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Summary: Cancer development includes three major steps, initiation, promotion and progression, in
which oxidative stress is involved. Oxidative stress is defined as an imbalance between the levels of prooxidants
and antioxidants in favour of the former and resulting in irreversible cell damage. We examined the lipid peroxidation levels and antioxidant enzyme activities in women diagnosed with different forms of uterine cell transformations in order to evaluate the extent of oxidative stress in the blood of such patients. Blood samples of
healthy subjects and gynecological patients were collected and subjected to assays for superoxide dismutase,
catalase, glutathione peroxidase, glutathione reductase and lipid hydroperoxides. The results show that alterations of the measured parameters vary with the enzyme type and diagnosis. However, both reduction in antioxidants and elevation of lipid peroxidation were observed in general. In addition, lipid hydroperoxide levels were
negatively correlated with superoxide dismutase and glutathione peroxidase activities, as well as positively correlated with catalase activity. The obtained results also show that perturbation of the antioxidant status is more
pronounced in blood of patients with premalignant (hyperplastic) and malignant (adenocarcinoma) lesions,
compared to those with benign uterine changes such as polypus and myoma.
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Introduction
Carcinogenesis is a complex multisequential
process leading a cell from a healthy to a precancerous state, and finally to an early cancerous stage.
Cancer development includes three major steps, initiation, promotion and progression, in which oxidative stress is involved. Generally speaking, oxidative
stress is defined as an imbalance between the level of
prooxidants and the antioxidant defence system, in
favour of the former, and resulting in irreversible cell
damage (1’3).
When produced in excess, reactive oxygen species (ROS) can seriously alter the structure of biomolecules, such as proteins, lipids, lipoproteins, and
deoxyribonucleic acid (DNA). Oxidative DNA damage
may participate in ROS-induced carcinogenesis (4). A
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common form of damage is the formation of hydroxylated bases of DNA, which are considered an
important event in chemical carcinogenesis (4). This
adduct formation interferes with normal cell growth
by causing genetic mutations and altering normal
gene transcription. Several different pathways by
which oxidative DNA damage leads to mutations
have been proposed, including chemical modification of nucleotide moieties in DNA causing alteration
in their hydrogen bonding, exacerbation of polymerase-specific hot spots, conformational change in
the DNA templates, and the induction of a DNA polymerase conformation that is error prone (5). Formation of 8-hydroxy-2’-deoxyguanosine (8-OhdG), an
oxidative modification of DNA produced by hydroxylation in the C-8 position of deoxyguanosine residues
by the hydroxyl radical (6), has been used as a measurement of oxidative DNA damage.
Cellular fatty acids are readily oxidized by ROS
to produce lipid peroxyl radicals and lipid hydroperoxides (7). Lipid peroxyl radicals can subsequently
propagate into malondialdehyde (MDA). The formation of lipid damage may result in several possible
sequelae, including protein oxidation (7). These lipid
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radicals can diffuse through membranes, thus modifying the structure and function of the membrane and
resulting in a loss of cell homeostasis. In addition,
lipid peroxides may bring about an interaction with
cellular DNA and cause the formation of DNA-MDA
adducts.
Proteins are also easily attacked by ROS directly or indirectly through lipid peroxidation. Protein radicals can be rapidly transferred to other sites within
the protein infrastructure. This can result in further
modification of enzyme activity, stimulation or inhibition (8, 9). In addition to enzymes, damage to the
membrane transport proteins may produce cellular
ionic homeostasis and lead to alterations in intracellular calcium and potassium that will trigger a series
of changes in the cell (10). Changes to receptor proteins and gap junction proteins may also modify signal transfer in cells. In selective cases, alterations of
protein structure may allow the target protein to be
further attacked by proteinases (11). Thus protein
oxidative damage can result in modifications in the
structure, enzyme activity, and signaling pathways.
Signal transduction or cell signaling is a process
enabling information to be transmitted from the outside of a cell to various functional elements inside the
cell. Signals sent to the transcription machinery responsible for expression of certain genes are normally
transmitted to the cell nucleus by a class of proteins
called transcription factors. Many recent studies have
shown that numerous oxidation-reduction reactions
in the cell are involved in regulating several cell functions. According to their nature, quantity, source, and
production kinetics in the cell, ROS affect cell regulation differently. The boundary between positive and
negative ROS effects is hard to define according to
the cell type studied (12). The same concentration
may or may not trigger deregulation of signal transmission, with desirable or undesirable effects. For
example, activation of factor NFkB is positive when it
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triggers apoptosis, but negative when it causes expression of genes coding for proinflammatory agents
(cytokines).
This duality depends on the cell type and also on
the cell’s antioxidant status. In this perspective, glutathione plays a prime role in maintaining a redox status that is optimal for the cell and in regulating transcription genes. In terms of cancer prevention, antioxidant strategies enabling the cell to maintain this optimal state as long as possible can be envisaged.
Antioxidant status in blood of patients
with transformed endometrial cells
Deleterious effects of reactive oxygen species
(ROS) and lipid peroxidation (LPO) products are
counteracted by the antioxidative defense system
(AOS), which consists of nonenzymatic antioxidant
molecules such as tocopherol, carotenoids, ascorbate, glutathione (13) and antioxidant enzymes: superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), glutathione reductase (GR) and
glutathione transferase (GST). SOD, the first line of
defense against oxygen free radicals, catalyzes the
dismutation of superoxide anion radical into hydrogen peroxide (H2O2), which can be transformed into
water and oxygen by CAT or GPx. Besides hydrogen
peroxide, GPx also reduces lipid or nonlipid hydroperoxides while oxidizing glutathione (GSH). The oxidized GSH is then reduced by GR (14). Antioxidants
show different patterns during neoplastic transformation and tumor cells exhibit high variability of antioxidant enzymes (AOE) activities, when compared to
their appropriate normal cell counterparts (15).
Endometrial carcinoma is the most frequently
diagnosed malignancy of the female genital tract. It is
often preceded by histopathologic lesions known as
endometrial hyperplasia (16), which denotes a set of
mixed epithelial and stromal proliferations (17), and is
generally considered a precursor of endometrial cancer. According to the current World Health Organization (WHO) nomenclature, four categories of
endometrial hyperplasia exist: simple (SH), complex
(CH), simple atypical (SAH), and complex atypical
(CAH). Recently, a new concept of classification (EIN
nomenclature) has been proposed by Mutter et al
(18), based on integrated morphological, genetic,
molecular, cell biological, and morphometrical studies, according to which three disease categories are
discerned: benign hyperplasia, endometrial intraepithelial neoplasia (EIN) and cancer (19).
Although endometrial hyperplasia is regarded
as a preliminary stage of endometrioid carcinomas
(20), there is a lack of data on the relationship between oxidative stress and antioxidant enzymes in
such patients. Some investigations have so far revealed elevated levels of lipid peroxidation and perturbed

Jugoslov Med Biohem 2006; 25 (4)

AOE activities in peripheral circulation and tissues of
women with benign and malign diagnosis. Chiou and
Hou (21) reported lowered plasma and erythrocytes
SOD activity of both uterine cervicitis and myoma
patients, while the activities of CAT and GPx were elevated in cervicitis patients and lowered in myoma
patients. Similar observations on erythrocytes SOD,
CAT and GPx activities of cervicitis patients were
made by Manoharan et al (22), whereas activities of
examined enzymes decreased in cervical cancer
patients. Previous results of Kolanjiappan et al (23)
and Manoharan et al (24) also demonstrated elevated
levels of lipid peroxidation, lowered concentrations of
GSH, vitamin E and CAT, disturbed antioxidant status as well as altered Na+K+-ATPase activity in erythrocytes of cervical cancer patients.
In the current study, we examined the level of
lipid peroxidation in plasma and AOE activities in the
blood cells of patients diagnosed with following diseases: uterine myoma (a hard benign growth that
forms on the muscle layer), endometrial polypus
(localized overgrowths of the endometrium that project into the uterine cavity), hyperplasia simplex, hyperplasia complex and adenocarcinoma in order to
evaluate the extent of oxidative stress in the blood of
such patients.
Results
Comparing data for the level of lipid hydroperoxides and antioxidant enzyme activities among six
diagnosis groups, all parameters showed significant
variations of the obtained values (Kruskal-Wallis,
LOOH: H=28.38, df=5, p<0.001; SOD: H=46.83,
df=5, p<0.001; CAT: H=16.58, df=5, p<0.01; GPx:
H=48.77, df=5, p<0.001, GR: H=37.92, df=5,
p<0.001).
Compared to controls, moderate elevation of
lipid hydroperoxides concentration was observed in
patients diagnosed with polypus endometrii or uterine myoma (4% and 27%, respectively, p>0.05),
whereas it was significantly higher in both types of
hyperplasia (SH: 41%, CH: 52%, p<0.001) and adenocarcinoma (57%, p<0.01). Also, patients with simple hyperplasia had more increased levels of LOOH
than patients with polypus (p<0.05).
Superoxide dismutase activity was 26% (p<0.05)
and 20% (p>0.05) lower in polypus and myoma
patients respectively than in controls; and it was also
significantly decreased in patients with hyperplasia
simplex (42%, p<0.001), hyperplasia complex (45%,
p<0.001) and adenocarcinoma (53%, p<0.01). Significant difference (p<0.05) between patients with hyperplasia or adenocarcinoma and the patients with
myoma was also observed.
Compared with controls, it was found to be
slightly elevated in the blood of subjects with polypus,
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myoma, hyperplasia simplex and adenocarcinoma
(3%, 9%, 12% and 10%, respectively, p>0.05), and
significantly elevated (24%, p<0.01) in subjects with
hyperplasia complex. Among the groups, CAT activity differed between patients diagnosed with hyperplasia complex and polypus endometrii (p<0.05).
Patients with endometrial polyp had 26% higher
GPx activity (p<0.05) than controls, while in other
patient groups the activity was 7% lower (p>0.05) in
uterine myoma; 27% and 35% (p<0.001) in hyperplasia simplex and complex respectively, and 37%
(p<0.01) in adenocarcinoma subjects. Also, patients
with either form of hyperplasia or adenocarcinoma
had significantly decreased GPx activity (p<0.05)
when compared to patients with polypus.
Compared to control values, significant reduction
of GR activity was recorded in all examined groups:
polypus endometrii: 65%, uterine myoma: 44%, hyperplasia simplex: 52%, hyperplasia complex: 51%,
(p<0.001), and adenocarcinoma 51% (p<0.01). No
significant difference (p>0.05) was found among
patients with either form of diagnosis.
Plasma level of lipid hydroperoxides negatively
correlated with SOD (r=’ 0.33, p<0.001) and GPx
activity (r=’ 0.42, p<0.001), and positively correlated
with CAT activity (r=0.28, p<0.01). Also, no correlation was found between lipid hydroperoxides and GR
activity.
Discussion
In neoplastic transformation, antioxidant enzyme activities have shown different patterns and they
are highly variable in tissues and blood of patients
with different types of cancer (25 ’27).
This study indicates that antioxidant defense
mechanisms are impaired in human uterine diseases,
and it also points to elevated levels of lipid peroxidation products, as markers of oxidative stress, in the
plasma of such patients. Namely, in all examined
groups higher levels of LOOH were recorded than in
controls, though the elevation was not significant
only in patients with polypus endometrii. The observed changes are in accordance with other findings
where elevated lipid peroxidation was reported for
patients with uterine cervicitis or myoma (21) or cancer patients (28, 23). We also observed that circulating levels of lipid hydroperoxides are generally higher in subjects with either form of hyperplasia or adenocarcinoma than those found in polypus or myoma
patients. Since oxygen radical production, which elevates lipid peroxidation, increases with the clinical
progression of diseases (29, 30), this observation
might indicate that patients with hyperplasia or adenocarcinoma potentially have a wider extent of cellular membrane degeneration (31) or DNA damage
(32) than patients with myoma or polypus endometrii. The increase in LOOH may also be due to the
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impaired antioxidant system as observed in the previous studies (26, 22).
Superoxide dismutase, a scavenger of superoxide anions, along with catalase and glutathione peroxidase, the preventive antioxidants, plays a very important role in protection against lipid peroxidation. In this
study, SOD activities were lowered in blood of all examined patient groups than in healthy subjects. Besides, the decrease of SOD activity was much more
pronounced in hyperplasia or adenocarcinoma patients than in subjects with polypus or myoma, thus
making those individuals more vulnerable to oxidative
stress. Decreased SOD activity in plasma of gynecological patients was also reported by Bhuvaraharamurthy et al (33), Chiou and Hou (21), Manoharan et al
(22). Reduction of SOD activity may be due to an increased endogenous production of ROS as evidenced
by increased lipid hydroperoxides. Also, it may be related to the consumption of activated enzymes during
prolonged oxidative stress. In support of this observation, plasma LOOH were found to be negatively correlated with SOD activities in the examined patients.
Compared with controls, significant elevation of
CAT activity was recorded only in patients with hyperplasia complex, while mild elevation was observed in
the other groups. However, GPx activity was significantly increased only in patients with polypus endometrii. Other groups had lowered GPx activity, which
was significant for the subjects diagnosed with either
form of hyperplasia or adenocarcinoma. The observed changes also point to different antioxidant defense properties in various gynecological pathologies.
Previous studies have reported elevated CAT and GPx
activities in cervicitis patients (21, 22) and lowered
activities of these enzymes in myoma patients (21). In
cancer patients, both lowered (21, 22) and increased
(34) CAT activity in blood was observed.
Catalase is considered to play a predominant
role in protecting erythrocytes against oxidative stress
in relation to GPx (35, 36), although their significance
in H2O2 decomposition is still not clear (37). Also, it
is well known that reactive oxygen metabolites such
as hydrogen peroxide and superoxide anion increase
in various pathological conditions, and superoxide
anion radical inactivates CAT (38) and GPx (39). Decreased SOD activity, observed in this study, would
be expected to further elevate superoxide anion levels. Also, it was proposed that superoxide anion
channel allows the transport of superoxide and other
free radicals into the red cell, where they are deactivated by the erythrocyte antioxidant system (40). According to our results, in the blood of examined gynecological patients, CAT activity seems to be unimpaired and GPx enzyme seems to be more sensitive to
elevated levels of superoxide. In addition, lipid hydroperoxides were found to be positively correlated with
CAT and negatively correlated with GPx activities in
the examined patients.

Besides, decreased GPx activity recorded in all
groups except in polypus patients might also be due
to depletion of glutathione. Namely, oxidative stress
was shown to induce the efflux of oxidized glutathione, consequently decreasing its content in erythrocytes and leading to their shortened life span (41’
43). Similar observation was made by Manoharan et
al (22) for cervical cancer patients and it was further
supported with the finding of lowered glucose 6-phosphate dehydrogenase activity and NADPH production. Remarkably reduced glutathione reductase
activity recorded in our study is in accordance with
these observations. Also, reduction of erythrocyte
GPx and GR activities, besides GSH depletion, is considered responsible for increased heme degradation
as shown by Nagababu et al (37). Similar findings on
GPx and GR activities in our study could also point to
further deterioration of oxidative stress condition based on heme degradation in gynecological patients.
In summary, this study shows that patients with
polypus or myoma, or either form of hyperplasia or
adenocarcinoma, have enhanced lipid peroxidation
and altered activities of antioxidant enzymes in
peripheral blood circulation. Although alterations vary
with the enzyme type and diagnosis, both reduction
in antioxidants and elevation of lipid peroxidation
were observed in general. The lowered activity of
antioxidant enzymes in gynecological patients could
be a result of disturbed redox status, while elevated
lipid peroxidation seems to be a consequence of the
disease rather than its cause.
It is known that, in response to acute oxidative
stress, antioxidants may be consumed to prevent
oxidative damage, and then may be supplied through
the antioxidant network. However, in the cases of the
observed gynecological pathologies, it seems that
prolonged oxidative stress elevates free radical production and induces consumption of antioxidants,
which in turn further aggravate the free radical damage and increase the chance of developing uterine
cancer. Indeed, the results obtained in this study
show that observed changes of AO status in peripheral circulation of gynecological patients are more pronounced in premalignant (hyperplastic) and malignant (ACE) lesions, compared with benign uterine
changes (polypus and myoma). Further investigation
should determine whether lipid hydroperoxide levels
and AOE activities in blood of such patients might be
used as additional parameters in the clinical evaluation of gynecological disorders.
Generally speaking, monitoring the levels of
antioxidants as important markers in individuals may
be useful in the diagnosis of disease and in researching therapies and disease processes.
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ANTIOKSIDATIVNI BIOMARKERI I KANCEROGENEZA
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Kratak sadr`aj: Nastanak kancera odvija se u tri glavne faze (inicijacija, promocija i progresija) koje
uklju~uju oksidativni stres. Oksidativni stres defini{e se kao naru{avanje ravnote`e izme|u nivoa prooksidanata
i antioksidanata, u pravcu pove}anja nivoa prooksidanata, {to za posledicu ima nastanak ireverzibilnih o{te}enja
}elija. Da bismo procenili nivo oksidativnog stresa u krvi pacijentkinja sa dijagnozom razli~itih formi transformacije uterusa, ispitivali smo nivo lipidne peroksidacije i aktivnost antioksidativnih enzima. Prikupljeni su uzorci krvi zdravih `ena i pacijentkinja i u njima je odre|ivana aktivnost enzima: superoksid dismutaze, katalaze, glutation peroksidaze, glutation reduktaze, kao i nivo lipidnih hidroperoksida. Rezultati pokazuju da promene ispitivanih parametara variraju u zavisnosti od vrste enzima i dijagnoze. Me|utim, mo`e se uop{teno re}i da je
zapa`eno sni`enje antioksidativne aktivnosti i pove}anje nivoa lipidne peroksidacije. Pored toga, nivo lipidnih
hidroperoksida je negativno korelisan sa aktivno{}u superoksid dismutaze i glutation peroksidaze i pozitivno
korelisan sa aktivno{}u katalaze. Dobijeni rezultati tako|e pokazuju da je naru{avanje antioksidativnog statusa
u krvi izra`enije kod pacijentkinja sa premalignim (hiperplazija) i malignim (adenokarcinom) lezijama, u pore|enju sa pacijentkinjama kod kojih su benigne promene uterusa dijagnostikovane kao polip ili miom.
Klju~ne re~i: antioksidativni enzimi, biomarkeri, kancer

References
1. Pajovi} S, Peji} S, Kasapovi} J, Radoj~i} M, Borojevi}
N, Rado{evi}-Jeli} Lj . Role of superoxide dismutase in
individualization of breast cancer radiation therapy protocols. Arch Oncol 2003; 11: 191’ 2.

9. Bellomo G, Mirabelli F, Richelmi P, Orrenius S. Critical
role of sulfhydryl group(s) in the ATP-dependent Ca2+
sequestration by the plasma membrane fraction from
rat liver. FEBS Lett 1983; 163: 136 ’ 9.

2. Kanazir DT, Pajovi} SB, Radoj~i} MB. Molecular mechanism of stress-induced cardiovascular disease. Serbian Academy of Sciences and Art: Monographs Vol.
DCLV, 2004: 1’94.

10. Kerr LD, Inoue J, Verm IM. Signal transduction: the
nuclear target. Curr Opin Cell Biol 1992; 4: 496’501.

3. Pajovi} SB, Kasapovi} J, Peji} S, Stankovi} J, Borojevi}
N, Rado{evi}-Jeli} Lj. Superoxide dismutase profile in
circulation of breast cancer patients as a predictive
assay in radiotherapy. Iugosl Physiol Pharmacol Acta
2004; 40: 151’ 8.
4. Breimer LH. Molecular mechanisms of oxygen radical
carcinogenesis and mutagenesis: the role of DNA base
damage. Mol Carcinogenesis 1990; 3: 188 ’ 97.
5. Feig DI, Reid TM, Loeb LA. Reactive oxygen species in
tumorigenesis. Cancer Res 1994; 54: 1890s ’ 4s.
6. Floyd RA. 8-Hydroxy-2’-deoxyguanosine in carcinogenesis. Carcinogenesis 1990; 11: 1447’50.
7. Rice-Evans C, Burdon R. Free radical ’ lipid interactions
and their pathological consequences. Prog Lipid Res
1993; 32: 71’110.
8. White AA, Crawford KM, Patt CS, Lad PJ. Activation of
soluble guanylate cylase from rat lung by incubation or
by hydrogen peroxide. J Biol Chem 1976; 251: 7304 ’
12.

11. Davies KJA. Intracellular proteolytic systems may function as secondary antioxidants defenses: a hypothesis.
J Free Radic Biol Medicine 1986; 9: 155 ’73.
12. Nelson RL. Dietary iron and colorectal cancer risk. Free
Radic Biol Med 1992; 12: 161’ 8.
13. Briviba K, Sies H. Nonenzymatic antioxidant defense
systems. In: FREI B (ed). Natural Antioxidants in Human Health and Diseases. San Diego, CA: Academic
Press, 1994: 107’ 28.
14. Yu BP. Cellular defenses against damage from reactive
oxygen species. Physiol Rev 1994; 74: 139 ’ 62.
15. Pajovi} SB, Cavri} G, Kasapovi} J, Todorovi} A, Peji}
S. Activities of superoxide dismutase and catalase in
cancerous and non-cancerous human kidney tissues. J
Med Sci 2002; 2: 234’6.
16. Mutter GL. Diagnosis of premalignant endometrial disease. J Clin Pathol 2002; 55: 326’31.
17. Longacre TA, Kempson RL, Hendrickson MR. Endometrial hyperplasia, metaplasia and carcinoma. In:
FOX H, WELLS M (eds). Obstetrical and Gynaecological Pathology. New York: Churchhill Livingstone,
1995: 421’ 510.

402 Pajovi} et al: Antioxidative biomarkers and cancerogenesis
18. Mutter GL. The Endometrial Collaborative Group. Endometrial Intraepithelial Neoplasia (EIN): Will it bring
order to chaos? Gynecol Oncol 2000; 76: 287’ 90.

31. Van Ginkel G, Sevanian A. Lipid peroxidation induced
membrane structural alterations. Methods Enzymol
1994; 233: 273 ’88.

19. Baak JPA, Mutter GL. EIN and WHO94. J Clin Pathol
2005; 58:1’ 6.

32. Toyokuni S. Oxidative stress and cancer: the role of redox regulation. Biotherapy 1998; 11: 147’54.

20. Hammond R, Johnson J. Endometrial hyperplasia.
Curr Obstet Gynaecol 2004; 14: 99 ’103.

33. Bhuvaraharamurthy V, Balasubramanian N, Govindasamy S. Effect of radiotherapy and chemoradiotherapy
on circulating antioxidant system of human uterine cervical carcinoma. Mol Cell Biochem 1996; 158: 17’23.

21. Chiou JF, Hou ML. Elevated lipid peroxidation and disturbed antioxidant enzyme activities in plasma and erythrocytes of patients with uterine cervicitis and myoma.
Clin Biochem 1999; 32: 189 ’ 92.
22. Manoharan S, Kolanjiappan K, Kayalvizni M. Enhanced
lipid peroxidation and impaired enzymic antioxidant
activities in the erythrocytes of patients with cervical
carcinoma. Cell Mol Biol Lett 2004; 9: 699 ’707.
23. Kolanjiappan K, Manoharan S, Kayalvizhi M. Measurement of erythrocyte lipids, lipid peroxidation, antioxidants and osmotic fragility in cervical cancer patients.
Clin Chim Acta 2002; 326: 143 ’ 9.
24. Manoharan S, Kolanjiappan K, KayalvizniA M, Sethupathy S. Lipid peroxidation and antioxidant status in
cervical cancer patients. J Biochem Mol Biol Biophys
2002; 6: 225 ’7.
25. Ahmed MI, Fayed ST, Hossein H, Tash FM. Lipid peroxidation and antioxidant status in human cervical carcinoma. Dis Markers 1999; 15: 283 ’91.
26. Hristozov D, Gadjeva V, Vlaykova T, Dimitrov G. Evaluation of oxidative stress in patients with cancer. Arch
Physiol Biochem 2001; 109: 331’6.
27. Abiaka C, Al-Awadif, Al-Sayer H, Gulshan S, Behbehani
A, Farghally M. Activities of erythrocyte antioxidant
enzymes in cancer patients. J Clin Lab Anal 2002; 16:
167’71.
28. Manju V, Kalaivani-Sailaja J, Nalini N. Circulating lipid
peroxidation and antioxidant status in cervical cancer
patients: a case-control study. Clin Biochem 2002; 35:
621’ 5.
29. Bagchi K, Puri S. Free radicals and antioxidants in
health and disease. East Mediterr Health J 1998; 4:
350 ’60.
30. Skrzydlewska E, Sulkowski S, Koda M, Zalewski B,
Kanczuga-Koda L, Sulkowska M. Lipid peroxidation
and antioxidant status in colorectal cancer. World J
Gastroenterol 2005; 11: 403 ’ 6.

34. Mila-Kierzenkowska C, Kedziora-Kornatowska K, Wozniak A, Drewa T, Wozniak B, Drewa S, et al. The effect
of brachytherapy on antioxidant status and lipid peroxidation in patients with cancer of the uterine cervix. Cell
Mol Biol Lett 2004; 9: 511’ 8.
35. Gaetani GF, Ferraris AM, Rolfo M, Mangerini R, Arena
S, Kirkman HN. Predominant role of catalase in the disposal of hydrogen peroxide within human erythrocytes.
Blood 1996; 87: 1595 ’9.
36. Mueller S, Riedel HD, Stremmel W. Direct evidence for
catalase as the predominant H2O2 -removing enzyme in
human erythrocytes. Blood 1997; 90: 4973 ’ 8.
37. Nagababu AE, Chrest FJ, Rifkind JM. Hydrogen-peroxide-induced heme degradation in red blood cells: the
protective roles of catalase and glutathione peroxidase.
Biochim Biophys Acta 2003; 1620: 211’7.
38. Kono Y, Fridovich I. Superoxide radical inhibits catalase. J Biol Chem 1982; 57: 1571’8.
39. Blum J, Fridovich I. Inactivation of glutathione peroxidase by superoxide dismutase radical. Arch Biochem
Biophys 1985; 240: 500 ’ 8.
40. Richards RS, Roberts TK, Mcgregor NR, Dunstan RH,
Butt HL. The role of erythrocytes in the inactivation of
free radicals. Med Hypotheses 1998; 50: 363 ’7.
41. Prchal JSK, Srivastava SK, Beutler E. Active transport
of GSSG from reconstituted erythrocyte ghosts. Blood
1975; 46: 111’7.
42. Thom SR, Kang M, Fisher D, Ischiropoulos H. Release
of glutathione from erythrocytes and other markers of
oxidative stress in carbon monoxide poisoning. J Appl
Physiol 1997; 82: 1424 ’32.
43. Sharma R, Awasthi S, Zimniak P, Awasthi YC. Transport of glutathione-conjugates in human erythrocytes.
Acta Biochim Pol 2000; 47: 751’ 62.

Received: August 15, 2006
Accepted: September 15, 2006

