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Protective Effect of Quercetin Against Oxidative Stress-
induced Toxicity Associated With Doxorubicin and 
Cyclophosphamide in Rat Kidney and Liver Tissue

Sayad Kocahan,1,2 Zumrut Dogan,3 Erman Erdemli,4 Eylem Taskin5

Introduction. Doxorubicin and cyclophosphamide are widely used 
anticancer drugs with substantial toxicity in noncancerous tissue 
resulting from oxidative damage. Quercetin is a potent antioxidant 
compound. We hypothesized that quercetin administration would 
ameliorate the toxic effects of doxorubicin and cyclophosphamide 
prior to pregnancy.
Materials and Methods. Cyclophosphamide, 27 mg/kg, and 
doxorubicin, 1.8 mg/kg, were administered to rats as intraperitoneal 
doses once every 3 weeks for a total of 10 weeks with or without 
concurrent treatment with quercetin, 10 mg/kg/d. Oxidative stress 
parameters were evaluated in maternal kidney and liver tissues 
after gestation.
Results. Doxorubicin was associated with elevated kidney tissue 
malondialdehyde relative to the controls and quercetin only 
treatment (P < .05). Both cyclophosphamide and doxorubicin were 
associated with elevated malondialdehyde levels in the liver tissue 
(P < .05). Doxorubicin treatment was associated with decreased liver 
glutathione peroxidase (P < .05). Quercetin treatment suppressed 
the accumulation of malondialdehyde and increased glutathione 
peroxidase levels during doxorubicin and cyclophosphamide 
treatment (P <.05)
Conclusions. Treatment with quercetin in patients receiving 
doxorubicin and cyclophosphamide results in therapeutic restoration 
of homeostatic expression of the antioxidant parameters, reducing 
oxidative damage to the liver and kidney.
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INTRODUCTION
The cytotoxic drugs used in chemotherapy are 

targeted at rapidly dividing cells and commonly 
exert toxic effects on both tumor cells and healthy 
tissues with rapidly proliferating cells.1 Doxorubicin 
intercalates within the DNA of rapidly dividing 
tumor cells, blocking cell cycle progression in 
the G2 phase.2,3 Clinical use of doxorubicin has 
been constrained due to multi-organ toxicity 
that includes damage to the liver and kidneys.4,5 

Nicotinamide adenine dinucleotide phosphate 

reductases catalyze the formation of doxorubicin 
semiquinone free radical, which, in the presence 
of oxygen, generates superoxide free radicals.6 
The administration of doxorubicin to women prior 
to pregnancy is reportedly associated with renal 
apoptosis. The generation of superoxide radicals 
following doxorubicin exposure results in excessive 
apoptosis.7,8

Cyclophosphamide is a common immuno-
suppressant cancer drug. Therapeutic doses of 
cyclophosphamide are limited by the onset of liver 
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and kidney toxicity.9 Oxidative stress, including 
increased lipid peroxidation (malondialdehyde) 
and glutathione depletion, have been associated 
with cyclophosphamide toxicity. The pathology of 
cyclophosphamide toxicity includes a significant 
reduction in smooth endoplasmic reticulum, 
increased autophagocytosis and sequestration 
of glycogen, and progressive loss of structural 
density in the mitochondria.10-13 Cell structure 
and function is fundamentally disrupted under 
conditions of oxidative stress and can be detected 
in changes in the carbohydrate, lipid, and DNA 
profile of the affected tissues.14,15 Oxidative stress 
results from the imbalance of antioxidants and 
free radicals. An array of enzymes ameliorate the 
impact of free radicals under normal physiologic 
conditions, including superoxide dismutase, 
catalase, glutathione peroxidase, and glutathione 
reductase, resulting in the protection of cellular 
membranes and organelles.16

Antioxidant defenses generally protect tissues 
from the harmful effects of oxidative stress 
and recent preclinical studies suggest that the 
antioxidant properties of quercetin can enhance 
protection from oxidative damage in the heart, 
brain, and other tissues during ischemic reperfusion 
or following exposure to free radical-generating 
compounds.17-20 In response to these findings, 
we hypothesized that concurrent treatment 
with quercetin would reduce liver and kidney 
toxicity during exposure to doxorubicin and 
cyclophosphamide.

MATERIALS AND METHODS
Experimental Treatments

Experimental chemotherapy treatment with 
cyclophosphamide (Molekula, Shaftesbury, Dorset, 
UK) and doxorubicin (Sigma-Aldrich, Toronto, 
Canada) was applied in rodent model system. 
Typical clinical doses were used to determine the 
treatment dosages in the experimental animals 
based on the surface area to weight ratio. Single 
intraperitoneal doses of cyclophosphamide (27 mg/
kg) and doxorubicin (1.8 mg/kg) were administered 
once every 3 weeks over a course of 10 weeks for 
a total of 4 doses.21

Quercetin dehydrate 97% suspended in corn 
oil (Alfa Aesar, Germany) was administered by 
oral gavage at a dose of 10 mg/kg/d.22 Control 
animals received corn oil alone.

Animals
A total of 36 female Wistar rats weighing 

approximately 250 g each were used in this study. 
Two days after drug treatment, the female rats 
were co-housed with a male rat for breeding, 
with 4 females and 1 male in each breeding cage. 
Pregnancy was determined by the presence or 
absence of a vaginal plug. The day of plug release 
was considered gestation day 1, and male rats were 
removed from the cage following confirmation of 
pregnancy. No restriction of food or water was 
applied. All animals were exposed to a 12-hour 
alternate schedule of light and darkness (lights on 
at 06:00 AM), and the ambient temperature was 
maintained at 22 ± 2°C at all times.

The local ethics committee of the Medical Sciences 
Experimental Research (2012/A-28) and Application 
Center (MSESAC) at Inonu University reviewed and 
approved all experimental procedures. All applicable 
international, national, and institutional guidelines 
for the care and use of animals were followed.

Experimental Groups
A total of 6 experimental groups consisting of 

6 randomly selected rats each were established: 
control, quercetin, cyclophosphamide, doxorubicin, 
cyclophosphamide plus quercetin, and doxorubicin 
plus quercetin. Maternal kidney and liver tissues 
were removed for evaluation of antioxidant 
parameters following gestation, including catalase 
activity, malondialdehyde antioxidant, superoxide 
dismutase (SOD), glutathione, and glutathione 
peroxidase activity.

Biochemical Analysis
Ice-cold Tris–HCl buffer (0.1 M, pH 7.5), 

supplemented with phenylmethylsulfonyl fluoride 
(1 mM) and protease inhibitor, was used to suspend 
the liver and kidney tissues following digestion 
using a tissue homogenizer (IKA ultra turrax T 25 
basic) at 16 000 rpm for 2 minutes at 4°C. Tissue 
homogenates were used in all biochemical analyses.

Malondialdehyde and Glutathione
T h e  a d d i t i o n  o f  t h i o b a r b i t u r i c  a c i d  t o 

tissue homogenates and the measurement of 
l ight  absorbance at  535 nm and 520 nm in 
a  spectrophotometer  was used to measure 
thiobarbituric acid reactive substances including 
malondialdehyde were measured by the addition 
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of thiobarbituric acid to tissue homogenates and 
the measurement of light absorbance at 535 nm 
and 520 nm in a spectrophotometer as previously 
described; the results were reported as nmol/g wet 
tissue.23 The spectrophotometric Ellman method 
was used to measure glutathione in kidney and 
liver homogenate by the reduced glutathione assay, 
with the results reported as nmol/g wet tissue.24

Superoxide Dismutase Assay
The total reduction of nitro blue tetrazolium 

by the superoxide anion produced by xanthine 
and xanthine oxidase was used to quantify SOD 
activity.25 The quantity of protein required to 
inhibit nitro blue tetrazolium reduction by 50% 
was defined as 1 unit of SOD activity, with the 
results reported as U/mg protein. The Lowry 
method was used to determine the protein content 
of tissue homogenate samples.26

Determination of Catalase Activity
The Aebi method was used to quantify catalase 

activity as the rate constant k (dimension, s−1,k) 
of hydrogen peroxide (initial concentration, 10 
mM) as indicated by absorbance at 240 nm in a 
spectrophotometer, with activity reported as k 
(constant rate) per g protein (U/g). 4

Determination of Glutathione Peroxidase 
Activity

The Paglia and Valentine method of measuring 
oxidation of reduced nicotinamide adenine 
dinucleotide phosphate in a spectrophotometer at 
340 nm was used to measure glutathione peroxidase 
activity, which was reported as U/g protein.27 The 
Lowry method was used to determine the protein 
content of tissue homogenate samples.26

Statistical Analysis
The Microsoft Excel and the SPSS software 

(Statistical Package for the Social Sciences, version 
16.0, SPSS Inc, Chicago, IL, USA) were used to 
conduct all statistical analyses. Multiple analyses 
of variance, followed by the post hoc protected 
Tukey test was used to make comparisons among 
multiple groups. Parameters within groups were 
analyzed using the Student t test, with correction 
for multiple comparisons. A P value less than 
.05 was considered significant. The results were 
expressed as mean ± standard error of mean.

RESULTS
Effect of Quercetin on Malondialdehyde Levels

Doxorubicin treatment was associated with 
elevated malondialdehyde in the renal and liver 
tissues relative to the control or quercetin treatment 
groups (P < .05, Figure 1). Quercetin treatment 
ameliorated the induction of malondialdehyde in 
the kidney in the group treated with doxorubicin 
or cyclophosphamide plus quercetin relative to the 
doxorubicin group (P < .05, Figure 1). Quercetin 
also suppressed malondialdehyde levels of the liver 
tissue in the doxorubicin and cyclophosphamide 
groups; the malondialdehyde level was lower in the 
quercetin group relative to the control group (P < .05, 
Figure 1). Malondialdehyde levels in the kidney 
tissues were lower than in the liver tissues of the 
controls, cyclophosphamide, and cyclophosphamide 
plus quercetin groups (P < .05; Figure 1).

Effect of Quercetin on Qlutathione Levels
Quercetin treatment resulted in elevated 

glutathione levels that did not meet the statistically 
significance level (Figure 2). Cyclophosphamide 
and doxorubicin treatments were associated 
with decreased glutathione levels; however, the 
decrease was not significant compared to the 
controls (Figure 2). Glutathione levels in the 
cyclophosphamide plus quercetin and doxorubicin 
plus quercetin groups were higher than in the 

Figure 1. The effect of quercetin on malondialdehyde levels 
in kidney and liver tissues in rats with doxorubicin- and 
cyclophosphamide-induced oxidative stress. Data are expressed 
as mean ± standard error of mean.
*P < .05 compared to the control group
†P < .05 compared to the quercetin group
‡P < .05 compared to the doxorubicin group
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control group in the kidney tissues, but these 
differences were not significant (Figure 2). Analysis 
of glutathione in the kidney and liver tissues in 
each group revealed that glutathione levels in the 
kidney tissue were lower than in the liver tissue 
among the control, cyclophosphamide, doxorubicin, 
and cyclophosphamide plus quercetin groups 
(P < .05; Figure 2). However, glutathione levels 
in the quercetin group were higher in the kidney 
tissue than in the liver tissue (P < .05; Figure 2).

Effect of Quercetin on Superoxide Dismutase
There were no significant differences in the 

SOD levels of the kidney and liver tissues among 
the experimental and control groups (Figure 3). 
Superoxide Dismutase levels were elevated in 
the kidney tissue relative to the liver tissue in the 
control group, but not in the other experimental 
groups (P < .05; Figure 3).

Effect of Quercetin on Catalase Activity
There was no significant difference in catalase 

levels in the kidney and liver tissues among the 
six experimental groups (Figure 4). Analysis of 
catalase levels in each group in the kidney and 
liver tissues indicated that catalase levels in the 
kidney tissue were lower than in the liver tissue in 
the control and cyclophosphamide plus quercetin 
groups (P < .05; Figure 4).

Effect of Quercetin on Glutathione Peroxidase
No significant differences were observed 

between the experimental groups in liver or 
kidney glutathione peroxidase levels (Figure 5). 
Although doxorubicin and cyclophosphamide 
treatments were associated with decreased 
glutathione peroxidase in the liver tissue versus 
the controls (P < .05, Figure 5), there was no 
significant differences in the total glutathione 
peroxidase activity (Figure 5). Only the quercetin 
group exhibited increased glutathione peroxidase 
levels relative to the doxorubicin plus quercetin 
and the cyclophosphamide plus quercetin groups 
in the liver tissue (P < .05, Figure 5). Glutathione 
peroxidase levels in the doxorubicin group were 
elevated as compared with the doxorubicin plus 

Figure 4. The effect of quercetin on catalase levels in 
kidney and liver tissues in rats with doxorubicin- and 
cyclophosphamide-induced oxidative stress. Data are expressed 
as mean ± standard error of mean.

Figure 2. The effect of quercetin on glutathione levels 
in kidney and liver tissues in rats with doxorubicin- and 
cyclophosphamide-induced oxidative stress. Data are expressed 
as mean ± standard error of mean.

Figure 3. The effect of quercetin on superoxide dismutase 
levels in kidney and liver tissues in rats with doxorubicin- and 
cyclophosphamide-induced oxidative stress. Data are expressed 
as mean ± standard error of mean.
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quercetin concurrent treatment (P < .05, Figure 5). 
The decrease in glutathione peroxidase associated 
with cyclophosphamide treatment was partially 
reversed by quercetin concurrent treatment (P < .05, 
Figure 5). Across all the groups, there was no 
significant differences in glutathione peroxidase 
levels between the kidney and liver tissues.

DISCUSSION
Elevated malondialdehyde and decreased 

glutathione peroxidase following doxorubicin 
exposure results in increased oxidative stress of 
the hepatic tissues. Quercetin treatment enhanced 
protection from oxidative stress by suppressing 
malondialdehyde and elevating glutathione 
peroxidase expression in the liver. The impact of 
doxorubicin toxicity was greater in the liver tissue 
relative to the kidney, likely as a result of the 
concentration of doxorubicin in the liver during 
the detoxification process.

Similar to the toxic effects observed in doxorubicin-
exposed rats, rats treated with cyclophosphamide 
exhibited elevated malondialdehyde and enhanced 
oxidative stress in both the liver and kidney 
tissues. Cyclophosphamide treatment generates free 
radicals that can directly damage epithelial and 
endothelial structures. Damage to DNA is another 
consequence of intracellular reactive oxygen species 
generation.28 Lipid peroxidation may also result 
from reactive oxygen species generation, but there 

is limited evidence that this process contributes 
to the antitumor effects of cyclophosphamide.29 
The present work clearly demonstrates the 
potential effects of cyclophosphamide-induced 
lipid peroxidation on liver and kidney tissue. 
Increased accumulation of malondialdehyde can 
result in cellular degradation and other biochemical 
changes as well as apoptosis.30 The production 
of free radicals such as superoxide anion radical 
and hydroxyl radical during cyclophosphamide 
exposure causes oxidative stress. Oxidative stress 
can include membrane perturbation through the 
elevation of malondialdehyde and increased lipid 
peroxidation.31 Candidate compounds for reducing 
liver and kidney toxicity during cyclophosphamide 
exposure include antioxidant substances such as 
quercetin.

Cyclophosphamide-associated hepatotoxicity 
limits clinical use as an anticancer chemotherapeutic. 
The precise mechanism of cyclophosphamide-
associated hepatotoxicity remains unclear. Recent 
studies suggest that imbalanced oxidant and 
antioxidant generation results in the release of pro-
inflammatory cytokines which contribute to hepatic 
damage during cyclophosphamide exposure.5,32

The toxic effects of doxorubicin on the liver and 
kidney is mediated by oxidative stress, however 
the mechanism of oxidative stress is not well 
understood.33-35 Several hypotheses have been 
proposed to explain the prevalence of oxidative 
damage during doxorubicin exposure. One idea is 
that doxorubicin results in the generation of oxidant 
radicals by both enzymatic and nonenzymatic 
pathways. 36,37 During the  transposi t ion of 
doxorubicin to semiquinone form, electrons can 
be captured by oxygen, producing superoxide 
radicals. Previous studies have reported elevated 
malondialdehyde following doxorubicin exposure, 
suggesting that cellular membranes are primary 
targets of doxorubicin-mediated oxidative stress 
damage.38-42 The present study is consistent with 
these previous reports. Recent studies have also 
demonstrated that doxorubicin exposure results 
in increased total oxidant generation in the 
liver, kidney, and heart.33-35,39 Another study has 
demonstrated that doxorubicin exposure results in 
overproduction of oxidant radicals, mitochondrial 
dysfunction and declining respiration and swelling 
in rats with doxorubicin-induced hepatotoxicity.43

Imbalance between oxidant and antioxidant 

Figure 5. The effect of quercetin on glutathione peroxidase 
levels in kidney and liver tissues in rats with doxorubicin- and 
cyclophosphamide-induced oxidative stress. Data are expressed 
as mean ± standard error of mean.
*P < .05 compared to the control group
†P < .05 compared to the quercetin group
‡P < .05 compared to the doxorubicin group
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generation produces oxidative stress. Increased 
generation of oxidant radicals overwhelms the 
ability of antioxidants to absorb these damaging 
compounds, resulting in oxidative stress damage. 
Oxidant radicals are produced under physiologic 
conditions within the mitochondria and the 
peroxisome, where antioxidants limit oxidative 
stress damage. The enormous production of oxidant 
radicals during doxorubicin exposure diminishes 
the available pool of antioxidants. A previous 
study suggested that doxorubicin exposure was 
associated with declining antioxidant parameters, 
including glutathione peroxidase, SOD, and 
catalase. Furthermore, this study also demonstrated 
that doxorubicin exposure results in elevated 
thiobarbituric acid reactants, an important indicator 
of oxidative damage.44 Oxidative damage to the 
liver following doxorubicin-exposure was attributed 
to elevated oxidants, such as malondialdehyde, 
and declining antioxidant parameters, such as 
catalase, SOD, and reduced glutathione in one 
report.43 It has been suggested that quercetin can 
attenuate doxorubicin-associated hepatotoxicity 
in non-cancerous liver tissue.44 Many biological 
functions have been attributed to quercetin, 
including antioxidant, anti-inflammatory, and anti-
hypertrophic activities.42 A recent study concluded 
that quercetin has anticancer properties and an 
overall chemoprotective effect as a result of the 
interruption of the cell cycle at the G1 phase and/
or G2/M phase through elevated expression of p53, 
p21, and p27 and declining Bcl-xL expression.46 
Quercetin may also have applications in the 
treatment of heart disease through the reduction of 
blood pressure and reduced cardiac hypertrophy 
and proteinuria.45 Quercetin enhances the antitumor 
effects of doxorubicin, while simultaneously 
limiting cytotoxicity in noncancerous tissue, and 
several proposals have been put forward to explain 
the mechanism of action of quercetin.47 Quercetin 
chelates metal ions such as iron and copper, which 
are capable of scavenging free radicals. Quercetin 
posttreatment inhibits angiotensin-converting 
enzyme activity in doxorubicin-exposed rats, 
resulting in decreased lipid peroxidation. Quercetin 
may also inhibit nuclear factor kappa-B, a redox-
sensitive transcription factor, reducing expression 
of pro-inflammatory matrix metalloproteases and 
elevating nitric oxide levels.42 Quercetin treatment 
elevates the nonenzymatic antioxidant capacity 

of plasma and suppresses lipid peroxidation.48,49 
Quercetin has also been reported to restore 
mitochondrial function and protect against DNA 
double strand breaks in H9c2 cells exposed to 
doxorubicin. Quercetin attenuates oxidative 
stress through the reduction of nicotinamide 
adenine dinucleotide phosphate oxidase-mediated 
superoxide production and promotes lipid beta 
oxidation.50

CONCLUSIONS
The results of the present study demonstrate that 

liver and kidney cytotoxicity during doxorubicin 
and cyclophosphamide are mediated by oxidative 
stress resulting from the elevation of oxidant 
radicals and the decline in antioxidants such 
as glutathione peroxidase, SOD, and catalase. 
Quercetin, a flavonoid, ameliorated the cytotoxic 
effects of doxorubicin and cyclophosphamide 
on the liver and kidney through the elevation 
of antioxidant expression and the suppression 
of lipid peroxidation. Therefore, quercetin may 
be a candidate therapeutic for the prevention of 
toxicity during doxorubicin exposure. Clinical use 
of quercetin in cancer treatment is significantly 
limited due to very poor delivery features of the 
compound. Nevertheless, more research is needed 
to evaluate the therapeutic effects of quercetin on 
doxorubicin-mediated hepatotoxicity and renal 
toxicity.
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