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Abstract:

Background: Though resveratrol is known to have anti-cancer, anti-diabetic, anti-oxidant and anti-inflammatory activities, the in-

hibitory mechanism of resveratrol in kidney stone formation has not been elucidated so far.

Method: ELISA, flow cytometry, RT-PCR, and western blotting were performed. Human renal epithelial cells (HRCs) and rats with

ethylene glycol (EG)-induced kidney stones were used.

Results: A wound healing assay revealed that resveratrol significantly inhibited the oxalate-mediated migration of HRCs, consider-

ing oxalate mediates kidney stone formation. Also, resveratrol suppressed the mRNA expression of nicotinamide adenine dinucleo-

tide phosphate hydrogen (NADPH) oxidase subunits such as p22phox and p47phox, monocyte chemoattractant protein 1 (MCP-1) and

osteopontin (OPN) in oxalate-treated HRCs. Furthermore, western blotting showed that resveratrol downregulated the expression of

MCP-1-related proteins including transforming growth factor(TGF-b1), TGFR-I or II and hyaluronan in oxalate-treated HRCs.

Consistently, resveratrol reduced oxalate-mediated production of reactive oxygen species (ROS) and malondialdehyde (MDA) in

oxalate-treated HRCs, while the activities of anti-oxidant enzymes such as superoxide dismutase (SOD), catalase (CAT) and glu-

tathione peroxidase (GPx) were enhanced by resveratrol in HRCs and EG-treated kidneys of rats. Consistently, resveratrol signifi-

cantly reduced the number of urine calcium oxalate crystals and serum MDA, and attenuated the expression of OPN and hyaluroran

in EG-treated rats.

Conclusions: Our findings suggest that resveratrol exerts anti-nephrolithic potential via inhibition of ROS, MCP-1 hyaluronan and

OPN signaling.
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Introduction

About 70% of kidney stones are composed of calcium

mixed with oxalate. Calcium oxalate (CaOx) deposi-

tion in kidney tissues causes renal cell injury through

the production of reactive oxygen species (ROS) [11].

Nicotinamide adenine dinucleotide phosphate

(NADPH) oxidases, an important source of ROS,

consist of two transmembrane subunits, p22phox and

p91phox; four cytosolic subunits, p47phox, p67phox, and
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p40phox, and the small GTPase Rac1/2 [2]. Of interest,

Shiose et al. reported that the NADPH oxidase system

plays a critical role in the regulation of the growth of

renal cells [29]. Likewise, Umekawa et al. revealed

that ROS generation from NADPH oxidase represents

a second messenger system for CaOx monohydrate

(COM)-induced hyaluronan (HA), monocyte che-

moattractant protein 1 (MCP-1) and osteopontin

(OPN) in renal epithelial cells [36].

Recently, natural compounds such as 1,2,3,4,6-

pentagalloyl-b-D-glucose (PGG) [17] and gallotanin

[16] have been attractive in the inhibition of kidney

stone formation, since these are relatively safe to nor-

mal cells compared to synthetic drugs. Using the

nephrolithic animal model, Lin et al. reported that

Flos carthami, an herbal plant, prevents stone forma-

tion in ethylene glycol (EG)-treated rats [19], and

Yasui et al. reported that takusha, a kampo medicine

prevents calcium formation and osteopontin expres-

sion in a rat urolithiasis model [39]. Also, our group

reported that PGG reduced the renal crystallization in

vivo [15] and attenuated the CaOx crystal adhesion in

renal epithelial cells [17]. Resveratrol (3,5,4’-

trihydroxy-trans- stilbene) is a phenolic stilbene com-

pound found in several plants such as the skin of red

grapes, peanuts, and berries of Vaccinum species, in-

cluding blueberries and cranberries [4, 27, 29]. Also,

resveratrol stimulated insulin signal or glucose up-

takes via AMPK [24]. Recent study showed that ad-

ministration of resveratrol resulted in the anti-

hyperglycemic effect [30]. Though resveratrol was

known to have multi-biological activities such as anti-

coagulation, antiplatelet [23], anticancer [7, 20, 32],

and antioxidation [9], there has been no report on the

inhibitory effect of resveratrol on kidney stone forma-

tion until now. Thus, in the present study, the molecu-

lar mechanism to inhibit oxalate-mediated nephro-

lithic processes was evaluated in renal epithelial cells

and rats with EG-induced kidney stones.

Materials and Methods

Chemicals

Resveratrol and sodium oxalate were purchased from

Sigma Chemicals (St. Louis, MO, USA).

Cell culture

Human primary renal epithelial cells (HRCs) isolated

from the urine of a healthy, non-stone-forming male

[6] were kindly provided by Dr. John C. Lieske

(Mayo Clinic, MN, USA). Cells were maintained in

Dulbecco’s modified Eagle’s medium (DMEM) (Wel-

gene, Daegu, Korea) supplemented with 10% fetal

bovine serum (FBS), penicillin (100 U/ml) and strep-

tomycin (100 µg/ml). Cells were maintained in

DMEM containing 25 mM glucose supplemented

with 10% FBS, penicillin (100 U/ml) and streptomy-

cin (100 µg/ml).

Cytotoxicity assay

The cytotoxicity of resveratrol (90 µM) in HRCs with

or without oxlate (0, 25, 50, 100 or 200 µM) was

measured by MTT colorimetric assay. HRCs were

seeded onto 96-well microplates at a density of

1 × 104 cells per well and treated with various concen-

trations of resveratrol for 24 h. MTT working solution

(5 mg/ml in PBS) was added to each well and incu-

bated at 37°C for 3 h. The optical density (OD) was

then measured at 570 nm using a microplate reader

(Sunrise, TECAN, Männedorf, Switzerland). Cell vi-

ability was calculated as a percentage of viable cells

in resveratrol-treated group vs. untreated control by

the following equation:

Cell viability (%) = [OD (drug) – OD (blank)]
/[ OD(control) – OD (blank)] × 100.

Wound healing assay

Wound healing assay was performed as previously

described [17]. HRCs were seeded to confluence in

35-mm plastic plates in DMEM with 10% FBS, incu-

bated overnight, and then placed in serum-free

DMEM for 6 h. A plastic pipette tip (200 µl size) was

used to scrape a line between HRCs ~2 to 3 mm wide

across the entire culture dish. Migratory activity of

oxalate (100 µM)-treated HRCs was evaluated in the

absence or presence of resveratrol (40 or 80 µM). Af-

ter incubation at 37°C for 24 h, the cells were stained

with Diff-Quick solution II (Sysmex Co., Japan).

Randomly chosen fields were photographed under an

Axiovert S 100 light microscope (Carl Zeiss, USA) at

100× magnification, and the migrated cells were

counted.
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Animals

Sprague-Dawley rats weighing 200–220 g (male; n = 24)

from Nara Biotech (Seoul, Republic of Korea) were given

food and water ad libitum. Rats were housed in a room

maintained at 25 ± 1°C with 55% relative humidity.

Kidney stone model and resveratrol

administration

Rats were divided into four groups (six rats/group):

control group, EG-treated group, EG + resveratrol

5 mg/kg group, and EG + resveratrol 10 mg/kg group.

Control group rats were given distilled water, while

EG-treated animals had 0.8% EG/1% ammonium

chloride (NH4Cl) in drinking water to induce hyperox-

aluria. EG treated rats were given 0.8% EG/1% ammo-

nium chloride dissolved in drinking water plus 5 or

10 mg/kg resveratrol in 2% methylcellulose by gastric

lavage daily for 21 days. On day 7, 14, and 21 after EG

treatment, 24-h urine samples were collected on ice in

metabolic cages to measure the excretion of calcium

oxalate crystals, and blood samples were collected

from the inferior vena cava of rats under ether anesthe-

sia and immediately frozen at –80°C before using. The

right kidneys were stored at –70°C after rapid freezing

under liquid nitrogen for western blotting.

Counting of CaOx crystals in urine

Rat urine samples 7, 14, and 21 days after EG treat-

ment were collected on ice in a metabolic cage. The

urine was centrifuged at 1300 × g for 15 min, the pel-

lets were resuspended in 50 µl of water, and CaOx

crystals were counted in a hemocytometer at 400×

magnification under an Axiovert S 100 light micro-

scope (Carl Zeiss).

Total RNA isolation and RT-PCR analysis

Total RNA was prepared by using Trizol reagent ac-

cording to the manufacturer’s instructions. Total RNA

(1.0 µg) was reverse transcribed using MMLV reverse

transcriptase (Promega, Madison, WI, USA) by incu-

bation at 25°C for 10 min, at 42°C for 60 min and at

99°C for 5 min. The synthesized cDNA was amplified

using TaKaRa Taq DNA polymerase (TaKaRa Bio-

technology, Shiga, Japan) and the following specific

primers: p22phox (sense 5’-GTTTGTTTTGTG-

CCTGCTGGAGT-3’; antisense 5’-TGGGCGGCTGCT-

TGATGGT-3’), p47phox (sense 5’-ACCCAGCCA-

GCACTATGTGT-3’; antisense 5’-AGTAGCCTGTGA-

CGTCGTCT-3’), MCP-1 (sense 5’-GCTCGCTCAGCC-

AGATGCAAT-3’, antisense 5’-TGGGTTGTGGAGTGA-

GTGTTC-3’), OPN (sense 5’-TGAGTCTGGAAA-

TAACTAATGTGTTTGA-3’, antisense 5’-GAACATAGA-

CATAACCCTGAAGCTTTT-3’), and GAPDH (sense

5’-GTGGATATTGTTGCCATCA-3’, antisense 5’-ACT-

CATACAGCACCTCAG-3’). PCR conditions were

30 cycles of 94°C for 30 s, 59°C for 30 s and 72°C for

30 s, followed by 5 min incubation at 72°C. PCR

products were run on 2% agarose gel and then stained

with ethidium bromide.

Western blotting

Cells were exposed to oxalate (100 µM) with or with-

out resveratrol (40 or 80 µM) for 24 h. The cells were

lysed in radio-immunoprecipitation assay (RIPA)

buffer (50 mM Tris, 300 mM NaCl, 5 mM ethylene-

diaminetetraacetic acid (EDTA), and 0.5% Triton

X-100) containing protease inhibitors (10 µg/ml apro-

tinin, 10 µg/ml leupeptin, 10 mM iodoacetamide, 1%

phenylmethylsulfonyl fluoride (PMSF), and 10 µg/ml

pepstain A), and phosphatase inhibitors (1 mM NaF

and 1 mM Na3VO4). The protein samples were quan-

tified by using RC DC protein assay kit II (Bio-rad,

Hercules, CA, USA), separated on 6 to 10% SDS-

polyacrylamide gels, and transferred to nitrocellulose

membranes. The membranes were incubated with pri-

mary antibodies for hyaluronan or hyaluronic acid

binding protein (Seikagaku, Tokyo, Japan), TGF-b1,

TGFR-I (TGF-b type I receptor) and TGFR-II

(TGF-b type II receptor) (Santa Cruz Biotechnology,

CA, USA) and b-actin (Sigma-Aldrich, St. Louis,

MO, USA), followed by incubation with a horserad-

ish peroxidase (HRP)-conjugated secondary antibod-

ies or avidin-biotin complex and diaminobenzidine

kits (Vector Lab, Burlingame, CA, USA) for hyalu-

ronic acid binding protein. Protein expression was

visualized by using enhanced chemiluminesence

(ECL) western blotting detection reagent (GE Health

Care Bio-Sciences, Piscataway, NJ, USA).

Superoxide dismutase (SOD) and

malondialdehyde (MDA) assays

SOD enzyme activity and serum MDA contents were

measured by using Bioxytech SOD-525 and MDA-

586 Assay kits (OXIS International, Portland, OR,

USA), respectively.
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Measurement of ROS production

ROS production was measured using 2,7-dichlo-

rofluorescein diacetate (DCFDA) fluorescence dye.

Cells were incubated with 1 µM DCFDA at 37°C for

30 min. Fluorescence intensity was measured by BD

FACS Calibur flow cytometer (Becton Dickinson,

Franklin Lakes, NJ, USA).

NADPH oxidase activity assay

NADPH oxidase activity was determined according

to the Thamilselvan et al.’s protocol [33]. Briefly,

HRCs were exposed to oxalate (100 µM) without or

with resveratrol (40 or 80 µM) for 24 h and lysed us-

ing lysis buffer (20 mM monobasic potassium phos-

phate, pH 7.0, 1 mM EGTA) containing protease in-

hibitors. After quantification of protein samples,

NADPH oxidase activity was assessed by lumines-

cence assay in 50 mM phosphate buffer, pH 7.0 con-

taining 1 mM EGTA, 150 mM sucrose, 500 µM lu-

cigenin (electron acceptor), and 100 µM NADPH.

Statistical analyses

All data were expressed as the means ± SD. The sta-

tistically significant differences between control and

resveratrol-treated groups were calculated by ANOVA

test followed by a post hoc analysis (Tukey t or Dun-

nett’s multiple comparison test) using Prism software

5 (GraphPad Software, Inc., San Diego, CA, USA).

Results

Resveratrol inhibited the motility of oxalate-

treated HRCs after wounding

To find out the nontoxic concentrations of resveratrol

or oxalate, MTT colorimetric assay was performed in

human primary renal epithelial cells (HRCs). As

shown in Figure 1, resveratrol or oxalate did not show

significant cytotoxicity against HRCs up to 200 µM.

Thus, wound healing assay was carried out at the con-

centrations of 40 and 80 µM of resveratrol in 100 µM

oxalate-treated HRCs to evaluate the migratory activ-

ity of HRCs. As shown in Figure 2, the motility of

oxalate-treated HRCs was suppressed in a concentra-

tion dependent manner by resveratrol (40 and 80 µM)

compared to oxalate alone treated control after

scrape-wounding, which was supported by previous

evidence on the anti-angiogenic property of resvera-

trol [21].

Resveratrol attenuated the mRNA expression

of NADPH oxidase subunits, MCP-1 and OPN

in oxalate-treated HRCs

Enzymatic activity of NADPH oxidase is a key source

of superoxide in kidney [25]. Thus, to understand the

effect of resveratrol on NADPH oxidase, the expres-

sion of p22 phox and p47 phox as major subunits of

NADPH oxidase was evaluated using RT-PCR. As

shown in Figure 3A, resveratrol remarkably sup-

pressed the oxalate-mediated expression of p22phox

and p47phox in HRCs, while oxalate alone promoted

the expression of p22phox and p47phox. Next, mRNA

expression of OPN and monocyte chemoattractant pro-

tein 1 (MCP-1) was determined, since NADPH oxi-

dase was reported as a second messenger for MCP-1

and OPN involved in kidney stone formation [36]. As

shown in Figure 3B, oxalate alone up-regulated the

mRNA expression of OPN and MCP-1, whereas res-

veratrol reduced the mRNA expression of OPN and

MCP-1 in oxalate-treated HRCs. Also, hyaluronan is

associated with retention of crystals in the rat kidney

through injured/regenerating tubular cells [1]. Our

western blotting revealed that resveratrol at 80 µM
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Fig. 1. Cytotoxic effect of resveratrol and/or oxalate in HRC cells. Cy-
totoxicity of resveratrol by MTT assay. HRCs were treated with various
concentrations of oxalate (0, 25, 50, 100 or 200 µM) for 24 h in the ab-
sence or presence of resveratrol (80 µM). Cytotoxicity of oxalate with
or without resveratrol was evaluated by MTT assay. Data are ex-
pressed as the means ± SD of three independent experiments



suppressed the protein expression of hyaluronan in

oxalate-treated HRCs as shown in Figure 4A.

Resveratrol reduced the ROS generation and

promoted the activities of anti-oxidant enzymes

Oxalate-induced free radical production in renal tubu-

lar epithelial cells is associated with the activation of

NAD(P)H oxidase and induction of cytokine trans-

forming growth factor-b (TGF-b) [26]. As shown in

Figure 4B, resveratrol suppressed the protein expres-

sion of TGF-b1, TGFR-I (TGF-b type I receptor) and

TGFR-II (TGF-b type II receptor) in oxalate-treated

HRCs, while oxalate alone up-regulated the protein

expression of them.

Resveratrol reduced oxidative stress in oxalate-

treated HRCs

Oxalate enhances oxidative stress by generation of

free radical in renal tissue [28]. Thus, the effect of res-

veratrol on oxalate-mediated oxidative stress was
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Fig. 2. Effect of resveratrol on the mi-
gration of oxalate-treated HRCs after
wounding. Migratory activity of oxalate
(100 µM) treated HRCs was evaluated
in the absence or presence of resvera-
trol (40 or 80 µM). The confluent HRCs
were scratched with fine pipette tips
and the migratory activity of HRCs was
observed under an inverted micros-
copy (upper panel). Quantification of
migrated HRCs in oxalate-treated
HRCs without or with resveratrol (40 or
80 µM) (lower panel). ### p < 0.001 vs.
untreated control, ** p < 0.01 vs.
oxalate-treated control
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Fig. 4. Effect of resveratrol on protein
expression of hyaluronan, TGF-b and
TGFRI or II in oxalate-treated HRCs.
Cells were exposed to oxalate (100
µM) with or without resveratrol (40 or
80 µM) for 24 h. Cell lysates were pre-
pared and subjected to western blot-
ting for hyaluronan (A), TGF-b, TGFRI,
and TGFRII (B). Graphs represent
quantitative analysis of protein expres-
sion adjusted by b-actin. Data repre-
sent the means ± SD. ## p < 0.01, ### p
< 0.001 vs. untreated control and * p <
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Fig. 5. Effect of resveratrol on reactive
oxygen species (ROS) generation and
activity of anti-oxidant enzymes in oxa-
late-treated HRCs (A) Effect of res-
veratrol on the production of ROS in
oxalate-treated HRCs by flow cytomet-
ric analysis. Cells were exposed to ox-
alate (100 µM) without or with resvera-
trol (40 or 80 µM) for 24 h. ROS genera-
tion (%) was measured using ROS-
sensitive fluorometric probe 2,7-dichlo-
rofluorescein diacetate (DCFDA) by
flow cytometric analysis. (B) Effect of
resveratrol on enzyme activities for
MDA, SOD, CAT and GPx in oxalate-
treated HRCs by using Bioxytech
Assay kits. Data represent the means
± SD. ## p < 0.01, ### p < 0.001 vs.
untreated control and * p < 0.05, ** p <
0.01 vs. oxalate-treated control



evaluated by measuring production of ROS in HRCs

by flow cytometry using DCFDA fluorescence dye.

As shown in Figure 5A, ROS production was in-

creased in oxalate-treated HRCs. In contrast, resvera-

trol reduced the oxalate-induced ROS generation in

a dose dependent manner. Consistently, resveratrol

suppressed activity of MDA as an oxidative stress

marker and enhanced the activity of anti-oxidant en-

zymes such as SOD, GPx, catalase in a dose-de-

pendent manner, while oxalate alone significantly in-

creased MDA activity as well as suppressed the anti-

oxidant enzyme activities of SOD, GPx, catalase in

oxalate-induced HRCs as shown in Figure 5B.

Resveratrol reduced the number of CaOx

crystals and serum MDA, activated

antioxidant enzyme activities and attenuated

the expression of OPN and HA in the kidneys

of EG treated rats

To further confirm the role of resveratrol in anti-

nephrolithic potential, we used the EG treated rat ani-

mal model to induce hyperoxaluria. Several parame-

ters evaluated in rats were studied on day 7, 14, 21

after EG alone or EG plus resveratrol (5, 10 kg/mg)

treatment. Serum MDA level in resveratrol treated

group was significantly reduced on day 14 compared

to EG alone (Fig. 6A). We also found that resveratrol

significantly reduced the number of urine CaOX crys-

tals compared to EG alone treated group (Fig. 6B).

Next, to determine the effects of resveratrol on

oxalate-induced oxidative stress, several antioxidant

enzymes in the kidneys of EG treated rats were ana-

lyzed by western blotting. As shown in Figure 7A,

resveratrol enhanced the anti-oxidant enzymes in

a dose dependent manner, while the expression of

anti-oxidant enzymes such as glutathione peroxidase,

catalase, and SOD was significantly attenuated in EG

treated control compared to untreated group.

Consistent with the reports that renal cell injury or

EG upregulated the expression of renal OPN [12], the

expression of HA and OPN was increased in kidney

tissue of EG treated control group. In contrast, the re-

nal expression of HA and OPN was suppressed in res-

veratrol treated group (Fig. 7B).

Discussion

Nephrolithiasis is closely associated with renal

epithelial cell exposure to oxalate and CaOx crystals

[13, 22]. CaOx as a major factor in kidney stone for-

mation induces renal cell injury via oxidative stress

causing the potential crystal deposition in the kidneys

[5]. Recently, phytochemicals with anti-oxidant activ-

ity are suggested as an alternative therapy for the

management of nephrolithiasis [14, 16, 17]. Thus,

anti-oxidants such as vitamin E, desferoxamine, and

polyphenolic agents have been reported to protect

against CaOx monohydrate-mediated oxidative stress

in renal cells [3, 14]. Nonetheless, there has been no

inhibitory mechanism study on kidney stone forma-

tion by resveratrol, which is known to have a variety
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Fig. 6. Effect of resveratrol on the serum MDA level and on CaOx
crystals on day 7, 14, and 21 in EG-treated rats. (A) The level of se-
rum MDA was determined on day 7, 14, and 21 after EG treated ani-
mals (n = 6/group) by enzyme-linked immunosorbent assay color-
imetric method. (B) Rat urine samples on day 7, 14, and 21 after EG
treatment without or with resveratrol were collected and CaOx crys-
tals with tetragonal bipyramidal habit were counted in a hemocy-
tometer at 400´ magnification. Graph represents the average
number of urinary CaOx crystals in the rat urine per high power field.
Data represent the means ± SD. # p < 0.05. ## p < 0.01, ### p < 0.001
vs. untreated control and * p < 0.05, ** p < 0.01 vs. EG, two-way
analysis of variance followed by a post-hoc analysis. C – untreated
control (distilled water), EG – EG-treated group (0.8% EG/1% ammo-
nium chloride (AC; NH4Cl) in drinking water), and EG + resveratrol
(5 mg/kg) and EG + resveratrol (10 mg/kg)



of biological activities including an antioxidant effect,

so far. Thus, in the present study, the potential of res-

veratrol as a dietary food for nephrolithiasis preven-

tion was examined in oxalate-treated human renal

epithelial cells and EG-treated rats.

There is evidence that renal macrophage migration

and crystal phagocytosis are involved during kidney

stone formation [21], and hyaluronan plays a critical

role as a crystal binding molecule at the surface of mi-

grating and proliferating MDCK renal epithelial cells

[38]. Here, resveratrol significantly inhibited the

oxalate-induced migration of HRCs in a dose-

dependent manner by wound healing assay, implying

the inhibitory effect of resveratrol on the migration of

renal epithelial cells for kidney stone formation.

Oxalate induces free radical production for kidney

stone formation by activation of NAD(P)H oxidases,

monocyte chemoattractant protein 1 (MCP-1) and

OPN and cytokine TGF-b [26, 29, 35]. In the current

study, resveratrol suppressed the mRNA expression of

NADPH oxidase subunits such as p22phox and p47phox,
MCP-1 and OPN in oxalate-treated HRCs, demon-

strating the role of NADPH oxidases, MCP-1 and

OPN, which was supported by previous evidence that

calcium oxalate monohydrate (COM) stimulates the

expression of MCP-1, OPN and TGF-b1 in renal

epithelial cells [34, 35]. Similarly, resveratrol down-

regulated the expression of MCP-1-related proteins,

including TGF-b1 TGFR-I or II and hyaluronan in

oxalate-treated HRCs.

It is well known that oxidant stress mediates kidney

stone formation [5, 25, 29]. Consistently, resveratrol

reduced oxalate-induced production of ROS and MDA

in HRCs, as well as promoted the activities of anti-

oxidant enzymes such as SOD, catalase and oxalate-

treated HRCs, implying that resveratrol can be helpful

in disturbing kidney stone formation by antioxidant ac-

tivity. Furthermore, as Rashed et al. suggested,

TGF-b-activated NAD(P)H oxidase might be one of

the key sources of oxalate-induced ROS generation in

renal epithelial cells [26], resveratrol downregulated

the expression of MCP-1-related proteins, including

TGF-b1, TGFR-I or II related to NAD(P)H oxidase

system, demonstrating that resveratrol is effective in

reducing the oxidative stress induced by oxalate in re-

nal epithelial cells via the TGF-b signaling pathway.

To confirm in vitro efficacy of resveratrol on kid-

ney stone formation, we used an EG-induced hyper-

oxaluric rat model. Crystal retention in the human

kidney is associated with the expression of CD44,

OPN, and hyaluronic acid by damaged distal tubular

epithelium [37]. Hyaluronic acid and OPN are also

produced by calcium oxalate monohydrate crystals

[18]. Consistently, resveratrol significantly reduced

the number of urine calcium oxalate crystals and also

suppressed the level of serum MDA as a marker of

oxidative stress compared to EG-treated control rats.

Also, resveratrol enhanced the renal expression of an-

tioxidant enzymes and reduced the expression of HA

and OPN in rats with EG-induced hyperoxaluria, im-

plying that resveratrol suppresses nephrolithiasis via

antioxidant activity along with the inhibition of HA

and OPN. Similarly, vitamin E and green tea effec-

tively inhibited calcium oxalate precipitation in the rat

kidney [8, 10], and administration of vitamin E to the

hyperoxaluric patient decreased urinary oxalate and

calcium secretion [31]. However, though antioxidant

therapy may be helpful to prevent kidney stone for-

mation as the previous evidence shows, the underly-

ing mechanism to inhibit kidney stone formation in

association with MCP-1, HA, and OPN molecules

should be further investigated in cells, rats and hu-

mans using overexpression or knockdown techniques

in the near future.
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Fig. 7. Effect of resveratrol on antioxidant enzymes, osteopontin, hya-
luronan expression in EG-treated rat kidneys. Rat kidney tissues (n =
6/group) obtained on day 21 after EG treatment without or with res-
veratrol (5, 10 mg/kg). (A) Effect of resveratrol on anti-oxidant en-
zymes such as glutathione peroxidase, catalase, SOD in the kidneys
of EG-treated rat fed without or with resveratrol (5, 10 mg/kg) by west-
ern blotting. (B) Effect of resveratrol on hyaluronan and osteopontin
in EG-treated rats fed without or with resveratrol (5, 10 mg/kg) by
western blotting



Conclusion

Resveratrol suppressed the migration of oxalate-treated

HRCs, attenuated the mRNA expression of NADPH

oxidase subunits, MCP-1, OPN, downregulated the

protein expression of TGF-b1, TGF-b receptors and

hyaluronan in oxalate-treated HRCs. Furthermore, res-

veratrol reduced the production of ROS and MDA and

enhanced the activities of antioxidant enzymes such as

SOD, CAT and GPx in oxalate-treated HRCs and sig-

nificantly reduced the number of urine CaOx crystals

in rats with EG induced hyperoxaluria. Taken together,

our findings suggest that resveratrol as a dietary food

can be used for prevention of kidney stone formation

via inhibition of free radicals, hyaluronan, MCP-1,

OPN and TGF-b1 signaling.
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