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Abstract
Background. Nephrotoxicity is the major limitation for the
clinical use of cisplatin as an anti-tumoural drug. Our aim
was to investigate the protective effect of quercetin on
cisplatin nephrotoxicity in a rat tumour model in vivo and
to examine the mechanisms of renal protection.
Methods. Breast adenocarcinoma (13762 Mat B-III) cells
were inoculated subcutaneously in male Fischer rats and 7
days later, the rats were administered daily with quercetin
[50 mg/kg/day, intraperitoneally (i.p.)] or vehicle. Four
days after that, the rats were given a single dose of cisplatin
(4 mg/kg, i.p.) or vehicle. Tumour growth and renal func-
tion were monitored throughout the experiment. Two or 6
days after cisplatin administration, the rats were killed and
the kidneys and tumours were removed to examine renal
function and toxicity markers in both tissues.
Results. In the kidney, cisplatin treatment induced: (i) a
decrease in renal blood flow and glomerular filtration rate,
(ii) tubular necrosis/apoptosis, (iii) increased lipid peroxi-
dation and decreased endogenous antioxidant systems,
(iv) increased expression of inflammation markers and
(v) increased activity of the apoptosis executioner caspase-3.
Cisplatin effectively reduced tumour size and weight.
Conclusions. Co-treatment with quercetin partially pre-
vented all the renal effects of cisplatin, whereas it did not
impair its anti-tumour activity. In conclusion, in a model of
tumour-bearing rats, quercetin prevents the nephrotoxic
effect of cisplatin without affecting its anti-tumour activity.

Keywords: acute kidney injury; cisplatin; nephrotoxicity; quercetin;
renoprotection

Introduction

Cisplatin (cDDP; cis-diamminedichloroplatinum II) is a drug
widely used against different types of solid tumours. How-
ever, its therapeutic utility is limited by acute and chronic
nephrotoxicity. About 25% of patients receiving high-dose
cisplatin undergo severe renal dysfunction. Cisplatin nephro-
toxicity is chiefly characterized by tubular damage, mainly
affecting the renal proximal and distal tubuli. Tubular damage
may range from a mere loss of the brush border of epithelial
cells to an overt tubular necrosis in severe cases [1]. Tubular
damage causes impaired reabsorption, which underlies the
observed proteinuria, hypomagnesemia and hypokalemia. In
addition, cisplatin nephrotoxicity often progresses with re-
duced glomerular filtration rate (GFR) and increased serum
creatinine [2, 3], which may result from the onset of the
tubuloglomerular feedback mechanism and to reduced renal
blood flow (RBF) resulting from renal vasoconstriction.

Although the mechanisms involved in cisplatin nephro-
toxicity have been extensively studied, they are not yet
fully elucidated. Recent studies suggest that cisplatin neph-
rotoxicity is a complex and multifaceted process in which
cisplatin triggers cellular responses involving multiple
pathways that culminate in renal damage and death
[4, 5]. By inducing mitochondrial injury, cisplatin stimu-
lates the production of reactive oxygen species (ROS) [6],
which trigger an inflammatory response [7, 8] and several
apoptotic signalling pathways mediated by caspases and
mitogen-activated protein kinases [9–11].

Many different substances including antioxidants
[4] have been investigated for their beneficial effects
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on cisplatin-induced renal injury [12, 13]. However,
most of these studies have been performed in vitro with
cultured cells and in in vivo models using tumour-free
animals. Because prospective renoprotective molecules
may also affect the anti-tumour activity of cisplatin and
also because tumours alter the metabolic and endocrine
equilibrium [14, 15], protective strategies should be
tested in tumour-bearing animals.

Quercetin is one of the most abundant flavonoids in
the human diet and it is reported to exert many beneficial
effects on human health including cardioprotection, anti-
inflammatory, antiproliferative and anticancer activities
derived from its antioxidant properties and other effects
[16]. We previously reported that quercetin markedly
prevented cadmium nephrotoxicity, through its strong
capacity to inhibit oxidative stress and inflammation
[17, 18]. Thus, the aim of the present study was to in-
vestigate the potential effect of quercetin on cisplatin
nephrotoxicity in tumour-bearing rats, in which the in-
fluence of quercetin on anti-tumoural properties of cis-
platin was also assessed.

Materials and methods

Chemicals and animals

Unless otherwise indicated, all reagents were purchased from Sigma-
Aldrich (St. Louis, MO). Cisplatin was dissolved in 0.9% NaCl to a con-
centration of 1 mg/mL. Quercetin was dissolved in 0.9% NaCl containing
0.16% Tween-20 to a concentration of 50 mg/mL. All experiments were
performed with male Fischer F344 rats weighing ~200 g (Charles River
Laboratories). For the experiments, animals were housed in individual
metabolic cages under controlled environmental conditions, fed with
standard chow (PanLab, Barcelona, Spain) and allowed to drink water
ad libitum. All procedures were approved by the Committee for Animal
Care and Use of the University of Salamanca (Law 32/2007/Spain and RD
266/1998/CyL) and complied with the Guide for Care and Use of Labo-
ratory Animals (Directive 2003/65/CE).

Preliminary experiments

On the basis of our preliminary and published data [18], we have performed a
series of experiments to determine the optimum doses for the two drugs,
cisplatin and quercetin. Cisplatin was injected at several doses (3.5, 4, 5 or
7.5 mg kg�1). The regimen of 4 mg kg�1 significantly inhibited tumour
growth and caused a marked nephrotoxicity, as assessed by functional and
histologic measurements, without compromising the survival of the animals at
end point. This regimen was used in our study. To obtain optimal concen-
trations of quercetin, we gave two doses of the drug (50 and 100 mg kg�1).
The 50 mg kg�1 dose was chosen because at a dose of 100 mg kg�1, we did
not observe further enhancement of the renoprotective effect.

Experimental model

All rats were injected in the dorsal area with 23 106 tumour cells (Rat 13762
Mat B-III breast adenocarcinoma; LGCPromochem, Barcelona, Spain). Seven
days later, once tumours were visible and had grown to 100–200mm3, animals
were randomly divided into four groups: ‘control group (C)’, animals that
received physiological saline containing 0.16% Tween-20 (the vehicle for
quercetin) daily for 9 days [100 lL/100 g, intraperitoneally (i.p.)], starting
from Day 7 after tumour implant. ‘Quercetin group (Q)’ animals received
quercetin (50 mg kg�1 once a day for 9 days i.p.), beginning from Day 7
after inoculation of tumour cells. ‘Cisplatin group (P)’ animals received a
single dose of cisplatin (4 mg kg�1 i.p.), starting from Day 10 after tumour
implant. ‘Cisplatin–quercetin group (PQ)’ animals received cisplatin on Day
10 after tumour implant and quercetin 4 days before and 5 days after cisplatin
administration. Body weight and the physical activity were monitored daily;
and blood and urine samples were collected every 2 days, beginning after
chemotherapy treatment. At the end of the experiment (6 days after cisplatin
administration), animals were anesthetized and tumour and kidneys were

dissected, weighed and cut into two halves. One-half was fixed in 3.7%
paraformaldehyde for histological examination. The other half was frozen in
liquid nitrogen and stored at�80�C. Eventually, total tissue, nuclear and post-
mitochondrial extracts were obtained from frozen tissue as described
elsewhere [17, 19].

Renal function and tubular necrosis assessment

Creatinine, urea, sodium and potassium concentrations were measured in
plasma and urine samples with an automatic analyser (Reflotron Plus;
Roche Diagnostics, Barcelona, Spain). Creatinine clearance and fractional
excretion of sodium were calculated using standard formulae [20]. Alka-
line phosphatase (ALP), gamma glutamyl transferase (GGT), lactate
dehydrogenase (LDH) and N-acetyl glucosaminidase (NAG) enzymatic
activities and protein concentration were measured in urine samples
using automatic analysers (Reflotron� Plus; A. Menarini F360 model;
A. Menarini Diagnostics, Firenze, Italy) with commercially available
kits (Roche Diagnostics; A. Menarini Diagnostics). The kidney injury
molecule 1 (KIM-1) protein was detected in urine and kidney tissue by
western blot analysis using primary antibody anti-KIM-1/TIM-1 (goat
1:250; R&D Systems, Minneapolis, MN).

On Day 6 after cisplatin, [3H] inulin and [14C] p-aminohippuric (PAH)
clearance was performed and GRF and RBF calculated as previously
described by Morales et al. [19].

Tumour growth assessment

Tumour growth was monitored by caliper measurement every other day.
Tumour volume was calculated according to the formula: V ¼ a 3 b2 3
0.52, where a is the largest superficial diameter and b is the smallest
superficial diameter. Six days after cisplatin, tumours were removed,
weighed and fixed in paraformaldehyde. For ethical reasons, animals were
sacrificed before if tumours reached 3 cm.

Western blot

Western blot was performed with tissue extracts and urine samples as
previously described [17, 21] using the antibodies described in each
section. As appropriate in each case, after incubation with primary anti-
bodies, the membranes were incubated with HRP-conjugated anti-goat
(dilution 1:10000; Santa Cruz Biotechnology, Santa Cruz, CA), anti-rabbit
or anti-mouse IgG (1:10000; Bio-Rad Laboratories, Hercules, CA). The
membranes were also reprobed with mouse monoclonal anti-b-actin
(1:2000; Sigma-Aldrich) antibody to verify equal loading of protein in
each lane.

Histopathological evaluation

Paraformaldehyde-fixed tissues were embedded in paraffin, and 3 lm
tissue sections were stained with haematoxylin and eosin, examined and
photographed under light microscopy. Renal damage was quantified by
‘tubular atrophy’, also called ‘desepithelization’, and hyaline casts scores’.
Ten different fields of the renal tissue were examined in every slice, and
the number of damaged tubuli and hyaline casts was determined in a blind
fashion.

Assessment of oxidative status

Lipid peroxidation was measured as thiobarbituric acid-reactive substan-
ces by the colorimetric method of Recknagel [22]. Reduced and oxidized
glutathione (GSH and GSSG) in post-mitochondrial supernatants were
measured by the fluorometric method described by Hissin and Hilf [23].
Hydrogen peroxide (H2O2) and peroxidase activity in post-mitochondrial
supernatants were measured using a commercial kit (Amplex Red Hydro-
gen Peroxide/Peroxidase Assay Kit; Molecular Probes), according to the
manufacturer’s instructions.

Inflammatory mediators

Nuclear factor kappaB (NF-jB) activation was assessed by western blot
analysis of the NF-jB p65 subunit in renal nuclear extracts (anti-NF-jB
p65 1:1000 dilution; Santa Cruz Biotechnology) as previously described
[17]. Renal intracellular adhesion molecule-1 (ICAM-1), vascular cellular
adhesion molecule-1 (VCAM-1) and inducible nitric oxide synthase
(iNOS) abundance in renal tissue was assessed by western blot [anti-
ICAM-1 1:1000 dilution (Labgen, Frankfurt, Germany); anti-VCAM-1
1:1000 dilution (Santa Cruz Biotechnology) and anti-iNOS/NOS-2
1:1000 dilution (Santa Cruz Biotechnology)]. Tumour necrosis factor
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alpha (TNF-a) concentration in kidney tissues was measured in triplicate
by using the Rat TNF-a ELISA kit (R&D Systems), following the instruc-
tions provided by the manufacturer. Renal myeloperoxidase (MPO)
activity was determined as previously described [24].

Detection of apoptosis

Nuclear DNA fragmentation in kidney and tumour tissue homogenates was
quantitatively estimated by the Cell Death Detection ELISA kit (Roche
Applied Science). Caspase activation was assessed by caspase-3/7 activity
assay and western blot analysis of cleaved caspase-3 expression (anti-
cleaved caspase-3, 1:500 dilution; Cell Signalling Technology, Danvers,
MA) as detailed elsewhere [25]. Immunohistochemical analysis of cleaved
caspase-3 was performed as previously described by Grande et al. [26].

Statistical analysis

All data were expressed as mean � SEM. Multiple comparison among
groups were analysed by one-way analysis of variance using the NCSS
2000 software, followed by individual comparisons with the Scheffe’s
Test. P �0.05 was considered statistically significant.

Results

Quercetin reduces cisplatin nephrotoxicity in

tumour-bearing rats

We first set up a model of cisplatin nephrotoxicity in
Fischer F344 rats bearing a syngeneic tumour transplanted
by injection of 13762 Mat B-III tumour cells. No mortal-
ity was observed in cisplatin-treated rats (or the other
groups) at the end of the experiment. However, body
weight was significantly lower in cisplatin-treated rats
than in saline-treated rats (Table 1) indicating health de-
terioration. Quercetin was not able to reverse cisplatin-
induced body weight loss. As shown in Figure 1A and
B, on Day 2 after a single cisplatin injection, there was no
significant difference in plasma creatinine and urea con-
centration among the groups, but this increase was already
observed during Days 4, 6 and 8 after cisplatin injection.
Accordingly, creatinine clearance was lower in cisplatin-
treated than in saline-treated rats, indicating a reduction in
GFR(Figure 1C). Six days after cisplatin injection, a sig-
nificant reduction in inulin clearance further confirmed the
reduced GFR. Furthermore, PAH clearance experiments

revealed that cisplatin reduced renal plasma flow and fil-
tration fraction and increased renal vascular resistance
(RVR; Figure 1D-G). Additionally in the cisplatin group,
urinary volume, proteinuria, fractional excretion of so-
dium and potassium, urinary activities of NAG, LDH,
ALP and GGT and urine and kidney content of KIM-1,
a biomarker of tubular injury, were markedly increased
with respect to the control group (Table 1). All these are
later suggestive of tubular damage and tubular dysfunc-
tion. The alteration caused by cisplatin in all these param-
eters was significantly attenuated by cotreatment with
quercetin, although treatment with quercetin alone had
no effect (Table 1 and Figure 1). Histological studies re-
vealed that kidneys obtained from animals treated with
cisplatin had serious tubular damage, mainly in the corti-
comedullary junction, characterized by tubular dilation,
necrosis, vacuolization and formation of hyaline casts
(Figure 2), while glomeruli were not apparently affected.
Co-treatment with quercetin reduced the number of hya-
line casts and the extent of tubular necrosis induced by
cisplatin in the corticomedullary area (Figure 2D and E).

Quercetin does not interfere with the anti-tumour activity

of cisplatin

After characterizing the nephroprotective effect, we then as-
certained whether or not quercetin modified the anti-tumour
activity of cisplatin. In control and quercetin-treated animals,
there was a considerable increase in tumour volume during
the experiment. Administration of a single dose of cisplatin
resulted in a significant reduction in tumour volume
(Figure 3A). The decrease in tumour volume was similar in
cisplatin 1 quercetin treated animals than in animals treated
with cisplatin alone (Figure 3A). Tumour weight in animals
treated with cisplatin and cisplatin1 quercetin was markedly
lower than that of control (untreated) rats, and no differences
between animals treated with cisplatin alone and animals
treated with cisplatin 1 quercetin were found (Figure 3B).

Examination of tumour tissue sections stained with
haematoxylin and eosin revealed normal neoplasm

Table 1. Effect of quercetin on renal injury markers in cisplatin-induced nephrotoxicitya

Control Quercetin, (50 mg kg�1) Cisplatin, (4 mg kg�1) Cispl 1 Q

Body weight (g) 238 6 5 227 6 4 175 6 4* 170 6 4*

Urinary volume (mL/min) 6.3 6 2 4.5 6 1 17.4 6 2* 19.0 6 2*
Kidney index (%) 0.18 6 0.02 0.17 6 0.02 0.47 6 0.03* 0.25 6 0.03&

Proteinuria (mg/24 h) 24.3 6 3 24.4 6 4 76.5 6 14 * 76.5 6 14*
FE Na1 (%) 1.25 6 0.16 0.71 6 0.21 15.47 6 2.88* 7.34 6 0.81*&

FE K1 (%) 155.41 6 20.03 73.03 6 18.98 658.04 6 118.0* 380.9 6 58.4*&

Urinary NAG (U/24 h) 0.54 6 0.05 0.48 6 0.06 3.15 6 0.30* 0.78 6 0.06&

Urinary LDH (U/24 h) 66.50 6 8.46 76.50 6 6.65 105.00 6 17.91* 67.25 6 6.44&

Urinary ALP (U/24 h) 7.43 6 1.02 4.38 6 1.52 144.18 6 24.86* 24.61 6 3.39&

Urinary GGT (U/24 h) 1.59 6 0.11 1.43 6 0.12 30.62 6 5.76* 13.54 6 2.72*&

Urinary Kim-1 (% of control) 100.00 6 20.87 217.14 6 47.69 645.26 6 49.57* 330.08 6 67.99*&

Renal Kim-1 (% of control) 100.00 6 5.73 94.61 6 23.40 877.46 6 210.06* 371.48 6 143.33*&

aValues are expressed as mean 6 SEM (n ¼ 9 rats per group). Data were analysed using one-way analysis of variance followed by Scheffe’s Test.
Statistical significance: *P < 0.05 versus control group, &P < 0.05 versus cisplatin group. Tumour-bearing rats were treated with vehicle (control, C);
quercetin alone (quercetin, Q); cisplatin treatment alone (cisplatin, Q) or cisplatin with pre-treatment of quercetin (cisplatin-quercetin, cispl1Q). FENa1,
sodium fractional excretion; FEK1, potassium fractional excretion; NAG, enzyme N-acetyl-beta-D-glucosaminidase (E.C.3.2.1.30); LDH, lactate
dehydrogenase (E.C. 1.1.1.27); ALP, alkaline phosphatase (E.C. 3.1.3.1); GGT, gamma-glutamyl transpeptidase (E.C.2.3.2.2).
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histology, with predominantly viable, highly proliferat-
ing cells and scarce necrotic areas (Figure 3C-a and
Figure 3C-b). In contrast, sections from cisplatin and
cisplatin1 quercetin-treated tumours were characterized
by large areas of necrosis, cell dilation, loss of cellular
structures and rupture of tissue homogeneity. Tumour
cells were swollen with enlarged and hyperchromatic
nuclei. Perinuclear cytoplasm was condensed and
eosinophilic. Moreover, cell density decreased and the
number of giant, multinucleated cells dramatically
increased (Figure 3C-c and Figure 3C-d). No histological
differences were observed between tumours from cispla-
tin and cisplatin 1 quercetin-treated animals.

Quercetin reduces the renal oxidative stress caused by

cisplatin

Once we learned that quercetin reduced the nephrotox-
icity of cisplatin without affecting its anti-tumour prop-

erties, we went deeper into the underlying mechanism of
protection. In this sense, because oxidative stress is a
central pathological mediator of the renal damage caused
by cisplatin [13, 27], we closely determined the antiox-
idant effect of quercetin. Six days after cisplatin admin-
istration, rats showed a significant increase in lipid
peroxidation, as evidenced by a higher malondialdehyde
content in kidney homogenates. This increase was mark-
edly reduced by pre-treatment with quercetin (Figure
4A). In comparison with the control group, kidneys from
cisplatin-treated rats showed a significantly lower GSH/
GSSG ratio (Figure 4B), derived from a lower GSH con-
tent and higher GSSG level (data not shown). Quercetin
administration was able to restore the GSH/GSSG ratio
to normal values (Figure 4B). Hydrogen peroxide (H2O2)
levels were higher and peroxidase activity was lower in
kidney tissue from cisplatin-treated rats compared with
the control group (Figure 4C and D). Kidneys from quer-
cetin 1 cisplatin-treated animals showed significantly

Fig. 1. Effect of quercetin on renal function in cisplatin nephrotoxicity. Nephrotoxicity was induced by intraperitoneal injection of cisplatin (4 mg kg�1).
Tumour-bearing rats were administrated quercetin (50 mg kg�1) intraperitoneally once a day during 9 days, 4 days before and 5 days after cisplatin
injection. Blood samples for plasma creatinine (A) and urea (B) determinations were collected the day of cisplatin administration and later every 2 days.
At the end of the treatment period (Day 6 after cisplatin injection), creatinine clearance (C) and hemodynamic parameters (D–G) were evaluated. Control
rats were injected with the vehicle of quercetin (0.9% NaCl1 0.16% Tween-20). Values are expressed as mean6 SEM (n ¼ 9 rats per group, of which
only 4 animals were used for acute clearance studies) from three independent sets of experiments. *P < 0.05 versus control group, &P < 0.05 versus
cisplatin group. Animals were treated with vehicle, control; quercetin alone, quercetin; cisplatin treatment alone, cisplatin and cisplatin with pretreatment
of plus quercetin, cisplatin-Q.
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lower hydrogen peroxide levels and higher peroxidase
activity than animals treated with cisplatin alone
(Figure 4C and D). Rats treated with quercetin alone

did not show significant differences with respect to con-
trol rats in renal oxidative stress parameters (Figure 4C
and D).

Fig. 2. Effect of quercetin on renal histology in cisplatin-induced nephrotoxicity. Histopathological analysis (A–D) and quantitative score of renal
histological changes (E) at Day 6 after cisplatin administration in tumour-bearing rats. Animals were treated with vehicle (control); quercetin alone
(quercetin); cisplatin alone (cisplatin) or cisplatin and quercetin (cisplatin-Q). Kidney sections were stained with haematoxylin and eosin and observed
under340 magnification. The cisplatin-treated kidneys (C) showed marked injury with hyaline cast formation, sloughing of tubular epithelial cells, loss
of brush border and dilation of tubules. These changes were less pronounced in quercetin pre-treated rats (D). Quercetin treatment alone (B) showed
normal kidney architecture and histology. Data represent mean 6 SEM (n ¼ 5 rats per group) from three independent set of experiments. *P < 0.05
versus control group, &P < 0.05 versus cisplatin group.
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Quercetin reduces cisplatin-induced renal inflammation

Inflammation [28, 29] and the innate immune response

[8] have been shown to play a significant role in cisplatin

nephrotoxicity. As cisplatin-induced inflammatory dam-

age is a very early event [9, 30], we evaluated the in-

flammatory process 2 days after cisplatin administration.

We studied the effect of quercetin on several mediators

and players of the renal inflammation and leucocyte

infiltration observed after treatment with cisplatin.
Particularly, we measured the renal levels of the proin-
flammatory cytokine TNF-a (Figure 5B) as well as the
participation of intracellular mediators such as the acti-
vation of NF-jB (amount of p65 subunit in nuclear ex-
tracts from renal tissue; Figure 5A) and iNOS expression
(Figure 6D). As an indication of cell infiltration, we de-
termined the renal level of ICAM-1 and VCAM-1 (Fig-
ure 6A and B) and renal MPO, as a marker of leucocyte/

Fig. 3. Effect of quercetin on the anti-tumour activity of cisplatin. Tumour growth curves (A) and tumour weight (B) formed in rats 16 days after
subcutaneous implantation of 13762 Mat B-III cells (n ¼ 9 rats per group). Animals were treated with vehicle, control (-:-); quercetin alone, quercetin
(-n-); cisplatin treatment alone, cisplatin (-d-) and cisplatin plus quercetin, cisplatin-Q (-¤-). Histopathological analysis (C) of tumour tissues at Day 6
after cisplatin administration (n ¼ 5 rats per group). Tumour sections were stained with haematoxylin and eosin and observed under340 magnification.
Cisplatin-treated tumour (c) showed pronounced cell pleomorphism and functional differentiation as demonstrated by multinucleated giant cells,
decreased cell density and higher level of necrosis–apoptosis as a sign of therapeutic efficacy. These changes were similar in cisplatin 1 quercetin rats
(d). Quercetin treatment alone (b) showed normal neoplasm architecture and histology. Results are expressed as mean 6 SEM from three independent
sets of experiments. *P < 0.05 versus control group.
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macrophage infiltration; Figure 6C. All these parameters
were increased in animals treated with cisplatin with
respect to untreated (control) animals. Quercetin did
not exert any significant effect when administered alone
but markedly reduced or normalized the alterations
caused by cisplatin (Figures 5 and 6).

Quercetin inhibits cisplatin-induced renal apoptosis

Tubular necrosis resulting from epithelial tubular cell
death is the central pathological event in cisplatin neph-
rotoxicity. As apoptosis has been repeatedly reported to

occur in renal tubuli following cisplatin administration
[31, 32], we evaluated the effect of quercetin on the
extent of renal apoptosis induced by cisplatin. For this
purpose, we determined the effect of cisplatin and quer-
cetin on apoptotic hallmarks such as executor caspase
activation and internucleosomal DNA fragmentation.
As shown in Figure 7A, immunohistochemical analysis
of renal tissue sections reveals that cisplatin induces
a marked increase in the number of cells stained for
cleaved caspase-3 within damaged tubular epithelium
or shed into the tubular lumen. Co-treatment with quer-
cetin together with cisplatin produced a dramatic

Fig. 5. Effect of quercetin on NF-jB p65 activation and TNF-a levels in cisplatin nephrotoxicity. Kidney tissue nuclear translocation of NF-jB p65 by
western blot analysis and corresponding densitometric analysis at Day 2 after cisplatin administration in tumour-bearing rats. Results were normalized
with respect to b-actin, used as load control. Data from NF-jB p65 expression were expressed as per cent increase compared with the control group
(A). Concentration of TNF-a in kidney tissue (B). Animals were treated with vehicle (control); quercetin alone (quercetin); cisplatin alone (cisplatin) or
cisplatin plus quercetin (cisplatin-Q). All values are expressed as mean 6 SEM (n ¼ 5 rats per group) from three independent sets of experiments.
*P < 0.05 versus control group, &P < 0.05 versus cisplatin group. NS, non-specific; Comp, cold competition control; TNF-a, tumour necrosis factor
alpha.

Fig. 4. Effect of quercetin on cisplatin-induced renal oxidative stress. Concentration of MDA (A), GSH/GSSG ratio (B), content of H2O2 (C) and
peroxidase activity (D) were measured in kidney tissue at Day 6 after cisplatin administration in tumour-bearing rats. Animals were treated with vehicle
(control); quercetin alone (quercetin); cisplatin alone (cisplatin) or cisplatin and quercetin (cisplatin-Q). Results are expressed as mean6 SEM (n¼ 9 rats
per group) from three independent sets of experiments. *P< 0.05 versus control group, &P< 0.05 versus cisplatin group. MDA, malondialdehyde; GSH,
reduced glutathione; GSSG, oxidized glutathione; H2O2, hydrogen peroxide.
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decrease in the number of cells stained for cleaved
caspase-3 (Figure 7A). Consistent with the immuno-
histochemistry results, western blot analysis of renal
tissue extracts revealed that the level of cleaved caspase-
3 was significantly higher in the kidneys of rats treated
with cisplatin compared with the expression in the
kidneys from control-untreated rats. Again, kidneys
from cisplatin 1 quercetin-treated rats present lower
levels of activated caspase-3 than those treated with
cisplatin alone (Figure 7B). Furthermore, cisplatin in-
creased DEVDase (caspase-3/7) activity in renal tissue
extracts, which was prevented by co-administration of
quercetin (Figure 7C). Finally, we observed that cisplatin
significantly augmented the level of renal tissue DNA
fragmentation, which was reduced by the co-administration
of quercetin (Figure 7D). All these parameters were not
altered by single treatment with quercetin, compared to
controls (Figure 7).

Discussion

Worldwide, nephrotoxicity poses a considerable health
and economic burden. Nearly 25% of the top 100, most
used drugs in intensive care units are potentially neph-

rotoxic [33]. Moreover, nephrotoxicity causes 10–20%
of the acute renal injury (AKI) cases [33]. AKI is a very
serious condition with high incidence and mortality rate,
which is estimated at ~50% of the cases despite dialysis
treatment, especially within critically ill patients. Mor-
tality increases to 80% when AKI progresses with multi-
organ damage [35–37]. The clinical handling of renal
injury and AKI is difficult and expensive because, other
than dialysis, there are no available treatments. For this
reason, the search for strategies to prevent nephrotoxic-
ity constitute an active area of investigation. In addition
to drug targeting and medical chemistry for new and
safer molecules, a line of interest is the identification
of renoprotective adjuvants for co-administration along
with potentially nephrotoxic drugs, such as platinated
antineoplastics.

At the preclinical level, many chemically unrelated
antioxidants have been shown to protect the kidneys
from cisplatin nephrotoxicity, especially in experimental
animal models. They include curcumin, N-acetylcysteine,
naringenin, selenium, vitamin C, vitamin E and other
dietary components that scavenge free radicals formed by
exposure to cisplatin [28, 38–40]. Although promising,
antioxidants have not yet demonstrated a clear benefit in
the clinical research conducted so far [41], which requires

Fig. 6. Effect of quercetin on the expression of NF-jB-dependent proinflammatory molecules and MPO activity in cisplatin nephrotoxicity. Repre-
sentative images of western blot and corresponding densitometric analysis of adhesion molecules ICAM-1 and VCAM-1 (A and B) and iNOS
(D) proteins in kidney tissue 2 days after cisplatin administration in tumour-bearing rats. Results were normalized with respect to b-actin, used as load
control. Neutrophil infiltration was assessed by measuringMPO activity in kidney tissue (C). Animals were treated with vehicle (control); quercetin alone
(quercetin, Q); cisplatin alone (cisplatin) or cisplatin plus quercetin (cisplatin-Q). Data were expressed as percent increase compared with the control
group and represent mean6 SEM (n ¼ 5 rats per group) from three independent sets of experiments. *P < 0.05 versus control group, &P < 0.05 versus
cisplatin group. ICAM-1, intracellular adhesion molecule-1; VCAM-1, vascular cellular adhesion molecule-1; iNOS, inducible nitric oxide synthase.
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further investigation. In this line, a preclinical selection of
candidates to be assayed at the clinical level must be
pursued in order to (i) improve the efficacy of the
preclinical to clinical transition and (ii) to reduce early
failure rate in clinical assays through the drug discovery
process. In this sense, it is necessary to test renoprotec-
tive candidates in preclinical studies also for their

innocuousness on the anti-tumour effect of anti-
neoplastics. Our results indicate that our experimental
model of cisplatin administration in tumour-bearing rats
is adequate to assess both nephrotoxicity and anti-
tumour efficacy, as well as the underlying patho-
physiological events, and also to test renoprotective
strategies.

Fig. 7. Effect of quercetin on cisplatin-induced renal apoptosis. (A) Immunostaining for cleaved caspase-3 in kidney tissue of tumour-bearing rats 2 days after
cisplatin administration. Kidney sections were observed under340 magnification. The expression of cleaved caspase-3 is highest in rats treated with cisplatin.
The expression of cleaved caspase-3 was increased by cisplatin in the cytoplasm of tubular cells. Pre-treatment with quercetin decreased the renal expression of
active caspase-3 after cisplatin injection. (B) Western blots and corresponding densitometric analysis of cleaved caspase-3 in kidney tissue. Results were
normalized with respect to b-actin, used as load control, and data were expressed as per cent increase compared with the control group. (C) DEVDase (caspase
3/7) activity in kidney tissue 2 days after cisplatin administration in tumour-bearing rats. (D) Quantification by enzyme-linked immunosorbent assay of
internucleosomal DNA fragmentation in kidney tissue. Animals were treated with vehicle (control); quercetin alone (quercetin, Q); cisplatin alone (cisplatin)
or cisplatin plus quercetin (cisplatin-Q). Data were expressed as per cent increase compared with the control group and represent mean6 SEM (n ¼ 5 rats per
group) from three independent sets of experiments. *P < 0.05 versus control group, &P < 0.05 versus cisplatin group.

3492 P.D. Sanchez-Gonzalez et al.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
d
t/a

rtic
le

/2
6
/1

1
/3

4
8
4
/1

8
3
2
1
0
9
 b

y
 g

u
e
s
t o

n
 2

0
 A

u
g
u
s
t 2

0
2
2



Quercetin has been reported as a renoprotective agent
in cisplatin-induced nephrotoxicity in vitro [42] and
in vivo models [30, 43]. However, these reports have
only shown beneficial functional and histopathological
effects in cultured tubular cells and tumour-free animals,
and they have not assessed if quercetin interferes with
the anti-tumour effect of cisplatin. Therefore, our study
was designed to deeply examine the protective effect of
quercetin on the underlying mechanisms of cisplatin-
induced nephrotoxicity and, simultaneously, the effect
of this bioflavonoid on the anti-tumour activity in
tumour-bearing rats. Our results indicate that the natural
flavonoid quercetin protects the kidneys from the toxic
damage inflicted by the anti-cancer drug cisplatin,
without altering its therapeutic anti-tumour activity.
Specifically, quercetin showed a markedly decreased ex-
cretion of NAG, LDH, ALP, KIM-1 and GGT, thus sug-
gesting a decreased tubular damage. These biomarkers
are present in the tubular epithelial brush border, and the
urinary excretion of them represents tubular necrosis or
loss of the brush border thus have been widely used to
assess tubular toxicity. NAG is a proximal epithelium
intralysosomal membrane-bound enzyme, which is released
into urine when disruption of lysosomal membranes occurs.
KIM-1 is associated with early pathophysiological events
underlying the incipient AKI [18, 20], thus suggesting that
quercetin strikes at the very root of the mechanisms of dam-
age, because it is capable of reversing most (if not all) alter-
ations produced by cisplatin, rather than palliating a specific
event or group of events by just targeting a specific patho-
logical mechanism. The nephroprotective effect of quercetin
seems to be related with its antioxidant activity and also with
its capacity to inhibit renal inflammation and tubular cell
apoptosis. Indeed, co-treatment with cisplatin plus quercetin
partially but significantly preserves not only the integrity of
the renal parenchyma but also GFR, RBF and renal excre-
tory function. Very recently, it has been reported that cilas-
tatin is able to protect primary cultures of proximal tubular
cells from the cytotoxic effect of cisplatin, without modify-
ing its cytotoxic effects on tumoural cells (HeLa) [44].
However, this study has been performed only ‘in vitro’.

Preservation of tubular integrity by quercetin through
direct cytoprotective effects as well as indirectly, via at-
tenuation of inflammation, may explain the partial tubular
function maintenance observed upon co-treatment with cis-
platin. In principle, preservation of tubular integrity would
inhibit the reduction of GFR mediated by the tubuloglo-
merular feedback. Furthermore, because inflammation is
known to induce renal vasoconstriction and to reduce
RBF and GFR [45], prevention of inflammation should also
result in a better filtration. In addition to apoptosis, cisplatin
also induces tubular cell necrosis, especially in the prox-
imal compartment [4], which is a strong pro-inflammatory
stimulus. Cellular necrosis and tissue destruction activate
an inflammatory response that, in these pathological cir-
cumstances, appears to amplify tissue injury, which further
exacerbates inflammation [29, 46]. Both in the primary cell
and tissue destruction and the secondary inflammatory
response, oxidative stress seem to play a significant role.
As such, amelioration of redox status by quercetin very
probably contributes to tubular protection. In vitro studies

have confirmed the cytoprotective efficacy of quercetin in
endothelial [47] and glomerular cell lines [48], apparently
through its antioxidant properties. Cisplatin promotes
increased production of ROS, which can lead directly or
indirectly, through several redox-sensitive signalling path-
ways, to necrosis and apoptosis of tubular epithelial cells
[9, 45, 49], followed by an increased expression of pro-
inflammatory mediators that intensify the cytotoxic effect
[29].

Oxidative stress is also involved in the inflammatory re-
sponse [50]. ROS can induce inflammatory processes via
activation of transcription factors such as NF-jB, which in
turn induce the production of pro-inflammatory cytokines,
such as TNF-a. As such, the beneficial effect of quercetin
might also be related to amelioration of inflammation. In
fact, quercetin is able to suppress lipopolysaccharide-
induced TNF-a and NO production through attenuation of
NF-jB activity in macrophages, microglia cells and mast
cells [51]. Tribolo et al. [52] reported that both quercetin
and its metabolites, at physiological concentrations, can
inhibit the expression of ICAM-1 and VCAM-1, two key
molecules involved in monocyte recruitment during the early
stages of inflammation, in activated human vascular endo-
thelial cells. Francescato et al. [29] showed that quercetin
exerts a protective effect on cisplatin-induced acute tubular
necrosis in rats, which was associated to a decrease in
the immunostaining for NF-jB and ED1 (a marker for
macrophages). In addition, previous studies conduced in
our laboratory demonstrated that quercetin prevented
cadmium-induced nephrotoxicity in rats through an attenu-
ation of iNOS and COX-2 overexpression, two key enzymes
involved in the inflammatory process [17].

Besides tubular protection, direct haemodynamic
effects may also be invoked to explain the effect of
quercetin in the maintenance of GFR through the pres-
ervation of blood supply to the kidney. It has been
reported that quercetin and its methylated metabolite
isorhamnetin exhibit endothelium-independent vasodila-
tor effects in vitro [53, 54]. In our study, a plausible
explanation for the haemodynamic effects of quercetin
is a reduction of RVR via either (i) a direct ROS
scavenger effect and, particularly, to a diminished super-
oxide-driven NO inactivation [55] or (ii) potentiating the
bioavailability and the biological activity of nitric oxide
(NO) as a major regulatory factor of renal haemodynamics
[56, 57].

The safety of quercetin is another advantage for its
potential introduction as a renoprotective agent. Pharma-
cokinetic studies in humans have demonstrated that a
once daily regime of quercetin (700–1000 mg/day or
8–10 mg/kg/day) can be safely administered to healthy
volunteers or patients suffering from diseases related to
oxidative stress, such as hypertension [58]. In animal
studies, very high-dose quercetin (2000 mg/Kg) was rea-
sonably safe for long-term administration in rats [59].

These results reinforce the prospective utility of
quercetin in clinical practice as an adjuvant in antineo-
plastic therapies involving platinated molecules such as
cisplatin. Indeed, co-administration of quercetin clearly
improves the pharmacotoxicological profile of this
family of drugs by reducing their most important side

Quercetin protects from cisplatin nephrotoxicity 3493

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
d
t/a

rtic
le

/2
6
/1

1
/3

4
8
4
/1

8
3
2
1
0
9
 b

y
 g

u
e
s
t o

n
 2

0
 A

u
g
u
s
t 2

0
2
2



effect. Specifically, protective adjuvants may be poten-
tially used to (i) increase the dosage of cisplatin in
patients who would benefit from it but did not hitherto
qualify for it based on the risk of deadly nephrotoxicity
and (ii) prevent the tolerable degree of nephrotoxicity
occurring in a subset of patients treated with standard
regimes of platinated drugs.
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Fundación ‘Samuel Solórzano Barruso’ (to AIMM). The Renal and Car-
diovascular Pathophysiology Unit holds the Excellence Group mention
(GR-100) awarded by the Junta de Castilla y León.

Transparency declaration. None declared.

Conflict of interest statement. None declared.

References

1. Dobyan DC, Levi J, Jacobs C et al. Mechanism of cis-platinum

nephrotoxicity: II. Morphologic observations. J Pharmacol Exp Ther

1980; 213: 551–556

2. Arany I, Safirstein RL. Cisplatin nephrotoxicity. Semin Nephrol 2003;

23: 460–464

3. Yao X, Panichpisal K, Kurtzman N et al. Cisplatin nephrotoxicity:

a review. Am J Med Sci 2007; 334: 115–124

4. Pabla N, Dong Z. Cisplatin nephrotoxicity: mechanisms and renopro-

tective strategies. Kidney Int 2008; 73: 994–1007

5. Siddik ZH. Cisplatin: mode of cytotoxic action and molecular basis of

resistance. Oncogene 2003; 22: 7265–7279

6. Kawai Y, Nakao T, Kunimura N et al. Relationship of intracellular

calcium and oxygen radicals to Cisplatin-related renal cell injury.

J Pharmacol Sci 2006; 100: 65–72

7. Iseri S, Ercan F, Gedik N et al. Simvastatin attenuates cisplatin-induced

kidney and liver damage in rats. Toxicology 2007; 230: 256–264

8. Zhang B, Ramesh G, Norbury CC et al. Cisplatin-induced nephrotox-

icity is mediated by tumor necrosis factor-alpha produced by renal

parenchymal cells. Kidney Int 2007; 72: 37–44

9. Francescato HD, Costa RS, da Silva CG et al. Treatment with a p38

MAPK inhibitor attenuates cisplatin nephrotoxicity starting after the

beginning of renal damage. Life Sci 2009; 84: 590–597

10. Luo J, Tsuji T, Yasuda H et al. The molecular mechanisms of the

attenuation of cisplatin-induced acute renal failure by N-acetylcysteine

in rats. Nephrol Dial Transplant 2008; 23: 2198–2205

11. Ramesh G, Reeves WB. p38 MAP kinase inhibition ameliorates cis-

platin nephrotoxicity in mice. Am J Physiol Renal Physiol 2005; 289:

F166–F174

12. Ali BH, Al Moundhri MS. Agents ameliorating or augmenting the

nephrotoxicity of cisplatin and other platinum compounds: a review of

some recent research. Food Chem Toxicol 2006; 44: 1173–1183

13. Chirino YI, Pedraza-Chaverri J. Role of oxidative and nitrosative

stress in cisplatin-induced nephrotoxicity. Exp Toxicol Pathol 2009;

61: 223–242

14. Mastrocola R, Reffo P, Penna F et al. Muscle wasting in diabetic and

in tumor-bearing rats: role of oxidative stress. Free Radic Biol Med

2008; 44: 584–593

15. Barbosa AL, Pinheiro CA, Oliveira GJ et al. Tumor bearing decreases

systemic acute inflammation in rats—role of mast cell degranulation.

Inflamm Res 2009; 58: 235–240

16. Boots AW, Haenen GR, Bast A. Health effects of quercetin: from

antioxidant to nutraceutical. Eur J Pharmacol 2008; 585: 325–337

17. Morales AI, Vicente-Sanchez C, Jerkic M et al. Effect of quercetin on

metallothionein, nitric oxide synthases and cyclooxygenase-2 expres-

sion on experimental chronic cadmium nephrotoxicity in rats. Toxicol

Appl Pharmacol 2006; 210: 128–135

18. Morales AI, Vicente-Sanchez C, Sandoval JM et al. Protective effect

of quercetin on experimental chronic cadmium nephrotoxicity in rats

is based on its antioxidant properties. Food Chem Toxicol 2006; 44:

2092–2100

19. Morales AI, Buitrago JM, Santiago JM et al. Protective effect of trans-

resveratrol on gentamicin-induced nephrotoxicity. Antioxid Redox

Signal 2002; 4: 893–898

20. Quiros Y, Ferreira L, Sancho-Martı́nez SM et al. Sub-nephrotoxic

doses of gentamicin predispose animals to developing acute kidney

injury and to excrete ganglioside M2 activator protein. Kidney Int

2010; 78: 1006–1015

21. Ichimura T, Hung CC, Yang SA et al. Kidney injury molecule-1:

a tissue and urinary biomarker for nephrotoxicant-induced renal

injury. Am J Physiol Renal Physiol 2004; 286: F552–F563

22. Recknagel RO. A new direction in the study of carbon tetrachloride

hepatotoxicity. Life Sci 1983; 33: 401–408

23. Hissin PJ, Hilf R. A fluorometric method for determination of oxidized

and reduced glutathione in tissues. Anal Biochem 1976; 74: 214–226

24 Singbartl K, Ley K. Protection from ischemia-reperfusion induced

severe acute renal failure by blocking E-selectin. Crit Care Med

2000; 28: 2507–2514

25. Lopez-Hernandez FJ, Ortiz MA, Bayon Y et al. Retinoid-related mol-

ecules require caspase 9 for the effective release of Smac and the rapid

induction of apoptosis. Cell Death Differ 2004; 11: 154–164

26. Grande MT, Fuentes-Calvo I, Arevalo M et al. Deletion of H-Ras

decreases renal fibrosis and myofibroblast activation following ure-

teral obstruction in mice. Kidney Int 2010; 77: 509–518

27. Vijayan FP, Rani VK, Vineesh VR et al. Protective effect of Cyclea

peltata Lam on cisplatin-induced nephrotoxicity and oxidative dam-

age. J Basic Clin Physiol Pharmacol 2007; 18: 101–114

28. Kang KP, Kim DH, Jung YJ et al. Alpha-lipoic acid attenuates

cisplatin-induced acute kidney injury in mice by suppressing renal

inflammation. Nephrol Dial Transplant 2009; 24: 3012–3020

29. Taguchi T, Nazneen A, Abid MR et al. Cisplatin-associated nephrotox-

icity and pathological events. Contrib Nephrol 2005; 148: 107–121

30. Francescato HD, Coimbra TM, Costa RS et al. Protective effect of

quercetin on the evolution of cisplatin-induced acute tubular necrosis.

Kidney Blood Press Res 2004; 27: 148–158

31. Cummings BS, Kinsey GR, Bolchoz LJ et al. Identification of caspase-

independent apoptosis in epithelial and cancer cells. J Pharmacol Exp

Ther 2004; 310: 126–134

32. Kaushal GP, Kaushal V, Hong X et al. Role and regulation of acti-

vation of caspases in cisplatin-induced injury to renal tubular epithe-

lial cells. Kidney Int 2001; 60: 1726–1736

33. Taber SS, Mueller BA. Drug-associated renal dysfunction. Crit Care

Clin 2006; 22: 357–374

34. Brivet FG, Kleinknecht DJ, Loirat P et al. Acute renal failure in

intensive care units—causes, outcome, and prognostic factors of hos-

pital mortality; a prospective, multicenter study. French Study Group

on Acute Renal Failure. Crit Care Med 1996; 24: 192–198

35. Kellum JA, Hoste EA. Acute kidney injury: epidemiology and assess-

ment. Scand J Clin Lab Invest Suppl 2008; 241: 6–11

36. Caglar K, Kinalp C, Arpaci F et al. Cumulative prior dose of cisplatin

as a cause of the nephrotoxicity of high-dose chemotherapy followed

by autologous stem-cell transplantation. Nephrol Dial Transplant

2008; 17: 1931–1935

37. Janus N, Launay-Vacher V, Byloos E et al. Cancer and renal insuffi-

ciency results of the BIRMA study. Br J Cancer 2010; 103: 1815–1821

38. Antunes LM, Darin JD, Bianchi Nde L. Effects of the antioxidants

curcumin or selenium on cisplatin-induced nephrotoxicity and lipid

peroxidation in rats. Pharmacol Res 2001; 43: 145–150

39. Jariyawat S, Kigpituck P, Suksen K et al. Protection against cisplatin-

induced nephrotoxicity in mice by Curcuma comosa Roxb. ethanol

extract. J Nat Med 2009; 63: 430–436

40. Razo-Rodriguez AC, Chirino YI, Sanchez-Gonzalez DJ et al. Garlic

powder ameliorates cisplatin-induced nephrotoxicity and oxidative

stress. J Med Food 2008; 11: 582–586

41. Koyner JL, Sher Ali R, Murray PT. Antioxidants. Do they have

a place in the prevention or therapy of acute kidney injury? Nephron

Exp Nephrol 2008; 109: e109–e117

3494 P.D. Sanchez-Gonzalez et al.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
d
t/a

rtic
le

/2
6
/1

1
/3

4
8
4
/1

8
3
2
1
0
9
 b

y
 g

u
e
s
t o

n
 2

0
 A

u
g
u
s
t 2

0
2
2



42. Kuhlmann MK, Horsch E, Burkhardt G et al. Reduction of cisplatin

toxicity in cultured renal tubular cells by the bioflavonoid quercetin.

Arch Toxicol 1998; 72: 536–540

43. Behling EB, Sendao MC, Francescato HD et al. Comparative study

of multiple dosage of quercetin against cisplatin-induced nephro-

toxicity and oxidative stress in rat kidneys. Pharmacol Rep 2006;

58: 526–532

44. Camano S, Lazaro A, Moreno-Gordaliza E et al. Cilastatin attenuates

cisplatin-induced proximal tubular cell damage. J Pharmacol Exp

Ther 2010; 334: 419–429

45. Lopez-Novoa JM, Quiros Y, Vicente L et al. New insights into the

mechanism of aminoglycoside nephrotoxicity. An integrative point of

view. Kidney Int 2011; 79: 33–45

46. Yano T, Itoh Y, Matsuo M et al. Involvement of both tumor

necrosis factor-alpha-induced necrosis and p53-mediated caspase-

dependent apoptosis in nephrotoxicity of cisplatin. Apoptosis 2007;

12: 1901–1909

47. Choi EJ, Chee KM, Lee BH. Anti- and prooxidant effects of chronic

quercetin administration in rats. Eur J Pharmacol 2003; 482: 281–285

48. Ishikawa Y, Kitamura M. Anti-apoptotic effect of quercetin: interven-

tion in the JNK- and ERK-mediated apoptotic pathways. Kidney Int

2000; 58: 1078–1087

49. Jo SK, Cho WY, Sung SA et al. MEK inhibitor, U0126, attenuates

cisplatin-induced renal injury by decreasing inflammation and apop-

tosis. Kidney Int 2005; 67: 458–466

50. Valerio DA, Ferreira FI, Cunha TM et al. Fructose-1,6-bisphosphate

reduces inflammatory pain-like behaviour in mice: role of adenosine

acting on A1 receptors. Br J Pharmacol 2009; 158: 558–568

51. Rahman I. Oxidative stress, transcription factors and chromatin

remodelling in lung inflammation. Biochem Pharmacol 2002; 64:

935–942

52. Tribolo S, Lodi F, Connor C et al.Comparative effects of quercetin and its

predominant humanmetabolites on adhesionmolecule expression in acti-

vated human vascular endothelial cells.Atherosclerosis 2008; 197: 50–56

53. Duarte J, Perez-Palencia R, Vargas F et al. Antihypertensive effects of

the flavonoid quercetin in spontaneously hypertensive rats. Br J Phar-

macol 2001; 133: 117–124

54. Perez-Vizcaino F, Duarte J, Andriantsitohaina R. Endothelial function

and cardiovascular disease: effects of quercetin and wine polyphenols.

Free Radic Res 2006; 40: 1054–1065

55. Garcia-Saura MF, Galisteo M, Villar IC et al. Effects of chronic

quercetin treatment in experimental renovascular hypertension. Mol

Cell Biochem 2005; 270: 147–155

56. Duarte J, Jimenez R, O’Valle F et al. Protective effects of the flavo-

noid quercetin in chronic nitric oxide deficient rats. J Hypertens 2002;

20: 1843–1854

57. Lodi F, Jimenez R, Moreno L et al. Glucuronidated and sulfated

metabolites of the flavonoid quercetin prevent endothelial dysfunction

but lack direct vasorelaxant effects in rat aorta. Atherosclerosis 2009;

204: 34–39

58. Edwards RL, Lyon T, Litwin SE et al. Quercetin reduces blood pres-

sure in hypertensive subjects. J Nutr 2007; 137: 2405–2411

59. Utesch D, Feige K, Dasenbrock J et al. Evaluation of the potential in

vivo genotoxicity of quercetin. Mutat Res 2008; 654: 38–44

Received for publication: 25.1.11; Accepted in revised form: 22.3.11

Quercetin protects from cisplatin nephrotoxicity 3495

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
d
t/a

rtic
le

/2
6
/1

1
/3

4
8
4
/1

8
3
2
1
0
9
 b

y
 g

u
e
s
t o

n
 2

0
 A

u
g
u
s
t 2

0
2
2


