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Disturbances in the antioxidant system could play a role in pathogenesis of chronic
liver disease. The aim of our study was to evaluate the levels/activities of antioxidants in
blood of patients with chronic liver disease.
We estimated selenium and glutathione concentrations and glutathione peroxidase ac-

tivities in blood of 59 patients with chronic hepatitis B or C virus infection (group 1) and
64 patients with alcoholic, autoimmune or cryptogenic chronic liver disease (group 2).
The results were compared with 50 healthy controls.
Whole blood and plasma selenium and red cell glutathione concentrations were signifi-

cantly lower in the patients compared with the controls. Red cell glutathione peroxidase
activity was slightly reduced in both subgroups of group 1 and in group 2 with normal
alanine aminotransferase values. Plasma glutathione peroxidase activity was slightly
but significantly higher in patients with elevated aminotransferase values.
The findings suggest that disturbances in antioxidant parameters in blood of patients

with chronic liver disease may be the cause of the peroxidative damage of cells.

Metabolism of various endo- and exogenous
compounds and viruses generate reactive oxy-
gen species (ROS) which are involved in the
pathogenesis of liver diseases (Clot et al., 1994;
Buljevac et al., 1996; Oh et al., 1997). ROS rap-

idly react with a variety of molecules and
thereby interfere with cellular function (Inoue,
1994). Cells are equipped with nonenzymatic
and enzymatic protective systems that play an
important role in the scavenging of free radi-
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cals. Among the antioxidative enzymes are
glutathione peroxidases (GSH-Pxs) which cata-
lyze the breakdown of inorganic and organic
peroxides (Rayman, 2000). In this way
GSH-Pxs prevent lipid peroxidation and thus
protect the cell membranes from oxidative dam-
age. Reduced glutathione (GSH) functions as an
antioxidant in several ways, as a substrate for
GSH-Px and glutathione S-transferase (GST) as
well as a direct antioxidant, independent of the
enzymes protecting the cell membranes from
oxidative damage (Moron et al., 1979).
GSH-Pxs are the most extensively character-

ized selenoproteins. Selenium serves its anti-
oxidative purpose through the GSH-Pxs. Four
different GSH-Pxs are known: cellular or cyto-
solic or classical (GSH-Px 1), gastrointestinal
(GSH-Px 2), plasma or extracellular (GSH-Px 3)
and phospholipid hydroperoxide (GSH-Px 4)
(Burk & Hill, 1999). Cellular and plasma
GSH-Pxs are used as the functional parameters
the assessment of selenium (Se) status (Holben
� Smith, 1999).
In plasma Se is incorporated (as seleno-

cysteine) also into selenoprotein P, and bound
(as selenomethionine) to albumin (Deagen et
al., 1993; Xia et al., 2000). The liver is the main
organ in the metabolism and homeostasis of se-
lenium in the human body (Buljevac et al., 1996;
Whanger, 1998), because these selenoproteins
are predominantly synthesized and secreted by
the liver (Deagen et al., 1993; Behne �

Kyriakopoulos, 2001). The clinical importance
of Se in liver diseases emerged from experimen-
tal studies in animals, where Se deficiency was
shown to induce liver necrosis (Schwarz �

Foltz, 1957). A significantly lower Se content
has been observed in the liver tissue on autopsy
of patients who had died from cirrhosis of the
liver, compared with healthy subjects (Dworkin
et al., 1984; Zachara, 2001). Cirrhosis of the
liver is most commonly caused by long-lasting
alcohol abuse or infection with hepatitis B
(HBV) and C virus (HCV) (Buljevac et al., 1996).
Several groups have reported that excessive al-
cohol consumption is associated with lowered
Se concentrations in blood components (Girre

et al., 1990; Dworkin et al., 1984; Tanner et al.,
1986). Loguercio et al. (1997) have shown that
Se concentration in whole blood and plasma of
patients with HCV-related chronic liver disease
was significantly lower, independently of their
nutritional status (well-nourished or malnour-
ished cirrhosis), than in healthy controls.
Our present study was undertaken in order to

investigate the Se and GSH concentrations as
well as GSH-Pxs activities in blood of patients
with chronic liver diseases of different etiology.

MATERIALS AND METHODS

The patients with chronic liver disease (n =
123) from the Department of Infectious Dis-
eases, Medical University in Bydgoszcz, aged
17–85 years (mean, 53 years) participated in
the study. Liver injury of patients was proven
by histological and laboratory examinations.
Venous blood samples were drawn, after over-
night fasting, into tubes containing lithium hep-
arin (Vacuette, Greiner Labortechnik, Krems-
munster, Austria). The blood samples were di-
vided into two portions, one of which was used
for measurements of hematocrit value, hemo-
globin, selenium and glutathione concentra-
tions. The second part was centrifuged (2500 �

g, 4�C, 10 min) and the plasma was stored at
–80�C and was used for further investigations.
The buffy coat was removed and the red blood
cells were washed two times in an excess of
chilled physiological saline solution. The
washed red blood cells were then hemolyzed in
distilled water (1:4, v/v) and by freezing and
thawing. The hemolysate was centrifuged
(22000 � g, 4�C, 60 min), and the supernatant
was used for GSH-Px activity and hemoglobin
(routine cyanmethemoglobin method) concen-
tration measurements.
The patients (n = 123) were divided into two

groups according to etiology of disease: group 1
comprised 59 patients (aged 24–85 years; mean
54 years) with chronic hepatitis B (n = 32), C (n
= 23) or B and C virus infection (n = 4), and
group 2 included 64 patients (aged 17–83 years;
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mean 52 years) diagnosed as alcoholic liver in-
jury (n = 50), autoimmune (n = 3) or cryptogenic
(n = 11) chronic liver disease. Additionally, each
group of patients was divided into two sub-
groups, depending of the plasma alanine
aminotransferase (ALT) activity: subgroups 1A
and 2A with ALT activity below 40 U/l (n = 23
and n = 26, respectively), and 1B and 2B with
ALT activity above 40 U/l (n = 36 and n = 38
subjects, respectively). The third group was
composed of 50 healthy subjects aged 24–65
years (mean 42 years) and were recruited from
the same area as the patients. All participants
(healthy subjects) attending the study gave writ-
ten consent, and the study protocol was ap-
proved by the University Ethics Committee for
Medical Research (No. 10/97).
Se determination in whole blood and plasma

was performed by the fluorometric method of
Watkinson (1966) with 2,3-diaminonaphthalene
(DAN) as the complexing reagent. The 4,5-ben-
zpiazselenol formed in the reaction of Se with
DAN was quantitatively extracted with cyclo-
hexane. Fluorescence measurements were
made using a Hitachi F-4010 spectrofluoro-
meter (Tokyo, Japan). The accuracy of the
method was checked in whole blood and serum
(batches 205052 and 311089, respectively) ref-
erence materials (Seronorm, Nycomed, Oslo,
Norway). The levels of Se found in the refer-
ence whole blood was 81.7 ± 2.5 ng/ml and in
serum 84.5 ± 2.4 ng/ml, while the certified was
83 and 86 ± 1.09 ng/ml, respectively.
GSH-Px activity in red cell hemolysates and

plasma was measured by the coupled method of
Paglia and Valentine (1967) with tert-butyl
hydroperoxide as substrate. The reaction was
carried out at 25�C in a spectrophotometer fit-
ted with a constant temperature cell housing
(Hewlett Packard No. 8453, Vienna, Austria).
Enzyme activity was expressed as units (U) per
g Hb or U per liter of plasma. One U of the en-
zyme activity was expressed as 1 �mol of
NADPH oxidized per minute. The details of the
Se and GSH-Px determinations are described
elsewhere (Iwanier & Zachara, 1995). GSH con-
centration in the blood was assayed by the

colorimetric method of Beutler (1971) with
5',5'-dithio-bis-2 (nitrobenzoic acid) as a com-
plexing reagent and the results were expressed
as mmol per liter of red cells. ALT activity mea-
surement was carried out in a clinical labora-
tory using a commercially available kit pro-
duced by Roche (normal values < 40 U/l).
All statistical analyses, including the calcula-

tions of mean ± S.D., the Student’s t-test, and
the simple linear regression analysis were car-
ried out using Microsoft Excell and Statistica
software. The Pearson correlation test was used
when appropriate. Significance was set at P <
0.05 level.

RESULTS

Selenium and glutathione concentrations in
blood

The Se concentration in whole blood and in
plasma (Table 1) of patients of group 1 and 2
was, irrespective of ALT activity, highly signifi-
cantly lower (P < 0.0001) than in the control
group. In the subgroups with normal ALT activ-
ity (group 1A and 2A) the Se concentrations in
blood and plasma were significantly lower than
in the subgroups with higher ALT activity. In
both groups of patients the red cell GSH con-
centration was significantly lower compared
with healthy controls (Table 2). In subgroup 1B
the GSH concentration was also significantly
lower compared with subgroup 1A. In group 2
lowered GSH concentrations were similar in
both subgroups.

Red cell and plasma glutathione peroxidase
activities

Red cell GSH-Px activity in group 1 was signif-
icantly lower than in controls only in the pa-
tients with elevated ALT activity (Table 2). By
contrast, in group 2 the activity of the red cell
enzyme was significantly lower in the patients
with normal ALT values and did not differ in
the patients with elevated ALT activity when
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compared with the control group. The mean
plasma GSH-Px activities (Table 2) in sub-
groups 1A and 2A were lower compared with
the controls, while in subgroups 1B and 2B the

activities were significantly higher than in the
controls. In both subgroups with elevated ALT
the plasma GSH-Px activities were significantly
higher compared with the subgroups having
normal ALT.
Positive, significant correlations were noted

between red cell GSH-Px activity and red cell
GSH concentration in the patients, when group
1 and 2, with normal ALT values, were com-
bined (r = 0.620; P < 0.0001; Fig. 1A), and in the
subgroups with elevated ALT activity (r = 0.340;
P < 0.0001; Fig. 1B). A highly significant corre-
lation (r = 0.480, P < 0.0001) was also observed
when all the patients were taken together. A
strong correlation was found between red cell
GSH-Px activity and whole blood Se concentra-
tion (r = 0.535; P < 0.0001) (Fig. 2A) as well as
between plasma GSH-Px activity and plasma Se
concentration (r = 0.626; P < 0.0001) (Fig. 2B)
when both groups with normal ALT activity
were combined. In the groups with elevated
ALT no correlation exists between these two
parameters.

DISCUSSION

In our study diminished concentrations of Se
in whole blood and plasma were observed both

in patients with viral hepatitis (group 1) as well
as in alcoholics, autoimmune and cryptogenic
chronic liver disease patients (group 2). Several
groups have shown that in alcoholics Se concen-
trations in plasma (Dworkin et al., 1984; 1985;
Johansson et al., 1986; Girre et al., 1990;
Buljevac et al., 1996; Burk et al., 1998; Guarini
et al., 1998; Loguercio et al., 1997), whole blood
(Dworkin et al., 1984; 1985, Johansson et al.,
1986; Girre et al., 1990; Loguercio et al., 1997)
and in red cells (Dworkin et al., 1984; 1985) are
significantly lower compared with healthy con-
trols. Johansson et al. (1986) have demon-
strated that in whole blood and plasma of pa-
tients with alcoholic liver cirrhosis Se concen-
tration is significantly lower than in healthy
subjects. They have also shown that in male al-
coholics without liver cirrhosis, with at least 1
month of abstinence before the study, plasma
Se level did not differ from the controls.
In our study, in patients of group 2 both with

normal and elevated ALT activities (78% of this
group were alcoholics), the Se concentrations in
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Table 1. Selenium concentration (ng/ml) in whole blood and in plasma of patients with chronic
liver disease.

Differences statistically significant compared with: *controls; **between subgroups



whole blood and plasma were lower by 9.3 to
14.1% compared with group 1. Guarrini et al.
(1998) reported that in patients with liver cir-
rhosis Se concentration was significantly re-

duced but — in contrast to our data — the lower
serum Se level was similar in both alcoholic and
viral liver cirrhosis. When both subgroups of
our patients with chronic hepatitis B and C
were combined, the Se concentration in whole
blood and plasma was lower by 24 and 26%, re-
spectively, when compared with healthy sub-
jects. Considerably reduced Se levels in whole
blood and plasma of HCV patients were re-
ported by Loguercio et al. (1997); the values
were lower by 42% and 24%, respectively,
compared with controls.
For alcohol liver disease Dworkin et al. (1984;

1985) have suggested several possibilities of
lowered Se level, such as nutritional deficien-
cies, diminished absorption, alcohol-induced al-
teration of Se metabolism, abnormal losses in
urine or feces and others. Nutritional deficien-

cies are frequent in such patients. It is well es-
tablished that the main source of dietary Se is
protein and lower protein intake may be the
major cause of the reduced Se concentration in

blood components (Burk et al., 1998). Precise
nutritional assessment performed in patients
with alcoholic liver disease revealed a good cor-
relation (r = 0.91) between serum concentration
of Se and nutritional status (Tanner et al.,
1986). Burk et al. (1998) have recently docu-
mented that in patients with liver cirrhosis, be-
ing the consequence of hepatitis virus B or/and
C infection, alcohol consumption, autoimmune,
cryptogenic and others, plasma Se and seleno-
protein P concentrations were lower compared
with controls. These parameters declined in
proportion to the severity of the cirrhotic condi-
tion. This indicates that hepatic injury impairs
the hepatic synthesis of selenoproteins and sele-
nium containing proteins (albumin), thus con-
tributing to low plasma selenium concentra-
tion. Cirrhosis impairs also the transsulfuration
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pathway which is necesary to make Se (from
selenomethionine) available for selenoprotein
synthesis (Burk et al., 1998).
Small (lower or higher), nonsignificant differ-

ences in red cell GSH-Px activity between liver
cirrhosis and alcoholic liver disease compared
with healthy controls have been reported
(Johansson et al., 1986; Tanner et al., 1986;
Akkus et al., 1997). In the same way, in our
study red cell GSH-Px activity in patients of
group 1 with normal ALT values and in group 2
with elevated ALT activity was the same as in
the control group. In the other two subgroups
the GSH-Px activity was slightly, but signifi-
cantly lower than in healthy subjects. Girre et
al. (1990) studied red cell and plasma GSH-Px
activity in heavy drinkers with chronic alcohol
disease without liver cirrhosis and found that
both enzymes were significantly lower than in
the controls. Johansson et al. (1986) have re-
ported that in patients with liver cirrhosis and
alcoholic liver disease the activity of plasma

GSH-Px is unchanged. Guemouri et al. (1993)
observed that in chronic alcoholics, with no clin-
ical or biological evidence of cirrhosis, plasma
GSH-Px activity was slightly (non significantly)
elevated compared with controls. Our study
shows that in patients with normal ALT values
(when patients of both subgroups are com-
bined) plasma GSH-Px activity is slightly but
significantly (P < 0.02) reduced, while in the
subgroups with elevated ALT values this activ-
ity is slightly but significantly (P < 0.03) higher.
Burk et al. (1998) showed that plasma GSH-Px
activity in patients with Child class A (accord-
ing to the Child-Pugh classification) of liver cir-
rhosis was almost the same as in healthy sub-
jects but it increased in proportion to the sever-
ity of the disease. The cause of such contradic-
tory results may be release of the intracellular
isoforms of the enzyme from the injured liver.
Injury of the liver does not exert an influence
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Figure 1. Relationship between red blood cell
GSH-Px activity and GSH concentration in pa-
tients with chronic liver disease of group 1 and 2
with normal ALT activities (A) and with elevated
ALT values (B).

Figure 2. Relationship between red blood cell
GSH-Px activity and Se concentration in whole
blood in patients with chronic liver disease of
group 1 and 2 with normal ALT activity (A), and
between plasma GSH-Px activity and plasma Se
concentration in patients of both groups with
normal ALT values (B).



on plasma GSH-Px, because this enzyme origi-
nates primarily from proximal tubular cells of
the kidney (Avissar et al., 1994; Burk et al.,
1998). However, the decreased activity of both
plasma and red cell selenoenzymes may be
caused by decreased Se concentration in blood.
Over 90% of GSH inflow in systemic circula-

tion is accounted for by the influx of this pep-
tide from the liver (Bianchi et al., 1997).
Świętek and Juszczyk (1997) have shown that
red cell GSH concentration in patients with
acute or chronic viral hepatitis A, B and C is sig-
nificantly reduced. Similarly reduced blood
GSH levels have been reported for patients with
liver disease of both alcoholic and non-alcoholic
etiology (Clot et al., 1994; Grattagliano et al.,
1996; Bianchi et al., 1997; Świętek & Juszczyk,
1997). Our study is in accord with the above
mentioned results and shows that GSH concen-
tration in red cells of patients with chronic liver
disease, of both viral and other etiology, is sig-
nificantly lower than in healthy subjects. The
primary cause accounting for the decreased
blood GSH level in patients with liver diseases
is a decreased production in and decreased in-
flow from the liver (Grattagliano et al., 1996;
Bianchi et al., 1997).
Positive and highly significant correlations be-

tween GSH and GSH-Px in red cells as well as
between GSH-Px activities and Se concentra-
tions were observed. Such a good correlation
between these parameters may mean that with
most patients red cell GSH-Px activity is well
corelated with GSH and Se accessibility.
In conclusion, our results show that patients

with chronic liver disease have lower Se and
GSH concentrations in blood components. Red
cell GSH-Px activity in patients shows a ten-
dency to lower values compared with healthy
controls. Plasma GSH-Px activity is reduced in
patients with normal ALT values but is in-
creased in those with elevated ALT. The de-
creased Se concentration may results from
hepatic injury and dysfunction of this organ.
These findings may indicate that disturbances in
antioxidant levels/activities may facilitate ROS

production which, in turn, could play a role in
the pathogenesis of chronic liver diseases.
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