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Abstract
Chronic hepatitis of viral etiology ranks very high in human pathology with respect to its socio-economic and medical
significance. In viral hepatitis, membrane destruction occurs via the processes of lipoperoxidation, a valid factor that triggers
the mechanism of hepatocyte necrosis. The glutathione system is also involved in the first line of cell defense actions against the
effect of the free radicals. In this study, 128 patients with Chronic Hepatitis C (CHC) were examined. The degree of antioxidant
defense was determined by the indicators of the activity of the glutathione and glutathione-dependent enzymes. The total, reduced
and oxidized glutathione levels were determined by V. G. Chernishov. The activity of the glutathione-dependent enzymes, viz.,
glutathione peroxidase (GP), glutathione reductase (GR) and glutathione transferase (GT) was measured by the method prescribed
by S. N. Vlasova and co-authors (1990). The results of the investigations performed revealed that in CHC patients, deep-seated
disorders were observed in the glutathione system manifested by a decrease in the total glutathione levels, its oxidized and reduced
forms, changes in the glutathione enzymes and the interrelationships between the intensity of the changes and the degree of the
intoxication syndrome.
Keywords: hepatitis C, glutathione, glutathione-dependent enzymes.

Introduction

Material and Methods

It is well recognized that in viral hepatitis, including
CHC, the universal mechanism of the hepatocyte apoptosis
developed as a result of the increased production of the active
forms of oxygen culminating in an excessive lipoperoxidation
of the membrane structures [1-4]. The cell antioxidant
defensive system is the main factor of defense during the
activation of lipoperoxidation; therefore, the insufficiency
of the antioxidant defensive system has become one of the
factors of activation for the pro-oxidant system. The first line
of the cell defense against the aggressive effect of the free
radicals includes the glutathione system comprising the total
glutathione level, its reduced and oxidized forms as well as the
glutathione-dependent enzymes, viz., glutathione transferase,
glutathione reductase and glutathione peroxidase [5,6]. An
inhibition of the activity of even one of the glutathionedependent enzymes may result in the excessive accumulation
of the active oxygen forms and consequently damaging of the
hepatocyte membranes [7,8].
The purpose of the investigation was to study the state
of the antioxidant system in the different variants of CHC.

This study included 128 patients with CHC, between 19
and 45 years of age, at the reactivation stage. Among them
54(42%) were men and 74(58%) were women. Diagnosis was
established based on the clinical-laboratory data as well as
the results of the PCR (RNA-HCV) and IEA (anti-HCV). The
control group was composed of 20 practically healthy subjects
having no hepatitis markers. The patients were categorized
according to the viral C genotypes as genotype 1 including
47 (36.8%) patients, genotype 2 with 54 (42.1%) patients
and genotype 3 having 27 (21.1%) patients. The disease
duration extended from 5 to 15 years. The patients, according
to the International Classification (Los-Angeles, 1994), were
divided into groups based on the expression of the hepatic
cytolysis syndrome: Group I with a lower activity level (ALTfrom 1.3 to 2.04 mmol/l), Group II having a moderate activity
level (ALT- from 2.05 to 3.40 mmol/l) and Group III including
those with a marked activity level (ALT- 3.5 mmol/l and
more). Related to the level of the viral load, the patients were
also divided into three groups: Group I – 2x106 - 2x107 copies/
ml, Group II – 2x104 – 2x105 copies/ml and Group III – 2x102
–2x103 copies/ml.
The states of the antioxidant defensive system were
determined by the parameters of the glutathione activity
and glutathione-dependent enzymes. The total, reduced
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and oxidized glutathione levels were determined by V.G.
Chernishov [9]. The activity of the glutathione-dependent
enzymes, viz., glutathione peroxidase (GP), glutathione
reductase (GR) and glutathione transferase (GT) was
measured by the method prescribed by S. N. Vlasova and
co-authors [10].Viral loading and the genotype of the C virus
were defined by the PCR method of real time, Rotor Gene
(Corbet Research, Australia) with “Ribosorb-amplifens”
(Russia) kits. Statistical analysis was performed using the
statistical software «Statistica 6.0» for Windows. The mean
(M) and standard error of the mean (SEM) were deduced. Data
were analyzed by the Student t-test. A value of P<0.05 was
considered statistically significant.

Results
The analysis of the results obtained showed the absence
of any reliable interrelationship between the changes in the
glutathione parameters and the activity of the glutathionedependent enzymes with the marked cytolysis syndrome
and the level of the viral load in the CHC patients studied.
A significant disorder was observed in the variational rows,
which is evidently a result of the multifactor processes
affecting the activity of the glutathione system. The following
phase of our investigation was the study of a possible
interrelationship existing between the state of the glutathione
system and the intensity of the intoxication syndrome in these
patients. In the patients studied, the syndrome of intoxication
was evaluated by the expression of the following symptoms:
periodical weakness, stable weakness, rapid fatigability after
a normal physical load, increased irritability, poor memory,
depression, lack of being in good spirits after a night’s sleep,
sleep disorders, rheumatic pains in the muscles and febrile
chills. With regard to the number of symptoms registered, the
patients were classified under three groups: Group I patients
possessing 1-3 symptoms, Group II including those with
4-6 symptoms and Group III with those having 7-10 clinical
symptoms of intoxication.
The results of the investigations performed showed
that in patients with CHC, changes in the parameters of
the glutathione system correlated with the intensity of the
intoxication syndrome, being incoherent in character (Table
1). As evident from the data presented in the Table 1, the total
glutathione levels and their reduced variants were reliably

lower than the characteristics expressed by the control group.
The lowest parameters were registered in those patients
with the marked intoxication syndrome. The changes in the
parameters of the oxidized glutathione revealed analogue
direction, although reliability in the changes was noted only in
the Group III individuals. In contrast to the glutathione levels,
a variety was observed with respect to the changes in the
activity of the glutathione-dependent enzymes. Thus, the GR
activity increased in the CHC patients having the least clinical
intoxication, although with the progression of the intoxication
syndrome it began to reduce, whereas in the Group III patients
this reduction already showed a reliable character. The GP
activity was reliably lower than the control values in all the
patients studied and the expression of these changes increased
with the progression of the intoxication syndrome. The GT
parameters in the Group I patients having the least number
of clinical symptoms of intoxication revealed no reliable
differences from the control; however, with the increase in the
number of symptoms registered in patients from Groups II and
III a reliable decrease in the enzyme activity was observed.
The reduction in the glutathione level was determined
to a significant degree by a change in the activity of the
enzymatic systems, regulating the correlation of its oxidized
and reduced forms. To realize their antioxidant functions, the
glutathione-dependent enzymes used reduced glutathione
[8,11]. In patients with CHC, a marked depression was noted
in the GP activity, the key enzyme in the process of utilization
of the active forms of oxygen and the products of peroxidation,
which play a pivotal part in the defense of the cell membrane
structures [12]. Against this background of the reduction in the
glutathione levels and GP activity in the patients studied, an
increase was observed in the GR activity. The GR provided the
bio-regeneration of the reduced glutathione and the stimulation
of its activity may be considered as a compensatory reaction
for the maintenance of the glutathione level required to realize
the adaptation processes in the patient’s body [6,13,14].
Thus, the results of the investigations performed in
this study showed that in CHC deep-seated disorders were
evident in the glutathione system. They were manifested by
a reduction in the total glutathione levels, its oxidized and
reduced forms, an inhibition of the activity of the glutathionedependent enzymes and damage to the homeostatic functions
of the antioxidant processes, all of which evidently contributed
to the production of the irreversible changes in the liver tissue.

Table 1.
Parameters of the glutathione system in CHC patients with the intoxication syndrome
Parameters
GR, mmol/NADFN/Hb
GP, mmol/GSSG/Hb
GT, mmol/GSN/Hb
Glutathione total, mmol/ml
Glutathione reduced, mmol/ml
Glutathione oxidized, mmol/ml

Control Group
n=20
2.84±0.02
583.3±6.63
2.43±0.03
45.33±1.53
43.17±1.55
2.16±0,09

Group I
n=32
3.30±0.11*3
434.85±62.45*3
2.22±0.29
28.20±1.90*3
26.20±1.40*3
2.00±0.50

Degree of the intoxication syndrome
Group II
Group III
n=48
n=48
2.45±0.201,2
1.14±0.21*1,2
363.30±36,44*3
233.17±23,78*1,2
1.24±0.07*1,3
0.89±0.11*1,2
25.47±1.61*3
19.15±2.18*1,2
23.77±1.34*3
18.03±2.12*2
1.70±0.31
1.10±0.20*

Note: *- P<0.05 vs control; 1- P<0.05 vs Group I; 2- P<0.05 vs Group II; 3 – P<0.05 vs Group III.
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Conclusions
1. In this study, the patients with CHC revealed a
reliable reduction in the total glutathione levels, its oxidized
and reduced forms and incoherent changes in the activity of
the glutathione-dependent enzymes, viz., GR, GP and GT.
2. In the patients with CHC in this study, no reliable
interrelationship was evident between the degree of changes
in the glutathione parameters and the glutathione-dependent
enzymes with a viral load and intensity of the cytolytic
syndrome.
3. In the groups of the patients studied a reliable
correlation was found between the degree of changes occurring
in the glutathione parameters and the glutathione-dependent
enzymes and the intensity of the intoxication syndrome.
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