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We investigated glutathione level, activities of selenium independent GSH peroxidase, selenium 
dependent GSH peroxidase, GSH S-transferase, GSH reductase and the rate of lipid peroxida-
tion expressed as the level of malondialdehyde in liver tissues obtained from patients diagnosed 
with cirrhosis or hepatocellular carcinoma. GSH level was found to be lower in malignant tissues 
compared to adjacent normal tissues and it was higher in cancer than in cirrhotic tissue. Non-Se-
GSH-Px activity was lower in cancer tissue compared with adjacent normal liver or cirrhotic tis-
sue, while Se-GSH-Px activity in cancer was found to be similar to its activity in cirrhotic tissue 
and lower compared to control tissue. An increase in GST activity was observed in cirrhotic tis-
sue compared with cancer tissue, whereas the GST activity in cancer was lower than in adjacent 
normal tissue. The activity of GSH-R was similar in cirrhotic and cancer tissues, but higher in 
cancer tissue compared to control liver tissue. An increased level of MDA was found in cancer 
tissue in comparison with control tissue, besides its level was higher in cancer tissue than in 
cirrhotic tissue. Our results show that the antioxidant system of cirrhosis and hepatocellular car-
cinoma is severely impaired. This is associated with changes of glutathione level and activities 
of GSH-dependent enzymes in liver tissue. GSH and enzymes cooperating with it are important 

factors in the process of liver diseases development.
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Cirrhosis, which results from damage to liver 
cells from toxins, inflammation (viral or parasitic), 
metabolic derangements and other  chronic liver 
diseases, such as hemochromatosis, can lead to an 
inability of the liver to perform its biochemical func-
tions. It is most commonly caused by long-lasting 
alcohol abuse or infection with hepatitis B virus and 
hepatitis C virus (Piekarska & Matusiak, 2004; Loter-
sztajn et al., 2005; Rehermann & Nascimbeni, 2005). 

Hepatocellular carcinoma is a type of cancer 
that arises from hepatocytes, the major cell type of 
the liver. Worldwide it is considered the number 
one or number two cause of cancer death. Chronic 
infection with HBV and HCV also increases the risk 

of developing hepatocellular carcinoma. About 80% 
of people with hepatocellular carcinomas have cir-
rhosis (Kamel & Bluemke, 2002). The liver is a com-
mon site of metastases from a variety of organs such 
as lung, breast, colon and rectum (Badvie, 2000; Ahn 
& Flamm, 2004; Voigt, 2005).

Both liver cirrhosis and hepatocellular cancer 
formation are multifactorial processes and possible 
mechanisms leading to those diseases have not been 
clarified yet. Increasing evidence points to free radi-
cal damage as an important contributor to the dis-
eases. Metabolism of various endo- and exogenous 
compounds and viruses generates reactive oxygen 
species, which could be involved in the pathogene-
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sis of different liver diseases, including cirrhosis and 
hepatocellular cancer (Dreher & Junod, 1996; Jungst 
et al., 2004; Balasubramanian & Kowdley, 2005).

Many reports indicate that GSH and en-
zymes cooperating with it are important in neo-
plastic diseases and play crucial role in the de-
fence against reactive oxygen species (Oberley & 
Oberley, 1997; Gate et al., 1999; Abou Ghalia & 
Fouad, 2000).

Cellular glutathione and related enzymes such 
as glutathione peroxidase, glutathione S-transferase 
and glutathione reductase are among the princi-
pal protective mechanisms against endogenous and 
exogenous toxic substances and free radicals-medi-
ated damage in liver tissue as well as in other tis-
sues (Murthy et al., 1992; Peng et al., 1998; Hayes & 
McLellan, 1999). 

Formation of ROS is a normal consequence 
of a variety of essential biochemical processes. It 
is also known that oxygen radicals may be formed 
in excess in chronic diseases of the gastrointesti-
nal tract. The main source of oxidants in the liver 
are probably phagocytes and inflammatory state 
mediators, which are present in the tissue of pa-
tients with liver diseases and could generate oxi-
dants upon activation, which might contribute to 
the increased risk of cancer (Szatrowski & Nathan, 
1991).

Oxygen radical production, which increases 
with clinical progression of diseases, involves in-
creased lipid peroxidation. The process of lipid per-
oxidation consist in oxidative conversion of polyun-
saturated fatty acids to products known as malondi-
aldehyde or lipid peroxides, which is the most stud-
ied, biologically relevant, free radical reaction. MDA 
itself, owing to its high cytotoxicity and inhibitory 
action on protective enzymes, is suggested to act 
as a tumor promoter and co-carcinogenic agent. On 
the other hand, it is reported that lipid hydroperox-
ides decompose to yield reactive aldehydes, such as 
MDA and 4-hydroxynonenal. MDA is a well-charac-
terised mutagen that reacts with deoxyguanosine to 
form a major endogenous adduct found in the DNA 
of human liver (Marnett, 1999; Mylonas & Kouritas, 
1999).

On the basis of experimental models it has 
been proposed that oxidative stress may lead to neo-
plastic transformation. Therefore, the occurrence of 
primary hepatic cancer in the course of cirrhosis of 
HBV, HCV or other etiology may be associated with 
disturbances of the antioxidant barrier of the organ-
ism (Chrobot et al., 2000). 

The aim of this work was to evaluate glutath-
ione level, activities of GSH-dependent antioxidant 
enzymes and the level of MDA in tissues obtained 
from patients with liver cirrhosis or hepatocellular 
carcinoma.

MATERIALS AND METHODS

Patients. Materials for this study were ob-
tained from patients with liver cirrhosis or hepato-
cellular carcinoma diagnosed by routine histopatho-
logical examination. The patients were hospitalised 
in the Department of General and Transplantation 
Surgery, Medical University of Warsaw (from 2002 
to 2003). None of them had received preoperative ra-
diotherapy or chemotherapy. Cirrhotic tissues were 
obtained at the time of surgery from 15 patients with 
liver cirrhosis (7 females and 8 males, medium age 
39, range 25–56). Most of tested patients were above 
50 years old). Liver cancer and normal adjacent tis-
sues were taken from 15 patients with preliminary 
hepatocellular carcinoma (5 females and 10 males, 
median age 58, range 44–67).

Studies were approved by the Bioethics Com-
mittee of the Medical University of Warsaw (Po-
land).

Tissues preparation. Immediately after surgi-
cal removal, the resected cirrhotic, tumour and con-
trol tissue were washed in 0.9% NaCl and frozen at 
–80oC. The frozen tissues were cut into small pieces 
and homogenized on ice in 10 vol. of 50 mmol/l 
Tris/HCl buffer (pH 7.5) containing 1 mmol/l MnCl2, 
0.2 mol/l KCl and 0.1% (v/v) Triton X-100 using a 
Heidolph Diax 900 blender at low speed, five times 
for 2-min periods at 3-min intervals. After 30 min 
extraction on a magnetic stirrer, the homogenates 
were centrifuged at 12  000 × g for 30 min at 4oC. The 
supernatants obtained were used for determination 
of glutathione and glutathione-dependent enzyme 
activities.

Glutathione measurement. Reduced glutath-
ione level was measured in tissues as described by 
Sedlak and Lindsay (1968) and Snel et al. (1993). 
GSH was expressed as µmole/mg protein.

Measurement of enzyme activities

Glutathione peroxidases activities. Measure-
ment of GSH-Px activities were based on the meth-
ods described by Paglia and Valentine (1967) and 
Wendel (1981). GSH-Px catalyzes the oxidation of 
glutathione by cumene hydroperoxide (for selenium 
independent glutathione peroxidase, EC 1.11.1.7) or 
hydrogen peroxide (for selenium-dependent peroxi-
dase, EC 1.11.1.9). 

Glutathione reductase (EC 1.6.4.2) activity. 
GSH-R activity was assayed by using oxidized glu-
tathione as a substrate according to the method de-
scribed by Goldberg and Spooner (1987). 

Glutathione transferase (EC 2.5.1.18) activity. 
GST activity was measured according to the meth-
od of Habig et al. (1974) using chlorodinitrobenzene 
(CDNB) as a substrate. 
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The activities of enzymes in tissues were ex-
pressed as μmole/min per mg protein.

Lipid peroxidation – malondialdehyde meas-
urement. MDA was determined by spectropho-
tometry of the coloured product of the thiobarbitu-
ric acid-reactive substances complex (Ohkawa et al., 
1968). Total TBARS were expressed as MDA. Results 
were expressed as nmole of MDA per mg protein.

Protein measurement. Total protein was 
measured in all samples by Bradford procedure 
(1976), using bovine serum albumin as a standard.

Statistical analysis. All data are expressed as 
mean  ±  S.D. Mean values were assessed for sig-
nificance by Student’s t-test at P < 0.05. Statistical 
analysis was performed with the STATISTICA pro-
gramme, version 6.

RESULTS

Glutathione level and glutathione peroxidases, 
glutathione reductase and glutathione S-transferase 
activities were determined in cirrhotic tissues from 
15 patients and in cancer and adjacent healthy tis-
sues from 15 patients with hepatocellular carcinoma. 
MDA level, as a secondary product of lipid peroxi-
dation, was also measured in those tissues. 

Results are summarised in Table 1. They are 
expressed as mean  ±  S.D.

Data in Table 1 show that mean glutathione 
level was lower in cancer tissues as compared to ad-
jacent normal tissues and its level in liver cirrhotic 
tissue was found to be significantly lower (P < 0.05) 
from its level in cancer tissue. 

Non-Se-GSH-Px activity was significantly low-
er in cancer tissue compared with adjacent normal 
liver tissues and cirrhotic tissue. Se-GSH-Px activity 
in cancer tissues was found to be significantly lower 
compared to control liver tissue, whereas differences 
in Se-GSH-Px activity between cancer and cirrhotic 
tissue were nonsignificant (Table 1).

We observed a significantly higher GST activ-
ity in cirrhotic tissue as compared with cancer tis-
sue, whereas its activity in cancer tissue was lower 
than in adjacent healthy liver (Table 1). 

We demonstrated that the activity of GSH-R 
was similar in cirrhotic and cancer tissues. It was 
significantly higher in cancer tissue compared to 
control liver (Table 1).

A comparison of MDA level in supernatants 
prepared from cirrhotic, cancer and adjacent normal 
liver tissues indicated a higher MDA content in can-
cer tissue compared to control tissue or cirrhotic tis-
sue (P < 0.05) (Table 1). 

DISCUSSION

The intracellular concentration of ROS is 
tightly regulated by multiple defence mechanisms 
involving ROS scavenging enzymes and small anti-
oxidant molecules. Among these antioxidant systems 
acting as antioxidants or scavengers are glutathione 
and GSH-dependent enzymes, which are one of the 
protective mechanism vs oxidative damage, both in 
the circulation and in various tissues, including liv-
er (Gate et al., 1999; Sies, 1999). A wide variety of 
oxidising molecules such as ROS and/or depleting 
agents can alter the glutathione redox state, which 
is normally maintained by the activity of GSH-de-
pleting (GSH-Px, GST) and GSH-replenishing (GSH-
R) enzymes (Halliwell & Gutteridge, 1996; Hayes & 
McLellan, 1999). 

In the present study we determined the re-
duced glutathione level and non-Se-GSH-Px, Se-
GSH-Px, GSH-R and GST activities in extracts 
prepared from normal, cirrhotic and cancer liver 
tissues. We also determined the level of malondial-
dehyde as a final product of lipid peroxidation.

This study confirms a decrease of the GSH 
level in cirrhotic and cancer tissue compared to 
healthy liver tissue. GSH homeostasis at the cellular 

Level/activity Cirrhosis Hepatocellular carcinoma Healthy liver

GSH μmole/mg protein 3.45  ±  2.11 4.62 ± 2.94 */** 5.52 ± 3.27

MDA nmole/mg protein 0.102 ± 0.036 0.154 ± 0.06 */** 0.087 ± 0.038

Non-Se-GSH-Px μmole/min per mg protein 0.074 ± 0.039 0.045 ± 0.021*/** 0.062 ± 0.02

Se-GSH-Px μmole/min per mg protein 0.023 ± 0.008 0.021 ± 0.009 * 0.031 ± 0.015

GST µmole/min per mg protein 0.047 ± 0.023 0.019 ± 0.012 */** 0.03 ± 0.013

GSH-R µmole/min per mg protein 0.049 ± 0.024 0.05 ± 0.019 * 0.037 ± 0.017

Table 1. Glutathione and malondialdehyde level and activities of GSH-dependent enzymes in liver cirrhosis, hepato-
cellular carcinoma and adjacent normal liver tissue

*P< 0.05 compared to control tissue (adjacent normal liver tissue), **P< 0.05 compared to cirrhotic tissue.
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level is maintained by the balance between biosyn-
thesis, uptake, oxidation and export. Its decrease in 
cirrhotic and cancer tissues is probably related to a 
reduced synthesis of the tripeptide by the diseased 
liver. This alteration may influence the capability 
of the liver to provide protection against oxidative 
damage (Dalhoff et al., 1992; Logurcio & Di Pierro, 
1999; Fernandez-Checa & Kaplowitz, 2005).

The low GSH level may also be associated 
with an increase of production of reactive oxygen 
species and free radicals in cirrhotic and liver can-
cer tissues. These ROS may be actively scavenged 
by GSH, resulting in the formation of the oxidized 
form of GSH (GSSG). This oxidized form is rapidly 
converted to GSH by GSH reductase (Kikkawa et al., 
1992). In our study we observed an increase of GSH-
R activity in cirrhosis and hepatocellular carcinoma 
compared to control tissue. 

The decrease of GSH level in cirrhotic tissue 
may be connected with the increase of non-Se-GSH-
Px and GST activities in this tissue, which might 
result from elevated concentrations of O2

– radi-
cals, H2O2 and lipid peroxides (Fisher et al., 1999). 
A greatly increased production of reactive oxygen 
metabolites might overpower the capacity of the tis-
sue to synthesize or regenerate sufficient amounts of 
GSH, resulting in a decrease in tissue GSH concen-
tration (Matiushin et al., 1998). 

GST catalyses the conjugation of reduced glu-
tathione with a wide spectrum of electrophiles and 
is considered to an important component of the de-
toxification system. It also catalyses a peroxidative 
reaction with the production of GSSG. The ability 
of GST to alter the level of intracellular GSH in the 
liver in response to generation of ROS has been im-
plicated in protection of cells against free-radicals 
inducting agents (Sherman et al., 1983; Tsuchida & 
Sato, 1992; Tew & Ronai, 1999).

The liver is the main organ in the metabolism 
and homeostasis of selenium in the body, because 
selenoproteins, including Se-GSH-Px, are predomi-
nantly synthesised and secreted by the liver (Ursini 
& Bindoli, 1987; Buljevac et al., 1996; Czuczejko et al., 
2002; Chu et al., 2004). We observed a decrease of 
Se-GSH-Px activity in cirrhotic and  liver cancer tis-
sues compared with adjacent normal liver. 

A decrease in GSH concentration in cirrhotic 
and cancer tissues might cause the effectiveness of 
non-Se-GSH-Px activity to be restricted, as manifest-
ed by the intensification of lipid peroxidation and 
the increased level of final products of their peroxi-
dation. That lipid peroxidation was enhanced dur-
ing cancer development was manifested in a signifi-
cant increase in malondialdehyde level. It has been 
claimed that MDA acts as a tumor promoter and 
co-carcinogenic agent because of its high cytotoxicity 

and inhibitory action on protective enzymes (Mar-
nett, 1999; Mylonas & Kouritas, 1999).

In this study we found an increase of MDA 
levels in cirrhotic and cancer tissue compared with 
control liver tissue. The obtained results indicate 
significant changes in the antioxidant capacity of 
hepatocellular cancer tissue which lead to enhanced 
action of oxygen radicals, resulting in lipid peroxi-
dation.

The obtained results agree with other stud-
ies which have shown decreased GSH content, in-
creased MDA level and changes in activities of GSH 
related enzymes (Casaril et al., 1985; 1994; Corrocher 
et al., 1986; Skrzydlewska et al., 2003). 

Our findings indicate that the glutathione 
antioxidant system in cirrhosis and hepatocellular 
carcinoma is imbalanced and support the hypoth-
esis that  oxidative stress plays an important role in 
the development of those liver diseases. One critical 
question is whether this abnormality is one of the 
causes of those liver diseases or is just one of the 
consequences of their progression. This question re-
mains to be answered by additional research.

In summary, our results show that the anti-
oxidant potential in cirrhosis and hepatocellular 
carcinoma is unbalanced which leads to an increase 
in reactive oxygen species action. In cirrhotic and 
cancer tissues the GSH level is decreased, the MDA 
level is increased and GSH-dependent enzyme ac-
tivities are elevated.

The decreased ability to remove reactive oxy-
gen species and free radicals from tissues is one of 
the factors which may further result in the develop-
ment of neoplasia. 
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