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Background: Millions of people in the world have diabetes mellitus and its prevalence is growing. Oxidative stress, advanced glycation 
end-products (AGEs) and receptor for advanced glycation end-products (RAGE) play key role in the pathogenesis of diabetes. New and safe 
strategies of remedy are needed for this disease.
Objectives: We hypothesized that resveratrol may exert a renal protective effect on diabetic rats.
Materials and Methods: Male rats with diabetes were treated with or without resveratrol as 1, 5, 10 mg/kg of body weight for 30 days. 
The total AGEs and malondialdehyde levels in kidney tissues were determined by spectrofluorimetric method and the insulin level was 
assayed using ELISA. The total antioxidant capacity contents in kidney and the glucose in plasma were measured by a colorimetric assay. 
The expression of RAGE was assayed in kidneys of all animals using quantitative PCR.
Results: In resveratrol-treated rats with diabetes, malondialdehyde levels, plasma glucose and expression of RAGE were significantly 
reduced compared with the untreated group. Moreover, the total antioxidant and insulin levels significantly increased in treated rats. 
There was no significant difference in the AGEs contents among all the groups.
Conclusions: These results revealed that resveratrol has beneficial effects on kidney by extenuating the oxidative stress and down-
regulation of RAGE expression.
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1. Background
Diabetes mellitus (DM) is one of the greatest threats 

to modern global health and based on epidemiological 
studies, diabetes is a huge and growing problem. In 2013, 
more than 382 million people were affected by diabetes; 
every six seconds, a person dies from diabetes (1). Hyper-
glycemia in diabetic condition leads to microvascular 
(retinopathy, nephropathy, and neuropathy) and mac-
rovascular (cardiac, cerebral) complications and early 
death (2).

Oxidative stress is one of the major factors in the patho-
genesis of diabetic complications; particularly, diabetic 
nephropathy and hyperglycemia are important sources 
of reactive oxygen species (ROS) (3). Advanced glycation 
end-products (AGEs), resulting from binding of sugars to 
proteins, lipids and nucleic acids by nonenzymatic reac-
tions have been implicated as key pathogenic factors in 
initiation and progression of diabetic complications (4).

One of the important pathways through which AGEs 

may exert their pathological effects is via interaction with 
the receptor for advanced glycation end product (RAGE) 
(5). RAGE as a member of the immunoglobulin superfam-
ily of cell surface molecules is composed of three extra-
cellular domains and a fourth transmembrane domain 
which is connected to a highly-charged fifth intracellular 
domain (6). Ligand–RAGE interactions activate cell signal-
ing cascades, which control several genes through NF-kB 
(nuclear factor kappa-light-chain B) factor. Such interac-
tions have causative effects on many complications of 
diabetes (7).

To reduce the complications of diabetes, several strate-
gies including diet, exercise, oral antidiabetic drugs and 
insulin therapy are used. Chemical drugs such as bigua-
nides, sulphonylureas and ɑ-glucosidase inhibitors have 
many side effects (8). Therefore, new therapeutic strate-
gies are required to diminish the health problems of this 
increasing disease. In the recent years, many plants have 
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been used to improve hyperglycemia in diabetic rats (9); 
among them, resveratrol (3, 5, 4-trihydroxylstilbene, RSV) 
is of the highest interest. RSV possesses antidiabetic ef-
fects (10).

Recently, some studies have emphasized on the role of 
resveratrol in prevention or treatment of diabetic ne-
phropathy (11-15), since RAGE and oxidative stress have 
key roles in pathogenesis of kidney dysfunction.

2. Objectives
This study was designed to determine the effects of RSV 

on mRNA expression of RAGE and oxidative stress status 
in kidney of rats with diabetes.

3. Materials and Methods

3.1. Experimental Design
Male Wistar rats (Razi Institute, Tehran, Iran), weigh-

ing 150 - 200 g (ranging from 8 to 10 weeks of age), were 
housed at room temperature (22 - 25°C) with 12:12-hour 
light/dark cycles and free access to food and water. All the 
procedures for the treatment of animals were approved 
by the Research Committee of Hamedan University of 
Medical Sciences, Iran. Type 2 diabetes was induced by 
injection of streptozotocin (STZ, Sigma) (60 mg/kg; in-
traperitoneal (IP)) dissolved in 0.1 M citrate buffer (pH 
4.5), 15 minutes after the prescription of nicotinamide 
(Sigma) (110 mg/kg; IP) in 12-hour-fasted rats. Citrate buf-
fer was injected alone in control rats. Nicotinamide pre-
serves the pancreas β-cells (up to 40%) from STZ cytotoxic-
ity and produces diabetes type 2 (16). Afterwards, 72-hour 
blood glucose levels were measured using a strip-oper-
ated blood glucose sensor (Accuchek; Roche, Germany). 
Animals were considered diabetic if fasting blood glu-
cose levels exceeded 250 mg/dL. Rats with diabetes were 
randomly divided into four groups (n = 8 in each group) 
and treated without or with RSV. The rats were divided 
into five groups (n = 8 in each): normal (C), diabetic (D), 
diabetic treated with RSV 1 mg/kg/day (D + RSV1), diabetic 
treated with RSV 5 mg/kg/day (D + RSV5), diabetic treated 
with RSV 10 mg/kg/day (D + RSV10). Resveratrol treatment 
was performed orally for 30 days. The dosage was regu-
lated every week. At the end of the experimental period, 
fasted rats were anesthetized with ketamine (50 mg/kg) 
and blood samples (5 mL) were collected from each rat 
for biochemical measurements. Thereafter, the rats were 
scarified and the kidneys were quickly frozen in liquid ni-
trogen and kept at -80°C. Fasting blood glucose, urea and 
creatinine were measured using proper kits (Pars Azmun, 
Iran) and the rat insulin ELISA kit (Alpco, USA; sensitivity 
= 3.1 μU /mL) was used to determine serum insulin levels. 
Homeostatic model assessment (HOMA) (insulin resis-
tance index) was performed using the following formula: 
insulin (μU/mL) × glucose (mmol/L)/22.5] (17). Scientists 
are interested in addressing the best dosage of RSV es-

sential to take benefits. Different doses of RVS have been 
tested in rats, but overall, it is divided to low dose (2.5 - 5 
mg/kg/day) and high dose (25 - 50 mg/kg/day) (18). In our 
experiments, we examined low doses (1 and 5 mg/kg) and 
a moderate dose (10 mg/kg).

3.2. Preparation of Kidney Tissue Homogenate
Kidney tissues from control and experimental groups 

of rats were excised and rinsed with ice-cold saline and 
grounded to a fine powder using liquid nitrogen. The 
homogenate was resuspended in ice cold lysis buffer (10 
mM (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 
), 10 mM KCl, 1.5 mM MgCl2, 1 mM EDTA, 0.1% triton X100, 
0.5 mM Dithiothreitol, protease inhibitor cocktail, pH 
7.9) and incubated on ice for 20 minutes. The tissue ho-
mogenates were then vortex and centrifuged (20000 g; 
10 minutes; 4°C), and the supernatants were retained for 
analysis (19). The protein concentration for tissue homog-
enates was determined by Bradford assay using bovine 
serum albumin (BSA) as a standard (20).

3.3. Antioxidant Potential Measurement
Total antioxidant capacity was determined using ferric 

reducing antioxidant potential (FRAP) assay. This proce-
dure involves the reduction of ferric tripyridyltriazine 
(Fe III-TPTZ) to a blue colored Fe II-TPTZ by biological an-
tioxidants. The change of absorbance at 600 nm of the 
sample was compared with the change of absorbance of 
a known standard (FeSO4 7H2O) (21).

3.4. Lipid Peroxidation
The malondialehyde (MDA) content in kidney tissue 

homogenate was measured spectrofluorometrically as a 
thiobarbiuric acid reactive substances (TBARS) according 
to Yagi’s methods (22). The results were reported per mil-
ligram of protein content of the samples.

3.5. AGEs Assay
Determination of AGEs (ie, some fluorescent products 

from the AGEs family) was based on the spectrofluorimet-
ric detection according to Kalousova et al. method (23). 
Fluorescence intensity was expressed in arbitrary units 
per milligram protein (AU/mg protein).

3.6. Real-time qPCR Analysis of Receptor for Ad-
vanced Glycation End-product

Total RNA was extracted from the renal tissues of control 
and experimental groups of rats by TRIzol® reagent (Invi-
trogen), according to the manufacturer’s protocol. Total 
RNA was reverse transcribed into single-strand cDNA us-
ing RevertAid™ first strand cDNA synthesis kit (Thermo 
Scientific) according to the manufacturer's instructions 
and analyzed by CFX96 real-time PCR detection system 
(BioRad, USA) using the SYBR premix Ex Taq 2 kit (Takara). 
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The amplification protocol comprised one cycle at 95°C 
for one minute, followed by 40 cycles at 95°C for 30 sec-
onds, 58°C for 30 seconds, and then 72°C for 30 seconds. 
The primer sequences were designed and synthesized 
by Takapou Zist Company (Iran). The primer sequences 
were as follows: RAGE: forward: 5′-GAGTCCGAGTCTACCA-
GATTCC-3′, reverse: 5′-GGTCTCCTCCTTCACAACTGTC-3′; GAP-
DH: forward: 5′-AAGGTCGGTGTGAACGGATTTGG-3′, reverse: 
5′-TCCTGGAAGATGGTGATGGGTT-3′. Relative copy numbers 
were obtained from standard curve values and were nor-
malized to values obtained for the internal control GAP-
DH. The fold change in expression was then calculated by 
2-ΔΔCT formula.

3.7. Statistical Analysis
All the data were expressed as mean ± SD. The statisti-

cal differences in studying parameters among the groups 
were evaluated by SPSS 11 software by one-way analysis of 
variance; Tukey’s post hoc test was used to evaluate the dif-
ference in the means of data between related groups. In 
all the analyses P < 0.05 was considered significant.

4. Results

4.1. General Measurements
Body weights and biochemical parameters are sum-

marized in Table 1. Body weights of the diabetic group 
showed significant decreases in comparison with the 
control (P < 0.001). Weight losses in RSV-treated diabetic 
groups were significantly lower compared with the dia-
betic group (P < 0.01). Fasting blood glucose, urea and 
creatinine levels were significantly higher in the diabetic 
group in comparison with the control (P < 0.001); but in 
treated groups, they were significantly lower compared 
with the diabetic group (P < 0.01). Insulin concentration 
in the diabetic group was significantly lower than that 
of the control group (P < 0.001); however, in RSV (5 mg/

kg and 10 mg/kg)-treated groups, the insulin level was 
markedly higher than the diabetic group. Insulin resis-
tance in the RSV-treated groups was significantly lower 
compared with the diabetic group (P < 0.05). Our results 
demonstrated that there were no significant differences 
between the effects of two doses of 5 and 10 mg/kg in all 
the measurements.

4.2. Effects of Resveratrol on Lipid Peroxidation
MDA levels as a lipid peroxidation indicator showed 

significant (P < 0.05) increase in kidney tissue of the dia-
betic group compared with the control group (Figure 1). 
MDA concentration in the resveratrol groups was signifi-
cantly lower than the diabetic group (P < 0.05).

4.3. Effects of Resveratrol on Total Antioxidant Ca-
pacity

Renal tissue total antioxidant capacity (TAC) in the dia-
betic group was significantly lower than that of the con-
trol group (P < 0.05, Figure 2). TAC in all the RSV-treated 
groups was significantly higher compared to the untreat-
ed diabetic group (P < 0.05).

4.4. Effects of Resveratrol on Advanced Glycation 
End-products 

The AGEs level in renal tissue did not show significant 
difference among all the studied groups (Figure 3).

4.5. Effects of Resveratrol on Receptor for Advanced 
Glycation End-products Expression

The mRNA levels of RAGE in kidneys of all the groups 
were determined. As shown in Figure 4, RAGE expression 
significantly increased in the diabetic group compared 
with the control (P < 0.001). The RAGE levels in RSV-treat-
ed groups significantly decreased in comparison to the 
diabetic group (P < 0.05).

Table 1.  Effects of Resveratrol on Body Weight and Biochemical Parameters of Control Diabetic and RSV-Treated Rats With Diabetes a, b, c, d

Parameters/Groups C D D + RSV1 D + RSV5 D + RSV10

Body Weight, g 260.6 ± 14.7 191.2 ± 14.4 e 222.6 ± 17.6 f 221.5 ± 14.9 f 211.0 ± 18.01 f

Fasting Blood Glucose, mg/dL 92.0 ± 10.8 303.3 ± 92.1 e 271.3 ± 77.5 192.5 ± 84.8 f 190.3 ± 68.6 f

Insulin, μU/mL 27.7 ± 2.3 18.1 ± 2.7 e 20.3 ± 2.4 23.8 ± 2.6 f 24.5 ± 2.2 f

Urea, mg/dL 23.2 ± 6.9 63.5 ± 16.9 e 38.1 ± 7.5 f 33.4 ± 9.1 f 48.1 ± 5.1

Creatinine, mg/dL 0.48 ± 0.07 0.69 ± 0.07 e 0.53 ± 0.03 f 0.53 ± 0.04 f 0.47 ± 0.08 f

HOMA-IR 6.29 ± 0.06 13.6 ± 0.61 e 13.5 ± 0.45 11.3 ± 0.54 g 11.4 ± 0.37 g

a Data are presented as mean ± SD.
b  n = 8.
c  C, control; D, diabetic; D + RSV1, diabetic treated with RSV (1 mg/kg body weight); D + RSV5, diabetic treated with RSV (5 mg/kg body weight); D + RSV10, 
diabetic treated with RSV (10 mg/kg body weight).
d  1 U of insulin is equal to 0.04167 mg and 1 mg/mL is about 25 μU/mL.
e  P < 0.001 versus control.
f  P < 0.01 versus diabetic group.
g  P < 0.05 versus diabetic group.
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Figure 1. Effect of Resveratrol on MDA Level of Kidney Tissue in Diabetic 
Rats
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The data represent mean ± SD of 8 rats. *p < 0.05 versus control; **p < 
0.05 versus diabetes group. MDA: malondialehyde,C: control normal, D: 
diabetic, D + RSV1: diabetic treated with RSV (1 mg/kg body weight), D + 
RSV5: diabetic treated with RSV (5 mg/kg body weight), D + RSV10: diabetic 
treated with RSV (10 mg/kg body weight).

Figure 2. Effects of Resveratrol on Total Antioxidant Capacity in Kidney 
of Diabetic Rats
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The data represent mean ± SD of 8 rats. *p < 0.05 versus control; **p < 0.05 
versus diabetic group. TAC: Total Antioxidant Capacity , C: control normal, 
D: diabetic, D + RSV1: diabetic treated with RSV (1 mg/kg body weight), D + 
RSV5: diabetic treated with RSV (5 mg/kg body weight), D + RSV10: diabetic 
treated with RSV (10mg/kg body weight).

Figure 3. Effects of Resveratrol on Advanced Glycation End-products in 
Kidney of Diabetic Rats
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The data represent mean ± SD of 8 rats. AGE: Advanced Glycation End-
Products, C: control normal, D: diabetic, D+RSV1: diabetic treated with RSV 
(1 mg/kg body weight), D + RSV5: diabetic treated with RSV (5 mg/kg body 
weight), D + RSV10: diabetic treated with RSV (10 mg/kg body weight).

Figure 4. mRNA Folding Changes of RAGE in Renal Tissue of Diabetic and 
Resveratrol Treated Diabetic Rats
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The data represent mean ± SD of 8 rats. *p < 0.001 versus control; **p < 
0.05 versus diabetic group. C: control normal, D: diabetic, D + RSV1: dia-
betic treated with RSV (1 mg/kg body weight), D + RSV5: diabetic treated 
with RSV (5 mg/kg body weight), D + RSV10: diabetic treated with RSV (10 
mg/kg body weight).

5. Discussion
In this investigation, we evaluated the useful effects of 

RSV on kidneys of male rats with type 2 diabetes induced 
by streptozotocin (STZ) and nicotinamide. The results of 
the present study revealed that serum urea, creatinine 
and glucose levels decreased after treatment with RSV. 
RSV increases the glucose uptake in cells and stimulates 
glucose transporters to uptake more glucose in an insu-
lin-independent manner (24, 25). In this study, diabetic 
rats developed insulin resistance and homeostatic model 
assessment - insulin resistance (HOMA-IR) in RSV-treated 
groups was lower than the diabetic group, indicating 
that this group had higher insulin sensitivity, which was 
in part because of the RSV effects on improvement of the 
insulin level in rats with diabetes; this can be another 
way to reduce blood glucose and it exerts its anti-hyper-
glycemic effects. A recent study demonstrated that RSV 
treatment significantly reduced HOMA-IR (26)

RSV can increase insulin secretion from beta cells (27-
29), which is in supporting of our data, although Szkudel-
ska et al. reported reduction of insulin secretion (30). In 
our opinion, it is dependent on the animal condition; in 
decreased insulin level condition, RSV stimulates secre-
tion of insulin and in increased insulin level condition, 
resveratrol reduces insulin secretion. Based on our condi-
tion, RSV stimulated insulin secretion.

In obesity and high fat conditions, because of diminish-
ing of the total body fat, RSV reduce weight gain, which 
is a beneficial effect of RSV in obesity; but in diabetes, be-
cause of improvement of diabetic complication and an-
tidiabetic effects of RSV, weight gain improves with RSV 
administration (31, 32)

Our finding showed increased lipid peroxidation in re-
nal tissue of diabetic rats. RSV hindered the production 
of MDA in kidney of diabetic groups. Oxidative stress 
has a key role in the progress of diabetic complications, 
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particularly diabetic nephropathy, and is central in the 
mechanisms of the disease pathogenesis. Hyperglycemia 
in diabetic conditions causes an elevated flux of electron 
in mitochondria, which inhibits complex III and conse-
quently increases superoxide radical production (33). 
Other studies support our findings (11, 34).

Free radicals such as reactive oxygen species are formed 
in body as a result of metabolic pathways and the envi-
ronment. There are antioxidant defenses that delete 
these free radicals enzymatically and nonenzymatically 
(vitamin C, vitamin E, glutathione and carotenoids) (35). 
Based on the findings of this study, the total antioxidant 
capacity was lower in the diabetic group and RSV admin-
istration elevated the antioxidant content in diabetic 
rats. RSV chemically includes two isomers of Z and E (cis 
and trans); that trance isomer (E form) shows a higher 
antioxidant power (36). Leonard et al. demonstrated that 
RSV had radical scavenging properties (37). There are 
other studies supporting our results. Palsamy et al. dem-
onstrated improvement of antioxidant enzyme activity 
such as superoxide dismutase, glutathione peroxidase, 
and catalase with short-term administration of resvera-
trol (38). Khamneh et al. also reported same results with 
long-term RSV treatment (39). We measured the total an-
tioxidant power instead of each antioxidant separately, 
because measuring all the antioxidants is difficult and 
they have different interactions. In this study, the FRAP as-
say was used, which is convenient and practically simple. 
We performed experiments with three different concen-
trations of RSV in a short period; in each treated group, 
the antioxidant capacity levels were normalized.

Our results revealed no significant difference in AGEs 
levels between all the groups; although, AGEs level in 
the diabetic group was higher than other groups. AGEs 
formation is a nonenzymatic process which includes 
multiple chemical reactions with condensing carbonyl 
and amino groups and progress slowly in the body tissue 
under normal conditions. Half-life of macromolecules 
(proteins), duration of hyperglycemia conditions, and 
hyperglycemia level are key factors in the formation of 
AGEs (40).

Results of the present study demonstrated significant 
elevation of receptor for AGEs (RAGE) in kidney tissues 
of the diabetic group. Treatment with RSV significantly 
reduced mRNA transcripts of RAGE in renal tissue of the 
three RSV-treated groups. Jing et al. reported a decrease 
in RAGE expression in aortic tissue of RSV-treated dia-
betic rats (31). RAGE plays an important role in diabetes 
complications and AGE/RAGE axis triggers signaling cas-
cades leading to deleterious consequents (41). Expression 
of RAGE in physiological conditions is at minimum levels 
and with accretion of its ligands it is up-regulated. Since 
RAGE recognizes the tertiary structure of ligands, its li-
gands are numerous (AGEs, S100 proteins, macrophage-1, 
high-mobility box group-1, and oxidized low-density lipo-
protein (LDL)) (42). AGE-RAGE interaction activates vari-
ous signaling pathways. One of the consequences is the 

generation of ROS (such as superoxide and hydrogen per-
oxide) by activation of NADPH oxidase (43, 44). Increased 
lipid peroxidation and decreased total antioxidant in 
the diabetic group of the present study supports this 
idea. RAGE down-regulation mechanisms in RSV-treated 
groups are not elucidated. RSV may inhibit AGEs forma-
tion or may involve in downstream of RAGE signaling, 
which need further research to reveal details.

In conclusion, our observations disclosed the profitable 
nature of RSV in kidney of diabetic rats and clarified that 
the useful effects are because of the reduction of oxida-
tive stress and hyperglycemia and increase of the total 
antioxidant. Furthermore, RSV administration decreases 
RAGE expression in renal tissues of diabetic rats and may 
be used as a useful remedy for diabetes in future after 
clinical trial investigations and finding a suitable dose of 
resveratrol. For exploring the exact mechanisms, more 
studies are required.
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