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It has been suggested that reactive oxygen species (ROS) plays an important role in radio contrast media (RCM)-induced ischemia reperfusion
tissue injury although antioxidants may have protective effects on the injury. We investigated the effects of erdosteine as an antioxidant agent
on RCM-induced liver toxicity in rats by evaluation of lipid peroxidation (as TBARS), catalase (CAT), superoxide dismutase (SOD), reduced
glutathione (GSH) and glutathione peroxidase (GSH-Px) values and histological evaluation. Twenty-one rats were equally divided into three
groups as follows: control, RCM, and RCM plus erdosteine. RCM was intraperitoneally administered for 1 day. Erdosteine was administered
orally for 2 days after RCM administration. Liver samples were taken from the rats and they homogenized in a motor-driven tissue
homogenizer. TBARS levels were significantly (p< 0.005) higher in RCM group than in control although SOD activities significantly
(p< 0.05) decreased in RCM group. TBARS levels were lower in RCM plus erdosteine group than in control although SOD activity and GSH
level increased (p< 0.05) in liver as compared to RCM alone. Erdosteine showed also histopathological protection (p< 0.0001) against RCM
induced hepatotoxicity. GSH-Px and CAT activities were not statistically changed by the erdosteine. According to our results, it can be
concluded that radiocontrast media can induce oxidative stress in liver as suggested by previous studies. Erdosteine seems to be protective
agent on the radiocontrast media-induced liver toxicity by inhibiting the production of ROS via the enzymatic antioxidant system. Copyright
# 2009 John Wiley & Sons, Ltd.
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INTRODUCTION

Lipid peroxides are produced by a free radical chain
reactions of reactive oxygen species (ROS).1 The ROS, i.e.
singlet oxygen, superoxide anion radical, hydrogen peroxide
radical and hydroxyl radical, contribute to tissue damage.2

ROS also causes injury by reacting with biomolecules such
as lipids, proteins and nucleic acids as well as by depleting
enzymatic and/or nonenzymatic antioxidants in liver.3,4

There is also evidence that ROS plays an important role in
the pathogenesis of many degeneration, particularly in liver
degeneration due to the vulnerability to ROS.3–5 One of the
end-products of this damage is lipid peroxidation (thiobar-
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bituric-acid reaction substances, TBARS). There are various
antioxidant mechanisms in the liver that neutralize the
harmful effects of ROS. Glutatyon peroxidase (GSH-Px), a
selenium containing enzyme, is responsible for the reduction
of hydro and organic peroxides in the presence of reduced
glutathione (GSH).1 GSH is a hydroxyl radical and singlet
oxygen scavenger and it participates in a wide range of
cellular functions.1 Superoxide dismutase (SOD) enzyme
dismutases superoxide radical to hydrogen peroxide.
Therefore, ROS can be indirectly evaluated in liver samples
by measurement of some antioxidants such as SOD, GSH-
Px, GSH and CAT activities.2

Radiographic contrast media (RCM) is a substance that
widely used in radiologic procedures such as intravenous
urography, computerized tomography and angiography.
RCM has long been recognized to produce profound
changes in renal hemodynamics and in some cases causes to
the initiation of acute renal failure.6,7 However, its
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pathogenesis remains poorly defined. Role of ischemia
reperfusion (I/R) injury has been widely discussed on RCM-
induced acute renal failure. RCM injection induces renal
vasoconstriction, a process that is tough to raise from an
imbalance between endothelium-derived vasoconstrictive
and vasodilatory factors such as endothelin, nitric oxide, and
adenosine.7,8 Following tissue ischemia, reperfusion injury
may occur. It is well known that I/R injury in liver is
characterized by an increase in ROS.9 There is accumulating
evidence that ROS have a role in the renal damage caused by
RCM.10,11 RCM-induced kidney degeneration characterized
by I/R injury.11,12 To our knowledge, there is no report,
though, on the RCM-induced liver toxicity through ROS.

Erdostein [N-(carboxymethylthioacetyl)-homosysteine
thiolactone], as a thiol derivate, contains two blocked
sulfhydryl groups which became free only after hepatic
metabolization. The reducing potential of these sulfhydryl
groups accounts for free radical scavenging and antioxidant
activity of erdosteine.13 In many studies, erdosteine has been
successfully used as a preventive agent against various toxic
agents in animals and humans via inhibition of I/R injury of
cells.2,13 Therefore, erdosteine seems to be a promising
protector agent against ROS-induced damage in many
pathologic conditions.

To our knowledge, there is no report effect of erdosteine
on RCM-induced liver toxicity in animal and human model.
If RCM induced-I/R injury increases TBARS, increased
amounts of enzymatic antioxidants should be oxidized and
their levels in liver should be diminished. In the current
study, we aimed to investigate the effects of erdosteine as an
antioxidant agent on RCM-induced liver toxicity in rats by
evaluation of TBARS, GSH, GSH-Px, CAT, SOD and
histological values.

MATERIALS AND METHODS

Animals

Twenty-one male Wistar albino young healthy rats weighing
230–250 g were included in the study. The animals were
procedured, maintained 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, Ethical Committee’’. They were housed in cages
and kept in an environment of controlled temperature
(23� 28C), humidity (60� 5%) and photoperiod (12-h
light:12-h dark) for 1 week before the start of experiment. A
commercial balanced diet (Hasyem, Isparta, Turkey) and tap
water provided ad libitum.

Study groups

The rats were randomly divided into three groups, as
follows: control group (n¼ 7), RCM-administered group
(n¼ 7), RCM plus erdosteine administered group (n¼ 7).
After the 24-h water deprivation period of control and
experimental groups, RCM was administered to the rats in
RCM and RCM plus erdosteine groups. Standard RCM
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(meglumin diatrizoat; 370mg iodinemL�1; Urografin1;
Schering AG, Germany) was administered to the rats
intraperitoneally at a dose of 10mL kg�1 for once only. The
erdosteine was obtained from a drug company (Ilsan,
Istanbul, Turkey), dissolved in distilled water with NaHCO3

and administered orally once a day for 2 days at a dose of
25mg kg�1 weight through plastic disposable syringes.14,15

First dose was given 24 h prior to RCM injection. Isotonic
saline solution (an equally volume of RCM) was adminis-
tered to control group by intraperitoneal injection. In
addition, NaHCO3 dissolved with distilled water was given
orally (equal to the volume of erdosteine) to rats in control
and RCM groups.

Tissue sampling and preparation

Rats were anesthetized with a cocktail of ketamine
hydrochloride (50mg kg�1) and xylazine (5mg kg�1)
administered i.p. before sacrifice of each rats and removal
of blood samples. Chests of the animals were opened and
then blood samples were taken from their hearts, using a
sterile injector, into tubes, protected against light. After the
blood samples, the animals were killed and the livers of rats
were quickly removed for biochemical analyses (TBARS,
GSH-Px, GSH, SOD and CAT) and histological evaluation.
The liver samples were washed three times in cold isotonic
saline (0.9%, v/w). A piece of the liver was fixed in 10%
formaldehyde for histological examination. The liver
specimens were stored at �208C until the biochemical
analyses. The frozen tissue samples of liver were weighed
and homogenized in a motor-driven tissue homogenizer
(IKA Ultra-Turrax T25 Basic, Germany) with phosphate
buffer (pH 7.4). The homogenate was then centrifuged at
5000� g-force for 30min to remove debris. The homogen-
ate and supernatant was frozen at �208C in aliquots until
assayed.

Lipid peroxidation (TBARS) level determinations

Lipid peroxidation levels as TBARS in the liver homogenate
samples were measured with the thiobarbituric-acid reaction
by the method of Draper and Hadley.16 The values of
TBARS in the liver were expressed as nmol g�1 protein.
Although the method is not specific for TBARS, measure-
ment of thiobarbituric-acid reaction is an easy and reliable
method, which is used as an indicator of lipid peroxidation
and ROS activity in biological samples. The protein content
in the tissue homogenate was determined according to
method of Lowry et al.17

Superoxide dismutase and catalase assays

Total (Cu–Zn and Mn) SOD activity was determined
according to the method of Sun et al.18 The principle of the
method is based briefly on the inhibition of nitroblue
tetrazolium reduction by the xanthine/xanthine oxidase
system as a superoxide generator. Activity was assessed in
the ethanol phase of the supernatant after 1.0mL ethanol/
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Table 1. The effects of erdosteine on liver lipid peroxidation (TBARS), reduced glutathione (GSH), calatase (CAT), glutathione peroxidase (GSH-Px) and
superoxide dismutase (SOD) values in radiocontrast media (RCM)-induced toxicity in rats (mean�SD) (n¼ 7).

Groups TBARS (nmol g�1 prot.) CAT (k g�1 prot.) SOD (Umg�1 prot.) GSH-Px (IU g�1 prot.) GSH (nmolmg�1 prot.)

(I) Control 13.21� 2.61 1.31� 0.47 0.137� 0.017 14.55� 2.29 4.34� 0.35
(II) RCM 16.64� 1.44 1.01� 0.30 0.108� 0.022 13.07� 2.47 3.85� 0.65
(III) RCMþ erdostein 13.33� 1.87 1.06� 0.37 0.135� 0.028 13.83� 2.53 4.68� 0.88
p Values
I–II 0.005 NS 0.026 NS NS
I–III NS NS NS NS NS
II–III 0.007 NS 0.040 NS 0.05

Table 2. The effects of erdosteine on histopathological scores in radio-
contrast media (RCM)-induced injury in rats (mean�SD).

Groups Scores (mean�SD)

(I) Control (n¼ 7) 0.00� 0.00
(II) RCM (n¼ 7) 3.43� 1.27
(III) RCMþ erdostein (n¼ 7) 1.14� 0.69
p Values
I–II 0.0001
I–III 0.011
II–III 0.0001
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chloroform mixture (5/3, v/v) was added to the same volume
of sample and centrifuged. One unit of SOD was defined as
the enzyme amount causing 50% inhibition in the NBT
reduction rate. Activity was expressed as units per milligram
protein (Umg�1 protein).
CAT activity was measured with the method described by

Aebi.19 The principle of assay is based on the determination
of the rate constant k (dimension: s�1, k) of hydrogen
peroxide decomposition. By measuring the absorbance
change per minute, the rate constant of the enzyme was
determined. Activities were expressed as k (rate constant)
per gram (k g�1 protein).
The GSH content of the liver homogenate was measured at

412 nm using the method of Sedlak and Lindsay 20 as
described in our previous studies.3,21 GSH-Px activities of the
brain homogenate were measured spectrophotometrically at
378C and 412 nm according to the Lawrence and Burk.22

Histological evaluation

For light microscopic evaluation, the liver tissues were fixed
in 10% formalin and embedded in paraffin. Tissue sections
of 4–5mm in thickness were obtained from liver and stained
with haematoxylin and eosin. Specimens from each group
were examined blindly by pathologist who was unaware of
the treatment regimens. Histopathological changes on tissue
sections were scored according to Jee et al.23 These changes
were graded as follows: (0) normal, (1) mild cellular
disruption in less than 25% of area, (2) moderate cellular
disruption and appearance of balloon cells and vacuolation
in greater than 50% area, (3) extensive cellular disruption
and vacuolation in greater than 50% area, (4) extensive
cellular disruption with occasional centrilobular necrosis,
(5) extensive cellular disruption with multiple centrilobular
necrosis in more than 50% area.

Statistical analysis

All data were expressed as mean� standard deviation (SD).
The one-way analysis of variance (ANOVA) and post hoc
multiple comparison tests (LSD) were used to compare the
biochemical analysis and histopathological findings. All
analyses were made by using the SPSS statistical software
package. A p value of <0.05 was considered as statistically
significant.
Copyright # 2009 John Wiley & Sons, Ltd.
RESULTS

TBARS, GSH, GSH-Px, SOD and CAT values of liver in the
three groups were shown in Table 1. In the RCM groups, the
levels of TBARS in liver were found to be increased
significantly (p< 0.005) when compared to control rats.
Hence, RCM caused increase ROS of liver. TBARS levels of
liver were significantly (p< 0.05) lower in erdosteine group
than in RCM group.
SOD activities in the liver were found to be reduced

significantly in rats treated with RCM alone when compared
to control rats (p< 0.05). SOD activities and GSH levels
were significantly (p< 0.05) higher in erdosteine group than
in RCM group. However, GSH-Px and CAT values in the
liver did not significant decrease in RCM group compared
with control values (p> 0.05). GSH-Px and CAT activities
in the liver did not also change by erdosteine administration.
Histopathological scores were shown in Table 2. Control

rats did not show any abnormality for the liver histology
(Figure 1). Rats administered RCM clearly showed cellular
disruption, vacuolation and centrilobular necrosis
(Figure 2). In contrast, rats in RCM plus erdosteine group
exhibited mild degrees of these changes (Figure 3).

DISCUSSION

We found that TBARS levels in liver were increased in RCM
group although SOD activities decreased. Hence, RCM
induced liver toxicity in the animals is characterized by
decreased SOD and CAT activities and increased TBARS
levels. Administration of erdosteine caused decrease liver
TBARS levels although SOD activities and GSH levels
increased. A limited number of in vivo or in vitro studies in
Cell Biochem Funct 2009; 27: 142–147.
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Figure 1. Photomicrograph from liver tissue of control rat. Normal
appearances of liver histology are shown (H&E; �200)

Figure 2. Photomicrograph from liver tissue of rat of RCM group. Exten-
sive cellular disruption with ballooning degeneration and hepatocellular
necrosis are shown (H&E; �200)

Figure 3. Photomicrograph from liver tissue of rat of RCM plus erdos-
teine group. Mild cellular disruptions are shown (H&E; �200)
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kidney of experimental animals have been reported
regarding the effects of RCM on antioxidant enzymatic
system and TBARS levels.9–11 To the best of our knowledge,
the current study is the first to compare the dose of the
Copyright # 2009 John Wiley & Sons, Ltd.
erdosteine with particular reference to its effects on ROS and
antioxidant redox system using levels of TBARS, SOD,
CAT, GSH, GSH-Px and histopathological values in RCM-
induced liver toxicity in rats.

I/R injury contains free radical production, polymorpho-
nuclear leucocytes (PML) chemotaxis/degranulation, and
production of proteolytic enzymes, complement com-
ponents, coagulation factors, and cytokines.9,13 Adminis-
tration of RCM is characterized by activation of the
inflammatory response system.12,23 TBARS levels is a major
oxidative degradation product of membrane unsaturated
fatty acid and has been shown to be biologically active with
ROS properties.1–4,21 In the present study, administration of
RCM enhanced liver injury and TBARS in the animal
system. I/R injury leads to over production of ROS, which
leads to an increase the levels of TBARS and over
production of ROS interfere with structure and ratio of
polyunsaturated fatty acids, and causes loss of fluidity the
biological membrane.5 Similarly, Zager et al.6 and Bakris
et al.24 reported that intrarenal injection of RCM resulted in
increased production of ROS in kidney.

RCM-induced toxicity in liver of the rats was decreased
by erdosteine administration. In other words, TBARS levels
and tissue degeneration as histological evaluation were
decreased by erdosteine administration. Erdosteine is a
muco-active drug which, after metabolization produces an
active metabolite called Met I with sulfhydryl group.25 We
observed significant protective effect of erdosteine on
oxidative stress in liver of rats during RCM-induced I/R
injury because it is both active in reducing the release of
superoxide anion, nitric oxide and peroxynitrite.26,27

Yagmurca et al.28 demonstrated that erdosteine treatment
against doxorubicin-induced hepatotoxicity improved
increased TBARS level. They found that erdosteine
treatment with a dose of 50mg kg�1 day�1 recovered the
hepatotoxicity histopathologically. Our results confirm the
results of Yagmurca et al.28 that erdosteine treatment
prevents hepatotoxicity via both prevention of TBARS,
since erdosteine has two sulfhydryl compounds, and its
reactive metabolites may have role in this protection.

In the presented study, increased ROS production was
observed by the decrease of SOD activity of RCM group.
The free radicals may induce the inactivation and
consumption of SOD in liver tissue of RCM treated rats.
Erdosteine administration with RCM injections caused
increase in SOD activity. The biochemical mechanism of the
preventive effect of erdosteine on the increase in the
enzymes activity is not clear. However, the protective effect
of erdosteine in the depletion of SOD activity may be due to
its free radical scavenging and antioxidant activity.29

Similarly, Bakris et al.24 reported that Allopurinol treatment
decreased ROS production in intrarenal RCM injected dogs
via xanthine oxidase. Hence, according to their study, SOD
activities were increased by the treatment.

CAT and GSH-Px activities in the liver showed no
significant decrease in this study. Also, CAT and GSH-Px
activities in the liver tissue of RCM plus erdosteine did not
change as much as compared with RCM alone. Hydrogen
Cell Biochem Funct 2009; 27: 142–147.
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peroxide is converted to water by synergic activation of CAT
and GSH-Px.1 There is no report on CAT and GSH-Px
activities of RCM-induced liver injury in human and
animals. However, reports about the effects of ischemia/
reperfusion injury on CAT and GSH-Px activities are
controversial in the literature. Some recent studies29,30

reported that ischemia/reperfusion injury in rats caused
decrease in GSH-Px and CAT activity. On the other hand,
Islekel et al.31 reported that GSH-Px and CAT activities
significantly increased after ischemia.
One of the most important intracellular antioxidant

systems is the GSH redox cycle.1 GSH is one of the essential
compounds for maintaining cell integrity because of its
reducing properties and participation in the cell metab-
olism.32 The exact mechanisms of I/R-induced changes in
the lung GSH concentrations are not completely elucidated.
Thus, glutathione may modulate metal reduction, and the
thiol portion is very reactive with several chemical
compounds, mainly with superoxide radicals agents.33 In
other words, this may be due to the fact that I/R injury causes
a significant decrease in cysteine and cystine in the liver
because cysteine is the rate- limiting precursor for
glutathione synthesis.34 In this study, GSH levels were
insignificantly lower in RCM group than in control. The
decrease in the GSH concentration in liver as a result of I/R
injury may account for the increased TBARS. We observed
significant protective effect of erdosteine on GSH levels in
liver of RCM-induced I/R injury in rats because the
metabolization of mucoactive drug erdosteine produces
an active metabolite (Met I) with a reducing SH group.25,35

In addition to its mucolytic action, Met I also is an useful
antioxidant.13

In current study, we showed histopathological changes
such as cellular disruption, cell vacuolization and central
necrosis in rats received RCM. These changes show that
RCM administration lead to cellular disruption and
hepatocellular necrosis in liver tissue. However, erdosteine
co-administration to rats in RCM plus erdosteine group
significantly decreased these changes. Erdosteine induced
protective effects on liver toxicity in animal models.2,28

In conclusion, we have demonstrated that experimental
RCM administration is a consideration with increased
TBARS and histopathological injury in liver tissue. For this
reason, we suggested that consequence of ROS caused the
RCM-induced hepatotoxicity. Administration of erdosteine
with RCM resulted in reduced levels of TBARS and
increased activity of SOD. In the light of biochemical results
and histopathologic evidences, we may say that erdosteine
had a protective effect against RCM-induced hepatotoxicity.
However, further studies may be required in order to verify
the presence of ROS in RCM-induced hepatotoxicity and
beneficial role of erdosteine.
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