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Summary

Purpose: Overproduction of reactive oxygen species 
(ROS) intermediates above the functional capability of cel-
lular antioxidants may result in instability of important mac-
romolecules and represents the molecular basis of many dis-
eases including inflammation processes, cardiovascular al-
terations, cancer etc. The purpose of this study was to deter-
mine plasma level of superoxide anion, hydrogen-peroxide 
and malondialdehyde (MDA) as markers of oxidative stress 
and activities of superoxide dismutase (SOD), catalase (CAT) 
and glutathione peroxidase (GPx) as antioxidant enzymes in 
B-chronic lymphocytic leukemia (B-CLL) patients.

Methods: The study included 29 untreated B-CLL pa-
tients in stage A, and 21 in stages B and C, classified accord-
ing to the Binet system; 31 healthy volunteers formed the 
control group. After centrifugation of heparinized peripheral 
blood, plasma levels of all investigated parameters were de-
termined using spectrophotometric methods.

Results: Plasma CAT activity was increased in B-CLL 
patients compared with control subjects; also, progression of 
disease was related with significantly higher plasma activi-
ty of CAT. Also, B-CLL patients showed significantly higher 
plasma concentration of MDA compared with controls. No 
statistically significant differences of superoxide anion and 
hydrogen peroxide as well as plasma activity of SOD and 
GPx between the tested groups were noted.

Conclusion: Increase of CAT activity in B-CLL patients 
indicates that there is stimulation of the antioxidant enzyme 
system, while the increase of MDA concentration shows in-
creased lipid peroxidation level. According to these results 
it could be concluded that an imbalance exists between oxi-
dants and antioxidants in the plasma of B-CLL patients.
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Introduction

CLL is a predominantly clonal B cell neoplasm of 
small, resting, long-living B-cells. Despite recent ad-
vances in the understanding of the genetics [1], biology 
[2], clinical behavior [3] and treatment [4], there is no 
established treatment for CLL and its progression and 
outcome are highly unpredictable. Expansion of malig-
nant cells leads to their accumulation in the peripheral 
blood, bone marrow and many tissues. These cells are 
functionally defective and immunologically distinct 
from normal B cells [5]. The clinical course of B-CLL 
is highly heterogeneous, ranging from less than 2 years 
in symptomatic patients with advanced disease to more 

than 20 years for patients with an early stage and non-
progressive disease [6]. Although the pathogenesis of 
B-CLL is not fully elucidated, the progressive increase 
of lymphocyte count coupled with the very low pro-
portion of proliferating cells has led to the notion that 
B-CLL may be determined by defective apoptosis [7]. 
The precise mechanisms underlying apoptosis still re-
main largely unknown. Dysregulation of p53, c-myc and 
bcl-2 oncogenes can be a cause of defective apoptosis in 
B-CLL [8]. And, even though the B-CLL cells molecular 
alterations involving different oncogenes and tumor sup-
pressor genes have been established, the role of oxida-
tive stress in the pathogenesis of this disease is poorly 
understood and remains a matter of research [9].
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Helsinki. B-CLL was diagnosed by established clinical 
criteria and confirmed by immunophenotypic analysis 
for the expression of CD5, CD19 and monoclonal im-
munoglobulin in accordance with NCI Working Group 
Guidelines [17]. The clinical staging was based on the 
Binet system [18]. Twenty-nine stage A B-CLL patients 
(12 females and 17 males, median age 65.8 years, range 
53-82), 21 B and C stage B-CLL patients (9 females and 
12 males, median age 64.7 years, range 55-79) and 31 
healthy control subjects (13 females and 18 males, me-
dian age 65.3 years, range 51-81) were included into the 
study. Most of the patients were newly diagnosed cases. 
Previously diagnosed patients had not received antileu-
kemic treatment at least 6 months prior to the investi-
gation. The controls were healthy volunteers without 
known acute and chronic diseases. Exclusion criteria for 
all subjects were positive parameters of systemic inflam-
mation (erythrocyte sedimentation rate, serum fibrino-
gen and C-reactive protein levels) due to other aetiolo-
gies or positive anamnestic data for other illnesses that 
might have influenced the investigated parameters (e.g. 
autoimmune diseases, acute and chronic infections, sys-
temic and local inflammations, etc). All subjects (pa-
tients and controls) were nonsmokers, without alcohol 
abuse problems, and none of them performed regular 
exercise other than daily activities. Also, nobody was 
receiving any systemic and topical treatment (corticos-
teroids, cyclosporine A, etc) within 6 months prior to the 
initiation of the investigation.

Blood sampling

All blood samples were obtained in the morning 
and collected in polystyrene tubes. Heparinized periph-
eral blood (10 ml) was centrifuged at 400 g for 10 min 
to separate plasma and cells. The plasma aliquots were 
stored at -80° C until analysis. Hemolyzed samples 
were excluded.

Determination of antioxidant enzymes

Superoxide dismutase (Cu-Zn SOD) and GPx ac-
tivities were estimated using Ransod and Ransel kits, 
supplied by Randox Laboratories, Ardmore, Northern 
Ireland, UK. The samples were processed differently 
for the two enzymes according to the instructions of the 
manufacturer.

Determination of Cu-Zn SOD

This assay employs xanthine and xanthine oxi-
dase to generate superoxide anion which reacts with 
2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl tetrazoli-

An increasing body of evidence shows that oxidative 
stress may be involved in both initiation and promotion of 
multistage carcinogenesis [10]. Overproduction of ROS 
intermediates above the functional capability of cellular 
antioxidants may result in instability of important mac-
romolecules, and represents the molecular basis of many 
diseases including inflammation processes, cardiovascu-
lar alterations and cancer [11]. ROS are chemically active 
molecules generated endogenously during various cellu-
lar metabolic activities. In mammalian cells, mitochondria 
are the major intracellular source of ROS generation [11]. 
Overproduction of ROS can result in detrimental cellular 
damage including lipid peroxidation, DNA adduct forma-
tion, protein oxidation and enzyme inactivation that ulti-
mately lead to cell death. Diverse cellular ROS, such as 
superoxide anion (O2

–), hydrogen peroxide (H2O2), and 
hydroxyl radical (OH∙), have long been thought as harm-
ful by-products of life of an aerobic environment. ROS are 
highly reactive and potentially toxic compounds, capable 
of modifying and damaging several types of cellular mac-
romolecules including lipids, proteins and DNA, ultimate-
ly leading to cytotoxicity and mutagenesis [11]. Therefore, 
cells have evolved elaborate defense systems to counteract 
the toxic effects of ROS. These include both nonenzymat-
ic (glutathione, pyridine nucleotides, ascorbate, retinoic 
acid, thioredoxin and tocopherol) and enzymatic (such as 
SOD, CAT, GPx and peroxyredoxin) pathways that limit 
the rate of oxidation and thereby protect cells from oxida-
tive stress [12,13]. Notwithstanding, evidence is emerg-
ing that ROS also act as signals or mediators in many cel-
lular processes, such as cell proliferation, differentiation, 
apoptosis and senescence [14]. The redox environment of 
a cell may alter the balance between apoptosis and mito-
sis by affecting gene expression and enzyme activity [15]. 
Consequently, cellular redox state is increasingly accepted 
as key mediator of multiple metabolic, signaling and tran-
scriptional pathways essential for normal cellular function, 
cell survival and apoptosis [16].

In line with these facts the aim of our study was to 
determine plasma levels of superoxide anion, hydrogen-
peroxide and MDA as markers of the oxidative stress in 
B-CLL patients and also to determine potential altera-
tions in the antioxidant enzymatic system that are be-
lieved to play a central role in this process.

Methods

Patients and controls

The local ethics committee approved the study and, 
prior to initiation, written informed consent was ob-
tained from all subjects according to the Declaration of 
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min under standard conditions (25° C, pH 7.0). CAT 
activity was expressed as enzyme activity (kU/L).

Superoxide anion and hydrogen peroxide determination

The plasma values of superoxide anion and hy-
drogen peroxide were measured using sprectrophoto-
metric methods [22,23]. Absorbances were registered 
using spectrophotometer (LKB Biochrom Ultrospec 
4050, Cambridge, England). Concentrations of both 
ROS were calculated using mathematic formulas [22, 
23] and results were expressed as nmol/mL.

MDA determination

The lipid peroxidation product MDA concentra-
tion in plasma was determined by thiobarbituric acid as-
say according to the protocol of Ohkawa et al. [24] us-
ing spectrophotometer LKB Biochrom Ultrospec 4050, 
Cambridge, England. The concentration of thiobarbitu-
ric acid reactans (TBARs) was calculated according to 
the mathematic formula described by Ohkawa et al. [24] 
and the results were expressed as nmol/mL.

Statistical analysis

The results were expressed as mean ± standard 
deviation (SD). Statistical analysis was done using the 
SPSS package (Statistical Package for the Social Sci-
ences version 11.0. for Windows). Statistical signifi-
cance was assessed by the Student’s t test. The mean ± 
SD values of all parameters between the groups were 
compared using analysis of variance (ANOVA). The 
differences were consider to be significant when p-
value was less than 0.05 and highly significant when 
p-value was less than 0.01.

Results

No statistically significant differences of SOD plas-
ma activity between all tested groups were noted (stage 
A B-CLL: 6.52 ± 0.50 kU/L, B+C stages B-CLL: 6.52 ± 
0.38 kU/L, control 6.68 ± 0.47 kU/L, p > 0.05; Figure 1). 
Also no significant differences were seen between plas-
ma GPx activity of the control group (674.1 ± 165.0 U/L) 
and both B-CLL patients groups (stage A: 628.3 ± 177.0 
U/L and B+C stage: 669.5 ± 196.1 U/L; Figure 2). Sig-
nificant changes of plasma CAT activity among the inves-
tigated groups were registered (control vs. B+C stages: p 
<0.01 and A vs. B+C stages: p <0.01). Namely, the lowest 
value of CAT activity was detected in the control group 
(19.9 ± 3.2 kU/L), higher value was seen in the A stage B-

um chloride (INT) to form red formazan dye [19]. SOD 
activity is then measured by the degree of inhibition of 
this reaction. One unit of SOD activity is defined as the 
amount of enzyme that causes a 50% inhibition of the 
rate of reduction of INT observed in the blank. Reagent 
blank was assayed with 0.01 M phosphate buffer pH 
7.0. The standard curve was prepared using serial dilu-
tions of 4.0 U/mL SOD. SOD activity was then mea-
sured at 37° C at 505 nm (Olympus AU 600, Tokyo, Ja-
pan) and expressed as enzyme activity (kU/L).

Determination of GPx

The assay was performed according to the meth-
od of Paglia and Valentine [20]. GPx catalyses the oxi-
dation of glutathione by cumene hydroperoxide. In the 
presence of glutathione reductase and nucleotide ad-
enine dinucleotide phosphate (NADPH), the oxidized 
glutathione is immediately converted to the reduced 
form with oxidation of NADPH to NADP+ and the de-
crease in absorbance was read at 340 nm (Olympus 
AU 600, Tokyo, Japan). One unit of GPx activity is de-
fined as the amount of enzyme that causes oxidation of 
1 nmol/L NADPH per min in the presence of the spe-
cific substrate. GPx activity was expressed as enzyme 
activity (U/L).

Determination of CAT activity

The method of Goth [21] was used to spectropho-
tometrically estimate CAT activity in the samples. De-
termination of CAT activity is based on the ability of 
CAT to break two molecules of hydrogen peroxide into 
two molecules of water and oxygen. Hydrogen perox-
ide is a substrate of CAT. If there is as an assumption 
that the activity of CAT is directly proportional to the 
amount of the hydrogen peroxide used in the reaction 
over a period of time (min), then the difference in the 
amount of hydrogen peroxide in the reaction before and 
after the addition of the enzyme (CAT) represents the 
activity of CAT. The concentration of hydrogen perox-
ide can be determined spectrophotometrically in the 
presence of ammonium molybdate. Reaction of hydro-
gen peroxide with ammonium molybdate generates a 
yellow, stable and complex compound, the absorbance 
of which is read at 405 nm wavelength (LKB Biochrom 
Ultrospec 4050, Cambridge, England). The amount of 
hydrogen peroxide used in the catalyst reaction was 
presented as difference in the concentrations of hydro-
gen peroxide in the reaction before and after CAT was 
introduced in the reaction mixture. The unit for CAT 
activity was expressed as the amount of CAT that de-
composes 1 μmol of hydrogen peroxide (substrate) per 
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1.58 nmol/mL and stages B + C: 12.2 ± 2.36 nmol/mL) 
but without statistical significance (p > 0.05, Figure 4). 
Interestingly, progression of disease was followed with 
increase of superoxide anion plasma levels, but also with-
out significant differences (stage A vs. B stages+C, p > 
0.05). Although our investigation showed that control 
subjects had higher plasma levels of hydrogen peroxide 

CLL patients (21.8 ± 5.2 kU/L), while the highest value 
of CAT activity was detected in the plasma of the B + C 
stages of disease (37.1 ± 4.1 kU/L; Figure 3).

During this research we determined the markers of 
oxidative stress damage. The control group plasma lev-
els of superoxide anion (8.52 ± 0.74 nmol/mL) was less 
than in both groups of B-CLL patients (stage A: 10.24 ± 
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Figure 1. Activity of superoxide dismutase (SOD) in plasma of sta-
ges A and B+C CLL patients and control subjects are represented by 
mean ± SD. Control group vs. both CLL patient groups, p >0.05.

Figure 3. Activity of catalase (CAT) in plasma of stages A and B+C 
CLL patients and control subjects are represented by mean ± SD. 
Control group vs. B+C stages, p<0.01. A vs. B+C stages, p <0.01.
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Figure 5. Concentration of hydrogen peroxide (H2O2) in plasma of 
stage A and B+C CLL patients and control subjects are represented 
by mean ± SD. Control group vs. both patient groups, p >0.05.

Figure 2. Activity of glutathione peroxidase (GPx) in plasma of stag-
es A and B+C CLL patients and control subjects are represented by 
mean ± SD. Control group vs. both CLL patients groups, p >0.05.

Figure 4. Concentration of superoxide anion radical (O2
–) in plas-

ma of A and B+C stage CLL patients and control subjects are repre-
sented by mean ± SD. Control vs. both patient groups, p >0.05.

Figure 6. Concentration of malondialdehyde (MDA) in plasma of 
stage A and B+C CLL patients and control subjects are represent-
ed by mean ± SD. Control group vs. stage A, p <0.01 and control 
group vs. stages B+C, p <0.001.
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patients with B-CLL there was a statistically significant 
decrease in the activity not only of SOD but also of GPx, 
as well as an increase in the MDA concentration.

During this research we measured the plasma 
level of hydrogen peroxide. We detected insignificant 
higher value of plasma hydrogen peroxide in the con-
trol group than in the groups of B-CLL patients with 
gradually decreased levels with disease progression. 
There are several possible explanations of this phe-
nomenon. In plasma, hydrogen peroxide originates 
not only from B lymphocytes but also from other cells. 
Moreover, it is known that plasma albumin performs 
detoxification of many free radicals, among them hy-
drogen peroxide, and this process is more intense in B-
CLL patients than in healthy subjects [29]. The mech-
anism of this phenomenon is still not known. In addi-
tion, B-CLL lymphocytes express and release CAT as 
the most important enzyme in detoxication of hydrogen 
peroxide more than healthy lymphocytes [29]. In our 
study we showed that there was a significant increase 
of CAT activity in plasma of B-CLL patients compared 
with control subjects. This enzyme, localized in cell 
peroxisomes, catalyzes the disintegration of two mol-
ecules of hydrogen peroxide in molecules of water and 
oxygen. Because of its primarily peroxisomal local-
ization it is not involved in the regulation of cell redox 
potential [30]. However, the enzyme could also have 
an extracellular localization [31] and proved to act as a 
potential antioxidant. According to these facts, the de-
crease of hydrogen peroxide level in the plasma of B-
CLL patients, shown in our study, might be caused by 
increased activity of CAT.

GPx is a selenoprotein which reduces lipidic or 
nonlipidic hydroperoxides, as well as hydrogen per-
oxide, while oxidizing glutathione. In our study we 
showed that there was a mild trend of decreasing GPx 
plasma activity in B-CLL patients but comparison 
found that the differences between the groups were not 
statistically significant. The results of other studies are 
in accordance with our results. Namely, Bakan et al. 
[28] also showed decreased serum activity of GPx in 
patients with CLL. Similar findings were obtained in 
some different types of tumors. Arivazhagan et al. have 
shown decreased GPx activity in the serum of gastric 
cancer patients [32].

The process of lipid peroxidation is one of oxida-
tive conversion of polyunsaturated fatty acids which are 
important for normal function of most mammalian cells. 
MDA is one of the end-products of lipid peroxidation 
induced by ROS and well correlated with the degree of 
lipid peroxidation [33]. Lipid peroxidation of cellular 
structure may play an important role in the pathogene-
sis of many pathological processes such as carcinogen-

(1.00 ± 0.23 nmol/mL) than both investigated groups of 
B-CLL patients (stage A: 0.93 ± 0.14 nmol/mL and stag-
es B+C: 0.91 ± 0.11 nmol/mL), no statistical significance 
was noted (p >0.05, Figure 5). Figure 6 illustrates signifi-
cantly higher plasma concentration of MDA in all groups 
of B-CLL patients compared with healthy controls (con-
trol: 1.37 ± 0.41 nmol/mL, stage A: 2.81 ± 0.56 nmol/mL, 
stages B+C: 2.86 ± 0.77 nmol/mL; control vs. stage A, p 
< 0.01 and control vs. stages B+C, p < 0.001).

Discussion

A small amount of reactive oxygen radicals is con-
stantly produced in the body as a consequence of aero-
bic metabolism. The chemical reactions of the radicals 
with unsaturated fatty acids of lipids, proteins or amino 
acid chains, remainings of both base and sugar nucle-
otides and nucleic acids are directly responsible for the 
excessive production of free radicals, resulting in oxi-
dative damage of different cells. A disturbance of oxi-
dative metabolism is a common feature of transformed 
tumor cells [25]. Both the alterations of antioxidant en-
zymes and increase in the production of ROS have been 
described to contribute to tumorigenesis [26].

Our results indicate that oxidative stress and lipid 
peroxidation are accelerated in patients with B-CLL. 
Also, in the present study we investigated the SOD, 
CAT and GPx activities in the plasma of CLL patients 
in order to obtain a comprehensive view of the cancer 
patient antioxidant enzyme machinery.

There is great heterogeneity in lymphocytic pro-
duction of superoxide anion among patients of differ-
ent clinical stages. The most likely explanation of this 
phenomenon lies in the fact that B-CLL cells of patients 
of different clinical stages have different metabolic ac-
tivities. There is evidence that B-CLL cells produce 
a larger amount of superoxide anion than the cells of 
healthy subjects [27], which is in accordance with our 
results. Namely, we detected higher levels of superox-
ide anion in the plasma of B-CLL patients than in the 
control group with increasing plasma levels with pro-
gression of disease. Monitoring the activity of SOD in 
plasma of B-CLL patients and comparing the values of 
the control group we demonstrated that there are no sta-
tistically significant differences between these tested 
groups. This finding may be an additional confirmation 
that the plasma concentration of superoxide anion of 
patients primarily depends on the metabolic activities 
of B-CLL lymphocytes, but not so much on the activity 
of SOD which metabolizes superoxide anion in known 
enzymatic antioxidative cascades. Unlike us, a group of 
Turkish researchers [28] has shown that in the serum of 
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