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Abstract: Cadmium (Cd) is a common toxic environmental pollutants. People are exposure to Cd from air, drinking 
water and so on. Especially, tobacco smoking is another important way for people exposed to Cd. Kidney is the 
primary organ targeted by chronic Cd exposure. Resveratrol is a natural polyphenol and has the ability of ameliorat-
ing Cd-induced renal damages. However, the clearly involved mechanisms are still not fully elucidated. The aim of 
this study was to explore the possible mechanisms under the renal protective functions of resveratrol in zebrafish 
model induced by exposure to 1.5 mg/L CdCl2 in water for 72 h and in rat model induced by orally treated with 5 
mg/kg/d CdCl2 for 4 weeks. It was found that resveratrol significantly attenuated Cd-induced zebrafish phenotype 
changes and rat renal injury. Resveratrol inhibited the renal collagen deposition, oxidative stress and inflammation, 
normalized enzymatic antioxidant status, regulated epithelial-mesenchymal transition (EMT) related factors and 
enhanced the expressions of nuclear related factor-2 (Nrf-2), heme oxygenase-1 (HO-1) and γ-glutamate cysteine 
ligase catalytic subunit (γ-GCLC). This study added the evidences that resveratrol prevented renal collagen deposi-
tion, oxidative stress and inflammation via regulating Nrf-2. It provided new insights for understanding the protective 
nature of resveratrol against Cd induced renal deficits.

Keywords: Cadmium, resveratrol, renal damages, oxidative stress, inflammation

Introduction

The rapid development of modern industry has 
brought increasingly serious environmental pol-
lution problems, especially in the developing 
countries. Cadmium (Cd) is one of the most 
widely existed toxic environmental pollutants. 
Industrial production such as batteries manu-
facture, pigments generation and metal plating 
obviously enhances the risk for the contamina-
tion of Cd in the atmosphere, water and soil [1]. 
As a result, people are exposure to Cd from air, 
drinking water and so on. Especially, tobacco 
smoking is another important way for people 
exposed to Cd [2]. Cd with the status of non-
biodegradable is not an essential element for 
human beings [3]. The biological half-life of Cd 
is long to 20-30 years [4]. So, Cd is easy to be 
accumulated in the body and highly toxic to 
nearly all organisms [1]. Briefly, acute intake of 
Cd within a short time produces damages on 
lung, liver, testes and brain, while chronic expo-
sure to Cd leads to renal injury, anemia and 

osteoporosis [5]. It has been demonstrated 
that kidney has a preferential sensitiveness to 
Cd and is the primary organ targeted by chronic 
Cd exposure [6]. The Cd accumulated in the kid-
ney accounts for about 50% of the total Cd in 
vivo, and can finally results in the end-stage 
renal disease (ESRD) [4]. The exact mecha-
nisms under the heavy metal pathogenesis 
have not been fully elucidated. A most recog-
nized disturbance manner is metal caused oxi-
dative stress [7]. Chronic exposure to Cd stimu-
lates the production of reactive oxygen species 
(ROS) and contributes to oxidative stress in vivo 
[1, 4]. Additionally, inflammation is also a key 
indicator for Cd-induced tissue damages [6].

Natural polyphenols with antioxidant properties 
due to their chemical structure are suggested 
to have the beneficial functions of suppressing 
oxidative stress in human beings [5]. For exam-
ple, grape seed contains an abundance of natu-
ral phenolic compounds and is demonstrated 
to can attenuate chronic Cd exposure induced 
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renal injury by inhibiting the ROS generation 
and local inflammation. Its abilities of modulat-
ing the renal expressions of nuclear related fac-
tor-2 (Nrf-2) and several antioxidant genes are 
possibly responsible for these benefits [8]. 
Resveratrol is one of the mainly bioactive poly-
phenol in grape. Resveratrol has a variety of 
pharmacological effects including antioxidant, 
anti-inflammatory and anti-cancer [9]. Previous 
study revealed that daily treated with 20 mg/
kg/d resveratrol inhibited the structural chang-
es of kidney (disturbed glomeruli, increased 
collagen deposition and degenerated tubular) 
induced by exposure to Cd for 4 weeks [10]. In 
another animal model of acute renal injury 
induced by Cd, resveratrol ameliorated the 
Cd-induced lipid peroxidation and diminish in 
renal antioxidant status [11]. However, the 
clearly mechanisms under the renal protective 
functions of resveratrol against chronic Cd 
exposure are still not fully elucidated. This study 
was undertaken to investigate the possible 
mechanisms of resveratrol in zebrafish and rat 
model.

Materials and methods

Chemicals and antibodies

The antibodies of cyclooxygenase-2 (COX-2) 
and inducible nitric oxide synthase (iNOS) were 
purchased from abcam, Inc. (Cambridge, 
Cambs, UK). The antibodies of Nrf-2 and heme 
oxygenase-1 (HO-1) were purchased from 
Proteintech Group, Inc. (Chicago, IL, USA). The 
antibody of γ-glutamate cysteine ligase catalyt-
ic subunit (γ-GCLC) were purchased from 
Boster, Co. Ltd. (Wuhan, Hubei, China). The 
commercial kits for the analysis of the blood 
urea nitrogen (BUN), serum creatinine (SCR), 
β-N-acetylglucosaminidase (NAG), malondial-
dehyde (MDA), total sulfhydryl (T-SH), total car-
bonyl (T-CO), glutathione/oxidized glutathione 
(GSH/GSSG), superoxide dismutase (SOD), cat-
alase (CAT), glutathione reductase (GR), gluta-
thione peroxidase (GPx) and nitric oxide (NO) 
were purchased from Nanjing Jiancheng 
Bioengineering Institute (Nanjing, Jiangsu, 
China). The ELISA kit for the analysis of prosta-
glandin E2 (PGE2) was purchased from R&D 
System, Inc. (Minneapolis, MN, USA). Res- 
veratrol (purity > 98%) was purchased from 
Aladdin Biochemical Technology Co. Ltd. 
(Shanghai, China). All other solvents and chemi-

cals used in the study were of analytical grade 
and purchased from Sinopharm Chemical 
Reagent, Co, Ltd. (Shanghai, China).

Cd induced zebrafish (Danio rerio) embryos 
injury

Wild type zebrafish (AB strain) were applied in 
this study. The fish were maintained under a 
controlled tank (temperature 28°C and 14 h 
light: 10 h dark cycle). The embryos were 
obtained from natural spawning of male and 
female zebrafish in the tank overnight. The 
spawning was collected and induced in the 
next morning by the onset of white light at 28°C 
to 3 dpf for further analysis [12, 13]. Then, 
these zebrafish embryos were randomly divid-
ed into 8 groups (n = 11) in 24 well plates: 

The vehicle control group: maintained in culture 
medium only; The 30, 10 or 1 μg/ml resveratrol 
control group: maintained in culture medium 
with 30 (in our previous study, the 72 h LD25 of 
resveratrol for zebrafish embryos was 35.084 
μg/ml. So, 30 μg/ml was used as the high con-
centration in the present study), 10 or 1 μg/ml 
resveratrol; The Cd exposure group: maintained 
in culture medium with 1.5 mg/L CdCl2; The Cd 
+ 30, 10 or 1 μg/ml resveratrol group: main-
tained in culture medium with 1.5 mg/L CdCl2 + 
30, 10 or 1 μg/ml resveratrol; Half of the water 
was replaced with fresh prepared water with 
1.5 mg/L CdCl2 (and/or resveratrol) each day. 
After 72 h of exposure, the fish were anesthe-
tized and observed under a light microscope. 
The changes in dorsal and lateral phenotype 
(periocular and yolk sac edema) were recorded 
with a digital camera. 

Rat model of Cd induced renal damage

Adult male Wistar rats weighing 200±20 g (10 
weeks) were obtained from the Centers of 
Disease Control and Prevention of Hubei 
Province, China. The animals were housed at a 
controlled room (temperature 22±3°C, humidi-
ty 50±10% and 12 h light: 12 h dark cycle) and 
fed with standard diet and water ad libitum. 
After acclimatization to the laboratory condi-
tions for 7 days, the animals were randomly 
divided into four groups (n = 8): the vehicle con-
trol group (vehicle), the resveratrol treated con-
trol group (resveratrol), the Cd exposure model 
group (Cd) and the resveratrol treated-Cd 
groups (resveratrol + Cd). The rats from Cd and 
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resveratrol + Cd groups were orally treated with 
5 mg/kg/d CdCl2 for 4 weeks [8]. The rats from 
vehicle and resveratrol groups were received 
the same volume of normal water. One hour 
after Cd treatment, the rats from resveratrol 
and resveratrol + Cd groups were intragastric 
administrated with 20 mg/kg/d resveratrol 
(the selection of this dose was analyzed in the 
Discussion) for 4 weeks, respectively. And the 
rats from vehicle and Cd groups were daily 
intragastric administrated with the same vol-
ume of normal water. 

At the end of the experimental period, the ani-
mals were placed in metabolic cages to collect 
24-hour urine for the measurement of NAG. 
Then, the blood samples were prepared for the 
analysis of BUN and SCR. The kidney samples 
were collected, weighted and excised. One part 
of the tissue was stored at -80°C for the subse-
quent western blot assay (renal levels of COX-2, 
iNOS, Nrf-2, HO-1 and γ-GCLC) and quantitative 
RT-PCR (qPCR) assay (renal levels of transform-
ing growth factor-β1 (TGF-β1), twist and fibro-
nectin). Another part of the tissue was fixed in 
4% paraformaldehyde for 3 days and then 
embedded in paraffin and serially sectioned for 
the haematoxylin-eosin (HE) and masson stain-
ing. Stained areas of the sections were visual-
ized and recorded using an optical microscope 
(Leica DMi8) at ×200. The rest tissue was 
made to the 10% tissue homogenate using ice 
cold physiological saline and then stored at 
-80°C. 

All the animal experiments were performed in 
compliance with the Chinese legislation and in 
accordance with the ethical rules in the NIH 
Guidelines for the Care and Use of Laboratory 
Animals. The study was approved by the In- 
stitutional Animal Care and Use Committee at 
Puai Hospital, Tongji Medical College, Huazhong 
University of Science and Technology. 

Analysis for renal extent of oxidative stress 
and inflammation

Renal extent of oxidative stress and inflamma-
tion was estimated using kidney tissue homog-

enate. Briefly, the renal level of oxidative stress 
was evaluated by measuring the levels of the 
oxidative stress indicators (MDA, GSSG, T-CO 
and T-SH), the non-enzymatic antioxidant (GSH) 
and the renal enzymatic antioxidant status 
(SOD, CAT, GR and GPx). The renal level of 
inflammation was assessed by detecting the 
levels of inflammatory-related factors (PGE2 
and NO). All the procedures were performed 
according to the manufacture’s instructions of 
the commercial available kits.  

Analysis for renal expressions of COX-2, iNOS, 
Nrf-2, HO-1 and γ-GCLC 

The renal expressions of COX-2, iNOS, Nrf-2, 
HO-1 and γ-GCLC were evaluated by western 
blot analysis using tissue samples. Tissue pro-
tein samples were separated by 10% SDS-
polyacrylamide gel electrophoresis and then 
transferred to a PVDF membrane by electro-
phoretic transfer. Transferred membranes were 
blocked for 1 h at 37°C with 5% nonfat milk in 
Tris-buffered saline, and then incubated over-
night at 4°C with different primary antibodies 
(1:500 for COX-2, or 1:1000 for iNOS, Nrf-2, 
HO-1 and γ-GCLC). After washed with TBST, the 
membranes were incubated with horseradish 
peroxidase-conjugated secondary antibodies 
in TBST with 3% nonfat milk for 1 h at room 
temperature. Quantification of bands was de- 
termined by integrated optical density analysis 
using Gel-Pro Analyzer software after immu-
noblots. The expressions of total proteins were 
normalized using β-actin (1:8000) as an inter-
nal control. And the expression of nucleic pro-
tein Nrf-2 was normalized using Lamin B 
(1:1000) as an internal control.

Analysis for renal levels of TGF-β1, twist and 
fibronectin

After ground in liquid nitrogen, the total RNA 
was extracted from each sample using Trizol 
reagent and quantified using gel electrophore-
sis. The qPCR was performed in the real-time 
PCR system using a fast qPCR master mix kit 
according to the manufacturer’ protocol. Post-

Table 1. The primer sequences
Gene Forward primer Reverse primer
TGF-β1 5’-TATAGCAACAATTCCTGGCGTTACCT-3’ 5’-GTCACCTCGACGTTTGGGACTGA-3’
Twist 5’-GTCGCTGAACGAGGCATTT-3’ 5’-CCCCTCCATCCTCCAGACG-3’
Fibronectin 5’-CCCTACCAAGGCTGGATGAT-3’ 5’-GAGCAGGTTCCCTCTGTTGTC-3’



Resveratrol ameliorates cadmium induced renal injury

7566 Int J Clin Exp Med 2017;10(5):7563-7572

PCR melt curve analysis was used to control 
the PCR product specificity. Relative levels were 
calculated using the equation 2-ΔΔCt [14]. The 
primer sequences of TGF-β1, Twist and fibro-
nectin were showed in Table 1. GAPDH was 
used as the internal standard.

Statistical analysis

The values were presented as mean ± S.D. 
Results were analyzed statistically by one-way 
ANOVA followed by Tukey’s multiple comparison 
using SPSS software. Differences were consid-
ered as significant at P < 0.05. 

Results 

Effects of resveratrol on Cd-induced changes 
in dorsal and lateral phenotype 

Exposure to Cd for 72 h leads to periocular and 
yolk sac edema in zebrafish. The edema rate of 
Cd exposure group (70.56±4.19%) was signifi-
cantly (P < 0.01) enhanced when compared to 
the vehicle control (0±0%). Co-treated with 1, 
10 or 30 μg/ml resveratrol obviously decreased 
the edema rate to 49.01±15.53% (P < 0.05), 
42.59±8.49% (P < 0.01) or 31.21±4.67% (P < 
0.01) when compared to the untreated Cd 

exposure group, respectively. However, there 
was no significant difference (P > 0.05) among 
the 1, 10 and 30 μg/ml resveratrol. Additionally, 
1, 10 or 30 μg/ml resveratrol alone did not 
increased (P > 0.05) the edema rate when com-
pared to the vehicle control.

Effects of resveratrol on body weight, kidney 
weight and food intake in rats exposure to Cd 

The changes on body weight, kidney weight and 
food intake are showed in Table 2. Four weeks 
Cd exposure led to significant reduction in the 
body weight gaining, kidney weight and food 
intake when compared to the vehicle control. 
Co-treated with 20 mg/kg/d resveratrol for 4 
weeks significantly increased the body weight 
gaining and kidney weight when compared to 
the Cd model. There was no significant differ-
ence (P > 0.05) on body weight gaining, kidney 
weight and food intake between vehicle control 
and resveratrol group.

Effects of resveratrol on the levels of BUN, 
SCR and NAG in rats exposure to Cd 

Figure 1 represents that orally treated with 5 
mg/kg/d Cd for 4 weeks causes significant 
enhancement in the levels of BUN, SCR and 

Table 2. Effects of resveratrol on body weight, kidney weight and food intake in rats exposure to Cd

Group Initial body 
weight (g)

Final body 
weight (g)

Body weight 
change (g)

Kidney 
weight (g)

Kidney 
index (%)

Initial food 
intake 

(g/100 g/d)

Final food 
intake 

(g/100 g/d)
Vehicle 224.12±18.19 357.12±27.60## 133.38±39.04## 2.06±0.18## 0.575±0.016 11.76±0.64 10.75±0.41##

Cd 219.38±14.88 300.25±23.60** 80.88±21.29** 1.67±0.16** 0.555±0.013 12.17±1.51 7.49±0.83**

Cd + resveratrol 223.38±13.51 342.75±20.21## 119.37±16.45# 1.94±0.17**,# 0.566±0.021 12.17±1.51 9.12±0.77
Resveratrol 220.75±13.48 347.12±23.33## 126.38±29.84# 2.01±0.16## 0.578±0.23 11.86±1.54 9.52±0.87#

**P < 0.01 compared to the vehicle control, #P < 0.05 compared to the Cd model, ##P < 0.01 compared to the Cd model.

Figure 1. Effects of resveratrol on Cd-induced changes in BUN, SCR and NAG in rats. **P < 0.01 compared to the 
vehicle control, ##P < 0.01 compared to the Cd exposure model.
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NAG when compared to the vehicle control. 
Resveratrol obviously inhibited these Cd- 
induced increased levels of BUN, SCR and NAG 
when compared to the untreated Cd model. 
And 20 mg/kg/d resveratrol alone did not 
change the kidney function (P > 0.05) when 
compared to the vehicle control. 

Effects of resveratrol on renal morphologic 
changes and collagen deposition in rats expo-
sure to Cd 

Figure 2 shows that Cd exposure contributes to 
the shrinkage of glomerulus (solid arrow) and 
dilation of tubules (dovetail arrow), as well as 
the deposition of collagen (dotted arrow)  
when compared to the vehicle control group. 
Resveratrol ameliorated these morphologic 
changes and suppressed the renal collagen 

deposition when compared to the model 
control. 

Effects of resveratrol on renal oxidative stress 
in rats exposure to Cd 

Figure 3 reveals that 4 weeks exposure to Cd 
results in renal oxidative stress characterized 
by much higher levels of MDA, T-CO, GSSG, 
lower levels of T-SH and GSH, as well as signifi-
cantly diminished activities of SOD, CAT, GR, 
GPx when compared to the vehicle control. 
Treated with 20 mg/kg/d resveratrol for 4 
weeks alleviated these alterations. Co-treated 
with resveratrol obviously decreased the levels 
of MDA, T-CO and GSSG, increased the levels of 
T-SH and GSH, and enhanced the activities of 
SOD, CAT, GPx and GR when compared to the 
untreated Cd model group. 

Figure 2. Effects of resveratrol on renal morphologic changes and collagen deposition in rats exposure to Cd. Histo-
logical analysis was performed using HE and masson staining (×200). Solid arrow: shrinkage of glomerulus. Dove-
tail arrow: dilation of tubules. Dotted arrow: deposition of collagen. 

Figure 3. Effects of resveratrol on the renal activities of SOD, CAT, GPx and GR, as well as the levels of T-SH, T-CO, 
GSH, GSSG and MDA in rats exposure to Cd. *P < 0.05 compared to the vehicle control, **P < 0.01 compared to 
the vehicle control, #P < 0.05 compared to the Cd exposure model, ##P < 0.01 compared to the Cd exposure model.
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Effects of resveratrol on renal inflammation in 
rats chronic exposure to Cd 

The effects of resveratrol on the levels of 
inflammatory-related factors are showed in 
Figure 4. Cd exposure resulted in significantly 
enhanced renal expressions of COX-2 and 
iNOS, as well as obviously increased levels of 
PGE2 and NO when compared to the vehicle 
control. Treatment with 20 mg/kg/d resveratrol 

for 4 weeks contributed to noticeably lower lev-
els of COX-2, iNOS, PGE2 and NO when com-
pared to the untreated Cd model group.  

Effects of resveratrol on renal EMT factors in 
rats exposure to Cd 

Figure 5 describes the effects of resveratrol  
on modulating the renal levels of TGF-β1, twist 
and fibronectin. Significantly increased levels of 

Figure 4. Effects of resveratrol on renal expressions of COX-2 and iNOS, as well as the levels of PGE2 and NO in rats 
exposure to Cd. **P < 0.01 compared to the vehicle control, #P < 0.05 compared to the Cd exposure model, ##P < 
0.01 compared to the Cd exposure model.

Figure 5. Effects of resveratrol on the renal levels of TGF-β1, Twist and fibronectin in rats exposure to Cd. *P < 0.05 
compared to the vehicle control, **P < 0.01 compared to the vehicle control, #P < 0.05 compared to the Cd expo-
sure model, ##P < 0.01 compared to the Cd exposure model.
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TGF-β1, twist and fibronectin were found in the 
rats chronic exposure to Cd when compared to 
the vehicle control group. Daily administered 
with 20 mg/kg resveratrol significantly attenu-
ated the over-generation of TGF-β1, twist and 
fibronectin when compared to the Cd model 
group.

Effects of resveratrol on renal levels of Nrf-2, 
HO-1 and γ-GCLC in rats exposure to Cd 

As indicated in Figure 6, Cd exposure decreas-
es the renal expressions of Nrf-2, HO-1 and 
γ-GCLC when compared to the vehicle control 
group. Resveratrol treatment increased the 
expressions of Nrf-2, HO-1 and γ-GCLC when 
compared to the Cd group. 

Discussion

ESRD is the eventual terminus of varies kinds 
of chronic kidney diseases including Cd-induced 
renal injury, and has produced a huge amount 
of medical costs [4, 15]. The zebrafish is a 
freshwater tropical vertebrate with a small 
body. It has highly similar physiological and 
genomic profiles to human [12]. As a result, it is 
widely using in the estimate of environmental 
toxicology and drug activity recently. Zebrafish 
model is an important method for investigating 

renal toxicity via observing local edema [16]. In 
this study, Cd exposure induced periocular and 
yolk sac edema in zebrafish. Resveratrol at  
the doses of 1, 10 and 30 μg/ml obviously 
decreased the Cd-induced zebrafish edema 
rate. However, there was no significant differ-
ence (P > 0.05) among the 1, 10 and 30 μg/ml 
doses co-treated groups. Additionally, previous 
studies indicated that the dose of 20 mg/kg/d 
for rats showed nicely beneficial effects on kid-
ney and is a safe dose [10, 11, 17]. So, this 
dose was applied in the present study.

In renal local, the over-generated ROS and 
diminished antioxidant enzymes induced by Cd 
lead to uncontrolled oxidative stress. Oxidative 
stress stimulates the damages of DNA, lipids, 
proteins and other cellular biomolecules, as 
well as promotes the interruption of cellular 
redox homeostasis, the cellular apoptosis and 
the abnormal activation of signaling pathways 
[18, 19]. Subsequently, numbers pathological 
progresses are initiated [1]. Cd causes distur-
bances in body weight and kidney weight, 
reduces the glomerular filtration and enhances 
the levels of BUN and SCR due to Cd-induced 
oxidative damage to the renal tubular cells [7, 
8]. Furthermore, Cd has a higher electron affini-
ties for the thiol than antioxidants (like GSH) 

Figure 6. Effects of resvera-
trol on renal levels of Nrf-2, 
HO-1 and γ-GCLC in rats ex-
posure to Cd. **P < 0.01 
compared to the vehicle con-
trol, #P < 0.05 compared to 
the Cd exposure model, ##P 
< 0.01 compared to the Cd 
exposure model.
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and enzymes (such as SOD and GPx). As a 
result, Cd can deplete these antioxidants via 
chelating their thiol groups [3, 7, 18]. They are 
the key defenses against oxidative stress and 
convert free radicals into harmless O2 and H2O 
[13]. The renal levels of MDA and carbonyl pro-
tein in animal exposed to Cd are obviously 
enhanced [7, 8]. MDA is a lipid peroxidation 
product from polyunsaturated fatty acids and 
commonly used to be an indicator for oxidative 
damages in cellular and organic functions [13, 
20]. Increased levels of carbonyl compounds 
suggest that proteins are subjected to free radi-
cal damages [8].

Additionally, inflammation often complicates 
pathologic processes by associating with oxida-
tive stress. ROS can trigger the activation of 
macrophage and then elicit immune responses 
[21]. In immune system, iNOS and COX-2 are 
early response genes for inflammation and are 
commonly used as inflammatory markers [13]. 
The iNOS belongs to the NOS family and is an 
inducible enzyme. When activated by Cd, iNOS 
promotes the production of NO and stimulates 
inflammatory responses [22]. NO also interacts 
with ROS to deplete GSH in Cd induced oxida-
tive damage [20]. COX-2 is a pivotal enzyme 
involved in inflammatory responses. The ex- 
pression of COX-2 is enhanced when exposure 
to Cd [6]. PGE2 functioned as a mediator for 
inflammatory and immunomodulatory. The syn-
thesis of PGE2 is accelerated through the cata-
lyze of COX-2 [13, 22]. 

Chronic Cd exposure may induce changes in 
renal extracellular matrix (ECM) and promote 
EMT [23]. Previous animal studies demonstrat-
ed that 30 days, 6 weeks or 12 weeks Cd expo-
sure led to varied extent of renal collagen depo-
sition [14, 24]. It has been observed that EMT 
markers of twist and fibronectin were up-regu-
lated by Cd [23]. EMT is a crucial mediator of 
wound healing and closely associated to organ 
fibrosis. The process of EMT is controlled by 
transcription factors including twist [25]. Fib- 
ronectin is an early indicator for renal intersti-
tial fibrosis [24]. TGF-β1 is a key factor in varies 
of fibrotic diseases. During the inflammation 
and oxidative damage, the activation of TGF-β1 
will accelerate the synthesis and deposition of 
ECM, promote the differentiation of myofibro-
blasts, increase the apoptosis of tubular, stimu-
late the replacement of intrinsic renal cells by 

fibrotic tissue, and eventually increase the 
development of glomerulosclerosis and tu- 
bulointerstitial fibrosis [14, 24, 26]. In this 
study, resveratrol inhibited Cd-induced oxida-
tive stress, enhanced renal activities of antioxi-
dant enzymes, decreased the levels of inflam-
matory-related factors COX-2, iNOS, PGE2 and 
NO, as well as attenuated the over-generations 
of EMT related factors TGF-β1, twist and fibro-
nectin. Ultimately, resveratrol ameliorated the 
disturbances in body weight, kidney weight and 
structural changes of kidney.

Nrf-2 is a transcription factor that belongs to 
the Cap‘n’ Collar basic leucine zipper transcrip-
tion factor family [27]. It plays an important role 
in the maintenance of cellular homeostasis and 
has the function of protecting cells and tissues 
against oxidative stress. Renal expression of 
Nrf-2 will be decreased by exposed to Cd [8]. 
Then, the productions of several antioxidants 
(such as HO-1 and γ-GCLC) are inhibited. HO-1 
plays an essential part in antioxidant defense 
against toxic free radicals [28]. Additionally, the 
expression of HO-1 is showed to be negatively 
correlated with the expression of iNOS [21]. 
Increased level of γ-GCLC contributes to an 
enhanced intracellular concentration of GSH 
and the maintaining cellular thiol redox status 
[28]. 

The whole findings showed that resveratrol can 
ameliorate Cd-induced renal oxidative damage 
and inflammation via regulating Nrf-2. This 
study added positive evidence for the benefits 
of resveratrol in Cd-induced chronic renal inju-
ry. It also provided new insights for understand-
ing the protective nature of resveratrol against 
Cd induced renal deficits.

Acknowledgements

This research is supported by Hubei Province 
health and family planning scientific research 
project [grant numbers WJ2017M189], by the 
Natural Science Fund of Health and Family 
Planning Commission of Wuhan Municipality, 
China [grant numbers WX16B11, WZ16C20], 
and by the Youth Science and Technology Plan 
of Wuhan, China [grant numbers 201507170- 
4011629].

Disclosure of conflict of interest

None.



Resveratrol ameliorates cadmium induced renal injury

7571 Int J Clin Exp Med 2017;10(5):7563-7572

Address correspondence to: Qiaofa Lu, Department 
of Respiratory, Puai Hospital, Tongji Medical College, 
Huazhong University of Science and Technology, 
Wuhan, China. Tel: +86-027-68831324; Fax: +86-
027-68831324; E-mail: hujianwu78@163.com

References

[1] Adaramoye OA, Akanni OO. Modulatory effects 
of methanol extract of artocarpus altilis 
(Moraceae) on cadmium-induced hepatic and 
renal toxicity in male Wistar rats. Patho- 
physiology 2016; 23: 1-9.

[2] Adefegha SA, Omojokun OS, Oboh G. Mo- 
dulatory effect of protocatechuic acid on cad-
mium induced nephrotoxicity and hepatoxicity 
in rats in vivo. Springerplus 2015; 4: 619.

[3] Fahim MA, Nemmar A, Singh S, Shafiullah  
M, Yasin J, Hasan MY. L-2-Oxothiazolidine-4-
carboxylic acid mitigates the thromboembolic 
effects and systemic toxicity induced by sub-
acute exposure to cadmium in mice. Int J Clin 
Exp Med 2016; 9: 15764-15771.  

[4] Poontawee W, Natakankitkul S, Wongmekiat 
O. Protective effect of Cleistocalyx nervosum 
var. paniala fruit extract against oxidative renal 
damage caused by cadmium. Molecules 2016; 
21: 133.

[5] Ojo OA, Ajiboye BO, Oyinloye BE, Ojo AB, 
Olarewaju OI. Protective effect of irvingia gabo-
nensis stem bark extract on cadmium-induced 
nephrotoxicity in rats. Interdiscip Toxicol 2014; 
7: 208-214.

[6] Cao H, Gao F, Xia B, Xiao Q, Guo X, Hu G, Zhang 
C. The co-induced effects of molybdenum and 
cadmium on the mRNA expression of infam-
matory cytokines and trace element contents 
in duck kidneys. Ecotoxicol Environ Saf 2016; 
133: 157-163.

[7] Raghuvanshi R, Chaudhari A, Kumar GN. 
Amelioration of cadmium- and mercury-in-
duced liver and kidney damage in rats by ge-
netically engineered probiotic Escherichia coli 
Nissle 1917 producing pyrroloquinoline qui-
none with oral supplementation of citric acid. 
Nutrition 2016; 32: 1285-1294.

[8] Nazima B, Manoharan V, Miltonprabu S. Grape 
seed proanthocyanidins ameliorates cadmi-
um-induced renal injury and oxidative stress in 
experimental rats through the up-regulation of 
nuclear related factor 2 (Nrf2) and antioxidant 
responsive elements. Biochem Cell Biol 2015; 
93: 210-226.

[9] Liu J, Yi L, Xiang Z, Zhong J, Zhang H, Sun T. 
Resveratrol attenuates spinal cor injury-in-
duced inflammatory damage in rat lungs. Int J 
Clin Exp Pathol 2015; 8: 1237-1246.

[10] Rafati A, Hoseini L, Babai A, Noorafshan A, 
Haghbin H, Karbalay-Doust S. Mitigating effect 

of resveratrol on the structural changes of 
mice liver and kidney induced by cadmium: a 
stereological study. Prev Nutr Food Sci 2015; 
20: 266-275.

[11] Eybl V, Kotyzova D, Koutensky J. Comparative 
study of natural antioxidants-curcumin, resver-
strol and melatonin-in cadmium-induced oxi-
dative damage in mice. Toxicology 2006; 225: 
150-156.

[12] Manigandan K, Jayaraj RL, Jagatheesh K, 
Elangovan N. Taxifolin mitigates oxidative DNA 
damage in vitro and protects zebrafish (Danio 
rerio) embryos against cadmium toxicity. 
Environ Toxicol Pharmacol 2015; 39: 1252-
1261.

[13] Zheng JL, Yuan SS, Wu CW, Lv ZM. Acute expo-
sure to waterborne cadmium induced oxida-
tive stress and immunotoxicity in the brain, 
ovary and liver of zebrafish (Danio rerio). Aquat 
Toxicol 2016; 180: 36-44.

[14] Chen J, Du L, Li J, Song H. Epigallocatechin-3-
gallate attenuates cadmium-induced chronic 
renal injury and fibrosis. Food Chem Toxicol 
2016; 96: 70-78.

[15] Morizane R, Fujii S, Monkawa T, Hiratsuka K, 
Yamaguchi S, Homma K, Itoh H. MiR-34c at-
tenuates epithelial-mesenchymal transition 
and kidney fibrosis with ureteral obstruction. 
Sci Rep 2014; 4: 4578.

[16] Poureetezadi SJ, Wingert RA. Little fish, big 
catch: zebrafish as a model for kidney disease. 
Kidney Int 2016; 89: 1204-1210.

[17] Eleawa SM, Alkhateeb MA, Alhashem FH, Bin-
Jaliah I, Sakr HF, Elrefaey HM, Elkarib AO, 
Alessa RM, Haidara MA, Shatoor AS, Khalil MA. 
Resveratrol reverses cadmium chloride-in-
duced testicular damage and subfertility by 
downregulating p53 and Bax and upregulating 
gonadotropins and Bcl-2 gene expression. J 
Reprod Dev 2014; 60: 115-127.

[18] Ramamurthy CH, Subastri A, Suyavaran A, 
Subbaiah KC, Valluru L, Thirunavukkarasu C. 
Solanum torvum Swartz. Fruit attenuates cad-
mium-induced liver and kidney damage 
through modulation of oxidative stress and gly-
cosylation. Environ Sci Pollut Res Int 2016; 23: 
7919-7929.

[19] Wang Y, Wu Y, Luo K, Liu Y, Zhou M, Yan S, Shi 
H, Cai Y. The protective effects of selenium on 
cadmium-induced oxidative stress and apopto-
sis via mitochondria pathway in mice kidney. 
Food Chem Toxicol 2013; 58: 61-67.

[20] Dkhil MA, Al-Quraishy S, Diab MM, Othman 
MS, Aref AM, Abdel Moneim AE. The potential 
protective role of Physalis peruviana L. fruit in 
cadmium-induced hepatotoxicity and nephro-
toxicity. Food Chem Toxicol 2014; 74: 98-106.

[21] Chiou YS, Huang Q, Ho CT, Wang YJ, Pan MH. 
Directly interact with Keap1 and LPS is in-

mailto:hujianwu78@163.com


Resveratrol ameliorates cadmium induced renal injury

7572 Int J Clin Exp Med 2017;10(5):7563-7572

volved in the anti-inflammatory mechanisms of 
(-)-epicatechin-3-gallate in LPS-induced macro-
phages and endotoxemia. Free Radic Biol Med 
2016; 94: 1-16.

[22] Olszowski T, Baranowska-Bosiacka I, Gutowska 
I, Chlubek D. Pro-inflammatory properties of 
cadmium. Acta Biochem Pol 2012; 59: 475-
482.

[23] Chakraborty PK, Scharner B, Jurasovic J, 
Messner B, Bernhard D, Thévenod F. Chronic 
cadmium exposure induces transcriptional ac-
tivation of the Wnt pathway and upregulation 
of epithelial-to-mesenchymal transition mark-
ers in mouse kidney. Toxicol Lett 2010; 198: 
69-76.

[24] Coccini T, Barni S, Mustarelli P, Locatelli C, 
Roda E. One-month persistence of inflamma-
tion and alteration of fibrotic marker and cyto-
skeletal proteins in rat kidney after Cd-doped 
silica nanoparticle instillation. Toxicol Lett 
2015; 232: 449-457.

[25] Kothari AN, Mi Z, Zapf M, Kuo PC. Novel clinical 
therapeutics targeting the epithelial to mesen-
chymal transition. Clin Transl Med 2014; 3: 35.

[26] Chuang PY, Menon MC, He JC. Molecular tar-
gets for treatment of kidney fibrosis. J Mol Med 
2013; 91: 549-559.

[27] Yang L, Palliyaguru DL, Kensler TW. Frugal che-
moprevention: targeting Nrf2 with foods rich in 
sulforaphane. Semin Oncol 2016; 43: 146-
153.

[28] Chang HC, Yang HL, Pan JH, Korivi M, Pan JY, 
Hsieh MC, Chao PM, Huang PJ, Tsai CT, Hseu 
YC. Hericium erinaceus inhibits TNF-α-induced 
angiogenesis and ROS generation through 
suppression of MMP-9/NF-κB signaling and 
activation of Nrf2-mediated antioxidant genes 
in human EA.hy926 endothelial cells. Oxid 
Med Cell Longev 2016; 2016: 8257238. 


