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Oxidative stress in blood in cases of untreated refractory anaemia
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Summary

Purpose: To examine some features of free radical
processes in the blood of patients with untreated refractory
anaemia (RA) and to interpret their pathogenetic role.

Patients and methods: Products of the lipid peroxida-
tion (malondialdehyde-MDA) in whole blood, some antioxi-
dant systems — superoxide dismutase (SOD) in erythrocytes,
catalase (CTS) activity and the concentration of sulfhydryl
groups (SHG) in whole blood, as well as the spontaneous
and stimulated chemiluminescent activity of polymorpho-
nuclear leucocytes (PMNL), reflecting the production of
oxygen free radicals, were studied in the blood of 21 pat-
ients suffering from untreated RA (study group) and in 45
healthy individuals (control group).

Introduction

An important role for the development of my-
elodysplastic syndromes (MDS) plays the damaged
apoptosis of immature bone marrow cells and the
mature cells in the peripheral blood [1-4].

Amongst the probable reasons is the develop-
ment of free-radicals processes in the blood cells [5].
Oxidative stress damages DNA in CD34+ cells in the
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Results: Increased content of MDA (p <0.001), lowered
level of CTS activity (p <0.001) and concentration of SHG
(p <0.05), increased SOD activity (p <0.05) and an increase
in the spontaneous PMNL oxidative activity (p <0.05) were
found in the study group compared with the control group.

Conclusion: Strong oxidative stress was recorded in
the blood of patients with untreated RA. An assumption was
made that the initial iron overload helps the initiation of
free radical oxidative processes in blood, accompanied with
spontaneous activation of PMNL. Erythrocyte membranes
probably are the main target for oxidative attack.

Key words: antioxidants, chemiluminescence, lipid peroxi-
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bone marrow [6] and the function of bone marrow
stroma [7], causes cytogenetic abnormalities [8], and
damages apoptosis of haematopoietic bone marrow
cells [6]. The positive results of the treatment of MDS
with antioxidants such as amifostine are proofs for the
crucial role of oxidative stress in the pathogenesis of
MDS [5,9].

RA is one of the most widely encountered MDS.
Ineffective erythropoiesis in cases of RA results in iron
metabolism disorders, leading to chronic iron over-
load in the organism. Apart from this, there is a higher
reabsorption of iron and inevitable blood transfusion
requirements [10,11]. An increased content of serum
iron and lower iron-binding capacity, increased satu-
ration of transferrin, increased serum and erythrocyte
ferritin, and presence of non-transferrin-bound redox-
active iron in the serum are reported as early as RA
is diagnosed [10,12]. After a continuous transfusion
therapy even higher levels of the above mentioned
parameters are reported [10,11]. The development of
transfusional iron overload makes the prognosis worse
and decreases patients’ chance of living [13].

The chronic and progressing iron overload in
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cases of RA creates conditions for the development
of free-radical processes.

The aim of this study was to examine the exis-
tence of free radical processes in the blood of patients
with newly diagnosed, untreated RA and to interpret
their pathogenetic role in this condition.

Patients and methods

Study group

Twenty-one untreated nonsmokers patients (13
men, 8, women) with RA, aged from 20 to 75 years
(mean 45 £ 7.6) were examined. Their mean values
of haemoglobin, serum iron and total iron-binding
capacity were 71.0 £ 10.0 g/L, 35.5 + 2.4 pkmol/L,
and 43.3 £+ 1.8 pkmol/L, respectively. The cytogenetic
bone marrow analysis did not reveal any chromosome
abnormalities. The patients selected did not have any
other clinically or paraclinically expressed disease and
did not take any drug during the study.

Control group

The control group consisted of 45 healthy asymp-
tomatic nonsmokers (20 males, 25 females), aged from
18 to 58 years (mean 42 = 5.3). Their mean haemoglo-
bin was 134.0 + 3.0 g/L, and the mean serum iron and
total iron-binding capacity were 18.2 + 4.6 pkmol/L
and 61.5 + 3.1 pkmol/L, respectively.

Blood samples

Five ml of whole fasting venous blood were taken
for investigation. The haematological parameters were
measured using Technicon H-1 Analyzer. Serum iron
and the total iron-binding capacity were estimated by
a colorimetric method with ferozyne (Roche Diagnos-
tics, GmbH Roche Laboratory Systems, Mannheim,
Germany).

Lipid peroxidation products

The level of lipid peroxidation in blood was
estimated by the concentration of malondialdehyde
(MDA) in whole blood, measured spectro-photometri-
cally according to the Asakawa and Matsushita method
[14]. The initially obtained data were normalized by
the red blood cells count per milliliter of blood sample,
since the major subject of peroxidation were the lipids
of their membranes.

Study of some antioxidant systems

The antioxidant capacity of blood was estimated
by determining the superoxide dismutase (SOD) ac-
tivity in erythrocytes using the method of Maral et al.
[15]. The results are presented per milliliter of blood
sample. Since the number of erythrocytes in the blood
samples are different, these data were additionally
normalized according the erythrocyte number in the
sample. The total catalase (CTS) activity of blood was
measured by the method of Cohen et al. [16], and the
total concentration of thiol groups (SHG) according
to Ellman [17]. The results obtained are presented per
milliliter of blood sample.

Chemiluminescent studies of polymorphonuclear
leukocytes (PMNL) oxidative activity

Resting and stimulated oxidative activity of blood
PMNL, which represents the generation of activated
oxygen forms, were estimated by chemiluminescent
method. The chemiluminescence from whole blood
samples was measured by a 6-sample luminometer
[18]. For the measurement of resting PMNL activ-
ity each sample contained 15 pkL of the investigated
blood in 3 mL luminol solution (6.6 pkmol/L) in
Krebs-Ringer phosphate buffer (pH 7.4). Luminol is
used as luminescent enhancer. For stimulated PMNL
activity 0.5 mL zymosan suspension (2 mg zymosan/
mL) was added to each sample. Zymosan (purchased
from Sigma), preliminary opsonised with pooled AB
human serum, was used as stimulating agent. Each
sample was tested simultaneously in triplicate. Since
the concentrations of haemoglobin in erythrocytes and
the number of PMNL in the blood samples are of great
importance to the registered intensity of chemilumi-
nescence, the initially acquired data in counts per min
(cpm) were normalized according the PMNL number
in the sample (cpm/10* PMNL) and corrected as to the
optic absorbance of haemoglobin by the method of
Ristola and Repo [19]. The chemiluminescent activity
of PMNL of each sample was estimated by the area
under the obtained kinetic chemiluminescent curve in
relative units (RU) for a period of 30 min.

Statistical analysis

Statistical processing of the results obtained was
carried out by the method of variation analysis. The
data obtained are presented as mean value + standard
error. A p-value <0.05 was considered as statistically
significant.



Results

Lipid peroxidation in the study group displayed
highly significant (p <0.001) larger concentration of
MDA compared to controls (Table 1). The antioxidant
capacity in the study group (SOD activity in erythro-
cytes) was statistically increased (p <0.05) and was
combined with highly significant decreased CTS ac-
tivity and concentration of blood sulthydryl groups.
The spontaneous oxidative activity of granulocytes
was statistically increased (p <0.05), but there was no
change in their stimulated oxidative activity.

Table 1. Results of the examined parameters

Parameter Control group  Study group  p-value
MDA (nmol/L) 476+03 10.05+1.2 <0.001
SOD (U/mL) 3.20+0.1 4.83+0.1 <0.05
CTS (kU/mL) 3.88+0.1 1.51+0.2 <0.001
SHG (pkmol/L) 4.00+£0.2 296+0.27 <0.05
Spontaneous chemi- 14427 28.8+ 7.8 <0.05
luminescence (RU)

Stimulated chemi- 1489+ 11.0 153.6+253 NS

luminescence (RU)

NS: nonsignificant
For abbreviations, see text

Discussion

Growing evidence leaves little doubt that oxida-
tive stress exists extra- and intracellularly in the bone
marrow and the peripheral blood in cases of MDS.

It is observed that in different components of the
blood cells the percentage of prooxidants (iron, tumor
necrosis factor (TNF-a)), homocysteine, oxygen free
radicals) grows and the products of lipid peroxidation
(lipid peroxides and MDA) are on the increase [5-8,
12,20].

In patients with RA Levina et al. [10] have found
reduced SOD and CTS activity in erythrocytes, and
decreased antioxidant activity of plasma. The authors
explained these changes with the prooxidant effect of
iron and recommended a simultaneous application of
desferrioxamine and antioxidants. Fracchiolla et al.
[8] also reported on abnormalities in the antioxidant
potential of blood (glutathione, glutathione peroxidase,
thiol groups, SOD, CTS) in various MDS. The glu-
tathione level in bone marrow mononuclear cells was
reported as lower [6]. Others, like Omata et al. [21] did
not observe any changes in erythrocyte SOD activity
of patients with MDS.
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Many authors reported on decreased stimulated
chemiluminescence activity of PMNL in MDS [22-
25].

We assume that the oxidative stress in blood in
cases of untreated RA is caused by the iron overload
and the increased spontaneous oxidative activity of
PMNL. The lipid peroxidation of the erythrocyte mem-
branes (as the dominating cell component in blood) is
a possible extra reason for the anaemic syndrome in
RA. It is not clear what provokes the increase in the
spontaneous oxidative activity of PMNL - products of
lipid peroxidation, oxygen free radicals, redox-active
iron, cytokines or other factors. There are proofs that
the oxygen free radicals from the spontaneously acti-
vated PMNL make the release of iron from its protein
complexes easier, especially in the presence of iron
overload [26,27]. Khwaja et al. [28] found that TNF-a
increases the stimulated oxidative activity of PMNL.
It is possible that it also stimulates the spontaneous
oxidative activity of PMNL.

The inevitable blood transfusion treatment,
along with the ineffective erythropoiesis, aggravates
the iron overload and hence the oxidative attack
against blood cells. Jensen et al. [11,29] showed
that continuous and systematic application of desfer-
rioxamine reduces the requirements of transfusions
in patients with MDS, while the number of platelets
and granulocytes grows.

According to our study, the decrease of extra-
and intracellular iron in the organism results in the
reduction of oxidative stress on the blood cells and
in the prolongation of their lifespan. An analogous
effect can also be expected from the application of
antioxidants.
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