-C (mmol/l) 0.17+0.05 0.25+0.05° 0.27+0.03 0.25+0.06°
SCr (umol/l) 46.8+4.66 48.6+2.86 50.3+5.63 52+3.55

S+N, sham-operation with standard diet group, S+H, sham-operation with high-fat diet group, O+H, ovariectomy with high-fat diet group,
O+H+R, ovariectomy plus high-fat diet treated with resveratrol group; E2, 173-estradiol; TG, triglycerides; TC, total cholesterol; LDL-C,
low-density lipoprotein cholesterol; SCr, serum creatinine. “P<0.05 compared with S+N group, °P<0.05 compared with S+H group, ‘P<0.05

compared with O+H group.
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Figure 1. Body weight of rats in different groups. Data were presented as
the mean + standard deviation (n=7-9 per group). S+N, sham-operation with
standard diet, S+H, sham-operation with high-fat diet, O+H, ovariectomy
with high-fat diet, O+H+R, ovariectomy plus high-fat diet treated with
resveratrol. "P<0.05 vs. S+N group, “P<0.05 vs. S+H group, “P<0.05 vs. O+H
group.
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inflammation-associated cytokines, including TNF-a, IL-6
and MCP-1, by western blotting. The expression levels of
these cytokines were significantly increased in the O+H group
compared with that in the S+N group and S+H group (P<0.05;
Fig.5). As expected, resveratrol treatment significantly reduced
the expression of these inflammatory cytokines in the O+H+R
group compared with the O+H group (P<0.05).

Discussion

The present study aimed to investigate the function of resve-
ratrol in podocyte injury induced by ovariectomy and a HFD.
The results revealed that resveratrol largely ameliorated
obesity, hyperlipemia and insulin resistance in ovariecto-
mized rats with an HFD. Notably, resveratrol significantly
relieved podocyte injury (P<0.05), with a parallel decrease in
inflammation-associated cytokines in these rats.

Obesity is mainly caused by white adipose tissue accu-
mulation, and it affects the whole body through the release of
pro-inflammatory cytokines, chemokines and adipokines (32).

Obesity is also considered to be a chronic low-grade inflamma-
tory state. It has been confirmed that inflammatory responses
and oxidative stress are able to be activated in obese rats induced
by ovariectomy (33) or a HFD, which results in proteinuria,
glomerular hypertrophy and renal dysfunction (30). In the
present study, it was demonstrated that the level of serum E2
was significantly decreased in ovariectomized rats compared
with those not treated with an ovariectomy (P<0.05), while an
ovariectomy combined with a HFD induced marked obesity
characterized by weight gain, hypercholesterolemia, hyperin-
sulinemia and insulin resistance. This indicated that the obese
rat model had been successfully developed, though there were
no differences in terms of serum TG and SCr levels in the four
groups. It was also revealed that an ovariectomy in addition
to a HFD promoted an increase in the levels of proinflamma-
tory cytokines in the kidney tissue, including TNF-a, IL-6
and MCP-1, which are generally produced by macrophages
infiltrating adipose tissue. This result suggested that a renal
inflammatory response was activated in the rats treated with
ovariectomy and an HFD, which may further aggravate podo-
cyte injury. This result was consistent with a previous study by
Tang et al (34).

It has been demonstrated that the body initiates abnormal
inflammatory responses during the menopause (35), and the
primary inflammation is amplified in postmenopausal women
with obesity (9). All these changes may affect renal function
and structure, in particular podocyte injury. Furthermore,
an increase in body weight and abdominal fat, and altered
renal function and structure, have been observed in rats fed
with a HFD for 24-weeks in addition to an ovariectomy (11).
However, no significant renal functional, structural or patho-
logical changes were observed in the experimental groups
in the present study, potentially due to the short observation
period. In the present study, the animals were observed for
12 weeks to investigate very early-stage obesity-associated
kidney disease prior to the occurrence of renal functional and
structural change. Regretfully, the present study did not set an
ovariectomy combined standard diet group as another control,
which is a limitation of the present study.

Nephrin, as a specific marker of podocytes, is crucial for
slit diaphragm and foot process formation. A decline in nephrin
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Figure 2. Effect of resveratrol on metabolic parameters in obese rats, evaluated by testing serum FBG and insulin and calculating the HOMA-IR. (A) Serum
FBG, (B) insulin levels and (C) HOMA-IR in different treatment groups of rats. Data were presented as the mean + standard deviation (n=7-9 per group).
S+N, sham-operation with standard diet, S+H, sham-operation with high-fat diet, O+H, ovariectomy with high-fat diet, O+H+R, ovariectomy plus high-fat diet
treated with resveratrol; FBG, fasting blood glucose; HOMA-IR, homeostasis model assessment of insulin resistance; INS, insulin. "P<0.05 vs. S+N group,

“P<0.05 vs. S+H group, *P<0.05 vs. O+H group.
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Figure 3. Immunohistochemical staining for (A) nephrin and (B) WT-1 in glomeruli (magnification, x400; scale bar: 100 ym). Semiquantitative analysis
for (C) nephrin and (D) WT-1. Data were presented as the mean + standard deviation (n=7-9 per group). S+N, sham-operation with standard diet, S+H,
sham-operation with high-fat diet, O+H, ovariectomy with high-fat diet, O+H+R, ovariectomy plus high-fat diet treated with resveratrol; WT-1, Wilms'

tumor-1. “P<0.05 vs. S+N group, *P<0.05 vs. O+H group.

expression and molecular damage will result in morphological
changes in podocytes, the widening and fusion of the foot
process, and subsequently leakage of plasma proteins (36,37).
WT-1, a transcription factor for nephrin, serves an impor-
tant function in maintaining the phenotypic and functional
status of glomerular podocytes (38). Meanwhile, changes in
WT-1 expression are consistent with changes in nephrin (31).
Therefore, the present study detected early podocyte injury by
examining the expression of nephrin and WT-1. The present
results demonstrated that nephrin and WT-1 were significantly
reduced in ovariectomized rats with HFD compared with the

sham operation and standard diet group (P<0.05), suggesting
that podocyte injury had occurred in ovariectomized rats with
HFD.

Resveratrol may be regarded as a phytoestrogen, owing to its
similarity to diethylstilbestrol (a synthetic estrogen). It is able to
regulate lipid metabolism, and alleviate renal damage through
antioxidation and the inhibition of inflammatory factors (30).
Previous evidence supports the theory that resveratrol not only
improves insulin sensitivity and metabolic parameters, but also
exhibits potential anti-inflammatory activity in renal mesangial
cells by influencing the p38 mitogen-activated protein kinase
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Figure 4. Light microscopic examination of sections stained with periodic acid-Schiff. Magnification, x400; scale bar: 100 ym. S+N, sham-operation with
standard diet, S+H, sham-operation with high-fat diet, O+H, ovariectomy with high-fat diet, O+H+R, ovariectomy plus high-fat diet treated with resveratrol.
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Figure 5. TNF-a, IL-6 and MCP-1 expression in groups of rats with varying treatment types. (A) Representative TNF-a, IL-6 and MCP-1 expression assessed
using western blotting. Quantified protein values were calculated as a ratio of (B) TNF-a, (C) IL-6 and (D) MCP-1 protein to GAPDH. Data were presented
as the means =+ standard deviation (n=7-9 per group). S+N, sham-operation with standard diet, S+H, sham-operation with high-fat diet, O+H, ovariectomy
with high-fat diet, O+H+R, ovariectomy plus high-fat diet treated with resveratrol; TNF-a, tumor necrosis factor a; IL-6, interleukin 6; MCP-1, monocyte
chemotactic protein-1. “P<0.05 vs. S+N group, "P<0.05 vs. S+H group, *P<0.05 vs. O+H group.

signaling pathway (39). In the present study, it was revealed that
resveratrol treatment for 12 weeks effectively upregulated the
level of E2, decreased body weight, lowered serum cholesterol
and FBG, and enhanced insulin sensitivity. However, one study
identified that estrogen synthesis increased following 9 weeks of
a high cholesterol diet in ovariectomized mice (40). In the report,
Li et al (40) considered that the high cholesterol intake may facil-
itate the synthesis of sex steroid hormones in the non-gonadal
organs/tissues including the liver, skeletal muscle and adrenal
gland in addition to the brain, and in turn, partially reverse
serum sex hormone declines following a bilateral ovariectomy.
Therefore, it was hypothesized that resveratrol may be have a
similar effect in rats with ovariectomy and HFD. The specific
underlying mechanism requires further study. The results of the
present study suggest a functional role for resveratrol in the control
of body weight and glycolipid metabolism in ovariectomized rats

fed an HFD, consistent with previous report (33). The overex-
pression of the inflammatory factors TNF-a, IL-6 and MCP-1 in
the kidney tissue was also reversed significantly after resveratrol
treatment, suggesting that resveratrol exerts certain renoprotec-
tive effects in postmenopausal obese model rats. Resveratrol was
shown to have marked protective effects on podocytes in db/db
mice and on cultured human podocytes through the stimulation
of autophagy in a previous study (41). Another recent study also
proved that resveratrol ameliorated podocyte injury and protein-
uria in obese rats through suppression of the NF-«B signaling
pathway, which initiates transcription and protein expression,
including TNF-a, IL-6 and MCP-1, resulting in substantial
inflammatory responses (30). Notably, resveratrol treatment
significantly enhanced nephrin and WT-1 expression levels in
ovariectomized rats with HFD compared with the sham opera-
tion and standard diet group (P<0.05) in the present study. These
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results indicated that resveratrol may alleviate podocyte injury
and exert a renoprotective effect.

In conclusion, resveratrol improves lipid metabolism,
improves insulin sensitivity and regulates renal inflammatory
responses, and thereby modulates nephrin and WT-1 protein
expression in obese rats. Resveratrol serves a critical and
novel function in the amelioration of podocyte injury in obese
rats induced by ovariectomy and an HFD. The present study
suggested that resveratrol may be used as a promising agent
for obesity-associated early renal damage.
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