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Doxorubicin (DOX) is a chemotherapeutic agent, and is widely used in cancer treatment. The most common side effect of DOX was indicated
on cardiovascular system by experimental studies. There are some studies suggesting oxidative stress-induced toxic changes on liver related to
DOX administration. The aim of the present study was to evaluate whether antioxidant N-acetylcysteine (NAC) relieves oxidative stress in
DOX- induced liver injury in rat. Twenty-four male rats were equally divided into three groups. First group was used as a control. Second
group received single dose of DOX. NAC for 10 days was given to constituting the third group after giving one dose of DOX. After 10 days of
the experiment, liver tissues were taken from all animals. Lipid peroxidation (LP) levels were higher in the DOX group than in control whereas
LP levels were lower in the DOXþNAC group than in control. Vitamin C and vitamin E levels were lower in the DOX group than in control
whereas vitamin C and vitamin E levels were higher in the DOXþNAC group than in the DOX group. Reduced glutathione levels were higher
in the DOXþNAC group than in control and DOX group. Glutathione peroxidase, vitamin A and b-carotene values were not changed in the
three groups by DOX and NAC administrations. In histopathological evaluation of DOX group, there were mononuclear cell infiltrations,
vacuolar degeneration, hepatocytes with basophilic nucleus and sinusoidal dilatations. The findings were totally recovered by NAC
administration. In conclusion, N-acetylcysteine induced modulator effects on the doxorubicin-induced hepatoxicity by inhibiting free radical
production and supporting the antioxidant vitamin levels. Copyright # 2010 John Wiley & Sons, Ltd.
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INTRODUCTION

The human body is equipped with a complete arsenal of
defences against external and internal aggressions. Those
against the so-called reactive oxygen species (ROS) such as
superoxide anion, hydroxyl radical and hydrogen peroxide
are crucial in inflammatory responses where they participate
in physiological processes such as arachidonic acid cascade
and phagocytosis.1 The concentrations of these metabolic
intermediates are actually kept under strict control by the
activity of a complex defence system including enzymatic
[superoxide dismutase, glutathione peroxidase (GSH-Px)]
and non-enzymatic (vitamins A, C and E) antioxidants.
However, an uncontrolled production of ROS is liable to
occur in several conditions leading to a situation known as
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‘oxidative stress’ where the highly ROS can attack many
essential biomolecules (protein, DNA, RNA, lipids) and even
cell structures, causing oxidative damages. As a matter of
fact, many pathological processes are initiated or aggravated
by such processes.2,3 For several years, pharmacological
investigations of exogenous compounds or therapeutical
agents have focused on a possible interaction with ROS4,5 in
order to assess their capacity to prevent or minimize free
radical damages to biological targets.

Doxorubicin (DOX), an antracycline cancer drug, is
widely used against a variety human tumor.6 However,
therapeutic use of DOX in a sufficient dose is limited
because its dose dependent form of myocardiotoxicity
which is frequently lethal.6 DOX also has been shown to
produce hepatotoxicity.7 It undergoes redox cycling leading
to the production of ROS; DOX generates semiquinone
radicals, which in turn react with molecular oxygen and
provide other ROS at an early stage after administration.
DOX reduces antioxidant enzyme levels in liver of rat.7,8 It
has been reported that single dose of DOX decreased
cytochrome P-450 and reduced glutathione (GSH) levels in
rat liver while high level of GSH were found to protect
isolated hepatocytes from DOX toxicity.8,9
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N-acetylcysteine (NAC), and N-acetyl derivate of the
amino acid L-cysteine, is a thiol-containing compound
widely used from many years as a mucolytic drug in the
treatment of chronic obstructive pulmonary disease. It has
also antioxidant, cytoprotective and microcirculary
effects.10,11 Its pharmacological actions include restoration
of cellular antioxidant potential by replenishing depleted
GSH stores, direct scavenging of ROS, and inhibition of
neutrophil activity and TNF production.10

It has not been studied whether NAC modify the
alterations in liver antioxidant enzyme and vitamin levels
in rat. Hence, we aimed to evaluate whether there would be
protective effect of NAC on oxidative stress, antioxidant
vitamins and histological values in DOX-induced liver
toxicity in rats.

MATERIALS AND METHODS

Animals

Twenty-four male and 10–12 weeks old Wistar albino rats
weighing 200� 20 g were used for the experimental
procedures. Rats were allowed 1 week to acclimate to the
surroundings before beginning any experimentation.
Animals were housed in individual plastic cages with
bedding. Standard rat food and tap water were available
ad libitum for the duration of the experiments. The
temperature and light/dark cycle were maintained at
22� 28C and 12/12 h, respectively. Animals were main-
tained and used in accordance with the Animal Welfare Act
and the Guide for the Care and Use of Laboratory animals
prepared by the Suleyman Demirel University.

Experimental design

Twenty-four animals were randomly divided into three
groups as follows:

Group I. Control group (n¼ 8): Placebo was supple-
mented to the first group.

Group II. DOX (2.5 mg/kg BW) administrated intraper-
itoneally (i.p.) to rats (n¼ 8) for induction of DOX toxicity.

Group III. Intraperitonel NAC (10 mg/kg BW) for 10 days
was given to constituting third group after giving one dose of
DOX.

After 10 days of NAC administration, liver samples were
taken from all animals.

Anesthesia and tissue and blood sampling

The rats were anesthetized with a cocktail of ketamine
hydrochloride (50 mg/kg) and xylazine (5 mg/kg) adminis-
tered i.p. before sacrifice of each rats and removal of liver
samples. Liver tissues were washed twice with cold saline
solution, placed into glass bottles, labelled and stored in a
deep freeze (�338C) until processing (maximum 3 weeks).
After weighing, the liver were placed on ice, cut into small
pieces, using scissors, and homogenized (2 min at 5000 rpm)
in a five volumes (1:5, w/v) of ice-cold Tris-HCl buffer
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(50 mM, pH 7.4), by using a glass Teflon homogenizer
(Çalişkan Cam Teknik, Ankara, Turkey). All preparation
procedures were performed at 48C. After addition of
butylhydroxytoluol (4ml per ml), the liver homogenate
samples were used for immediate GSH, GSH-Px, LP and
antioxidant vitamin measurements.

Lipid peroxidation (LP) level determinations

LP levels in the liver homogenate were measured with the
thiobarbituric-acid reaction by the method of Placer et al.12

The quantification of thiobarbituric acid reactive substances
was determined by comparing the absorption to the standard
curve of malondialdehyde equivalents generated by acid
catalysed hydrolysis of 1,1,3,3 tetramethoxypropane. The
values of LP in the liver were expressed as mmol/g protein.
Although the method is not specific for LP, measurement of
thiobarbituric-acid reaction is an easy and reliable method,
which is used as an indicator of LP and ROS activity in
biological samples.

Reduced glutathione (GSH), glutathione peroxidase
(GSH-Px) and protein assay

The GSH content of the liver homogenate was measured at
412 nm using the method of Sedlak and Lindsay.13 GSH-Px
activities of the liver homogenate were measured spectro-
photometrically at 378C and 412 nm according to the
Lawrence and Burk.14 The protein content in the liver
sample was measured by method of Lowry et al.15 with
bovine serum albumin as the standard.

Liver vitamins A, C and E and b-carotene analyses

Vitamins A (retinol) and E (a-tocopherol) were determined
in the liver samples by a modification of the method
described by Desai16 and Suzuki and Katoh.17 Liver samples
(250mg) were saponified by the addition of 0.3 ml 60% (w/v
in water) KOH and 2 ml of 1% (w/v in ethanol) ascorbic
acid, followed by heating at 708C for 30 min. After cooling
the samples on ice, 2 ml of water and 1 ml of n-hexane were
added and mixed with the samples and then rested for 10 min
to allow phase separation. An aliquot of 0.5 ml of n-hexane
extract was taken and vitamin A concentrations were
measured at 325 nm. Then reactants were added and the
absorbance value of hexane was measured in a spectropho-
tometer at 535 nm. Calibration was performed using standard
solutions of all-trans retinol and a-tocopherol in hexane.

The concentrations of b-carotene in the liver samples
were determined according to the method of Suzuki and
Katoh.17 Two ml of hexane were mixed with 250mg liver
samples. The concentration of b-carotene in hexane was
measured at 453 nm in the spectrophotometer.

Quantification of ascorbic acid in the liver samples was
performed according to the method of Jagota and Dani.18

The absorbance of the samples was measured spectro-
photometrically at 760 nm.
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Table 1. Effects of doxorubicin (DOX) and N-acetyl cysteine (NAC) on
liver reduced glutathione (GSH), glutathione peroxidase (GSH-Px), vitamin
A and b-carotene levels in rat (mean� SD)

Parameters
Control DOX DOXþNAC
(n¼ 8) (n¼ 8) (n¼ 8)

GSH-Px 12.9� 3.8 11.0� 4.0 12.4� 3.0
(IU/g protein)

GSH 7.4� 1.3 7.4� 0.7 8.6� 1.1�,a

(mmol/g protein)
Vitamin A 3.2� 0.5 2.8� 0.5 2.9� 0.1

(mmol/g tissue)
b-carotene 2.4� 0.3 2.3� 0.4 2.5� 0.1

(mmol/g tissue)

�,ap< 0.05.
p< 0.05 vs. DOX group.
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Histological evaluation

Tissue samples were subjected for routine histopathological
examination. Immediately after the obtaining kidney, the
tissue was cut open and fixed in 10% formalin. The tissues
were cut into 4mm sections in a perpendicular plane.
Sections were deparaffinized and stained with hematoxylin
and eosin. Light microscopic examinations of liver
sections were made with an optical microscope at 20� 10
magnifications (Olympus BX50, Tokyo, Japan).

Statistical analysis

All results were expressed as means� SD. Significance in
three groups was firstly checked by ANOVA–Kruskal Wallis
test. Then, significant values in three groups were assessed
with unpaired Mann–Whitney U-test. Data was analysed
using the SPSS statistical program (version 9.05, SPSS Inc.
Chicago, Illinois, USA). P-values of less than 0.05 were
regarded as significant.

RESULTS

Lipid peroxidation results

The mean LP values in liver in three groups are shown in
Figure 1. Mean values of control, DOX and DOXþNAC
groups as mmol/g protein were 51.9, 65.8 and 51.7,
respectively. The results showed that the liver LP levels
in DOX group were significantly ( p< 0.05) higher than in
control whereas LP levels were significantly ( p< 0.05)
lower in the DOXþNAC group than in the DOX group.

GSH and GSH-Px results

The mean GSH and GSH-Px activities in liver of three
groups are shown in Table 1. The results showed that there
were no statistical significance in GSH levels and GSH-Px
activities between control and DOX administrated groups.
However, GSH levels were significantly ( p< 0.05) higher in
the DOXþNAC group than in both control and DOX group.
Figure 1. Effects of doxorubicin (DOX) and N-acetyl cysteine (NAC) on
liver lipid peroxidation levels in rat (mean� SD and n¼ 8). �p< 0.05 vs.
control. ap< 0.05 vs. DOX group
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Antioxidant vitamin results

The mean liver vitamin A and b-carotene concentrations in
the three groups are shown in Table 1 and vitamin A and b-
carotene concentrations were not changed by DOX and NAC
administrations. The mean vitamin C and E concentrations
in liver in three groups are shown in Figure 2. Mean values of
control, DOX and NACþDOX groups were 1.3, 1.0 and 1.3
for vitamin C; 12.1, 7.1 and 8.5 for vitamin E, respectively.
Vitamin C ( p< 0.05) and vitamin E (p< 0.01) concen-
trations were significantly lower in DOX group than in
control. However, the vitamin C and vitamin E concen-
trations were significantly ( p< 0.05) higher in the
DOXþNAC group than in the DOX group.

Histological results

Histological micrographs are shown in Figure 3. There was a
significant difference between the doxorubicin-treated
group and controls by means of mononuclear cell
infiltration, sinusoidal dilatation and vascular congestion.
Hepatocyte degeneration was more prominent in only
doxorubicin given group. There was no difference between
doxorubicin and NAC given groups. Hepatocyte degener-
Figure 2. Effects of doxorubicin (DOX) and N-acetylsisteine (NAC) on
liver vitamin C and E levels in rat (mean�SD and n¼ 8). ap< 0.05 and
bp< 0.01 vs. control. cp< 0.05 vs. DOX group
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Figure 3. Histological changes of liver (Hematoxylin-Eosin X20) in
control (A), DOX (B), vascular congestion, hepatocyte degeneration and
DOXþNAC (C); slight sinusoidal dilatations
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ation was more significant in only doxorubicin and
doxorubicin plus NAC given groups, when compared with
the controls.

DISCUSSION

We found that liver LP levels were increased by DOX
administration although liver vitamin C and vitamin E
concentrations decreased by the DOX treatment. Hence,
DOX administrations in the animals are characterized by
increased LP levels and decreased the antioxidant vitamin
Copyright # 2010 John Wiley & Sons, Ltd.
concentrations. Liver LP levels were decreased by NAC
treatment although GSH, vitamin C and E concentrations
were increased by the treatment. A limited number of in vivo
or in vitro studies in liver have been reported regarding the
effects of NAC on LP levels.7,19–21 However, they did not
investigate antioxidant vitamin changes the experimental
animal model. To the best of our knowledge, the current
study is the first to compare the NAC to its effects on
antioxidant vitamin system using levels of vitamins A, C, E
and b-carotene values in DOX-induced hepatotoxicity in
rats.

Results of current study indicated that DOX adminis-
tration induced a significant increase in LP levels. Our
results are in accordance with the previous reports of LP
increment in liver after DOX treatment. 7,19,20 DOX
undergoes antioxidant redox cycling leading to the
production of ROS; DOX generates semiquinone radicals,
which in turn react with molecular oxygen and provide other
ROS at an early stage after administration.7,8 It has been also
reported that DOX induced oxidative stress in liver of rat
because of activation of cytochrome P-450 enzyme.8,9

Inactivation of ROS can be carried out by antioxidant
vitamins.3 Vitamin E (alpha-tocopherol) is the most
important antioxidant in the lipid phase of cells although
vitamin C has antioxidant role in water phase of cells.1 There
is also synergic activation between vitamin C and E. Vitamin
C and E acts to protect cells against the effects of free
radicals, which are potentially damaging by-products of the
metabolism of body.2,3 Liver is main and first tissue in the
body for inactivation of toxic metabolites and liver
modulates excessive production of ROS.22 Therefore, the
excessive production of ROS results in decreased antiox-
idant defence in liver. Both vitamin C and vitamin E
concentrations in the liver decreased in the DOX group. The
decreased concentration of the antioxidant vitamins could be
due to stimulation of production of free radicals by DOX.

DOX-induced liver toxicity rats were decreased in liver by
NAC administration. On the other word, LP levels and tissue
degeneration as histological evaluation were decreased by
NAC administration. Current study is first report on DOX-
induced vitamin C and E changes in liver of rats. NAC exert
antioxidant effect by facilitating GSH biosynthesis.11 We
observed significant protective effect of NAC on liver LP,
vitamin C and E levels in rats after DOX-induced liver injury
because it actives in reducing the release of superoxide anion
and hydroxyl radical.9 Similarly, Gokcimen et al.21 reported
protective effects of vitamin E administration on DOX
induced-liver histological changes in rats. Valls-Belles
et al.23 reported that administration of alcohol-free beer
and DOX combination decreased liver vitamin E concen-
tration in rats. Hence, vitamin E results of the current study
were confirmed by results of Gokcimen et al.21 and Valls-
Belles et al.23

NAC has antioxidant role and it reacts most strongly with
hydroxyl radical and with hypochloric acid, but reacts
poorly with the hydrogen peroxide and superoxide
radicals.10 It may also exert an indirect antioxidant effect
by facilitating GSH biosynthesis and supplying GSH for
Cell Biochem Funct 2010; 28: 673–677.
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GSH-Px-catalysed reactions.11 GSH-Px converts hydrogen
peroxide to water.2 In the current study we were not able to
see protective effects of NAC on liver GSH-Px activity
because its reacts poorly with the hydrogen peroxide.
However, liver GSH levels in the current study were
increased by NAC administration because of facilitating
GSH biosynthesis. Similarly, Bulucu et al. 7 observed that
GSH-Px activity did not change in liver of rats by
administration of DOX and NAC. Nagasaki and co-workers
showed that in a GSH-depleted liver, NAC prevents hepatic
injury and improves liver integrity after ischaemia/reperfu-
sion injury, not by acting as a substrate for GSH synthesis,
but as a direct free-radical scavenger.24

In conclusion, our liver results in DOX group are
consistent with a generalized antioxidant abnormality in
different tissues of DOX administrated animals and humans.
However, NAC induced modulator effect on oxidative stress
and antioxidant redox system in DOX-induced liver toxicity
in rat. The beneficial effects of NAC on antioxidant systems
were regulation of lipid peroxidation, glutathione, vitamin C
and E levels in the liver.
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