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Abstract. To assess the level of oxidative stress, measured as prooxidant-antioxidant imbalance in t
�
he blood of

p� atients with alcohol-related injury of the liver and pancreas, we determined superoxide ion�  (O2
•–)

	
 production by

neutrophils isolated from the peripheral blood of 3 groups of patients. Patients with compensated alcoholic liver
c
 irrhosis (n=16), with alcoholic chronic pancreatitis (n=20), and with concomitant cirrhosis and pancreatitis
(n=10) were included in this study. All patients had consumed at least 70 g of pure alcohol per day over 5 years.
T

�
hey had not abstained before admission to hospital. The control group consisted of 16 healthy�  non-alcohol-abu-

sive subjects. As antioxidative enzymes (AOE) present in sera play a very important role in t
�
he regulation of

p� lasma reactive oxygen species (ROS) levels and in the protection of plasma compounds against
�
 ROS action, we

a
 lso examined the serum activity of catalase (CAT), superoxide dismutase (SOD), total activity, and the gluta-
t

�
hione peroxidase (GPx) serum concentration. Neutrophils of patients with concomitant alco� holic liver cirrhosis

a
 nd pancreatitis exhibited, similarly to the neutrophils of patients with chronic alcoholic
  pancreatitis, an enhanced
a
 bility to produce superoxide anions in vitro. In contrast, neutrophils of patients with alcoholic liver cirrhosis
e� xhibited a defect in resting and PMA-induced superoxide anion production. The AOE activity�  in the sera of
p� atients was also significantly changed. Total SOD activity was enhanced in all groups of pat

�
ients with alcoholic

liver cirrhosis, chronic pancreatitis and with concomitant injury of both organs. CAT activit
�
y was only increased

in the sera of patients with liver cirrhosis or pancreatitis, but not in the patients with conco� mitant cirrhosis and
p� ancreatitis. GPx concentration was only diminished in the patients with chronic pancreatitis. It seems likely that
o� xidative stress, defined as the imbalance between prooxidant and antioxidant activity, is highest in the blood of
p� atients with chronic pancreatitis and, especially, in patients with concomitant liver cirrhosis and pancreatitis.
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I
�
ntroduction

Investigations have provided strong evidence that
r� eactive oxygen species (ROS) are important in the
g� enesis of alcoholic liver cirrhosis and pancreatitis be-
c
 ause they cause membrane lipid peroxidation3

�
, 21.

I
�
n the liver, ethanol can be oxidized to a free radical

intermediate, the 1-hydroxyethyl radical (HER), by
microsomes18. Moreover, chronic alcohol consumption
i

�
ncreases rates of microsomal HER generation by the

induction of cytochrome P-4502E12
�

4, 31. It was shown
e� xperimentally that liver microsomes from alcohol-fed
r� ats metabolize ethanol to HER at higher rates than
t

�
hose of controls not fed with ethanol3

�
0.

I
�
n alcoholic pancreatitis some evidence suggests

t
�
hat metabolism of ethanol via cytochrome P-4502E1

may contribute to oxidative stress in the pancreas dur-
ing chronic alcohol consumption19, 24. It has been re-
p� orted that ethanol reduces the pancreatic content of
g� lutathione (GSH) and that the metabolism of acetalde-
h

�
yde via aldehyde oxidase might also be responsible for

o� xidative changes in pancreatic tissue3
�
. However, xan-

t
�
ine oxidase and activated neutrophils appear to be the

main sources of ROS in pancreatic tissue during the
p� rocess of pancreatitis9

�
. It has been showed that, among

t
�
he pancreatic enzymes, elastase plays a role in the de-
v� elopment of pancreatitis by enhancing ROS produc-
t

�
ion in neutrophils4

�
0.

ROS interact with lipoproteins and polyunsaturated
fatty acids at the cell membrane level, resulting in the
f

�
ormation of several oxygenated compounds, the li-

p� operoxides. In the plasma of patients with alcoholic
l

 
iver disease (ALD), increased levels of the oxidized

form of ubiquinone 10, the lipoperoxide hydrolysis pro-
d

!
uct malondialdehyde (MDA), and F2

� -isoprostanes or
4-hydroxynonenal as peroxidation products of polyun-
saturated fatty acids were detected2

�
, 4, 44. Moreover,

MDA plasma concentrations were the highest in the
g� roup of cirrhotic patients with a very high alcohol in-
t

�
ake. In contrast to the high lipid peroxidation products,

reduced levels of ascorbate, low vitamin E, and low
c
 oncentrations of serum trace elements such as zinc and
selenium in cirrhotic patients were detected11, 22, 44.
However, in alcoholic liver cirrhosis, besides ROS
g� enerated during ethanol metabolism, also cytokine-ac-
t

�
ivated blood leukocytes can participate in ROS gener-

a
 tion.
Mammalian cells are protected against oxidative

d
!
amage by natural antioxidant factors, notably gluta-

t
�
hione, and diverse antioxidative enzymes (AOE), such

a
 s superoxide dismutase (SOD), catalase (CAT) and
g� lutathione peroxidase (GPx). SOD catalyzes the dis-

m" utation of superoxide ion (O2
•)

	 – to H2O
#

2 and O2,
w$ hereas GPx and CAT scavenge H2

� O
#

2
� . Mammalian

c
 ells have extracellular SOD (EC SOD) and two forms
o� f intracellular SOD of which one, the manganese SOD
(Mn SOD), is found in the mitochondral matrix and the
o� ther, the copper-zinc SOD (CuZn SOD), in cytosol.
Synthesis of CuZn SOD is constitutive, whereas Mn
SOD is inducible, for example by TNF-α, irradiation
a
 nd hypoxia14, 34, 36.

A
�

 large dose of ethanol can change the AOE activ-
ity. A significant increase in SOD with normal levels
o� f CAT and GPx in the liver of rats treated with large
d

!
oses of ethanol has been described5

%
. Also, a signifi-

c
 ant increase in Mn SOD in the sera of alcohol-depend-
e� nt patients has been observed3

�
8, 39. In alcoholic he-

p� atitis and in cirrhosis, changes in the expression of
C

&
uZn SOD in the liver and plasma CAT activity has

b
'
een described13, 45. Also, GPx and CAT activity in

e� rythrocytes of patients with alcoholic liver cirrhosis
w$ as detected to be significantly decreased11.

E
(

levated levels of Mn SOD were also detected in
sera of patients with acute pancreatitis, which corre-
lated with peripheral plasma markers of peroxidation3

�
5.

Also, CAT activity was hightened in plasma, especially
i

�
n the necrotic form of acute pancreatitis12. In patients

w$ ith chronic pancreatitis, CuZn SOD was present at
e� levated concentrations in serum and in pancreatic
j

)
uice15. In contrast, low blood levels of many antioxi-

d
!
ative factors, such as hemoglobin, vitamin E, vitamin

A, selenium and plasma GPx, were detected42.
T

�
o assess the level of oxidative stress, defined as

p� rooxidant-antioxidant imbalance in the blood of pa-
t

�
ients with alcohol-related liver cirrhosis, chronic pan-

c
 reatitis and concomitant cirrhosis and pancreatitis, we
measured superoxide ion (O2

� •–)
	
 production by neutro-

p� hils isolated from the peripheral blood of 3 groups of
p� atients and a control group. As the AOE present in
sera play a very important role in the regulation of plas-
m" a ROS levels and the protection of plasma com-
p� ounds against ROS action, we also examined the
serum activity of CAT, SOD (total activity) and GPx
serum concentration.

Materials and Methods

Patients. Patients with compensated alcoholic liver
c
 irrhosis (n=16), with alcoholic chronic pancreatitis
(n=20) and patients with concomitant liver cirrhosis
a
 nd pancreatitis (n=10) were included in this study. All
p� atients had consumed at least 70 g of pure alcohol per
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d
!
ay for over 5 years. They had not abstained before

a
 dmission to hospital.
The diagnosis of alcoholic cirrhosis was based on

c
 linical history, clinical examination, laboratory find-
ings, gastroscopy, ultrasonography and, in half of the
p� atients with compensated liver cirrhosis, also on liver
b

'
iopsy with the finding of nodules of liver cells separ-

a
 ted by a dense and broad band of fibrosis. None of the
c
 irrhotic patients had been diagnosed as having acute
a
 lcoholic hepatitis before the moment of entering the
study nor had received a blood transfusion nor was under
t

�
reatment with steroids or immunosuppressive therapy.

T
�

he diagnosis of alcoholic pancreatitis was based on
c
 linical history, clinical examination, laboratory find-
i

�
ngs, ultrasonography and retrograde cholangiopancre-

a
 tography (EPC). None of the patients examined had
c
 hronic B or C viral hepatitis or HIV infection. Blood
t

�
ests, including complete blood pictures, electrolytes,

u* rea, creatinine, glucose, albumin, gamma globulins,
b

'
ilirubin and prothrombin time were performed. Li-

p� ase, α-amylase, AST and ALT activity were per-
f

�
ormed on admission and several times if deemed

necessary. A blood sample was obtained from each pa-
t

�
ient on admission to hospital.

T
�

he control group consisted of 16 age- and sex-
-matched healthy university employees receiving an an-
n� ual health examination. They were not alcohol obu-
sive, confirmed to be free of major cardiopulmonary,
g� astrointestinal and hepatobiliary-pancreatic diseases.
N

+
one of them had drunk alcohol for at least 3 weeks.

B
,

lood samples were obtained and ROS production by
neutrophils as well as serum activity of AOE were
m" easured to provide local reference material for this
study. There were no significant differences in the ages
a
 nd sexes between both groups of patients and controls.
The characteristics of the subjects of each group are
p� resented in Table 1. Approval for this study was

g� ranted by the Clinical Ethics Committee and informed
c
 onsent was obtained from each of the patients.

Granulocyte separation. Blood (8 ml) was taken
i

�
nto heparinized tubes (20 U/ml, Heparinum-Polfa).

G
-

ranulocytes were separated according to the Sigma
p� rocedure: a gradient was formed by layering an equal
v� olume of Histopaque-1077 over Histopaque-1119
(both from Sigma, St.Louis, MO, USA). The whole
b

'
lood was carefuly layered onto the upper Histopaque-

-1077. The tubes were then centrifuged at 700 ×.  g for
30 min. Granulocytes were isolated from the Histo-
p� aque-1077/1119 interphase and washed three times
w$ ith HBSS (Hanks’  Balanced Salt Solution), cen-
t

�
rifuged (350 × g for 15 min) and resuspended in

H
/

BSS. 
M

0
easurement of superoxide production by nitroblue

t1 etrazolium (NBT) reduction assay. Neutrophils (4 × 106
2
/

3
ml

HBSS) distributed into wells on a 96-well microplate
(100 µl

 
/well) were covered with 100 µl

 
/well of NBT

(Sigma) solution (2 mg/ml) in phenol red-free HBSS
c
 ontaining the stimulants of oxidative burst phorbol
12-myristate-13-acetate (PMA, Sigma, final concentra-
t

�
ion 1 µg� /ml)2

�
8. Eight vertical wells served as blanks,

a
 nd in these wells the cells were preincubated for 10
m" in at 37o4 C

&
 with 100 µl

 
/well of 10 mM iodoacetamide

(Sigma) in HBSS. After incubation, the iodoacetamide
solution was removed and replaced by a solution con-
t

�
aining both 1 mg/ml NBT and 10 mM iodoacetamide.

Samples were incubated at 37o4 C
&

 for 30 min. The
a
 mounts of formazan were quantified in a microplate
r� eader (Molecular Devices, Menlo Park, CA, USA)
c
 ompared with the blanks (with iodoacetamide) at 570
n� m. The results were expressed as optical density (OD)
p� er well after blank subtraction.

S
5

erum CAT activity assay. Serum was separated by
c
 entrifugation of unheparinized blood and kept at –20o4 C

&

b
'
efore measurment of enzyme activity. The assay was

Table 1. Clinical characteristic of patients and controls

Parameter
Healthy controls

n = 16

Compensated
c� irrhosis
n = 16

C
6

hronic pancreatis
n = 20

Pancreatis and
cirrhosis
n = 10

Age
Sex (M/F)
AST (U/ml)
ALT (U/ml)
α7 -Amylase (U/ml)
Lipase (U/ml)
T-bilirubin (mg/dl)
Albumin (% of total serum protein)
Cholesterol (mg/dl)
GGT (U/ml)
Leukocyte (× 109

8
/

9
l)

5
:
3.9±17.5

14/2
<50
<50
<32
<; 3
<; 1

5
:
4–60

200–250
   10–100 
   4.5–10.0

51.4±15.4
14/2

118.5±102.1
75.8±5

:
0.1

–
–

3
<
.1±5

:
.2

53.4±5
:
.7 

173±6
=
1 

43.6±3
<
8.6

11.5±6
=
.6 

48.1±8
>
.4 

18/2
52.6±46.5
38.4±28.6
191±228
15±20

1.12±0
?
.66

60.8±8
>
.5 

200.6±9
@
3.7 

 69.1±165.5
11.3±5

:
.6 

41.6±7.1 
8/2

181.2±152.1
64.2±46.8

276.7±247.7
28.0±18.0
 7.6±11.3
46.5±3.67
121±50 
41.9±34.2
11.7±6.3 
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p� erformed according to the method described by PI
A
FFE-

RI et al.29 in the NOWAK et al.26 modification. The reac-
t

�
ion mixture, prepared in an Eppendorf tube consisted

o� f 500 µl
 
 of 0.05 M phosphate buffer pH 7.0, 300 µl

 

o� f distilled water, 50 µl of 1.1 mM H2
� O

#
2

�  in distilled
w$ ater and 50 µl of serum sample (or 50 µl of distilled
w$ ater as a blank). After 5 min of incubation at 25o4 C

&
,

100 µl of 50% trichloroacetic acid (TCA, Sigma) was
a
 dded to each tube and the tubes were centrifuged
(1000 ×.  g for 5 min). Next, to each tube 10 µl

 
 of tita-

nium(IV) reagent was added and 200 µl of supernatant
w$ as transferred into wells on a 96-well microplate. The
a
 bsorbance was read at 405 nm in the microplate
reader. The results were expressed as CAT activity in
U

B
/ml of serum after comparison with the standard

c
 urve, which was prepared by plotting the absorbance
(OD) at 405 nm (ordinate) as a function of standard
C

&
AT (Sigma) concentration (abcissa) between 0 to 33

U
B

/ml. One unit of CAT decompose of 1.0 µm" ole of
H2

� O
#

2
�  per min at pH 7.0 and 25o4 C

&
.

S
5

erum SOD activity assay. To measure the SOD
a
 ctivity, we modified the method described by OB

C
ERLEY

a
 nd SPITZ2
�
7. Briefly, to each well on a 96-well micro-

p� late, 160 µl of the reaction mixture, consisting of DE-
T

�
APAC (diethylenetriamine pentaacetic acid, Sigma,

final concentration 1 mM in 0.05 M phosphate buffer,
p� H 7.8), MTT (tiazylyl blue, Sigma, final concentration
1 mg/ml in phosphate buffer) and xantine (Sigma, 1.8
mM in buffer), was added. 20 µl of serum or 20 µl of
p� hosphate buffer (blank) was added to the wells. Reac-
t

�
ion was started by adding 20 µl

 
 of xantine oxidase

(final concentration 0.01 U/ml of phosphate buffer).
T

�
he microplate was incubated at 25o4 C

&
 for 60 min and

t
�
he absorbance of samples and blank was read at 570

n� m in the microplate reader. The results were expressed
in units of SOD/ml of serum after comparison with the
standard curve, which was prepared by diluting stand-
a
 rd SOD (Sigma) in the range from 0 to 0.935 U/ml of
p� hosphate buffer. One unit of SOD inhibited the rate of
MTT reduction by 50% generated by the xantine/xan-
t

�
ine oxidase system at 25o4 C

&
, pH 7.8.

S
5

erum GPx assay. Serum concentration of GPx was
measured by using Bioxytech pl-GPx Enzyme Immu-
n� oassay (Oxis International Inc., Portland, OR, USA)
a
 ccording to the manufacturer’s method. Briefly, sam-
p� les of serum were incubated in the wells (96-well
m" icroplate) which were coated with polyclonal anti-
b

'
odies specific for human plasma GPx. The presence

o� f GPx was detected by means of a biotinylated-poly-
c
 lonal second antibody to pl-GPx. The final step of the
a
 ssay was based on amplification by biotin-streptavidin
c
 oupling with strepavidin covalently linked to alkaline
p� hosphatase. The amounts of pl-GPx were measured
a
 fter enzymatic revelation with para-nitrophenyl-phos-
p� hate (pNPP). The absorbance was read at 405 nm in
t

�
he microplate reader. The detection limit was 2.5

ng/ml.
Data analysis. Data were expressed as mean ± SD.

A
�

 statistical analysis was performed using the two-tailed
Mann-Whitney U test. Statistical significance was set
a
 t p<0.05.

Results and Discussion

As can be seen from Fig. 1., neutrophils isolated
f

�
rom the blood of patients with liver cirrhosis exhibited

significantly decreased resting (not induced in vitro)
	

Fig. 1. S
D

uperoxide anion production by blood
neutrophils of patients with alcoholic liver cir-
rhosis, chronic pancreatitis and concomitant cir-
rhosis and pancreatitis. Neutrophils isolated
from peripheral blood were incubated at 37o4 C
without any induction (resting activity) or
PMA-induced, and the amounts of superoxide
anion were estimated by the NBT method as
described in Materials and Methods. *Statisti-
cally significant difference in comparison with
control at p<0.05 in the Mann-Whitney U test
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a
 nd PMA-induced O2
•– production. In contrast, the neu-

t
�
rophils of patients with chronic pancreatitis and with

c
 oncomitant cirrhosis and pancreatitis produced more
superoxide anions spontaneously and after PMA induc-

t
�
ion. These results confirmed the observations of other

a
 uthors that, in liver cirrhosis, blood leukocytes ex-
hibited a defect in superoxide anion production after
t

�
reatment with PMA and that this effect did not depend

Fig. 2. Antioxidative enzyme activity in sera of
patients with alcoholic liver cirrhosis, pancreatitis
and concomitant cirrhosis and pancreatitis. *Stat-
istically significant difference in comparison with
control at p<0.05 in the Mann-Whitney U test
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o� n the cirrhosis etiology, viral or alcoholic. This defect
w$ as considered responsible for the increased suscepti-
b

'
ility of cirrhotic patients to viral and bacterial infec-

t
�
ions10, 17, 20, 23, 41.

The increased production of superoxide anion by the
b

'
lood neutrophils of patients with pancreatitis observed

i
�
n our study is also in agreement with the observations

o� f other authors indicating that the leukocytes of pa-
t

�
ients with pancreatitis are preactivated in vivo probably

b
'
y cytokines or enzymes, such as elastase, released by

injured pancreatic tissue, and in vitro e� xhibit an en-
hanced ability to ROS production. Excessive amounts
o� f ROS produced by neutrophils can, in addition to the
ROS generated by ethanol in pancreatic tissue, partici-
p� ate in pancreatitis progression and also in the systemic
m" anifestation of the disease, particularly in the lungs,
liver and blood1, 6, 8, 16, 25, 32, 33, 35, 43. Considering the
results of our study, we would like to extend the above-
-mentioned observations on the patients with concomi-
t

�
ant alcoholic cirrhosis and pancreatitis. We detected

t
�
hat their blood neutrophils, similarly to patients with

p� ancreatitis, spontaneously produced in vitro more
superoxide anion and after induction with PMA. It
seems likely that also an in vivo excessive production
o� f ROS can participate in tissue injury.

In our study we also measured the total activities of
SOD, CAT and GPx concentration in the sera of pa-
t

�
ients with alcoholic liver cirrhosis, chronic pancreatitis

a
 nd concomitant cirrhosis and pancreatitis. As shown
in Fig. 2, total SOD activity was highest in the sera of
p� atients with chronic pancreatitis and in patients with
liver cirrhosis. In the sera of patients with concomitant
c
 irrhosis and pancreatitis, SOD activity was a little
lower, but still significantly higher in comparison with
t

�
he healthy controls. As SOD catalyzes the dismutation

o� f O2
•– to H2O

#
2, but CAT and GPx catalyze degradation

o� f H2O
#

2 to water and O2, we also measured the serum
a
 ctivity of CAT and detected a statistically significant
i

�
ncrease in CAT activity in the sera of patients with

a
 lcoholic cirrhosis or chronic pancreatitis, but not in
p� atients with concomitant cirrhosis and pancreatitis.
G

-
Px concentration was comparable to the controls in

p� atients with liver cirrhosis and concomitant cirrhosis
a
 nd pancreatitis, but significantly lower in patients with
c
 hronic pancreatitis. It seems likely that, in patients
w$ ith chronic pancreatitis and concomitant cirrhosis and
p� ancreatitis, the imbalance between prooxidant/antiox-
idant factors is the highest.

T
�

he role of ROS in the etiopathology of pancreatitis,
independent of its origin (gallstones, idiopathic or alco-
h

�
ol), was confirmed by experiments in which a signifi-

c
 ant elevation of AOE in plasma was detected. For

e� xample, increased CAT12 and Mn SOD3
�

5 a
 ctivities
w$ ere observed in patients with acute pancreatitis, which
c
 orrelated with peripheral plasma markers of peroxida-
t

�
ion. Also, in chronic pancreatitis, increased CuZn SOD

in plasma was detected15. In contrast, patients with al-
c
 ohol-related chronic pancreatitis had low levels of
m" any antioxidant factors, such as vitamin E, vitamin
A, selenium and plasma GPx42. In our experiments we
e� xamined the total activity of CAT, which was charac-
t

�
erized by its activity in the decomposition of hydrogen

p� eroxide to form H2
� O

#
 and O2

� . This method has been
u* sed by other authors12. In fact, we confirmed that in
p� atients with pancreatitis, serum CAT activity was
higher than in healthy persons. However, in contrast to
t

�
he papers mentioned above concerning the increase of

C
&

uZn SOD and Mn SOD activity in pancreatitis, in our
e� xperiments we measured the total SOD activity. There
a
 re 3 types of SOD: CuZn SOD (SOD1), mainly intra-
-cellular, mitochondrial Mn SOD (SOD2), and extra-
c
 ellular SOD (SOD3), being the glycosylated form of
SOD145. While our method did not distinguish these
d

!
ifferent types, plasma SOD can be a mixture of SOD3

a
 s well as other types released from injured cells, such
a
 s duct and islet pancreatic cells or endothelial cells
i

�
nduced by cytokines15, 35. Such SOD release from pan-

c
 reatic tissue can effect, as observed by other authors,
a
  significant decrease of SOD activity in the pancreas
a
 ccompanied by a high level of SOD in the pancreatic
j

)
uice8, 15, 35.

In the case of GPx, we used the immunoenzymatic
m" ethod, which allowed us to detect only one form of
t

�
his enzyme, extracellular human plasma GPx, which

d
!
iffers from the other GPx by its primary sequence and

g� lycosylation3
�
7. Despite the method used, our results

a
 re also in agreement with the results of other authors
w$ ho in experimental L-arginine-induced pancreatitis,
d

!
etected a significant reduction of GPx activity in pan-

c
 reatic tissue7
E
, and with results indicating a low GPx

a
 ctivity in the sera of patients with alcohol-related
c
 hronic pancreatitis4

�
2. It seems likely that, independent

o� f the etiology of pancreatitis, the reduction of intracel-
lular and extracellular GPx activity is a general phe-
n� omenon.

O
#

ur results indicating an increased total SOD activ-
i

�
ty in the sera of patients with alcoholic cirrhosis par-

t
�
ially confirm the observations of other authors that, in

c
 hronic alcoholics the serum activity of Mn SOD sig-
nificantly increases3

�
8, 39.

H
/

owever, our results indicating serum concentra-
t

�
ions of GPx in patients with cirrhosis comparable to

t
�
he control are not in agreement with the observations

o� f other authors who detected a decreased GPx activity
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i
�
n the erythrocytes of patients with cirrhosis11. It is

p� ossible that the intracellular and extracellular forms of
G

-
Px are differentially regulated and by different factors

i
�
n the organisms of patients with alcoholic cirrhosis,

a
 nd the in erythrocytes the activity of GPx can be de-
c
 reased, but in sera could be normal.

W
F

e also detected a significantly increased CAT ac-
t

�
ivity in the sera of patients with liver cirrhosis. Our

results are not in agreement with a paper13 in which no
significant changes in serum activity of CAT was ob-
served in patients with cirrhosis. However, its authors
d

!
id not discriminate between compensated and decom-

p� ensated cirrhosis. In our experiments only patients
w$ ith the compensated form of cirrhosis, in which the
A

�
OE system was still able to react to increased liver

p� roduction of ROS during metabolism of alcohol were
included in the study. It should be noted that patients
in our study had not abstained before admission to hos-
p� ital.

Summing up, neutrophils of patients with concomi-
t

�
ant alcoholic liver cirrhosis and pancreatitis exhibited,

similarly to those of patients with chronic alcoholic
p� ancreatitis, an enhanced ability to produce superoxide
a
 nions in vitro. It is possible that excessive ROS pro-
d

!
uction by neutrophils can participate in the injury of

p� ancreatic tissue in such patients. We detected that anti-
o� xidant enzyme activity was also significantly changed.
Total SOD activity was enhanced in all 3 groups of
p� atients with alcoholic liver cirrhosis, chronic pancre-
a
 titis and concomitant injury of both organs. CAT ac-
t

�
ivity was only increased in the sera of patients with

liver cirrhosis or pancreatitis, but not in the patients
w$ ith concomitant cirrhosis and pancreatitis. GPx con-
c
 entration was only diminished in the group of patients
w$ ith chronic pancreatitis. It seems likely that oxidative
stress, defined as imbalance between prooxidant and
a
 ntioxidant activity, is strongest in patients with chronic
p� ancreatitis and especially, in patients with concomitant
c
 irrhosis and pancreatitis.
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