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ABSTRACT

1. INTRODUCTION

The advantages of measuring hepatic oxidative status
in liver biopsy are that it helps in diagnosis of hepatic
dysfunction, reflects the degree of deterioration in the
liver tissues, and helps to determine the severity of
hepatic injury. We aimed to study the oxidative stress
state in children with chronic hepatitis by using indirect approach in which antioxidant enzymes such as
glutathione peroxidase (GPX), superoxide dismutase
(SOD) and catalase (CAT) are determined in the liver
tissue. The present study included 21 children and
adolescents (12 males, 9 females) suffering from chronic hepatitis. Patients were selected from the Hepatology Clinic, New Children’s Hospital, Cairo University from November 2006 till 2009 and compared
with a group of 7 children who happened to have incidental normal liver biopsy. Children with chronic
hepatitis had mean age 8.12 ± 1.15 years. It was further subdivided into 2 subgroups: chronic viral heaptitis (n = 13) and cryptogenic hepatitis (n = 8). GPX,
SOD and CAT levels were measured in fresh liver
tissue (cell free homogenates) using ELISA. In chronic hepatitis group; there was a significant increase in
the hepatic GPX activity (38.59 ± 35.82 nmol/min/ml)
as compared to the control group (10.62 ± 6.68
nmol/min/ml). Also a significant correlation was observed between SOD and both ALT (r = 0.87, p < 0.05)
and AST (r = 0.74, p < 0.05). GPX correlated with
ALT (r = 0.80, p < 0.05) level in the chronic viral hepatitis subgroup. Our findings suggest that oxidative
stress could play a role in the pathogenesis of chronic
hepatitis. These preliminary results are encouraging
to conduct more extensive clinical studies combining
antioxidant therapy with various treatments.

The involvement of oxidative stress in the pathogenesis
of hepatic dysfunction in human [1-5] has been investigated for many years. Some of the liver diseases were
associated with an increase [6] or decrease [7-9] in antioxidant’s contents. Usually hepatic antioxidants increase
at the beginning of hepatic disease and decrease in severe
hepatic injury. Oxidative stress results when reactive
forms of oxygen are produced faster than they can be
safely neutralized by antioxidant mechanisms and/or
from a decrease in antioxidant defense, which may lead
to damage of biological macromolecules and disruption
of normal metabolism and physiology [5]. This condition
can contribute and/or lead to the onset of health disorders
and play a damaging role in a number of liver disorders
[5].
Lipid peroxidation is implicated in the pathogenesis of
several hepatic disorders in human [5-8]. Increased lipid
peroxidation may be caused by inflammation related to
viral infection and decreased antioxidant levels. The lipid
peroxides formed may be chemotactic for the neutrophils
causing increased inflammation, which further drives oxidant-mediated injury in the liver. Previous studies have
demonstrated an increase in malondialdehyde (MDA)
levels and decrease of the antioxidant capacity in acute
and chronic hepatitis [2,5].
Some of these studies were conducted using liver biopsy in human [10,11]. The advantages of measuring
hepatic oxidative status in liver biopsy are that it helps in
diagnosis of hepatic dysfunction, reflects the degree of
deterioration in the liver tissues, and helps to determine
the severity of hepatic injury, and, also, it aids in recommending antioxidant’s therapy in patients that had a hepatic disease with derangement in hepatic antioxidant
constituents. The main purpose of the current paper is to
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study the oxidative stress state in children with chronic
hepatitis by using indirect approach in which antioxidant
enzymes such as glutathione peroxidase (GPX), superoxide dismutase (SOD) and catalase (CAT) are determined in the liver tissue.

2.2. Collection of Samples

2. MATERIALS AND METHODS

2.3. Glutathione Peroxidase Assay

2.1. Study Population

Liver biopsy was washed in phosphate buffer, pH 7.4.
Then, the tissue was homogenized in 5 ml/gm cold buffer,
which consisted of 50 mM tris-HCl, pH 7.5, 5 mM EDTA, 1 nM DTT. The homogenate was centrifuged at
10,000 xg for 15 min at 4˚C. The supernatant was removed for assay of GPX. Glutathione peroxidase activity
was measured using the Glutathione Peroxidase Assay
Kit provided by Cayman Chemical Company, USA.
Glutathione peroxidase catalyzes the reduction of hydroperoxides, including hydrogen peroxide, by reduced
glutathione and functions to protect the cell from oxidative damage. With the exception of phospholipid hydroperoxide GPX, a monomer, all of the GPX enzymes are
tetramers of four identical subunits. Each subunit contains a selenocysteine in the active site, which participates directly in the two-electron reduction of the peroxide substrate. The enzyme uses glutathione as the ultimateelectron donor to regenerate the reduced form of the
selenocysteine. The Cayman Chemical Glutathione Peroxidase Assay Kit measures GPX activity indirectly by a
coupled reaction with glutathione reductase (GR). Oxidized glutathione (GSSG) is produced upon reduction of
hydroperoxide by GPX, and is recycled to its reduced
state by GR and NADPH.The oxidation of NADPH to
NADP+ is accompanied by a decrease in absorbance at
340 nm. Under conditions in which the GPX activity is
rate limiting, the rate of decrease in the A340 is directly
proportional to the GPX activity inthe sample [10,11].

The present study included 21 children and adolescents
suffering from chronic liver disease. Patients were newly
diagnosed and selected from Hepatology Clinic, New
Children’s Hospital, Cairo University between November 2006 and 2009 and were compared with a group of
seven children who happened to have incidental “normal” liver biopsy ( as a control group). The mean age of
these patients was 8.12 ± 1.15 years. It was subdivided
into 2 subgroups: Chronic viral hepatitis (n = 13) and
hepatitis of unknown etiology (n = 8). Informed consent
was taken from the parents of children according to
guidelines of the ethical committee of the National Research Center, Dokki, Egypt.
Inclusion criteria: Children suffering from chronic
viral hepatitis or hepatitis of unknown etiology.
Exclusion criteria: Patients with acute viral hepatitis,
immune hepatitis, Wilson disease , concurrent conditions
in which free radical production is elevated like other
inflammatory processes outside the liver or intake of
antioxidant drugs affecting free radical scavenging such
as vitamin C, A and E at time of biopsy.
The selecting criteria for control group: children who
had persistent or intermittent elevations in hepatic enzymes for more than 6 months and were found to have
incidental “normal” liver biopsy. All cases were subjected to:
1) Full history taking including: personal history details, past and family histories; vaccination history.
2) Thorough clinical examination including: anthropometric measurements including height and weight,
vital signs, general and local abdominal examination.
3) Routine laboratory investigations including: urine
and stool analysis, complete blood count using Coulter
counter, assessment of liver functions (total and direct
bilirubin, ALT, AST, ALP and GGT; serum total proteins
and albumin; prothrombin time and concentration).
4) Other laboratory investigations when needed e.g.
IGg.
5) Serological markers of HBV and HCV e.g. (HBsAg,
HBcAb, HCVAb, HCV PCR).
6) Abdominal ultrasonography.
7) Glutathione peroxidase, superoxide dismutase and
catalase levels in fresh liver tissue (cell free homogenates) using ELISA.
Copyright © 2012 SciRes.

Liver tissue core was taken from each case using modified Minghini needle (sure cut). Each sample was divided into 3 portions, one for estimation of each enzyme
and was stored at –80˚C till assay.

2.4. Superoxide Dismutase Assay
Liver biopsy was washed with 0.9% NaCl to remove red
blood cells. The tissue was then blotted dry and weighed
followed by homogenization in 200 μl buffer (0.05 M
potassium phosphate and 0.1 mM EDTA, pH 7.8) and
centrifuged at 15,000 xg for 30 min at 4˚C. The supernatant was used for determination of SOD.Superoxide
dismutase was measured using the Superoxide Dismutase assay kit provided by Oxis research, USA SOD525™. The BIOXYTECH assay is based on the SODmediated increase in the rate of autoxidation of 5, 6, 6a,
11b-tetrahydro-3, 9, 10-trihydroxybenzo[c]fluorene R1
in aqueous alkaline solution to yield a chromophore with
maximum absorbance at 525 nm. Interference due to
mercaptans (RSH) such as reduced glutathione is controlled by pre-treating samples with 1-methyl-2-vinylpyridinium R2, which directly eliminates mercaptans by
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means of a fast alkylation reaction. The kinetic measurement of the 525 nm absorbance change is performed
after the addition of R1. The SOD activity is determined
from the ratio of the autoxidation rates in the presence
(Vs) and in the absence (Vc) of SOD. The Vs/Vc ratio as
a function of SOD activity is independent of the type of
SOD (Cu/Zn-SOD, Mn-SOD, Fe-SOD) being measured
[10,11]. One SOD-525 activity unit is defined as the activity that doubles the autoxidation rate of the control
blank (Vs/Vc = 2).

represented in Table 1.
Mean levels of superoxide dismutase, glutathione peroxidase and catalase enzymes in the studied group are
shown in Table 2. A significant difference (p < 0.05) was
present in glutathione peroxidase mean levels between
patients and controls. In Table 3, the three hepatic enzymes are further compared between each of the two
chronic hepatitis subgroups and control children with no
Table 1. Descriptive data of studied children.
Variable

2.5. Catalase Assay
Biopsy was washed with phosphate buffer, pH 7.4, to
remove red blood cells. The tissue was then blotted dry
and weighed, followed by homogenization in 1.5 ml cold
buffer (50 mM potassium phosphate and 1 mM EDTA
pH 7) and centrifugation at 10,000 xg for 15 min at 4˚C
was done. The supernatant was used for the assay.
Catalase assay kit provided by Cayman Chemical
Company, USA. Catalase is a ubiquitous antioxidant
enzyme that is present in most aerobic cells. Catalase
(CAT) is involved in the detoxification of hydrogen peroxide (H2O2). This enzyme catalyzes the conversion of
two molecules of H2O2 to molecular oxygen and two
molecules of water (catalytic activity). Catalase also demonstrates peroxidatic activity, in which low molecular
weight alcohols can serve as electron donors, while the
aliphatic alcohols serve as specific substrates. In humans,
the highest levels of catalase are found in the liver, kidney, and erythrocytes, where it is believed to account for
the majority of hydrogen peroxide decomposition. The
Cayman Chemical Catalase Assay Kit utilizes the peroxidatic function of CAT for determination of enzyme
activity. The method is based on the reaction of the enzyme with methanol in the presence of an optimal concentration of H2O2. The formaldehyde produced is measured spectrophotometrically with 4-amino-3-hydrazino5-mercapto-1,2,4-trizazole as the chromagen. The assay
can be used to measure CAT activity in plasma, serum,
erythrocyte lysates, tissue homogenates, and cell lysates
[10,11].

2.6. Statistical Analysis
SPSS for Windows, version 7.0 computer program was
used for statistical analysis. A p-value of less than 0.05
was considered statistically significant. The t-test was
used to compare between 2 independent means. Pearson
Correlation coefficient (r) was used to measure the linear
relationship between two quantitative variables. Data are
represented as the mean ± standard deviation.

3. RESULTS
Descriptive data of the children included in the study are
Copyright © 2012 SciRes.

Age (years)
(mean ± S.D)

Hepatitis Group
(n = 21)

Control Children
(n = 7)

8.1260 + 1.15

3.62 ± 3.17

12/9

3/4

Sex (male/female)
History of operation

11 (52.4%)

0 (0%)

(no./%)

(no./%)

1 (4.7 %)

0 (0%)

Physical signs
Jaundice
Loc abdominal signs
*Hepatomegaly

4 (19 %)

0 (0%)

*Splenomegaly

5 (23.8%)

0 (0%)

0 (0%)

0 (0%)

10.67 ± 1.27

10.74 ± 1.26

332.65 ± 126.9

387.1 ± 77.3

7.68 ± 4.24

7.59 ± 2.51

*Ascites
Hematological
Findings (mean ± SD)
●Hb (gm/dl)
●Platelets
(×1000/mm3)
●WBCs
(×1000/mm3)

Table 2. Comparison between mean levels (±SD) of superoxide
dismutase (SOD), glutathione peroxidase (GPX) and catalase
(CAT) enzymes in the studied group and control children.
Variable

SOD
(U/mg Ptn)

GPX
(nmol/min/ml)

CAT
(nmol/min/ml)

Patient Group
(n = 21)

0.69 ± 0.39

38.59 ± 35.82*

8.11 ± 1.12

Control Children
(n = 7)

0.33 ± 0.15

10.62 ± 6.68

7.24 ± 1.74

*

= significant difference (p < 0.05) between patient group and control children.

Table 3. Comparison between mean levels (±SD) of superoxide
dismutase (SOD), glutathione peroxidase (GPX) and catalase
(CAT) enzymes in (chronic hepatitis) subgroups and control
children.
Variable
Viral hepatitis
(n = 13)
Hepatitis of
unknown
aetiology (n = 8)
Control children
(n = 7)

SOD (U/mg Ptn)

GPX
(nmol/min/ml)

CAT
(nmol/min/ml)

0.67 ± 0.47

40.05 ± 39.02

8.00 ± 1.21

0.72 ± 0.26

36.22 ± 32.35

8.27 ± 1.02

0.33 ± 0.15

10.62 ± 6.68

7.24 ± 1.74

No significant difference existed between mean levels of different enzymes
in patient subgroups and control children.
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significant differences among them. Correlations between liver function tests and the three enzymes in the
chronic hepatitis group are shown in Table 4. Studying
the correlations among the two subgroups of our study
revealed significant correlations between SOD level and
ALT, AST and ALP in the viral hepatitis subgroup, whereas there was a significant correlation between SOD and
DB in the second subgroup (hepatitis of unknown etiology). As regards GPX activity, a significant correlation
existed between GPX and ALT in viral hepatitis subgroup and between GPX and PC in hepatitis of unknown
etiology subgroup. There were no significant correlations
between CAT activity and liver function tests in both
subgroups.
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the control group. Also a significant correlation was
found between GPX and ALT level.
This significant increase in hepatic GPX in chronic
hepatitis group is in harmony with Chrobot et al., (2000)
who observed the significant increase in hepatic GPX in
erythrocytes of children with chronic viral hepatitis B
and C [2].
The oxidative stress is high in hepatitis patients, and
there are significant correlations among HCV-RNA and
erythrocyte MDA, erythrocyte GR and plasma GPX
activities. Se-dependent GPX modules are encoded in a
number of RNA viruses, including HIV-1, HCV, Coxsackie’s virus B3, and HIV-2 virus. HCV-encoded GPX
gene might demonstrate that oxidant stress is associated
with HCV disease progression [16].
It has been suggested that enhanced oxidative stress in
HCV infection may be attributed to the increased production of pro-inflammatory cytokines reported to occur
in this condition. Activated neutrophils, macrophages
and Kupffer cells have been reported to be basic sources
of ROS in the course of the inflammatory process in the
liver in children with chronic hepatitis C [17].
Oxidative stress may affect the efficiency of the effecttor mechanisms of the immune response [18], and it has
also been shown to make cells more susceptible to apoptosis [19]. It is possible; therefore, that oxidative stress in
lymphoid cells may impair the antiviral immune response, thus facilitating chronicity of HCV infection [1].
This significant increase in GPX can be attributed to
GPX being an enzyme whose function is to protect erythrocyte membrane against oxidation by decomposition
of H2O2 from other organic peroxides. Therefore, it regulates concentration of hydrogen peroxide in tissues
that do not contain catalase or show its insufficient activity. In addition, elevated glutathione peroxidase activity
may be explained on the basis of non-significant increase

4. DISCUSSION
Oxidative stress is a major pathogenetic event occurring
in several liver disorders ranging from metabolic to proliferate ones, and is a major cause of liver damage in
Ischemia/Reperfusion during liver transplantation. The
main sources of ROI are mitochondria, cytochrome P450
enzymes in the hepatocyte, Kupffer cells and neutrophils
[12].
HCV causes chronic hepatitis, which often results in
liver cirrhosis and hepatocellular carcinoma [13]. HCV
infection is associated with elevated levels of ROS in
patients [14]. Chronic hepatitis C infection has been
shown to cause mitochondrial GSH depletion [15]. HCV
gene expression induced ROI, and inactivation of ROI
led to a decrease in HCV replication. These results implicate a possible role for ROS in HCV RNA replication
[13].
The present study showed a significant increase in the
hepatic GPX activity in the group of children with chronic hepatitis whereas non-significant increase was observed in hepatic SOD and CAT activities as compared to

Table 4. Correlation between liver function tests and SOD, GPX, CAT in chronic hepatitis group.
SOD (U/mg Ptn)
r value

GPX (nmol/min/ml)

p value

r value

p value

CAT (nmol/min/ml)
r value

p value

TB

0.152

>0.05

–0.072

>0.05

0.157

>0.05

DB

0.266

>0.05

–0.014

>0.05

0.449

>0.05

ALT

0.369

>0.05

0.486

<0.05*

0.179

>0.05

AST

0.227

>0.05

0.273

>0.05

0.075

>0.05

ALB

0.047

>0.05

0.062

>0.05

0.557

>0.05

PT

0.214

>0.05

–0.156

>0.05

0.111

>0.05

PC

0.091

>0.05

0.139

>0.05

0.109

>0.05

ALP

0.359

>0.05

0.269

>0.05

0.209

>0.05

GGT

0.335

>0.05

0.329

>0.05

–0.221

>0.05

*

There is significant correlation between ALT level and GPX activity in chronic hepatitis cases. TB: total bilirubin; DB: direct bilirubin; ALT: alanine transaminases; AST: aspartate transaminases; ALB: albumin; PT: prothrombin time; PC: prothrombin concentration; ALP: alkaline phosphatase; GGT: gamma glutamyl
transferase.

Copyright © 2012 SciRes.
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of SOD and CAT in the present study. This is suggested
to lead to the accumulation of superoxide and hydroxylic
radicals in a cell. GPX might neutralize their toxic action
and compensate in some way the loss of defense capability against oxygen radicals [2].
Interferon with or without ribavirin is the only drug
with proven efficacy in treating chronic HCV infections
[20]. Unfortunately, these therapeutic models maintain
the rate of sustained virologic response to approximately
10% - 40% [21]. On the basis of this evidence, antioxidants represent a logical therapeutic strategy for the
treatment of chronic liver disease and the effective
advancement in the antiviral treatments against chronic
hepatitis C is necessary.
Complementary medications may be helpful in the
treatment of hepatitis C. A combination of antiviral and
anti-oxidative therapies may enhance the overall response rate of these patients. A combination of multiple
antioxidants in patients with chronic HCV infection may
ameliorate the inflammatory response as measured by
liver enzymes and liver biopsy inflammatory score [22].
Vitamin E and selenium can also effectively decrease the
degree of hepatic fibrosis and promote the recovery process [23].
In conclusion, the present study provides evidence that
the hepatic disease may present without significant effect
on blood oxidative status. Consequently, the best way is
to measure hepatic oxidants and antioxidants in liver
biopsy, which reflects the actual status of the liver. Understanding the redox regulation may have important
clinical ramifications in understanding the pathogenesis
of liver diseases and developing therapeutic approaches.
These preliminary results are encouraging to conduct
more extensive clinical studies combining antioxidant
therapy with various treatments.
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