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regulated cellular signaling

Regina Brigelius-Flohé

German Institute of Human Nutrition, Potsdam-Rehbruecke, 
Dept. Biochemistry of Micronutrients, Nuthetal, Germany 
e-mail: flohe@mail.dife.de 

Analysis of the selenoproteome identified at least 4 glu-
tathione peroxidases (GPxs) in mammals. These are: the 
cytosolic GPx (cGPx, GPx1), the phospholipid hydroper-
oxide GPx (PHGPX, GPx4), the plasma GPx (pGPX, GPx3) 
and the gastrointestinal GPx (GI-GPx, GPx2). In humans 
also GPx 6 is a selenoprotein. GPxs reduce hydroperoxides 
to the corresponding alcohols by means of GSH. For long, 
they have been considered to only act as antioxidant en-
zymes. Increasing evidence, however, suggests that nature 
has not created a redundancy of GPxs just to detoxify hy-
droperoxides. An antioxidant function of cGPx has been 
convincingly demonstrated in GPx1 knockout mice, their 
phenotype mimicking many aspects of selenium defi-
ciency. The role of the other GPxs is less well established. 
By overexpression and induction experiments unexpected 
links to redox-regulated transcription factors have been 
observed for both PHGPx and GI-GPx. PHGPx overex-
pression blocks NFκB activation, dampens leukotriene and 
prostanoid biosynthesis, prevents COX-2 expression at the 
transcriptional level, and is a pivotal factor in sperm matu-
ration and embryogenesis. GI-GPx has been identified as 
target for Nrf2, and, thus, is part of the adaptive response. 
Furthermore, there exists a clear inverse relationship be-
tween GI-GPx and COX-2 expression. It is concluded that 
cGPx, PHGPx and GI-GPx have adopted distinct roles, 
particularly in cellular defence mechanisms.
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The basic signature of the glutathione peroxidase (GPx) 

family is a catalytic triad composed of (seleno)cysteine, 
glutamine and tryptophan. The basic catalytic mecha-
nism consists in the oxidation of the active site selenolate 
or thiolate to a selenenic or sulfenic acid, respectively, 
which is reduced by a thiol compound, typically by GSH. 
Apart from these common denominators, an increasing 
diversity is emerging within the family. The name-giv-
ing specificity of mammalian (tetrameric) GPx-1 for GSH 
is predominantly achieved by electrostatic attraction of 
the substrate’s carboxyls by four arginines and a lysine, 
which are partially conserved in mammalian GPx-2 and 
3. In phospholipid hydroperoxide GPx (GPx-4) the pref-
erence for GSH appears to be due to two distinct lysines. 
Several GPx homologues from lower eukaryotes, insects 
and terrestric plants, however, are clearly specific for 
thioredoxin. They are characterised by being monomeric, 
being cysteine homologues of the selenoproteins, and to 
contain a second cysteine residue within a flexible loop 
that acts as primary reductant of the active site sulfenic 
acid. The disulfide intermediate thus formed is evidently 
the prerequisite for an efficient interaction with thiore-
doxin. Further, targeting of defined protein thiols by 
monomeric GPxs has been reported. The distinct peroxi-
datic efficiencies, specificities and catalytic mechanisms 
widen the scope of biological roles of GPxs far beyond the 
commonly invoked antioxidant defence.
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MtTPx was reported to dominate the defence against 
H2O2, other hydroperoxides and peroxynitrite at the ex-
pense of MtTrxB and C in M. tuberculosis. By homology, 
the enzyme was classified as an atypical 2-C-Prx, with 
C60 as peroxidatic cysteine (CP) forming a complex cata-
lytic centre with C93 as the “resolving” cysteine (CR). Site-
directed mutagenesis confirms C60 to be CP . Replacing 
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C93 by serine leads to fast inactivation in conventional 
activity determination. In stopped-flow analysis, how-
ever, wt-MtTPx and MtTPx C93S reduce peroxynitrite 
and react similarly fast with thioredoxins. Further, Mt-
TPx C93S remains stable for 10 min at a SIN-1- generated 
low flux of peroxynitrite and excess MtTrxB. LC-MS/MS 
analysis reveals disulfide bridges between C60 and C93 
in oxidized wt-MtTPx. However, pre-oxidized wt-MtTPx 
and MtTPx C93S when reacted with MtTrxB C34S or Mt-
TrxC C40S yield dead-end intermediates in which the Trx 
mutants are disulfide-linked to TPx C60. It is concluded 
that C93 is not involved in the catalytic cycle. Instead, Mt-
TPx reacts as a 1-C-Prx with C60 being the site of attack 
for both, the oxidizing and the reducing substrate. The 
role of C93 likely is to “park” the oxidation equivalents of 
the sulfenic acid state of CP in a disulfide bond to prevent 
over-oxidation of C60 under restricted supply of reduc-
ing substrate.
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Short motifs of many cis-regulatory-elements (CREs) 
can be found in the promoters of most eukariotic genes, 
and this raises the question of how their presence can 
confer specific regulation. We developed a universal 
algorithm to test the biological significance of CREs by 
first identifying every Arabidopsis gene with a CRE and 
then statistically correlating the presence or absence of 
the element with gene expression profile on multiple 
DNA microarrays. Our algorithm was able to filter 20 
out of 128 novel CREs which significantly correlated 
with gene induction by either heat, reactive oxygen spe-
cies and/or sucrose. Functionality of predicted novel 
CREs was experimentally confirmed. Our genome-wide 

analysis opens up new possibilities for in silicio verifica-
tion for the biological significance of newly discovered 
CREs, and allows for subsequent selection of such CREs 
for experimental studies. In second part of my presenta-
tion I will talk about the biological role of chloroplas-
tic (cp) glutathione peroxidases (GPXs, EC: 1.11.1.9) in 
plant stress responses. Our results suggest that inhib-
ited cpGPX expression is associated with metabolic and 
developmental changes in leaves. These changes lead 
to compromise photooxidative stress tolerance and a 
significantly increased resistance to virulent bacterial 
strains infection. Furthermore, 34 significantly changed 
out of GC/MS detected 355 metabolites, due to reduced 
cpGPX expression could be identified. It is concluded 
that cpGPXs expression play an important role in regu-
lation of both, photo-oxidative stress tolerance and basal 
resistance mechanisms.
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Cellular glutathione decreases in apoptosis and the ra-
tio reduced/oxidized glutathione (GSH/GSSG) changes 
during cell proliferation. Although the role of nuclear 
GSH in the synthesis of DNA and against oxidative 
damage is well known, little is known about the con-
centration of GSH in the nucleus. This is due to: 1) dif-
ficulty to determine the nuclear concentration of GSH 
using standard cell fractionation. 2) most reports share 
the common view of nuclear GSH distribution in a static 
situation when cells are confluent (G0/G1 phase of the 
cell cycle). We studied the possible correlation between 
nuclear glutathione levels and the progression of cell cy-
cle by fluorescence determination of its CMFDA (5-chlo-
romethylfluorecein diacetate) conjugate using confocal 
microscopy and by flow cytometry and protein expres-
sion of ID2 and p107. In proliferating cells, when 41% of 
them were in the S+G2/M phase of the cell cycle the GSH 
was located mainly in the nucleus. When cells reached 
confluence (G0/G1) it was localized in the cytosol. The 
nucleus/cytoplasm fluorescence ratio reached a maxi-
mal mean value of 4.2 ± 0.8 six h after cell plating. A ra-
tio higher than 2 was maintained during exponential cell 
growth. In the G0/G1 phase of the cell cycle the nucleus/
cytosol ratio decreased to values close to one. We report 
that cells concentrate GSH in the nucleus four fold, in 
early phases of cell growth, when most of the cells are 
in an active division phase, and that it redistributes uni-
formly between nucleus and cytoplasm when cells reach 
confluence.
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There is accumulating evidence for a key role of proteins in 
the propagation of biological damage by radical and non-
radical reactive intermediates derived from oxygen and ni-
trogen. Proteins are the most abundant organic constituents 
of cells, they react readily with all of the significant reactive 
species responsible for oxidative stress and the major prod-
ucts of their reactions are reactive protein groups able to 
propagate the damage to other cell components. The most 
extensively studied class of compounds in this category are 
protein hydroperoxides, which can directly damage DNA, 
enzymes, antioxidants and give rise to a range of new radi-
cals. In this study we have investigated the reactions of the 
precursors of protein hydroperoxides, protein carbon-cen-
tred radicals, with the important cellular antioxidants GSH 
and ascorbate. Both compounds were efficiently oxidized 
by protein carbon-centred radicals generated by primary 
reaction with hydroxyl or peroxyl radicals. Rather surpris-
ingly, the thiyl radical produced by oxidation of GSH by 
protein radicals failed to oxidize lipids in liposomes. This 
suggests that glutathiyl radicals generated in vivo in the 
presence of high protein concentrations are unlikely to oxi-
dize lipids, contrary to popular belief. The rate constants 
for reaction between protein radicals, GSH and ascorbate 
were measured by pulse radiolysis and flash photolysis. 
Protein radicals were selectively generated by the reaction 
between azide radicals and the Trp and Tyr residues in sev-
eral proteins in the absence of dioxygen. Rate constant for 
the reaction of lysozyme Trp radical with GSH was 1.05 × 
105 M–1s–1, while the values for chymotrypsin, insulin, β-
lactoglobulin and pepsin radicals ranged between 3 × 107 
and 1.8 × 108 M–1s–1. These results suggest that in cells GSH 
will be protected by ascorbate from oxidation by protein 
radicals, even when the concentration ratio of GSH:ascor-
bate may be as high as 100:1.
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The purpose of this study was to try and identify potential 

mechanisms linking the increased incidence of ischaemic 
heart disease (IHD), with the increased morbidity and 
mortality observed in rheumatoid arthritis (RA). Thirty 
three RA patients (18 with IHD and 15 without IHD) 
and 30 osteoarthritis patients (11 with IHD and 19 with-
out IHD) had RNA isolated from their peripheral blood 
mononuclear cells (PBMC). Three RNA pools from each 
of the four clinical groups were analysed on U133A Af-
fymetrix Genechip arrays. Clinical groups were validated 
on the basis of classical cardiovascular risk factors such 
as cholesterol and CRP. Oxidative stress response genes 
were increased in RA + IHD, particularly glutathione s-
transferase and DNA repair genes, BRCA1 and RAD54. 
Mitochondrial SOD and peroxiredoxin 2 were suppressed 
compared to RA-IHD. T cell associated genes were sig-
nificantly up-regulated and associated with increased T 
cell cytotoxicity. Genes associated with the abnormal ex-
pression of matrix metalloproteinases were also elevated. 
The pattern of gene expression in the RA-IHD group indi-
cated a significant perturbation of T cell signaling which 
appears to drive the clonal expansion of a sub-population 
of cytotoxic T cells, known to be involved in the destabili-
sation of atherosclerotic lesions.
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Oxidative damage to DNA has often been blamed as a pos-
sible basis for the physiological changes associated with 
ageing and degenerative diseases related to ageing such 
as cancer. We have demonstrated that the level of 8-oxodG 
in leukocytes’ DNA showed statistically significant correla-
tion with the age of the examined subjects (n = 256), and 
the level of urinary 8-oxoGua and 8-oxodG followed the 
same pattern. Age-dependent decline in the concentration 
of vitamin C, a small but statistically significant increase 
in the level of vitamin E and gradual increase of uric acid 
with age was observed. On the basis of the presented 
correlative association between oxidative DNA damage 
parameters and age it seems reasonable to state that the 
damage may be one of the substantial factors in human 
ageing. Furthermore, an inverse correlation of vitamin C 
concentrations with age is also consistent with the oxida-
tive stress hypothesis of ageing. In our recently published 
works have been found that the levels of oxidative DNA 
damage in leukocytes were significantly higher while the 
concentrations of the antioxidant vitamins were signifi-
cantly lower in colon and lung cancer patients than in con-
trol group. Moreover, the same direction of the changes 
has been found in patients with adenoma. This, in turn, 
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suggests that the changes in aforementioned biomarkers of 
oxidative stress are characteristic for cancer development. 
Results investigating relationship between oxidative DNA 
damage biomarkers and antioxidants in Alzheimer Disease 
(“pure” AD and mixed dementia) will also be presented.
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Skeletal muscle has a unique ability to adapt rapidly to 
changes in the pattern of activity that it performs. Follow-
ing unaccustomed and demanding contractile activity 
numerous structural and biochemical changes in muscle 
have been recognised to occur. During contractile activity 
skeletal muscle cells generate increased amounts of reac-
tive oxygen species (ROS) through a number of different 
pathways and we have obtained data that indicate these 
contraction-induced ROS modulate at least some of the 
adaptive responses that occur in skeletal muscle follow-
ing contractile activity. This process involves activation 
of redox-regulated transcription factors, such as AP-1, 
NFκB and HSF-1 and leads to increased expression of 
cytoprotective proteins that protect muscle cells against 
potential damage following subsequent rises in ROS ac-
tivity. During ageing of skeletal muscle there is evidence 
that this ability to adapt to contraction-induced ROS fails 
with consequent increase in oxidative damage to skeletal 
muscle associated with the age-related loss of muscle 
mass and function.
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Ageing and longevity are two multifactorial biological 
phenomena whose knowledge at molecular level is still 
limited. We have developed a clonal system of rat embryo 
fibroblast conditionally immortalized cell lines which un-
dergo senescence upon SV40 T antigen inactivation and we 
have cloned several senescence associated genes. Analysis 
of the function of one of the isolated genes, encoding for 
Clusterin/Apolipoprotein J (ApoJ), suggests that it is a 
novel survival factor. ApoJ is found over-expressed in vitro 
under a variety of stress conditions and in vivo in samples 
from patients suffering from various age-related diseases 
as well as in primary tumours which confer chemothera-

peutic drug resistance. In addition, it has been demon-
strated that inhibition of endogenous ApoJ expression by 
RNA interference sensitizes cells to cytotoxicity by activat-
ing the cellular apoptotic machinery (Cancer Res 64, 1834-
1842, 2004). We have also attempted an overall molecular 
and biochemical approach regarding proteasome func-
tion in replicative senescence and cell survival. We have 
observed reduced levels of proteasomal peptidase activi-
ties coupled by a decrease in the level of both 20S and 26S 
complexes in senescent cells. This phenotype is attributed 
to the down-regulation of the catalytic subunits of the 20S 
complex. Partial inhibition of proteasomes in young cells 
caused by treatment with specific inhibitors induced a se-
nescence-like phenotype, thus demonstrating the funda-
mental importance of the proteasome for retaining cellular 
maintenance and homeostasis. Stable over-expression of 
β5 subunit resulted in higher rates of assembled protea-
somes, increased levels of all three proteasome activities 
and enhanced survival following treatment with various 
oxidants. Importantly “proteasome activated” normal fi-
broblast exhibit a delay of senescence by approximately 
15–20% (J Biol Chem (2003) 278: 28026-28037; J Biol Chem 
(2005) 280: 11840-11850).
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Plant cells, similarly to animal cells, are permeated by a 
structural and functional continuum in which cell walls, 
plasma membrane and cytoskeleton (WMC) are linked to-
gether. This continuum serves as a means for the spatial 
organization of the cell and as a pathway for the transduc-
tion of signals from cell peripheries to the nucleus. In this 
way the WMC continuum serves as an excellent sensor of 
the cell’s mechanical environment. As plants are sessile, 
they are submerged in an “open nitrogen system” and this 
is also reflected by the multiplicity of NO sources, both 
enzymatic and non-enzymatic. S-nitrosylation of peptide 
cysteines is one of the commonest modifications affect-
ing protein function. We are particularly interested in the 
functioning of the WMC continuum in plants, both under 
normal and stress conditions. As recently a new apoplastic 
NO source has been identified, in this paper, the recent de-
velopments concerning the generation of NO and the pro-
tein modification by NO in plants will be reviewed. Some 
initial data showing the structural rearrangement of the 
WMC continuum under NO action will also be presented.
This research is supported by the Ministry of Science and Higher 
Education grant PBZ-KBN-110/P04/2004 to P.W.
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Increased level of hydrogen peroxide which can be used 
as an indicator for oxidative stress is produced within 
the plant cell in many processes taking place mainly 
in chloroplasts, peroxisome mitochondria, cytoplasm 
and apoplast. Hydrogen peroxide, being relative stable 
molecule is postulated to play a key role as the signal-
ling molecule, which is able to pass the signal between 
the cells and subcellular compartments. This compound 
enables stystemic acquired resistance (SAR), and sys-
temic acquired acclimation (SAA). It also regulates hy-
persensitive response (HR) and senescence processes. 
In experiments performed on the model plant Arabi-
dopsis thaliana it has been shown that hydrogen perox-
ide regulates the activity of many enzymes involved in 
several metabolic pathways. Catalase, one of the main 
enzyme responsible for removing hydrogen peroxide 
shows very strong diurnal fluctuations in its activity. 
LSD1 (Leasion simulating disease rezistance 1) gene 
is required for optimal catalase activity. Through this 
regulation LSD1 can influence the effectiveness of pho-
torespiration in dissipating excess light, and may be a 
key determinant of acclimatory processes. Catalase ac-
tivity affects also the morphogenic potential of M. crys-
tallinum calli. During the photosynthesis CO2 is fixed 
in chloroplasts in Calvin cycle and this is catalyzed by 
RubisCO (ribulosebisphosphate carboxylase/oxygen-
ase). In C4 and CAM (Crassulacean Acid Metabolism) 
plants it can be pre-fixed in process catalyzed by PEPC 
(phosphoenolpyruvate carboxylase). The induction of 
CAM in C3/CAM intermediate plants Mesembryanthe-
mum crystallinum is accelerated with some oxidative 
stress causing’ factors like salinity or high light and 
also after applying of hydrogen peroxide to the root 
medium. CAM metabolism can contribute to increase 
the level of activity of some antioxidative enzymes. 
The use of CAM deficient mutant of M. crystallinum in 
comparison to wild type plants enables to dissect the 
threats of CAM related engagement of the antioxida-
tive defence system. The oxidative stress level were 
compared on the base of enzymes involved in hydro-
gen peroxide generation and scavenging like catalase, 
superoxide dismutase, ascorbate peroxidase, guaiacol 
peroxidase and glutathione reductase. Involvement of 
hydrogen peroxide in CAM induction and its diel regu-
lation is discussed.
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mitochondria however, adult mitochondria 
do not produce any radicals

Hans Nohl1, Lars Gille1, Werner Stamberg1, Irina 
Zabbarova1, Katrin Staniek1, Andrey V. Kozlov2

1Research Institute for Biochemical Pharmacology and 
Toxicology, Veterinary, University of Vienna, Austria; 
2Ludwig Boltzmann Institute for Experimental and Clinical 
Traumatology, Vienna, Austria 
e-mail: Hans.Nohl@vu-wien.ac.at

Ground-state oxygen has two antibonding electrons in 
the 2pπ orbitals. Spin quantum numbers of electrons of 
an atom differ in their energy levels (Pauli Principle). To 
full up the vacant positions of the 2 outer orbitals with a 
pair of electrons having antiparallel spin, is not possible, 
unless a spin inversion occurs, which requires energy in-
put into the orbitals. Oxygen in its ground state is chemi-
cally invert, allowing the maintenance of otherwise oxi-
dizable biomolecules. Parallel spins have identical energy 
levels (Hund’rule). Therefore, oxygen in its ground state 
can only accept single electrons, giving rise to superoxide 
radical generation. This physical law is also valid for mi-
tochondrial respiration. There are a variety of arguments, 
claiming that isolated mitochondria produce ROS. This 
assumption is however, based on the physical isolation 
of mitochondria, from their natural environment. Under 
certain conditions SMP can be made to produce O2

.– There 
are however, critical considerations under which condi-
tions isolated mitochondria produce ROS. The isolation 
of mitochondria changes their bioenergetic parameters 
and affects the action of the respiratory chain. The use 
of non-physiological O2-concentrations and substrate 
concentrations affects coupling state and ROS-formation. 
Conflicting results can be a problem of inadequate ROS 
detection methods. We developed a non-invasive method 
which is 8 times more sensitive than the invasive method. 
We found that down-regulation of mitochondrial mem-
brane fluidity increases O2

.– generation. Due to a decrease 
of the flow rate from UQH2 to the Rieseke iron-sulfur pro-
tein. As a consequence, there is an increase of UQ.– over 
binding capacities.
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Liver peroxisomes release H2O2 into the 
cytoplasm via 4.5 nm microchannels: 
direct evidence for peroxisomes as 
essential oxidative stress source
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Background: Liver peroxisomes (PO) carry out a wide 
range of essential functions including the metabolism 
of fatty acids, glycolate and cholesterol. They produce 
H2O2 via several oxidases and contain large amounts of 
the H2O2 detoxifying enzyme catalase. The high catalase 
content of PO has lead to the general assumption that 
they not only destroy excess of the H2O2 they generate, 
but also play an important role in the overall detoxifica-
tion of cellular H2O2. This is probably the reason why PO 
have not obtained attention as potential toxic H2O2 source 
as compared to mitochondria thus contributing to liver 
pathologies such as NASH and ASH. Methods and Re-
sults: Using a novel ultra-sensitive approach (luminol/hy-
pochlorite) to measure H2O2, we studied the capacity of 
intact rat liver PO to handle H2O2 that is derived from the 
three relevant compartments: cytoplasm, para-crystal-
line cores and matrix. We used glucose oxidase (GOX) as 
an extra-peroxisomal H2O2 source. Urate oxidase (UOX, 
core) and glycolate oxidase (GlyOX, matrix) represent-
ed the two different localizations within the PO. While 
GlyOX-derived H2O2 was efficiently detoxified by cata-
lase, degradation of external H2O2 by GOX was 10 times 
slower. This slow degradation of external H2O2 was due 
to membrane diffusion barrier as membrane disruption 
by various detergents instantly increased the H2O2 deg-
radation rate. In contrast, UOX even released H2O2 into 
the surrounding cytoplasm. Electron microscopic stud-
ies with the electron-dense H2O2 dye cerium chloride on 
liver sections (50 µM) that were exposed to urate for 30 
min confirmed a direct cytoplasmic release of H2O2 by 
UOX. 4.5 nm tubules within the cores were identified as 
H2O2 releasing channels. Conclusions: Our studies show 
that PO are a central intracellular H2O2 source that are 
rather inefficient in detoxifying cytoplasmatic H2O2. We 
further demonstrate that H2O2 which signaling functions 
in mammalians are increasingly recognized is highly 
compartmentalized at the subcellular level.
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H2O2 signaling by redox modifications 
of cysteine residues
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Microbial H2O2 sensors are regulators of cellular H2O2 
homeostasis, being activated by oxidation when H2O2 lev-
els increase and setting the expression of oxidant-scaven-
gers in response to this increase. Such regulation, meant 
to prevent oxidative cellular damage has the hallmarks of 

a homeostatic control. In mammals, regulators activated 
by mechanisms similar to those of microbial H2O2 sensors 
are being described. However, their function is to regu-
late cellular pathways unrelated to H2O2 metabolism. The 
yeast S. cerevisiae Orp1-Yap1 and S. pombe Tpx1-Pap1 are 
two-component H2O2 sensors sharing an overall common 
mechanism of activation. Their regulatory component, 
the Yap1 and Pap1 transcription factors, are activated by 
reversible disulfide bond formation. H2O2-induced oxida-
tion of Yap1 and Pap1 is not direct involving respectively 
the thiol-based peroxidases Orp1, a GPx-like enzyme, 
and Tpx1, a peroxiredoxin, which relay the peroxide 
signal by means of a thiol-oxidation cascade. Orp1 and 
Tpx1 are thus peroxide sensors and redox transducers. 
Pap1 but not Yap1 activation is restricted within a narrow 
range of H2O2 concentration. This is due to Tpx1 oxida-
tion to an inactive cysteine-sulfinic acid form, eventually 
reversed by ATP-dependent reduction by sulfiredoxin. 
These mechanisms illustrate the built-in high specificity 
of cysteine-based redox regulation and suggest the exist-
ence of specific pathways of cysteine oxidation.

O10.16

Heme oxygenase-1 in oxidative stress 
and redox signaling: friend or foe? 

Józef Dulak

Department of Medical Biotechnology, Faculty of 
Biotechnology, Jagiellonian University, Kraków, Poland 
e-mail: jdulak@mol.uj.edu.pl

Heme oxygenase-1 (HO-1), a microsomal protein degrad-
ing heme to iron, carbon monoxide and biliverdin, sub-
sequently reduced to bilirubin by biliverdin reductase, is 
involved in protection of cells from the oxidative action of 
free heme. Both the activity of HO-1, as well as the effects 
exerted by its by-products extend, however, far beyond 
those degrading properties. Recently, others and we have 
shown that HO-1 induction is linked to numerous physi-
ological and pathological processes. HO-1 is involved in 
growth of organism, formation and functioning of blood 
vessels, neural transmission and reproduction. HO-1 ac-
tivity is beneficial in attenuation of atherosclerosis, hy-
pertension, diabetes, amelioration of neural injury and 
prevention of graft rejection. The protective attributes of 
HO-1 are related to the anti-inflammatory activities of its 
products and specific cell-protective functions, the best 
known for endothelial or neural cells. Recently it has been 
also demonstrated that biliverdin reductase is involved in 
signal transduction and cellular protection, working both 
as dual-specific kinase and transcription factor. However, 
our recent data clearly indicate that HO-1 expression is 
also the hallmark of tumor development and its resist-
ance to therapy. Induction of HO-1 in neoplastic cells 
may thus decrease the effectiveness of anti-tumor therapy 
and stimulate tumor growth by promotion of tumor cell 
proliferation and angiogenic activity. Therefore, inhibi-



112            2006Abstracts 

tion, not induction of HO-1 may be chosen as therapeutic 
modality in cancer treatment. The potential applications 
of chemical inhibitors of HO-1 activity as well as novel 
genetic approaches, such as siRNA against HO-1 and re-
lated pathways will be also discussed. 
Supported by PBZ-KBN 107/P04/2004.
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Non-haem iron proteins: new 
functions of old pals

Kamil Brzóska, Sylwia Męczyńska, 
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Iron-containing prostetic groups are found at the ac-
tive sites of a large number of enzymes, including those 
participating in crucial biological events, like DNA syn-
thesis and processing of dioxygen, an essential substrate 
of aerobic metabolism for most eukaryotes. In this sum-
mary, the emergence of novel regulatory and enzymatic 
roles of non-haem iron proteins will be discussed. Special 
emphasis will be put on iron-sulphur proteins, in which 
non-haem iron is coordinated with cysteine sulphur and 
usually. In most iron-sulphur proteins, the clusters func-
tion as electron-transfer groups in mediating one-electron 
redox processes and as such, they are integral components 
of respiratory and photosynthetic electron transfer chains 
and a host of redox enzymes and proteins involved in car-
bon, oxygen, hydrogen, sulphur and nitrogen metabolism. 
The most common types of cluster involve [2Fe2S], [3Fe4S] 
and [4Fe4S] cores and one or more of these units are found 
in more than 120 distinct classes of enzymes and proteins. 
Whereas participation of non-haem iron proteins in redox 
reactions is well established, recent reports show that the 
roles played by iron cofactors continue to expand beyond 
electron transfer. Here, we will discuss new functions of 
non-haem iron proteins and their participation in the con-
trol of gene expression at the transcriptional and post-tran-
scriptional levels, regulation of enzymatic activity, oxygen/
nitrogen sensing and finally, in DNA damage recognition 
and repair. The role of non-haem iron proteins in cellular 
response to oxidative stress will also be discussed.

O10.18

Modulation of the expressed 
proteome by antioxidants

Helen Griffiths1, Melissa Grant2,1

1Life and Health Sciences, Aston University, Aston Triangle, 
Birmingham, UK; 2Birmingham Dental School, University of 
Birmingham, Birmingham, UK 
e-mail: h.r.griffiths@aston.ac.uk

Oxidative stress and free radical production have been 

implicated in many chronic disease processes including 
Alzheimer’s disease and atherosclerosis. Low plasma 
concentrations of antioxidants such as vitamin C (ascor-
bate) have been shown to be associated with these dis-
eases. In order to further investigate the potential mecha-
nisms of ascorbate protection against chronic disease, we 
have adopted an holistic proteomics approach to generate 
novel hypotheses for future study. Using neuroblastoma 
SH-SY5Y cells which were treated with hydrogen perox-
ide as a model for Alzheimer’s Disease in the presence 
of ascorbate, the elevels of protein oxidation, glutath-
ione levels, cell viability and the effects on the proteome 
and its oxidized counterpart were monitored. SH-SY5Y 
cells treated with ascorbate prior to co-incubation with 
peroxide showed increased viability in comparison to 
cells treated with peroxide alone. This dual treatment 
also caused an increase in protein carbonyl content and 
a decrease in glutathione levels within the cells. Proteins, 
extracted from SH-SY5Y cells that were treated with ei-
ther ascorbate or peroxide alone or with ascorbate prior 
to peroxide, were separated by 2DE and analysed for oxi-
dation. Co-incubation for 24 h decreased the number of 
oxidised proteins (e.g. Acyl CoA oxidase 3) and induced 
brain derived neurotrophic factor (BDNF) expression. 
Enhanced expression of BDNF may contribute towards 
the protective effects of ascorbate against oxidative stress 
in neuronal cells.

O10.19

Degradation of arterial extracellular 
matrix by oxidants

Martin D. Rees1, Eleanor Kennett1, David 
I. Pattison1, Michael J. Davies1,2

1Free Radical Group, The Heart Research Institute, 114 
Pyrmont Bridge Road, Sydney, NSW 2050, Australia; 
2Faculty of Medicine, University of Sydney, Sydney, Australia  
e-mail: daviesm@hri.org.au

The extracellular matrix regulates the function of cells and 
plays a key role in maintaining the integrity of biological 
structures. A role for matrix damage in heart disease and 
atherosclerosis is supported by our detection of elevated 
levels of oxidised proteins in lesions with these being 
predominantly matrix-derived. Recent studies have im-
plicated myeloperoxidase, and the oxidants it generates, 
as a major risk factor for heart disease. This enzyme is re-
leased extracellularly by activated monocytes, and associ-
ates with matrix, potentially localizing damage to these 
materials. Evidence has also been presented for the forma-
tion of peroxynitrite in lesions, which may also damage 
matrix components. This presentation will review matrix 
damage induced by myeloperoxidase-derived oxidants 
and peroxynitrite. Hypochlorous acid generated by my-
eloperoxidase reacts rapidly with matrix materials to give 
N-chloro species in a concentration-dependent manner. 
These species decay in a time- and temperature-depend-
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ent manner, with the release of sugar and protein compo-
nents, and the formation of specific fragments. Damage is 
enhanced by species that increase the decomposition of 
N-chloro compounds (e.g. metal ions) and decreased by 
scavengers of these species. With peroxynitrite, evidence 
has been obtained for the mediation of HO•, with frag-
mentation of both model compounds and extracellular 
matrix detected. This oxidant-mediated extracellular ma-
trix damage may enhance atherosclerotic plaque rupture 
by weakening the fibrous cap of lesions.
References:
Biochem J (2003) 370: 729-735; Biochem J (2003) 376: 219-227; J Am 
Chem Soc (2003) 125: 13719-13733; Biochem J (2004) 381: 175-184; 
Biochem J (2005) 391: 125-134; J Am Chem Soc (2006) 128: 3085-
3097.
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Pro-atherogenic effects of 
phospholipid chlorohydrins
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The oxidation of low-density lipoprotein (LDL) is 
thought to contribute to atherogenesis, which is an in-
flammatory disease involving activation of phagocytic 
cells. Myeloperoxidase, an enzyme which is able to pro-
duce hypochlorous acid (HOCl), is released from these 
phagocytic cells, and has been found in an active form 
in atherosclerotic plaques. HOCl can oxidize both the 
lipid and protein moeity of LDL, and HOCl-modified 
LDL has been found to be proinflammatory, although 
it is not known which component is responsible for 
this effect. As HOCl can oxidize lipids to give chloro-
hydrins, we hypothesized that phospholipid chlorohy-
drins might have toxic and pro-inflammatory effects. 
We have formed chlorohydrins from stearoly-oleoyl 
phosphatidylcholine (SOPC), a phospholipid found 
abundantly in LDL, and investigated various biological 
effects of this oxidation product using both biochemi-
cal and physiological assays. SOPC chlorohydrin was 
found to deplete ATP levels in human myeloid cells, 
which was both time- and concentration dependent and 
correlated with a loss of viability using an MTT assay. 
Furthermore, the chlorohydrin increased leukocyte ad-
hesion to artery segments isolated from atherosclerotic 
(ApoE knockout) and normal mice (C57Bl/6), and this 
was also a time- and concentration-dependent effect. 
This effect could be inhibited by pretreatment of the ar-
tery segments with blocking peptides against ICAM-1 
and P-Selectin, but not VCAM-1. These results suggest 
that one way in which myeloperoxidase could contrib-
ute to atherosclerosis is by oxidizing LDL phospholipids 
to chlorohydrins, which stimulate ICAM-1- and P-Selec-
tin-dependent leukocyte-arterial adhesion.

O10.21

Flavonoids: antioxidants with pharmacological 
activity and toxicological properties

Aalt Bast1

1Department of Pharmacology and Toxicology, University of 
Maastricht, Maastricht, The Netherlands 
e-mail: a.bast@farmaco.unimaas.nl

A diet rich in flavonoids reduces the risk for oxidative-
stress related diseases. This has been associated with the 
antioxidant activity of flavonoids. We have employed this 
characteristic in developing a treatment with a flavonoid 
in preventing the cardiotoxicity of the cytostatic drug 
doxorubicin. Redox cycling of doxorubicin in heart tis-
sue is involved in its cardiotoxicity. It was suggested that 
both iron chelation as well as the antioxidant activity of 
the flavonoid 7-monohydroxyethyl rutoside (monoHER) 
could explain the cardioprotective effect of monoHER. It 
appeared that monoHER also displayed an anti-inflam-
matory effect, which might contribute to its action. The 
latter was further exploited in studying the effect of fla-
vonoids (viz. quercetin) in the treatment of the inflam-
matory disease sarcoidosis. In vitro studies demonstrate 
that oxidation products of quercetin react with thiols. 
This forms a paradox: highly reactive species are neutral-
ized by quercetine and an anti-inflammatory respone is 
evident, simultaneously however, more selective toxicity 
of the quercetin oxidation product might arise. This prod-
uct react with GSH. At low GSH concentrations, oxidized 
quercetin react with protein thiols.

O10.22

β-Carotene degradation products 
– formation and toxicity

Werner Siems1, Ingrid Wiswedel2, Costantino 
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After β-carotene (BC) failed in clinical efficacy trials, there 
is evidence that BC might have harmful effects at high 
dosages. Negative side effects might be mediated by BC 
breakdown products (BCBP). The authors postulated 
that BC is cleaved non-enzymatically by liberated oxi-
dants of polymorphonuclear leukocytes (PML) [1]. Even 
at nanomolar concentrations BCBP exert genotoxic effects 
[2,3]. Furthermore, BCBP impair mitochondrial function 
already in µM concentrations [4,5]. At 20 µM BCBP inhib-
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it ADP-stimulated respiration by about 50%. Moreover, 
during incubation of mitochondria with BCBP intramito-
chondrial GSH and protein SH decreased, and GSSG and 
MDA increased. These data may indicate a basic pro-oxi-
dative mechanism of high concentrated BC in situations 
of heavy oxidative stress. Both experiments, formation of 
BCBP by stimulated PML and impairment of mitochon-
drial respiration were repeated in presence of various 
antioxidants. It could be shown that PML mediated BCBP 
formation was reduced in presence of antioxidants. The 
inhibition of ADP-stimulated respiration by BCBP was 
also decreased in presence of antioxidants. This may un-
derline the health stabilizing and disease preventing role 
of antioxidant network [6,7].
References:
1. Sommerburg O et al. (2003) Free Radical Biol Med 35: 1480.
2. Alija A et al. (2004) Cancerogenesis 25: 827.
3. Alija A et al. (2006) Cancerogenesis.
4. Siems W et al. (2002) FASEB J16: 1289.
5. Siems W et al. (2005) J Nutr Biochemistry 16/7: 385.
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Melatonin as a free radical scavenger: 
implications for experimental medicine
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Melatonin is highly effective in reducing the molecular 
damage which is known as oxidative stress. Oxidative 
stress is a consequence of the continual bombardment 
of essential molecules with free radicals and associated 
reactants. Melatonin prevents oxidative stress because 
of its ability to efficiently scavenge reactive oxygen spe-
cies (ROS) and reactive nitrogen species (RNS). Mela-
tonin’s ability to directly neutralize the highly toxic hy-
droxyl radical (•OH) was documented using electron 
spin resonance spectroscopy; melatonin scavenges two 
•OH for every melatonin molecule and it does so with 
a rate constant of 2.7–4.0 × 1010 M/sec. One of the prod-
ucts that is generated during this process is cyclic 3-hy-
droxymelatonin (3-OHMel). Additional products that 
result when melatonin functions as a direct scavenger 
include N1-acetyl-N2-formyl-5-methoxykynuramine 
(AFMK) and N1-acetyl-5-methoxykynuramine (AMK). 
3-OHMel, AFMK and AMK are also effective in neu-
tralizing either ROS or RNS. Due to its ability to scav-
enge radicals, which are abundantly generated in mito-
chondria, in normal cells melatonin has been shown to 

be highly effective, both in vitro and in vivo, in reduc-
ing free radical-mediated, mitochondrial-dependent 
apoptosis. Melatonin prevents cellular morphological 
changes associated with apoptosis, reduces opening of 
the mitochondrial transition pore, curtails the release 
of cytochrome c, inhibit caspase activation and DNA 
laddering. Melatonin also stimulates several antioxi-
dative enzymes and prevents mitochondrial electron 
leakage. The ability of melatonin to inhibit excessive 
cellular loss has significant implications for a variety of 
diseases and, in particular, neurodegenerative diseases 
of the aged.

O10.24

Single- and two-electron reduction of 
nitroaromatic compounds by flavoenzymes: 
mechanisms and implications for 
mammalian cell cytotoxicity
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The toxic and/or therapeutic action of nitroaromatic 
compounds is attributed to their flavoenzyme-cata-
lyzed single-electron reduction (oxidative stress-type 
toxicity), or to their two-(four)-electron reduction to 
DNA-alkylating hydroxylamines. Dehydrogenases-
electrontransferases cytochrome P-450 reductase, ferre-
doxin:NADP+ reductase, NADH:ubiquinone reductase, 
adrenodoxin reductase/adrenodoxin, and flavocyto-
chrome b2 reduce nitroaromatics in a single-electron 
way. The obtained linear dependences of log kcat/Km on 
the single-electron reduction potential (E1

7) of nitroaro-
matics correspond to an ’outer-sphere’ electron-trans-
fer model. These data were used for the calculation of 
the E1

7 of previously uncharacterized nitroaromatic 
explosives. Dehydrogenases C-S-transhydrogenases 
(lipoamide dehydrogenase, glutathione reductase, Ara-
bidopsis thaliana thioredoxin reductase (TrxR)) reduce 
nitroaromatics via their FAD cofactor, or via FAD and 
SeCys (rat TrxR), in a single- or a mixed single- and two-
electron way. The reactivity of A. thaliana and rat TrxR 
increases with an increase in the E1

7 of nitroaromatics. 
Alkylating nitroaromatics may inactivate rat TrxR. Rat 
DT-diaphorase (NQO1) reduces nitroaromatics in a 
two-electron way, except the single-electron reductive 
N-denitration of tetryl and its analogues. The linear log 
kcat/Km vs E1

7 relationship in this reaction is scattered (r2 
~ 0.7), most probably due to the several binding modes 
of nitroaromatics in the active center of NQO1. Thus, 
the two-electron reduction of nitroaromatics by fla-
voenzymes may involve single-electron transfer steps. 
Nitroaromatic compounds exert mainly the oxidative 
stress-type cytotoxicity in FLK cells (250 U/mg NQO1), 
and in HL-60 cells (≤3 U/mg NQO1) (24 h incubation). 
The effects of dicumarol show that NQO1 performs a 
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minor and equivocal role in the FLK cell cytotoxicity 
of nitroaromatics. In 4–6 h experiments with HeLa and 
A549 cells, one may demonstrate the parallelism be-
tween the inactivation of TrxR by nitroaromatics and 
their cytotoxicity/ apoptosis induction.
This work was supported in part by the Lithuanian Science and 
Studies Foundation (project LISATNAS, and COST action B-22).

O10.25

New approaches for in situ 
labeling of cellular thiols
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Reduced glutathione (GSH) has emerged in the last dec-
ades as the main biomarker for monitoring oxidative 
stress in living cells. Environmental applications of this 
biomarker in microorganisms have more recently been 
reported [1]. Numerous non-separative and separative 
(HPLC, capillary electrophoresis) methods devoted to 
the measurement of GSH in cells have been described 
[1,2]. They include time-consuming, costly and tedious 
sample treatments, thus there is a need to develop in 
situ methods using staining with selective fluorogenic 
probes coupled with microscopy or flow cytometry. We 
mainly focused on the use of naphthalene-2,3-dicar-
boxaldehyde because it presents: (i) no intrinsec fluo-
rescence and a high selectivity versus GSH, permitting 
the use of a microplate reader [3]; (ii) a wavelength of 
the resulting adduct corresponding to the emission ra-
diation of the argon laser; different applications using 
capillary electrophoresis, confocal microscopy and flow 
cytometry have been realized; (iii) a cellular uptake im-
proved by encapsulation in nanoparticles, resulting in a 
9-fold higher cellular labeling intensity, as demonstrated 
using Candida albicans culture, confocal microscopy and 
HPLC [4]. New trends using fluorescent metallic nano-
particles (quantum dots) will be given.
References:
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γ-Glutamyltransferase activity in human 
atherosclerotic plaques: origin, prooxidant effects 
and potential roles in progression of disease
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Serum γ-glutamyltransferase (GGT) activity has been 
identified as a predictor of complications of coronary 
atherosclerosis and stroke. GGT activity can give rise to 
prooxidant molecular species, and promotes LDL oxi-
dation in vitro. As oxidative processes are involved at 
various levels in atherogenesis, and human atheroscle-
rotic lesions do contain variable levels of active GGT, it 
is conceivable that the enzyme can directly contribute 
to pathogenesis and progression of atherosclerosis. The 
origin of plaque GGT and its relationships with the se-
rum enzyme are however unclear. The biochemical and 
molecular characteristics of GGT protein were compared 
plaque tissue from endoarteriectomy and in serum and 
platelets obtained from healthy donors and cardiovascu-
lar patients. Crude plaque homogenates contained vary-
ing GGT activity (47.7 ± 36.1 mU/g). Electrostatic charge 
of GGT, its association with serum macromolecules, and 
the molecular weight of its large subunit were analyzed. 
The same electrostatic charge was found in GGT from se-
rum and platelets. This form was also present in plaque 
tissue, where an additional, more positive-charged form 
was associated with the ultracentrifugation-precipitable 
portion of plaque homogenates. As far as serum, besides 
free GGT protein two distinct GGT complexes with lipo-
proteins were found, corresponding, respectively, to the 
M.W. of HDL and VLDL/LDL lipoproteins. The same 
was observed in plaque soluble fractions, which however 
did not contain the GGT form corresponding to HDL li-
poproteins. In Western blot studies, serum and plaque 
GGT presented with similar molecular weights. RT-PCR 
analysis showed the expression in plaques of GGT-I gene, 
i.e. the gene coding for the complete and active enzyme. 
HPLC analysis of plaque extracts revealed the presence 
of both free and protein-bound cysteinyl-glycine, con-
firming that GGT-dependent hydrolysis of glutathione 
and consequent prooxidant reactions may indeed oc-
cur within the plaque environment. In conclusion, these 
observations suggest that the predictive value of serum 
GGT for cardiac death, infarction and stroke is due to a 
direct contribution of serum GGT to GGT activity within 
the plaque and to prooxidant GGT-driven reactions with-
in the plaque. Complexes between GGT and LDL/VLDL 
lipoprotein are likely to contribute to GGT transport from 
serum to the plaque.
Supported by MIUR-FIRB and PRIN Funds.
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Formation of reactive oxygen species in 
effect of disturbing of equilibrium in the 
system of antioxidants composed of thiol, 
transferrin and copper-histidine complex
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It is commonly accepted that ROS formation may be pre-
vented by reducing agents, which are used as “protec-
tive antioxidants”. The current study shows that in reac-
tion systems composed of antioxidants, ROS formation 
may also occur. In the system composed of cysteine and 
histidine-copper complex, transferrin, glutathione and 
γ-glutamyl transpeptidase (GGT), in the presence of at-
mospheric oxygen, extensive ROS formation may occur 
manifested as chemiluminescence burst. The burst occurs 
after certain delay since mixing of the reagents, and inten-
sity of luminescence, representing ROS formation, does 
not depend on concentrations of primary reagents em-
ployed. However, the delay time between mixing of the 
reagents and luminescence burst depends on the concen-
tration of a thiol compound employed. It is conceivable 
that in the cysteine, histidine-copper complex, cysteine 
reduces Cu2+ to Cu1+. Cu1+ may reduce oxygen molecules 
to O2

– which dismutates forming hydrogen peroxide. As 
long as cysteine or glutathione are present in the reaction 
medium, accumulation of H2O2 is prevented. However, 
when thiol reductant gets oxidized, H2O2 accumulates 
in the presence of Cu1+ which drives the Fenton reaction. 
A similar process may occur in biological systems com-
posed of GGT, transferrin and glutathione. The reaction 
is initiated by GGT which catalyses conversion of glu-
tatione to cysteino-glycine. Cysteino-glycine is a strong 
reductor, capable to reduce ferritin-bound Fe3+ to free 
Fe2+, producing the Fenton reaction substrate. Due to a 
complex kinetics of the consecutive redox reactions in the 
system, there is nodirect relationship between concentra-
tions of primary reagents employed and final intensity of 
ROS formation.
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Monitoring sulphydryl group 
oxidation employing a silver-mercury 
thiol sensitive electrode 
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The purpose of the present experiments was enable a real 
time, reliable thiol group monitoring in the free radicals 

generating system composed of cysteine and histidine 
copper2+ complex. We have chosen for potentiometric 
cysteine assays a silver-mercury electrode, which was se-
lected from several other working electrodes (platinum, 
copper, graphite, silver and silver graphite). The silver 
mercury electrode showed the best conformity of signal 
response with the Nernst equation, short reaction time 
with the highest analytical sensitivity. Silver mercury 
electrode was produced by electrolytic deposition of mer-
cury on silver wire. The reference was a chloride-silver 
electrode in saturated KCl solution. Liquid junction was 
composed of 1 mol/l water KNO3 solution in 1% agar-
ose gel. Before cysteine measurements were carried out, 
electrodes were subjected to extensive cathode reduction 
(2.0 V, 2 min) and then placed in the concentrated cysteine 
solution in 1 M NaOH for 15–25 min. Cysteine calibra-
tion curve was obtained in the range of 0.01–20 mmol/l 
cysteine solutions in 0.05 mol/l phosphate buffer, pH 7.4. 
The obtained electrochemical cell signals in mV were ana-
lyzed in respect to the reaction time necessary to obtain 
the stable work cell signal, electrode sensitivity, range of 
response linearity, and slope value for relationship mV 
versus log[cysteine (mmols/l)]. The performed studies in-
dicated that the silver mercury electrode yielded the best 
response linearity in a relatively short measurement time 
(30 sec). Silver mercury electrode also effectively reacted 
to cysteine concentration changes in free radicals generat-
ing reaction system composed of cysteine and histidine 
copper complex.
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Pulse radiolysis as a tool for the kinetic 
studies of reactive oxygen species 
– some examples from our studies
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Pulse radiolysis is a technique connecting short pulse of 
high energy electrons with a fast, time resolved spectro-
photometric detection of transients. It allows to produce 
and observe a great variety of radicals or radical ions. 
Among them are direct products of water radiolysis, i.e. 
hydrated electron (e–

aq) or hydroxyl radical (•OH), and 
different secondary transients, e.g. O2

•–, CO3
•–, NO2

•, 
various peroxyl radicals and many others. Here we will 
show several examples from the studies performed at 
our Institute or in collaboration with others. First we 
will present the relatively trivial determinations of the 
rate constants of the oxidation of ABTS [2,2’-azino bis(3-
etylobenzotiazolino-6-sulfonic) acid] to its radical cation 
with hydroxyl radical. Then we will show more complex 
system applied to the study of the rate constant of car-
bonate radicals and nitrogen dioxide radicals with cyto-
chrome c. In he latter case the competition method should 
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be applied. The next example will concern the reactiv-
ity of protein peroxyl radicals towards ABTS. At last we 
will switch to microheterogeneous systems and namely 
to so called reversed microemulsions, the water droplets 
of which are believed to mimic biological water. We will 
show that radiolytically induced radicals can serve as 
probes of dynamic properties of these systems.
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Oxygen-related processes in red blood cells 
exposed to tert-butyl hydroperoxide
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The intensity of oxidative processes in cells and tissues 
depends on oxygen pressure. The correlation between the 
oxidative processes in tert-butyl hydroperoxide (tBHP)-
exposed red blood cells and the reactions of oxygen con-
sumption and release were investigated. The red blood 
cell exposure to tBHP resulted in rapid GSH oxidation 
(30–60 sec); formation of radicals in the reaction between 
tBHP and cellular Hb; generation of chemiluminescence 
by the radicals formed; transient oxygen release followed 
by oxygen consumption. The oxygen release in red blood 
cells was associated with intracellular oxyhaemoglobin 
oxidation. The oxygen consumption proceeded in par-
allel to free radical generation, but not to membrane li-
pid peroxidation. The order of the organic hydroperox-
ide-induced reaction of oxygen release with respect to 
the oxidant was estimated to be 0.9 ± 0.1 and that of the 
oxygen consumption reaction was determined to be 2.4 
± 0.2. The apparent activation energy values of the oxy-
gen release and oxygen consumption were found to be 
107.5 ± 18.5 kJ/mol and 71.0 ± 12.5 kJ/ mol, respectively. 
The apparent pKa value for the functional group regu-
lating the cellular oxyHb interaction with the oxidant in 
tBHP-treated erythrocytes was estimated to be 6.7 ± 0.2. 
A strong dependence of tBHP-induced lipid peroxidation 
on the oxygen concentration in a red blood cell suspen-
sion was observed (P50 = 32 ± 3 mm Hg). This dependence 
correlated with the oxygen dissociation curve of cellular 
haemoglobin. Neither GSH nor oxyhaemoglobin oxida-
tion depended on oxygen pressure. We can conclude that 
oxidative processes in red blood cells are controlled by 
the oxygen affinity of intracellular haemoglobin.

Posters
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L-Carnitine as an effective antioxidant of LDL
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L-Carnitine is an endogenous small water-soluble qua-
ternary amine that plays an important role in lipid me-
tabolism but also reveals antioxidant abilities. It prevents 
against oxygen radicals formation and has an ability to 
scavenge free radicals. However free radicals, especially 
hydroxyl radical may cause oxidative modifications both 
lipid such as protein part of LDL. Moreover protein part 
of LDL – apolipoprotein B may be also damaged by alde-
hydes which cause their covalent modifications. Therefore 
the aim of the present study has been to determine anti-
oxidative abilities of L-carnitine against oxidation LDL.
The LDL fraction was isolated from extraplacental human 
serum by precipitation method and oxidative modifica-
tion was initiated by addition of Cu2+ ions. To prevent 
against oxidative modification of LDL, L-carnitine (final 
concentration 100 μmol/l) was added. The levels of lipid 
peroxidation products-conjugated dienes and malondial-
dehyde and of protein oxidative modification products 
– dityrosine and tryptophan were measured. Oxidation 
of LDL enhanced its lipid and protein modifications. This 
is manifested by statistically significant increase in the 
content of malondialdehyde (3-fold), conjugated dienes 
(up to about 30%) and dityrosine (up to about 70%), and 
decrease in the content of tryptophan (3-fold), comparing 
to native LDL. L-Carnitine causes decrease in the level 
of conjugated dienes, malondialdehyde and dityrosine 
by about 20–30%, but increase (by 50%) in the content of 
tryptophan in comparison with oxidative LDL. The above 
results indicate the L-carnitine protects lipid part as well 
as apolipoprotein B of LDL particle against oxidative 
modifications and this natural antioxidant might be used 
to prevent against atherosclerosis. 
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Physical rehabilitation applied in oncology is the aim of 
limitation of consequences cancer treatment and improve-
ment to lost physical efficiency which allows the return to 
daily lifestyle. Rehabilitation employed in our research 
consists of standard kinesitherapy and endurance train-
ing. Kinesitherapy was the method which has restoration 



118            2006Abstracts 

coordination of nervous-muscle movement and endur-
ance training which leads to increase of physical efficien-
cy. This training induces endurance tolerance, form res-
piration and cardiology efficiencies. Influence of physical 
rehabilitation on blood antioxidant potential, measured 
by allantoine concentration, and degradation of purine 
nucleotides in patients with lung cancer after radiother-
apy were the aims of these studies. 29 hospitalized men 
were taken for this research with lung cancer in phases 
T2–3 N0–1 M0: 21 patients were put to the kinesitherapy by 
5 weeks and exercise on cycloerometer (30 min per day 
with 40–50 Watt). 7 patients had only kinesitherapy. Vein 
blood from all these patients was collected in initial and 
terminal days 3-weekly rehabilitation residence Regional 
Specialistic Hospital of Lung Diseases in Ludwikowo. 
Oxypurines (xathine (X) and hypoxanthine (HX)), uric 
acid (UA) and allantoine (ALL) were determined using 
High Pressure Liquid Chromatography HPLC with UV 
lamp in this serum. In time of patients hospitalization 
physical endurance were determined twice. 6-Minutes 
walk test was used to fix a distance, speed and energy 
expenditure to each patient. Endurance training intensify 
on increase purine nucleotides degradation. It was found 
that concentrations of UA increased on 3.32% (P = 0.363), 
HX 42.6% (P = 0.176), X 60.92% (P = 0.006) and allantoine 
on 12.3% (P = 0.325) but physical endurance of patients 
decreased. Beneficial changes of biochemical and physi-
ological parameters were found only in patients with 
kinesitherapy. Endurance training used in patients with 
radiotherapy was the cause of efficiency decrease and in-
crease of energetic and oxidant stress.
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Mechanism of the protective action of 
antioxidants on the yeast S. cerevisiae
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Many compounds considered as antioxidants play a pro-
tective role in different cellular and in vitro systems. Al-
though many of them may be effective free radical scav-
engers in various in vitro systems, not all of them may 
be sufficient for protecting cells against various types of 
oxidative stress. A yeast Saccharomyces cerevisiae strain de-
fective in enzymatic antioxidant protection (deletion of 
SOD1 gene) seems to be a simple model to observe some 
antioxidant action of different compounds because of its 
augmented sensitivity to oxidants, shortened life-span or 
nutritional requirements for lysine and methionine. Some 
of these effects are alleviated by antioxidants. Previously, 
we have demonstrated that only some among a range of 

antioxidants tested may protect the yeast cells against 
hypertonic stress [Koziol S. et al. (2005) Free Radic Res 39, 
365-371] or abolish requirements for lysine or methionine 
[Zyracka E. et al. (2005) J Biotechnol 115, 271-278] All of 
them except for ascorbate are thiol compounds (glutath-
ione, cysteine, dithiothreitol, N-acetylcysteine). To clarify 
this selectivity of action of antioxidants, the ability of 
antioxidants to maintain sulfhydryl and iron-sulfur pro-
tein groups in reduced state under oxidative or nitrosa-
tive conditions was tested. Yeast alcohol dehydrogenase 
and fumarase (enzymes containing –SH or Fe-S groups, 
respectively) were exposed to a superoxide-generating 
system of xanthine + xanthine oxidase or to peroxynitrite. 
The activity was recorded after incubation with antioxi-
dants. Some antioxidants (like ascorbate, cysteine, glu-
tathione, N-acetylcysteine, dithiothreitol, Trolox, quer-
cetin, Tempo, serotonin, tiron) can protect the activity of 
alcohol dehydrogenase while another set of antioxidants 
was able also to protect fumarase activity in the same ex-
perimental conditions. Another possibility is that the pro-
tective effects are connected with the modification of the 
redox potential of the yeast medium by antioxidants and 
not to their intracellular action. Redox potential changes 
were measured using electrodes system (platinum and 
calomel electrode as a reference) calibrated with Quinhy-
drone. Significant redox potential decrease was observed 
after addition of ascorbate and dithiothreitol to the me-
dium, and a slight decrease with cysteine. Further inves-
tigations are needed to evaluate a possible link between 
extra- and intra- cellular potential variations.
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Mammalian MTH1 protein is an antimutagenic enzyme 
that prevents the incorporation of oxidatively modified 
purine nucleotides into nucleic acids. It decomposes a 
broad spectrum of 2’-deoxyribonucleoside and ribonu-
cleoside 5’-triphosphates (dNTPs and NTPs) to the corre-
sponding nucleoside 5’-monophosphates and inorganic 
pyrophosphate. Although canonical dNTPs and NTPs are 
also substrates for MTH1 protein, the enzyme decompos-
es most specifically the miscoding products of oxidative 
damage to purine dNTPs and NTPs (e.g. 8-oxo-dGTP, 8-
oxo-dATP, 2-OH-dATP, 2-OH-ATP, 8-oxo-GTP) that may 
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cause point mutations or transcription errors after the in-
corporation into DNA and RNA, respectively. There is a 
growing evidence for an overexpression of MTH1 gene in 
the cells/tissues that undergo oxidative stress. Therefore, 
the increased expression of MTH1 mRNA and MTH1 
protein was proposed to be a new molecular marker of 
oxidative stress. To test whether oxidative stress can in-
deed affect MTH1, we investigated the influence of ion-
izing radiation (source of oxidative stress) on the MTH1 
8-oxo-dGTPase activity in mouse organs. Male BL6 mice, 
6-wk old, were subjected to 0, 10, 25, 50, and 100 cGy of 
137Cs γ-radiation, 100 cGy/min, given in a single dose per 
whole body, and killed 4, 8, and 24 h later (three mice per 
each dose/kill time combination). The 8-oxo-dGTPase ac-
tivity measurements were performed in 6 mouse organs. 
A clear induction of 8-oxo-dGTPase was noticed in mouse 
brains, testes, and kidneys, whereas lungs, hearts, and 
livers did not reveal any statistically significant effects 
of applied gamma radiation doses within 24 h. Mouse 
brains, which demonstrated most dramatic 4.5-fold up-
regulation of 8-oxo-dGTPase activity, were also shown 
to have significantly higher level of MTH1 protein as re-
vealed by SDS/PAGE Western blot analysis. Our results 
indicate that comparative measurements of MTH1 8-oxo-
dGTPase activity might be used as a marker of oxidative 
stress in certain types of cells or tissues.
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A detailed mechanism underlying degeneration of nigral 
dopaminergic neurons in Parkinson’s disease is not clear 
but it is believed that oxidative stress plays a crucial role in 
this process. Recently antioxidative properties of α-lipoic 
acid (LA) have aroused a considerable interest. The aim of 
our study was to ascertain whether LA given to rats pre-
vented the oxidative stress induced by reserpine, a model 
substance frequently used to produce parkinsonism in ani-
mals. Male Wistar rats were treated separately or jointly 
with reserpine (5 mg/kg) and LA (50 mg/kg). The levels of 
GSH, GSSG, NO and S-nitrosothiols, as well as the activi-
ties of glutathione peroxidase (GP), glutathione-S-trans-
ferase (GST) and L-γ-glutamyl transpeptidase (γ-GT) were 
determined in striatal (STR) and prefrontal cortex (PFC) 
homogenates. A single dose of reserpine significantly el-
evated the levels of GSSG, NO and S-nitrosothiols in the 
STR and PFC. In the STR, LA administered jointly with re-

serpine increased the concentrations of total and reduced 
glutathione and decreased the level of GSSG. In the PFC, 
such treatment produced only an increasing tendency in 
the levels of total an reduced glutathione, but caused no 
changes in GSSG content. LA reduced the reserpine-elevat-
ed NO concentration in both those structures, but that of S-
nitrosothiols – in the STR only. The enzymatic activities of 
GP and GST were enhanced by LP in the STR. In the PFC, 
GP activity was not altered, while GST was decreased. Our 
results suggest that LA in a different way regulates the re-
dox state in the STR and PFC.
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The role of cellular antioxidant systems 
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resistance against oxidative stress
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Human respiratory tract is the site of especially acute 
oxidative stress. Epithelium cells in respiratory tracks are 
constantly exposed to relatively high partial pressure of 
oxygen; other cells of the body are hardly challenged by 
such high oxygen concentration. For this reason cells of 
lower respiratory tracks have a highly efficient antioxi-
dant defence system, consisting of both non-enzymatic 
and enzyme elements in cells of the respiratory tract as 
well as of antioxidants secreted to the respiratory lining 
fluid (RTLF) covering the surface of epithelium. This de-
fence system at the basic state ensure efficient protection 
of respiratory tracks (especially lungs) from any damage 
caused by unavoidable production of reactive forms of 
oxygen under conditions of high oxygen concentration. 
Epithelium of lungs is built from two types of cells: type 
I pneumocytes, very large, thin cell stretched over very 
large area, which are responsible for gas exchange and 
type II pneumocytes, smaller cells, occupying far smaller 
surface (even though they appear in far higher number 
than type I pneumocytes) which are responsible for pro-
duction and secretion of surfactant and RTLF, as well as 
for replacement for damaged type I pneumocytes. During 
our studies we have determined the influence of exog-
enous oxidants on epithelium survival and proliferation 
rate. We also have determined their mutual interactions, 
induction of antioxidant defence, as well as modulation 
of antioxidant barrier by exogenous antioxidants.
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Trace elements modify the concentration of fatty 
acid in erythrocytes membrane phospholipds 
in patients with chronic renal failure
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It is known that in patients with renal failure, and espe-
cially in those treated with maintance hemodialysis the 
survival of the erythrocytes is shortened. This is one of 
the factors implicated in the uremia associated anemia. 
The transbilayer distribution of lipids across biologi-
cal membranes is asymmetric. The phosphatidylcholine 

(PC) is enriched primarily on the external leaflet of the 
plasma membrane and phosphatidylethanolamine (PE) 
is located preferentially on the cytoplasmic leaflet. The 
oxidative stress is one of the factors influencing the con-
dition of erythrocyte lipid membrane. The influence of 
microelements, e.g. cofactors of antioxidative enzymes, 
on the concentration of fatty acids in erythrocyte phos-
pholipid membrane has not been fully understood yet. 
The study comprised of 11 patients with chronic renal 
failure treated with maintance hemodialysis (HD). For 
hemodialysis polysulfone dialyzator, dialyzing fluid con-
taining glucose and bicarbonate buffer were used. Zinc 
and copper concentrations were measured using atomic 
absorption spectrometry. TBARS concentration was deter-
mined using the spectrofluorimetrical method. Statistical 
analysis was made using Wilcoxon’s and Spearman tests. 
Phpospholipids classes were determined by thin-layer 
chromatography. Fatty acid (methyl esters) (FA) in phos-
pholipids were analized using capillary chromatography. 
Concentrations of fatty acid: C8:0, C10:0, C12:0, C14:0, 
C14:1, C16:0, C18:0, C18:1, C18:2, C20:0, C18:3, C20:1, 
C20:2, C22:0, C22:1, C20:4, C24:0, C24:1, C22:6 and C26:0 
were determined in PC and PE. It was found that after 
HD session the concentration of C26:0 in PC significantly 
increased and the concentration of C22:1 in PE decreased. 
There was a correlation between the FA of PE and a con-
centration of copper and zinc in erythrocytes before HD. 
After HD session we found a correlation between concen-
tration of FA and microelements and TBARS in erythro-
cytes and serum. In PC we found correlation between FA 
and the serum concentration of zinc and copper.
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The effective communication between mitochondria and 
nucleus enables mitochondria to adopt to existing condi-
tions caused, among others, by processes occurring in the 
mitochondria. However, the nature of the signal gener-
ated by mitochondria and targeted to nucleus is still not 
known. It is proposed that the signal can be formed by re-
active oxygen species (ROS) commonly generated by mi-
tochondria of eukaryotic organisms. The release of the su-
peroxide anion from mitochondria to cytoplasm has been 
shown recently to be controlled by the voltage dependent 
anion selective channel (VDAC). Physiologically, VDAC 
functions as the major channel allowing passage of me-
tabolites between the intermembrane space of mitochon-
dria and cytoplasm. In the yeast Saccharomyces cerevisiae 
two VDAC isoforms have been identified: VDAC1 able 
to form a channel displaying conserved properties and 
VDAC2 devoid of channel-forming activity that role in 
the outer mitochondrial membrane is still unclear. Here 
we report differences in MnSOD and CuZnSOD activity 
and expression levels as well as in the other mitochon-
drial outer membrane channel protein levels (Tom40, 
Tob55) between wild type and studied VDAC mutants 
in different growth phase. The most distinct differences 
concern ZnCuSOD activity in the intermembrane space 
of mitochondria that seems to correlate with differences 
in superoxide anion release as determined by NBT reduc-
tion. We can hypothesize that in the absence of VDAC1 
the superoxide anion release from mitochondria decreas-
es with the cell age when in the case of wild type increas-
es. Interestingly VDAC1 mutant shares some properties 
with VDAC2 mutant and CuZnSOD mutant that suggest 
involvement of these proteins in the control of superoxide 
anion release from mitochondria. Moreover, also Tob55 
and Tom40 seem to be important for the phenomenon.
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Ferrous ions may be very dengerous for humans, because 
they generate oxygen species like: O2

•– or OH•. Scientists 
try to look for some methods, which can support our organ-
ism in fighting reactive ferrous ions. Polyphenols known 
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also as good chelators and oxidants of Fe2+ ions, would 
be instrument of that process. Hopes connected with ben-
eficial properties of these compounds are destroyed by 
informations about their reducing activity towards Fe3+ 

ions, which can cause Fe2+ appereance. Different capacity 
of polyphenols towards iron ions disable to predict their 
behaviour in human organism, within system containing 
other biomolecules involved in iron transformation.Thus 
the main aim of this study was to investigate the influence 
of black currant seeds extract (source of polyphenols) on 
the ceruloplasmin action, enzyme involved in Fe2+ elimina-
tion. Depletion of Fe2+ in the presence of pure ceruloplas-
min was compared to its loss in the system including both 
ceruloplasmin and the extract. On the basis of obtained 
results, it was stated that addition of particular amount of 
extract elevates the effectiveness of ceruloplasmin in elimi-
nating Fe 2+ but only in physiological conditions (pH ~7.4; 
T ~37°C). However if pH is acidic, the presence of extract 
does not lead to any change in Fe2+ concentration. Addi-
tionally this research indicates that the raised depletion of 
Fe2+ in the presence of extract may be probably due to oc-
curence of polyphonols which demonstrate strong chelat-
ing activity. However oxidizing capacity of polyphenols 
towards Fe2+ was excluded.
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Nitroxide spin labels are a group of compounds bearing an 
unpaired electron on nitroxyl group. They participate in cy-
cle redox reactions with a variety of radicals generated in 
different ways. The predominant reaction of nitroxides in 
cells is their rapid reduction to the corresponding nonpara-
magnetic hydroxylamines in one electron reaction. The re-
duction of nitroxides is reversible and can be modified by 
the presence or absence of oxygen. Stable nitroxide radicals 
are widely applied in EPR spectroscopy as spin labels in in-
vestigations of various parameters in tissues, cells or cellular 
constituents such as lipid, protein, enzymes or nucleic acids. 
The aim of this study was the examination of pipperidine 
and pyrroline nitroxide effect on lactate dehydrogenase 
(LDH) activity in human erythrocytes. Additionally the per-
centage of met-Hb in the total Hb, in erythrocytes treated 
with nitroxides was measured. The values of these param-
eters were estimated in hemolysate after an incubation of 
erythrocytes (at hematocrit 10%) with following nitroxides: 
Tempo, Tempol, Tempamine, Pyrrolid, Carboxypyrrolid, 
Pyrrolin and Carboxypyrrolin (final concentrations in the 
samples were: 0.1 mM, 0.2 mM, 0.5 mM, 1 mM, 2 mM). 
Controls without nitroxides were included in each experi-
ment. After one-hour incubation of red blood cells with 
nitroxides, statistically significant changes in LDH activity 
were observed only in the case of Tempol. However, we ob-

served oxidative changes in hemoglobin. Higher percentage 
of met-Hb was noted in erythrocytes incubated with nitrox-
ides compared to untreated control cells. 
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In work the effect of the commonly used phenoxyherbi-
cides such as 2,4,5-trichloro-phenoxyacetic acid (2,4,5-T) 
and 2,4,5-trichlorophenol (2,4,5-TCP) on erythrocytes (us-
ing 6-carboxy-2’,7’-dichlorofluorescein diacetate; DCFH-
DA) was investigated. The effect of these compounds 
was also analysed in a pure chemical system using dihy-
drorhodamine. The rate of dihydrorhodamine (H2R123) 
oxidation was measured using spectrofluorimeter and 6-
carboxy-2’,7’-dichlorofluoresceine diacetate (DCFH-DA) 
oxidation was analysed by the use of flow cytometry tech-
nique. No changes were observed in fluorescence of R123 
after 1 h incubation of the marker with 2,4,5-T in the range 
of doses of 10 to 500 ppm. 2,4,5-T did not induce ROS for-
mation (oxidation of DCFH) in human erythrocytes in time 
of 0 to 3 h. Statistically significant changes (the increase of 
fluorescence of DCFH-DA) were observed after 24 h of in-
cubation at the highest concentration of 500 ppm of 2,4,5-T. 
We noted that 2,4,5-TCP revealed strong direct oxidative 
properties. 2,4,5-TCP also heavily increased ROS formation 
in erythrocytes, the increase of fluorescence was observed 
even from a dose of 10 ppm. 2,4,5-TCP also induced oxida-
tion of protein. Moreover, the increase of carbonyl residue 
content was observed (100 ppm, 1 h). On the ground of 
obtained data we suggest that 2,4,5-TCP reveals binary 
mechanism of action – forms organic radical that strongly 
oxidizes marker and also damages structure of antioxi-
dative enzymes like catalase and superoxide dismutase. 
2,4,5-trichlorophenol also induces lipid peroxidation and 
thus leads to increase of fluorescence of DCFH-DA that is 
linked with formation of ROS in human erythrocytes. 
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Flavonoids are a group of polyphenolic with antioxidant 
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and chelating properties. We have investigated the influ-
ence of two flavonoids on radiation-induced DNA dam-
age using alkaline single-cell gel electrophoresis (the 
comet assay). The blood was collected from one, healthy 
and non-smoking donor (59 years). Lymphocytes were 
isolated by centrifugation in density gradient of Histo-
paqe. Lymphocytes were suspended in RPMI-1640 me-
dium and incubated with flavonoids for 30 min at 37oC. 
Flavonoids: baicalein and quercetin were used at final 
concentrations of 25 μM and 50 μM. Cells were irradi-
ated with a dose 3 Gy X rays (195 kV, 18 mA) at a dose 
rate of 1 Gy/min. Lymphocytes suspended in 0.7% LMP 
agarose were spread onto microscope slides precoated 
with 0.5% NMP agarose. The cell were treated with a 
lysing buffer (pH 10, 2.5 M NaCl, 100 mM EDTA, 10 mM 
Tris, 1% Triton X-100, 10% DMSO) for 1 h and than in-
cubated in an unwinding buffer (30 mM NaOH, 1 mM 
EDTA) for 20 min. Electrophoresis (29 mA, 0.93 V/cm) 
was conducted in electrophoretic buffer (pH 13, 300 mM 
NaOH, 1 mM EDTA) for 20 min at 4oC in dark. Slides 
were stained with DAPI (2 mg/ml) for 1 h. The slides 
were analyzed in a fluorescence microscope (excitation 
359 nm, emission 461 nm) connected with Lucia-Comet 
image analysis system version 4.51. Preincubation of 
the cells for 30 min with quercetin significantly reduced 
the damaging effects of ionizing radiation, measured as 
DNA strand breaks. The protective effect of quercetin 
was higher et the lower concentration. Baicalein had 
antioxidative property only at the concentration of 25 
μM. Baicalein at the concentration of 25 μM seems to 
have stronger protective property then quercetin in the 
same concentration. Both flavonoids, at proper concen-
trations, have antioxidative activity.
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One of the main factors contributing to biological activ-
ity of nitroxides in cells is their bioreduction. The rate of 
reduction is related to their ring structure and substitu-
ents. We employed cell-permeable piperidine nitrox-
ides: Tempo, Tempol, Tempamine and Tempace to check 
for the importance of the substituents in position 4 of 
the piperidine ring to their bioreduction. Additionally, 
we investigated the impact of commonly used antican-
cer drug doxorubicin (DOX) on the rate of reduction of 
mentioned nitroxides in cells. Nitroxide reduction was 
measured by EPR technique in immortalized peritoneal 
hamster fibroblasts of B14 cell line. Tempo was reduced 
at the fastest rate in cells. Tempol and Tempace were re-

duced much slower than Tempamine, while Tempol re-
duction was the slowest. Decay of EPR signal of Tempo 
and Tempamine was nearly two-fold faster than that for 
Tempol and Tempace. These results indicate that time 
course reduction of nitroxides in cells depend on their 
substituent in position 4 of the piperidine ring in the fol-
lowing manner: hydrogen atom > amino group > aceta-
mide group > hydroxyl group. DOX added to cells to 
the final concentration 0.001 mM caused various effects 
on the reduction rates of the investigated nitroxides. No 
effect of DOX was observed in case of combination of 
the drug with Tempo. Similarly, DOX showed little in-
fluence on reduction of Tempace. In combination with 
Tempamine and Tempol DOX displayed different ef-
fects. Tempol was reduced slower with DOX than alone. 
All the effects described were strictly dependent on the 
nitroxide substituent.

P10.44

Reactions of peroxynitrite-derived carbonate and 
nitrogen dioxide radicals with heme peroxidases

Joanna Didik, Jerzy L. Gębicki, Lidia Gębicka

Institute of Applied Radiation Chemistry, Lodz, Technical 
University of Lodz, Poland 
e-mail: jdidik@mitr.p.lodz.pl

Peroxynitrite (ONOO–/ONOOH), the product of the re-
action between nitric oxide (●NO) and superoxide anion 
(O2

●–) is well known as a mediator of cellular and tissue 
injury during oxidative stress. One of the most impor-
tant targets for peroxynitrite in living system is carbon 
dioxide. The reaction of peroxynitrite with CO2 leads to 
rapid production of nitrogen dioxide (•NO2) and car-
bonate radical anion (CO3

•–) with a yield of about 30%. 
Both radicals may play significant role in various patho-
physiological processes. We have investigated the reac-
tion of radiolytically generated CO3

•– and •NO2 radicals 
with horseradish peroxidase (HRP), lactoperoxidase 
(LPO) and cytochrome c. We have found that HRP loos-
es 50% of its activity, whereas LPO remains almost fully 
active after the reaction with 100 µM of CO3

•–. The same 
amount of CO3

•– causes 18-fold increase of peroxidase-
like activity of cytochrome c. The rate constants for the 
reactions of CO3

•– with HRP and cytochrome c meas-
ured by us by means of pulse radiolysis method at pH 
10 are: 5 ×107 and 1.1 × 108 M–1s–1, respectively. Nitrogen 
dioxide, generated at concentration of 100 μM does not 
inactive HRP, but slightly activates cytochrome c. The 
rate constant for the reaction of cytochrome c with •NO2 
at pH 7.0 measured by us by pulse radiolysis method 
is 2.5 × 107 M–1s–1. The possible biological consequences 
of CO3

•– and •NO2 interactions with heme peroxidases 
will be discussed.
This work was supported by the State Committee for Scientific 
Research (KBN grant No. 3 T09A 015 25) and COST P9 action nr: 
138/E-370/SPB/COST/KN/DWM/03.
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Platelet antioxidant defense system 
during ischaemia and reperfusion; 
the effect of alprostadil

Barbara Dołęgowska1, Elżbieta Pikuła2, Wojciech 
Błogowski1, Dariusz Chlubek1, Piotr Gutowski2
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Introduction: During the operation of an abdominal aorta 
aneurysm it is necessary to clamp the aorta below the renal 
arteries. In ischaemic conditions, after the supply of blood 
and oxygen is restored, changes occur in the cells which re-
sult in the formation of large quantities of reactive oxygen 
species (ROS). Prostaglandin E1 improves cellular metabo-
lism in ischaemic tissues owing to an increase in the trans-
port and utilisation of oxygen and glucose. Platelets are 
equipped with an enzymatic and non-enzymatic free radi-
cal scavenger system. The aim: The purpose of our study 
was to determine the effect of ischaemia of the lower half of 
the body with subsequent reperfusion and PGE1 analogue 
(alprostadil) influence on platelets’ antioxidative system. 
Materials and methods: Platelets were collected from 42 
patients qualified for the operation of implantation of the 
vascular aortic prosthesis. The patients were randomly as-
signed to the study group (I) who have been administered 
alprostadil and the control group (II). Blood was collected 
immediately before aortic clamping (A) and 5 min after 
declamping (B). The glutathione (GSH) concentration, 
catalase, superoxide dismutase (SOD), glutathione peroxi-
dase (GPx), glutathione reductase (GSSG-R), glutathione 
transferase (GST) activities were determined (spectropho-
tometric methods). Statistical analysis was performed by 
the Student’s t-test, taking the level of significance as P < 
0.05. Results: Significant differences between catalase, GPx 
and GST activities, before aortic clamping and after dec-
lamping, in the control group were found. The activity of 
SOD and GPx were significantly higher while the catalase 
activity was significantly lower in platelets from the study 
group compared to the control group. Conclusions: Ischae-
mia with reperfusion as well as alprostadil influence on 
antioxidant status of platelets.

P10.46
Changes in the level of antioxidants and 
activity of antioxidative enzymes in honey bee 
(Apis mellifera carnica) papue development

Marek Farjan, Zbigniew Lipiński

Department of Biochemistry, University of Warmia and 
Mazury, Olsztyn, Poland 
e-mail: marek.farjan@uwm.edu.pl

Honey bee (Apis mellifera) is a social insect, undergoing
 

complete metamorphosis. One of the most important fac-
tors determining bee products quality is the biochemi-
cal and phisiological stage of colony. Oxidative stress is 
thought to be an important factor of defense of many dis-
eases in hives. The aim of the present study was analysis 
of the activity of principal antioxidative enzymes: super-
oxide dismutase (SOD), catalase (CAT) and glutathione 
transferase (GT). We measured levels of total antioxidants 
and vitamin C. Research was performed on prepapue: 
group A (10–11 day from laying of eggs), and 3 groups of 
papue: B (12–13 day), C (14 day), and D (15 day). We did 
not find any statistically significant differences in case of 
SOD (A – 11.75 ± 1.05; B – 12.55 ± 0.30; C – 12.39 ± 1.18; D 
– 10.49 ± 2.52 U/mg protein) and GT activity (A – 81.48 ± 
10.39; B – 107 ± 17.44; C – 89.31 ± 8.66; D – 86.92 ± 4.64 µU/
mg protein). The CAT activity in development initially 
increased (A – 36.03 ± 4.21; B – 47.08 ± 7.92 mk/mg pro-
tein), and next significantly decreased (C – 40.85 ± 11.69; 
D – 19.57 ± 4.95). Changes of CAT activity were negatively 
correlated with total antioxidant level, that achieved the 
highest content in group D (19.37 ± 0.36 vs A – 12.40 ± 1.9; 
B – 16.66 ± 1.28; C – 17.80 ± 1.25 mmol/g tissue). The high-
est vitamin C level was observed in group C (92.21 ± 14.94 
μg/g tissue). In other groups we found lower content of 
ascorbic acid (A – 53.91 ± 8.39; B – 66.59 ± 5.05; D – 68.07 
± 12.07). This study shown, that in development of bee 
papue, certain changes of activity of some antioxidative 
enzymes appear. There exists a correlation between en-
zymes activity and level of antioxidants.
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Reactions of heme proteins with peroxynitrate 

Lidia Gębicka, Jerzy L. Gębicki, Joanna Didik

Institute of Applied Radiation Chemistry, Faculty of 
Chemistry, Technical University of Łódź, Łódź, Poland 
e-mail: lgebicka@mitr.p.lodz.pl 

Peroxynitrate (O2NOOH/O2NOO–) is formed in aqueous 
solution through the reaction of HO2

•/O2
–• with •NO2. 

Under physiological conditions, it can be formed dur-
ing decomposition of peroxynitrite. Peroxynitric acid 
(pK = 5.9  ±  0.1) is a relatively stable species in aque-
ous solution, whereas its anion decomposes with a half-
life about 0.5 s at 25oC. Peroxynitrate, a strong oxidizing 
agent, can oxidize substrates directly or indirectly, i.e. via 
HO2

•/O2
–• and •NO2. We used pulse radiolysis method 

to produce peroxynitrate and to study its reactions with 
selected heme proteins: horseradish peroxidase (HRP) 
and cytochrome c. The rate of decay of peroxynitrate did 
not change in the presence of both proteins. It means 
that peroxynitrate does not react efficiently with these 
proteins, if any. Absorption spectrum, as well as enzy-
matic activity of HRP, did not change after peroxynitrate 
treatment. On the other hand, we observed reduction of 
ferric iron in cytochrome c after generation of peroxyni-
trate, followed by its re-oxidation. The rate of formation 
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of the reduced cytochrome c was, however, significantly 
slower, than that of formation of peroxynitrate. It seems, 
that superoxide, produced in excess to nitrogen dioxide 
in the system is responsible for that process. Reduced 
cytochrome c re-oxidized with t1/2 about 1 s at pH 6.0 
and with t1/2 > 10 s at pH 7.0. We did not detect any sta-
ble changes in absorption spectrum of peroxynitrate 
treated cytochrome c. Possible mechanism of re-oxida-
tion of reduced cytochrome c in investigated system will 
be discussed.
This work was supported by the State Committee for Scientific 
Research, grant 3 T09A 015 25.
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The role of the raspberry seed extract and 
ceruloplasmin in Fe+2 elimination
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Ceruloplasmin (Cp) is the main copper binding protein 
which plays important role in redox processes in blood. 
The ferroxidase activity of Cp leads to oxidation Fe+2 to 
Fe+3 with reduction of molecular oxygen to water and 
prevents the generation of reactive oxygen species. Cp 
and many of the exogenous biological substances such 
as polyphenolic compounds demonstrate the antioxi-
dant activity. Consumption of polyphenol-rich food 
can reduce the risk of heart diseases, cancer and aller-
gy. This preventive role is related to their antioxidant 
activity resulting from the presence of hydroxyl groups 
in the molecule. The aim of present study was to inves-
tigate the effect of raspberry seed extract on the ferroxi-
dase activity of purified Cp from the healthy subject 
serum. Cp and the extract demonstrated the ferroxi-
dase activity in dose-dependent way. The decrease of 
Fe+2 (∆Fe+2) was measured by using spectrophotometry 
method based on reaction with ferrozine. Samples con-
taining constant amount of Cp with different amount 
of the raspberry seed extract showed the same effect. 
But the sum (Σ) of the decrease of Fe+2 which observed 
in samples with Cp only (∆Fe+2Cp) and the decrease 
of Fe+2 in samples with the extract only (∆Fe+2E), was 
different as compared to Cp and the extract studied 
together (∆Fe+2Cp+E). It may be suggested that both 
of antioxidants in the same sample could compete for 
substrate. The results showed also the chelating prop-
erties of polyphenolic compounds. The chelating activ-
ity of polyphenols in the studied system is greater and 
more important than oxidizing capacity. 
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Study of selected factors of antioxidative barrier 
in patients with type C cirrhosis hepatis

Krzysztof Grzegorczyk1,  
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Gradually increasing cholestasis is one of the significant 
clinical symptoms of chronic hepatic diseases. It results 
with, among others, disturbance in absorption of fat-sol-
uble substances – including some of known free radical 
“scavengers”. It is suggested that those scavengers can be 
engaged in pathogenesis of cirrhosis. Aim of the study 
was to assay concentrations of selected anti-oxidative fac-
tors in blood plasma of patients with type C cirrhosis. The 
study involved 17 persons of both sexes (age: 37–62 years) 
with clinically diagnosed cirrhosis. Control group was 
composed of 20 healthy males and females (22–57 years). 
Participants were non-smokers, did not consume alcohol 
and did not use preparations containing vitamins and mi-
croelements. The following compounds were assayed in 
their blood plasma: vitamin A, C, E and β-carotene (spec-
trophotometer Lambda 14P Perkin-Elmer), and concen-
trations of zinc and selenium (spectrometer AES-ICP PU 
7000 Philips). In course of the study it was found that con-
centrations of vitamins: A, E and β-carotene, as well as 
of selenium and zinc in blood plasma were significantly 
decreased comparing to their concentrations in the con-
trol group. No significant differences in concentrations of 
vitamin C physiological forms were found between both 
groups. The following conclusions can be drawn basing 
on the performed study: a) there is an impairment of host 
antioxidative barrier function in course of cirrhosis; b) ob-
tained results suggest necessity to provide supplementa-
tion with vitamins A, E and β-carotene and with zinc and 
selenium for individuals suffering from the disease.
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The effects of modulation of  
γ-glutamyltranspeptidase activity on  
S-thiolation process, cell proliferation 
and caspase-3 activity in HepG2 cells
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The present studies aimed to elucidate how stimulation 
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(GSH+Gly-Gly) or inhibition (acivicin) of γ-glutamyl 
transpeptydase (γGT) activity in HepG2 cells influences 
protein S-thiolation and to relate this to cell prolifera-
tion and caspase-3 activity. The experiments showed that 
the stimulation of γGT activity caused: 1) an increase in 
H2O2 production, 2) enhancement of S-thiolation process 
with participation of cysteine, cysteinylglycine and glu-
tathione in HepG2 cells, 3) increase of protein S-thiola-
tion with cysteine and cysteinyl-glycine and decrease of 
S-glutationylation and S-homocysteinylation in extracel-
lular environment (medium), 4) stimulation of HepG2 
cell proliferation, 5) inhibition of caspase-3 activity. On 
the other hand, the inhibition of γGT activity by acivicin 
led to: 1) a drop in H2O2 production below control value, 
2) lowering of protein S-thiolation level with participa-
tion of Cys and Cys-Gly in HepG2 cells while S-glutath-
ionylation remained at control level, 3) marked decrease 
in protein-bound cysteine, cysteinyl-glycine and homo-
cysteine in medium, 4) drastic rise in S-glutathionylation 
level in medium, 5) inhibition of HepG2 cell proliferation. 
The results of our studies indicate that the modulation of 
γGT activity and consequent changes in redox status in-
fluence protein S-thiolation with participation of cysteine 
and cysteinyl-glycine thereby affecting cell proliferation 
and apoptosis of HepG2 cells. We suggest that not only 
Cys-Gly, but also cysteine is implicated in H2O2 genera-
tion after γGT activation, the more so that concentration 
of the latter thiol is higher in the cell.
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Cloudy apple juice modulates the DNA 
damage and antioxidant status in rats

Ewa Ignatowicz, Żaneta Kaźmierczak, 
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Cloudy apple juice (CAJ) is rich in polyphenols active 
against oxidative stress. The aim of our study was to inves-
tigate the leukocyte DNA damage and changes in plasma 
antioxidant status caused by chemical carcinogens and 
the effect of the CAJ. CAJ was administered by gavage to 
male Wistar rats and to female Sprague-Dawley rats for 
28 days at the dose of 2.5 ml/animal. Diethylnitrosamine 
(DEN), potassium bromate (KBrO3) and carbon tetrachlo-
ride (CCl4) were administered i.p. to the male rats on the 
day 27. Dimethylbenz[a]anthracene (DMBA) was given 
i.p. to the female rats. DNA damage was assessed in the 
blood leukocytes by the alkaline comet assay. Albumin, 
uric acid and Total Antioxidant Status were assessed in 
plasma. The tested carcinogens caused significant dam-
age to the leukocyte nuclear DNA. DMBA was the most 
powerful damaging agent (approx. 240% of the control) 
and DEN was the least active (approx. 104% of control). 
Cloudy apple juice reduced the DNA damage caused by 
DMBA and KBrO3 and to lesser extent by CCl4. The levels 

of uric acid and albumin were decreased in all the ani-
mals receiving carcinogens. CAJ reversed this effect only 
in case of KBrO3. This carcinogen increased the TAS value 
in plasma which was prevented by apple juice adminis-
tration. The presented results suggest that the alkaline 
comet assay done in the whole blood leukocytes might 
be the marker of the DNA damage caused by carcinogen 
of diversified modes of action. CAJ protective effect de-
pends on the carcinogen mode of action.
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Amanita rubescens to oxidative stress
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Fungi represents a very diverse kingdom, some of them 
are evolved to very specific environments while others 
are able actively colonize environments that are biologi-
cally completely diverse. Our earlier research showed 
a high stress – adaptive potential of the best lignin de-
graders – white rot fungi. It is a well-known fact that the 
other group – symbiotic mycorrhizal fungi are implicated 
in increased stress tolerance of higher plants (e.g. accu-
mulation of zinc in fungal cell walls enhanced tolerance 
in Betula sp.). In the present work we investigated effects 
of two oxidative stress factors: menadione and hydrogen 
peroxide on some biochemical parameters of belonging to 
basidiomycetes, mycorrhizal strain Amanita rubescens. Me-
nadione and hydrogen peroxide were added to 14- and 
21-days old stationary cultivated, liquid cultures. Having 
measured the activity of antioxidative enzymes we found 
that the addition of oxidants significantly changed the 
superoxide dismutase, katalase, peroxidase and laccase 
activities. Interestingly the menadione addition distinct-
ly stimulated laccase activity. The similar situation was 
observed in the best lignin degraders-white rot fungi. It 
seems to confirm fact that this blue-oxidase can act as an-
tistress protein in fungi belonging to basidiomycetes group. 
Apart from experiments described above the level of glu-
tathione as typical low molecular weight antioxidant was 
also measured. We detected also that the addition of hy-
drogen peroxide and menadione to A. rubescens cultures 
increased the activity of acidic proteinases in the culture 
medium as well as in the mycelium. Additionally we ob-
served that the application of hydrogen peroxide stimu-
lated the growth of mycelia. 
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Effect of sodium nitroprusside and 
acetylosalicylic acid on cysteine desulfuration 



126            2006Abstracts 

and low-molecular-weight sulfur compound 
levels in mouse liver and brain
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The activity of rhodanese, 3-mercaptopyruvate sul-
furtransferase and γ-cystathionase participating in desul-
furation pathway of L-cysteine metabolism was studied 
in mouse liver and brain following an intraperitoneal 
administration of sodium nitroprusside (5 mg/kg body 
weight) or acetylsalicylic acid (500 mg/kg body weight) 
once a day for 7 days. Simultaneously, sulfane sulfur, re-
duced and oxidized glutathione, cysteine and cystine, and 
γ-cystathionine levels were also investigated in these tis-
sues. Sodium nitroprusside mechanism of action appears 
to be the liberation of nitric oxide (NO), an important sig-
naling molecule in the body of mammals. Nitroprusside 
also releases cyanide ions, which are converted in the liv-
er to thiocyanate by the enzyme rhodanase and/or MPST 
and/or γ-cystathionase – the activity of all these enzymes 
was elevated in response to nitroprusside. γ-Cystathio-
nase converts cystathionine to cysteine, a precursor of a 
major cellular redox buffer, glutathione. Under oxidizing 
conditions, an increase in cystathionine β-synthase activ-
ity could lead indirectly to an increase in the antioxidant, 
glutathione, what was reflected by the increased GSH/
GSSG ratio in the liver, but not in the brain, where nor-
mal trace activity of γ-cystathionase was detected. The 
results of the presented investigations show that aspirin 
(acetylsalicylic acid) may exhibit an antioxidant activ-
ity and protect liver cells from oxidative stress. It causes 
an increased γ-cystathionase activity, cysteine level and 
GSH/GSSG ratio. A similar effect was not observed in the 
brain. In case of both sodium nitroprusside and aspirin 
administration, homeostasis of sulfane sulfur level was 
observed in the liver and brain, as well.
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Effect of ozone on the stability of 
statherin in whole human saliva
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Statherin is a 43-amino acid residue miniprotein pro-
duced by salivary glands. The aim of this study was to 
investigate the stability of statherin in saliva during ozo-
nation. Synthetic statherin was dissolved in buffer 10 mM 

TRIS-HCl, pH 8.2 (concentration 0.5 mg/ml) and diluted 
with water till concentration 25 μg/ml (sample A). Sam-
ples of whole non-stimulated saliva (WNSS) were collect-
ed from some volunteers between 9.15 a.m. and 9.45 a.m. 
under standard conditions. For 2 h prior to saliva collec-
tion they were refrained from eating, drinking, smoking, 
and oral hygiene. Saliva from each individual was col-
lected over a 10 min period by spitting into chilled dis-
posable polypropylene tubes. The samples of saliva were 
mixed and divided into some parts (samples B, C, D and 
E). Ozonation of samples A, B and C was performed by 
bubbling an ozone 1 and 4 min. The ozone concentration 
was 3.4 µg/ml and 5.0 µg/ml respectively. Ozonation of 
samples D and E was performed 1 and 3 min with con-
centration of ozone 0.7 μg/ml. All samples were analyzed 
for the presence of statherin by the matrix-assisted laser 
desorption/ionization-time-of-flight mass spectrometry 
(MALDI-TOF MS) technique. Statherin has been decom-
posed totally in samples A, B, C and partly in samples D 
and E. Time of ozonation and the dose of ozone influence 
synthetic and native statherin stability.
This work was partially supported by the University of Gdańsk 
(DS 8362-4-0135-6 and BW 8000-5-0291-6) and Medical Univer-
sity of Gdańsk ( ST-31).
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Acute lead poisonings are very rare, which is the conse-
quence of people being aware of its dangers. Chronic lead 
poisonings resulting from long-lasting occupational ex-
posure are more frequent. It has been found in animal ex-
periments that lead has a negative effect on the activity of 
liver enzymes and lipid peroxidation. Although there is 
much data, the mechanisms of toxic influence of lead on 
a human body have not been fully explained. The study 
population included healthy workers “Zinc Steelwork in 
Miasteczko Śląskie”. Blood lead level (PbB) and concen-
tration of zincprotoporphirin (ZPP) was used to evaluate 
a degree of exposure. Workers’ occupational exposures to 
lead were divided into 3 subgroups: the first one included 
employees with low exposure to lead (n = 36) with PbB = 
20-30 µg/dl, the second one included employees with me-
dium exposure to lead (n = 44) with PbB = 30–40 µg/dl, the 
third one included employees with high exposure to lead 
(n = 62), with PbB = 40–67 µg/dl. As the control group were 
set healthy men (n = 36) who were not exposed to lead 
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and have normal levels of PbB, ZPP. The activity of as-
partate transaminase (AST), alanine transaminase (ALT), 
liver isoenzyme lactate dehydrogenase (LDHw) and aldo-
lase in blood plasma have not shown changes in the study 
population. The activity of alkaline phosphatase (FA) and 
gamma transpeptidase (γ-GT) in serum increased (in me-
dium and high exposure) and positively correlated with 
increased serum malondialdehyde (MDA) concentration. 
Ultrasound examinations have shown enlargement of 
liver and thickness index of gall bladder wall in groups 
exposed to lead. These results have suggested liver and 
bile duct hyperplasia, retension of bile and increased li-
pid peroxidation in people exposed to lead.
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Increased vascular oxidative stress has been demonstrat-
ed in many pathological conditions associated with an 
increased predisposition for thrombotic events, includ-
ing, atherosclerosis, diabetes mellitus, and hypertension. 
Endothelial NADPH oxidase is a major source of super-
oxide in blood vessels and is implicated in the oxidative 
stress associated with vascular diseases. NADPH oxidas-
es are multi-component protein complexes composed of 
a membrane bound hetero-dimer, consisting of the f1avin 
containing subunit gp91phox or homologues, Nox4, and 
a smaller subunit called p22phox. Nitric oxide (NO) sup-
presses NADPH oxidase induced oxidative stress in hu-
man endothelial cells. NO is also known to induce the 
anti-oxidant enzyme haemoxygenase-1 (HO-1). We show 
that these effects are linked mechanistically. Incubation 
of cells with the NO donor DETA-N O N Oate (l mM) 
for 6 hrs markedly induced HO-1 expression, as detected 
by immiunoblotting, while the expression of Cu/Zn su-
peroxide dismutase was not affected. NO induction of 
HO-1 was associated with a reduction of the superoxide-
generating capacity of NADPH oxidase, as assessed by 
NADPH-stimulated lucigenin chemiluminescsnce, which 
was blocked by the NADPH oxidase inhibitor DPI, but 
not by inhibitors of NO synthase, xanthine oxidase or the 
mitochondrial electron transfer chain.
This work was supported by the Polish Committee for Scientific 
Research (KBN) Grant number 2PO5A 141 29 and a Medical Uni-
versity Grant 502-16-300, 502-16-195.
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Perfluorodecanoic acid (C10HF19O2, PFDA) is a represent-
ative of the perfluorinated carboxylic acids widely used 
for its anti-wetting and surfactant properties. It is known 
to be highly bioaccumulative and it does not appear to 
undergo further transformation and degradation, how-
ever the biological effects of various perfluorinated car-
boxylic acids on human cells remain still unclear. In this 
study we have found for the first time that treatment of 
normal human dermal fibroblasts (N-HDF) and human 
colon carcinoma cells (HCT 116) with PFDA cause apop-
tosis due to the oxidative stress. PFDA induces release of 
reactive oxygen species (ROS) as hydrogen peroxide and 
superoxide anion and also disrupts mitochondrial trans-
membrane potential (ΔΨm). DNA damage, observed by 
nucleosomal fragmentation, became manifest apoptosis 
with 200 μM PFDA for both cell lines. Time-dependent 
electrophoresis for N-HDF and HCT 116 cells exposed to 
400 µM PFDA for 4, 12, 24, 48, 72 h revealed a ladder-type 
feature of DNA degradation. We observed the cell cycle 
disturbanaces by increased amount of sub-G0/G1 cells, 
both for dose- and time-dependence. Simultaneously, the 
flow cytometric analysis showed significant changes be-
tween two lines while measuring the dissipation of ΔΨm 
and generation of H2O2 and O2

•– radicals. HCT 116 cells 
appeared much more sensitive for PFDA than N-HDF 
cells. These data indicate on a high possibility of chronic 
toxicity by PFDA and suggest oxidative stress dependent 
mechanism of apoptosis at cellular level. The mechanism 
of damaging mitochondria by PFDA is not known but the 
competition with normal fatty acid influx systems is very 
probable.
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Doxorubicin (DOX) is a potent chemotherapeutic agent 
associated with severe cardiotoxicity. The generation of 
reactive oxygen species and mitochondrial dysfunction 
has been implicated in doxorubicin (DOX)-induced car-
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diotoxicity. We tested the hypothesis that endogenous 
antioxidant pool is compromised in cardiomyocytes 
after DOX treatment and correction of this functional 
impairment by co-treatment with exogenous nitroxide 
antioxidants could result in attenuation of myocardial 
dysfunction. Nitroxides are non-toxic and non-immu-
nogenic cell permeable stable radicals with versatile 
antioxidant properties. Widely accepted antioxidants 
N-acetyl-l-cysteine (NAC) and glutathione (GSH) were 
used for comparison. We exposed cultured neonatal 
cardiomyocytes to different concentrations of DOX, ni-
troxides or a combination of DOX and a nitroxide/anti-
oxidant. The microplate assay was used to detect the 
presence of oxidative products by means of 2’,7’-dichlo-
rofluorescin-diacetate (DCFH-DA). We observed the 
overproduction of ROS, which represented the occur-
rence of intracellular oxidative stress, not only in cells 
incubated with DOX but also in these treated with a 
drug in the presence of the nitroxides/antioxidants. The 
effect was strongly dependent on the concentration and 
the chemical structure of tested compounds. Tempol, 
higher concentration of Tempo and lower concentra-
tion of GSH reduced level of ROS generated by DOX. 
Higher concentration of GSH and lower concentrations 
of Tempo and NAC slightly increased oxidative stress 
induced by DOX, while Tempace at lower concentration 
did not show any influence. The only antioxidant, which 
was able to restore antioxidant capacity of DOX-treated 
cardiomyocytes was NAC, but only at higher concentra-
tion. Tempamine and higher concentration of Tempace 
were highly toxic and enhanced significantly (1.2–1.7-
fold) pro-oxidative activity of DOX.
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Human erythrocytes suspended in the phosphate buff-
ered saline (PBS) pH 7.4 (hematocrit 1%) were exposed 
to X-radiation with and without melatonin. Erythrocytes 
were irradiated under air with the dose of 400 Gy. The 
level of erythrocyte damage was assessed on the basis of 
the post-radiation hemolysis, oxidation of hemoglobin as 
well as lipid peroxidation and the loss of reduced glutath-
ione. The presence of melatonin in irradiated prepara-
tions diminished damage to erythrocytes. The calculated 
protection coefficients were generally higher than one for 
the parameters estimated. On the basis of the obtained 
results role of melatonin as a free-radical scavenger is dis-
cussed.
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Bisphosphonates (alendronate sodium and etidronate dis-
odium) belong to a new group of compounds that revolu-
tionized treatment of osteoporosis. These compounds are 
used in the form of orally-administrated drugs. Their ab-
sorption from intestines is low, therefore to achieve the de-
sired effect they have to be used in higher daily doses. The 
best solution seems to be administration of bisphospho-
nates in the form of intravenous injections. Such form of 
therapy may promise a successful treatment of osteoporo-
sis in the future. However, it is difficult to predict whether 
such form of drugs administration will not result in side-ef-
fects. Therefore, it is necessary to conduct scientific studies 
regarding side effect of bisphosphonates on human eryth-
rocytes. The effect of exposure of human erythrocytes to 
different concentrations of bisphosphonates: alendronate 
sodium (sodium salt (4-amino-1-hydroxy-butyl-diene)-bi-
sphosphono acid) and etidronate disodium (disodium salt 
(1-hydroxy-etyldiene)-bisphosphono acid) was examined. 
Isolated erythrocytes at 5% hematocrite were treated for 
one hour with doses of 0.33–100 µM of alendronate sodi-
um and with doses of 19–3851 µM of etidronate disodium 
at 37°C. After this treatment, two erythrocyte parameters 
were examined: the level of glutathione and oxidation of 
6-carboxy-2’,7’-dichlorofluorescein diacetate, (the measure 
of the level of free radicals). Both alendronate sodium and 
etidronate disodium decreased glutathione levels after 
1 and 24 h of incubation. Both substances leaded to for-
mation of free radicals after 24 h of incubation in A and B 
blood group. Changes have been observed in the highest 
doses of these substances in A blood group. In AB group, 
changes have been observed from doses of 10 μmol/l for 
alendronate sodium and 3851 µmol/l for etidronate diso-
dium.
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The aim of this study was to characterize the enzymatic 
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and non-enzymatic antioxidant systems in spermatozoa 
and individual fractions (prespermatic, spermatic and 
postspermatic) of dog ejaculate. The enzymatic antioxi-
dant system of canine spermatozoa is mainly represented 
by superoxide dismutase (SOD) activity, and to a lesser 
extent, by glutathione peroxidase (GPx) and phospholipid 
hydroperoxide glutathione peroxidase (PHGPx) activity. 
Catalase activity was not detected in the spermatozoa or 
the seminal plasma of the fractions. The molecular form of 
SOD and GPx was identified in the spermatozoa. Further-
more, the seminal plasma of the three fractions exhibited 
one molecular form of SOD and its highest activity was 
shown by the spermatic fraction. In addition, the spermatic 
fractions exhibited three molecular forms of GPx, whereas 
the post-spermatic showed only 2 molecular forms. PH-
GPx activity was not detected in any of the fractions. GSH 
and ERG were detected in the each fraction. A high level 
of L-ascorbic acid was observed in each fraction. Proteins 
and low-molecular weight components can influence the 
total antioxidant status and antiperoxidant activity of the 
seminal plasma. Increased suppressive activity against 
lipid peroxidation was shown by the prespermatic and 
postspermatic fractions. The different fractions of dog ejac-
ulate, which are the main source of antioxidant enzymes 
and low-molecular antioxidants, play an important role in 
protecting spermatozoa against ROS. It can be suggested 
that components of the antioxidant systems can influence 
the biological properties of canine spermatozoa and their 
suitability for semen preservation.
Supported by funds from The University of Warmia and Mazury 
in Olsztyn (0103.0803).
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Hyperbaric exposition leads to an increase of dissolved 
oxygen in the blood that has been used in clinical treat-
ment of variety pathological states such as decompres-
sion sickness, acute carbon monoxide intoxication, air 
embolism, soft tissue infections, radiation necrosis, and 
impaired wound healing. Formation of reactive oxygen 
species (ROS) is the inseparable aspect of oxygen metabo-

lism in cells. Pathological states are a result of equilibrium 
disturbance among pro- and antioxidant reactions when 
the processes of free radical formation exceed organism 
quenching ability. Structure damage caused by ROS are 
the basis of this pathologies. ROS contribution in lipid per-
oxidation can be expressed as malondialdehyde concen-
tration (MDA) formed in reaction with thiobarbituric acid 
(TBARS). Organisms dispose enzymatic defensive system 
which counteracts negative effects of ROS activity. The aim 
of the investigation was an evaluation of air oxygen exposi-
tion in hyperbaric chambers on oxidative stress in human 
red blood cells. Hyperbaric expositions imitated pressure 
conditions present at 30 meters and 60 meters depth while 
diving. Volunteers were divided on two groups: A – per-
sons with long practice in diving and B – persons who 
have never dived nor have been exposed to hyperbaric 
conditions. Comparison of pro- and antioxidant param-
eters in these groups were also investigated. 20 healthy, 
non-smoking men, aged from 18 up to 40 (average age 27 
years) and 12 women, aged from 21 up to 38 (average age 
29 years) took part in this research. They were exposed to 
hyperbaric conditions in chambers, where pressure condi-
tions imitated those at 30 and 60 meters depth (0.3 and 0.6 
MPa respectively) while diving. A control group was 10 
healthy men, 21–42 years of age (average was 29 years) and 
10 women, who have never dived nor have been exposed 
to hyperbaric conditions. Blood was taken after overnight 
fasting from cubital vein to test-tubes with heparin as an-
ticoagulant, to get plasma and hemolysate, as well as on 
a blood clot to get serum. Superoxide dismutase (SOD-1), 
catalase (CAT), glutathione peroxidase (GPx), glutathione 
transferase (GST) activity and concentration of malondial-
dehyde (MDA) were marked in red blood cells. Accord-
ing to the study results it is possible to certify that during 
hyperbaric exposition augmentation of ROS formation 
can take place that can cause toxic effects. Considerably 
weak enzymatic antioxidant defense in red blood cells of 
persons exposed to hyperbary in comparison with persons 
in normobary was observed. After hyperbaric exposition 
the activities of measured antioxidant enzymes and lipid 
peroxidation increased in both diving groups, but these 
changes were stronger in women group.
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The aim of this study was to characterize the antioxidant 
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systems in the reproductive tract of boar. The research 
materials were obtained in vivo by surgical procedure. 
Activity of antioxidant enzymes, low-molecular weight 
antioxidants, total antioxidant status (TAS), antiperoxi-
dant activity induced against sperm lipid peroxidation 
(LPO), as well as total protein content were analyzed. 
The antioxidant system of the boar reproductive tract is 
represented mainly by SOD activity. One molecular form 
of SOD was detected in cauda epididymal spermatozoa, 
as well as in the fluids of seminal vesicles and prostate 
glands. However, two molecular forms of SOD were de-
termined in the cauda epididymal fluids. Two molecular 
forms of GPx were detected in the prostate fluid, whereas 
only one form was shown of cauda epididymal spermato-
zoa. Low phospholipids hydroperoxide glutathione per-
oxidase (PHGPx) activity was detected in spermatozoa of 
the cauda epididymis. The thiol group seems to be the 
major antioxidant system in the fluids of seminal vesi-
cles and prostate glands. Furthermore, cauda epididymal 
fluid was distinguished by the high content of L-ascor-
bic acid, compared with other fluids. The seminal vesicle 
fluid was characterized by a high level of TAS and sup-
pressive activity against LPO. The results of this study in-
dicate the dominant role of SOD as the main antioxidant 
enzyme in the fluids of boar reproductive tract and cauda 
epididymis in protecting spermatozoa during storage. 
Supported by funds from University of Warmia and Mazury in 
Olsztyn (No. 0103.0803).
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The reduction of molecular oxygen in chloroplasts of oxy-
genic photosynthetic organisms, including algae such as 
Chlorella, leads the production of the active oxygen species 
(AOS). Furthermore, the abiotic stresses, as deficiency of 
some nutritional elements, can give rise concentrations 
of AOS, resulting in increase of oxidative damages at the 
cellular level. Plants induce antioxidant defence to over-
come the oxidative stress. Chlorella vulgaris Beijerink were 
grown in complete or phosphate deficient Knop medium 
for 5 or 12 days under irradiation at about 150 μmol m–2 

s–1 during 16 h photoperiod. Algae cells from phosphate 
deficient cultures show the evident symptoms of raised 
oxidative stress: higher levels of hydrogen peroxide 
and of the lipid peroxidation products, as well as the in-
creased activities of superoxide dismutase, catalase and 
the ascorbate peroxidase. After both applied periods of 
growth, the significant increase of total ascorbate (ascor-

bate + dehydroascorbate) content was found in cells from 
phosphate deficient cultures. Our data confirm that phos-
phate deficiency, by decreasing photosynthetic CO2 as-
similation and growth, generates in C. vulgaris cells the 
oxidative stress and enhances the activity of antioxidative 
defense systems. 

P10.65

Structure–activity relationship of aliphatic mono- 
and di-N-oxides: their radical scavenging abilities

Anna Krasowska1, Anna Murzyn1, 
Andrzej Piasecki2, Karel Sigler3

1Institute of Genetics and Microbiology, University of 
Wroclaw, Wroclaw, Poland; 2Division of Organic Technology, 
Faculty of Chemistry, Technical University of Wroclaw, 
Wroclaw, Poland; 3Institute of Microbiology, Czech Academy 
of Sciences, Praque, Czech Republic 
aniak@microb.uni.wroc.pl

The antioxidative activity and structure-activity relation-
ship of nitroxides are being intensively investigated [1]. 
Nitroxides can act as multifunctional antioxidants and 
superoxide dismutase (SOD) mimics eliminating super-
oxide anion, trap carbon-centered radicals or terminate 
radical chain reactions. Current investigations focus on 
other compounds with N-O group -N-oxides, which for 
fifteen years have been clinically used as bioreductive 
prodrugs due to their ability to undergo one- or four-
electron reduction reactions [2]. We investigated the anti-
oxidative action of amphiphilic mono- and di-N-oxides, 
synthesized in our laboratory against oxidative stress 
in superoxide dismutase-deleted cells of Saccharomyces 
cerevisiae in comparison with the chemical chemilumi-
nescence system with peroxyl radicals from the azo-com-
pound AAPH. In contrast to derivatives of N,N-dimeth-
ylethylenediamine both mono- and di-N-oxides derived 
from N,N-dimethyl-1,3-propanediamine stimulated the 
growth of delta SOD mutants, especially the strain with-
out the cytosolic SOD1. All groups of N-oxides protected 
yeast strains from oxidative stress caused by Paraquat 
and the peroxyl radical inducer, tert-butyl hydroper-
oxide (TBHP). Compounds with two N-oxide groups 
were more active against superoxide anions generated 
by Paraquat than mono-N-oxides but not against TBHP. 
The difference between the activities against oxidants is 
due to different incorporation into the plasma membrane, 
compounds with two N-oxide groups being incorporated 
less easily than mono-oxides. In chemiluminescence test 
only di-N-oxides derived from N,N-dimethylethylenedi-
amine were very effective against peroxyl radicals, while 
other antioxidants exhibited very high IC50.
This work was supported by the Ministry of Education grant No. 
3 T09B 075 27, the CR Research Centre 1M0570 and the Institu-
tional Research Concept AV0Z50200510”.
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Mannitol is either a widely used free radical scavenger or 
a transient blood-brain barrier opener. Preclinical stud-
ies established that mannitol administered intravenously 
during radiotherapy could enhance the efficacy of treat-
ment in some brain tumors. However, there is lack of data 
showing other effects of mannitol added before and after 
irradiation on blood cells. We have studied the modifica-
tion of the post-radiation hemolysis by mannitol added 
to the erythrocyte suspensions after irradiation. Human 
erythrocytes suspended in PBS (hematocrit of 2%) were 
irradiated with X-rays with the dose of 400 Gy under 
air. Mannitol was added immediately after irradiation to 
erythrocyte suspensions at the concentration range from 
5 to 200 mM and suspensions were incubated at 37oC up 
to 72 h. The level of hemolysis was assesed after indicated 
time intervals. We also determined the levels of oxidized 
Hb and reduced glutathione as well as the changes in 
erythrocyte shape by flow cytometric measurements. We 
observed that mannitol decreased the radiation-induced 
hemolysis in concentration and time dependent manner. 
However, other determined parameters did not differ 
for erythrocytes incubated with or without mannitol. It 
was concluded that the observed decrease in hemolysis is 
connected with the changes in the permeability of plasma 
membrane rather than with protection resulting from free 
radical scavenging properties of mannitol.
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The aim of the present study was to examine the protective 
effect of cystathionine as a cysteine precursor on doxoru-
bicin toxicity in the liver of Ehrlich ascites tumor (EAT)-

bearing mice and in the EAT cells. Both compounds were 
injected intraperitoneally alone or in combination. In the 
liver of EAT-bearing mice, glutathione (GSH), cysteine and 
sulfane sulfur levels as well as the activities of: glutath-
ione S-transferase, γ-glutamyltranspeptidase, rhodanese 
and γ-cystathionase significantly dropped in comparison 
with healthy animals. Administration of cystathionine el-
evated GSH and cysteine levels in the livers of EAT-bear-
ing mice and reduced lipid peroxidation. Furthermore, 
cystathionine increased γ-glutamyltranspeptidase activ-
ity, thereby activating γ-glutamyl cycle, responsible for 
proper glutathione metabolism in the cells. Cystationine 
did not influence sulfane sulfur level and rhodanese and 
γ-cystathionase activity in the livers of EAT-bearing mice. 
It was next shown that cystathionine administered in 
combination with doxorubicin protected against the drug 
toxicity since it elevated thiol level, lowering reactive 
oxygen species (ROS) content and suppressing lipid per-
oxidation. This means that cystathionine in the the liver 
of EAT-bearing mice can both correct harmful effects of 
carcinogenesis, and protect the liver from doxorubicin cy-
totoxicity. In contrast, in EAT cells, cystathionine lowered 
GSH and cysteine levels and did not alter ROS level, lipid 
peroxidation, and γ-glutamyl transpeptidase activity. All 
these data indicate that cystathionine action is selectively 
beneficial for normal cells because it corrects harmful ef-
fects induced by EAT development and protects the or-
ganism against doxorubicin cytotoxicity without impair-
ing cytotocicity of this drug to tumor cells.
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The aim of this study was to study the role of oxidative 
stress in aldehyde toxicity to the yeast Saccharomyces cer-
evisiae. Yeast was treated with allyl alcohol which is oxi-
dized intracellularly to acrolein by alcohol dehydrogenase 
(ADH). 15-Minute incubation with 0.4 mM allyl alcohol 
was sufficient to increase the aldehyde level in yeast cells. 
We found that mutants lacking of Cu,Zn-superoxide dis-
mutase (Δsod1), Yap1 transcription factor (Δyap1), thiore-
doxin 1 and thioredoxin 2 (Δtrx1Δtrx2) and γ-glutamyl-
cysteine synthetase (Δgsh1) are hypersensitive to allyl 
alcohol unlike mutants lacking both catalases A and T 
(Δctt1Δcta1), glutaredoxins 1–3 (Δgrx1-3), glutaredoxin 5 
(Δgrx5), peroxiredoxins 1–5 (Δprx), methionine sulfoxide 
reductase A and B (ΔmsrBΔmsrA) and Yeast Cadmium 
Factor (Δycf1). The hypersensitivity to allyl alcohol was 
abolished by 0.1 mM pyrazole (a competitive inhibitor 
of ADH), antioxidants and hypoxic atmosphere. In the 
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case of Δsod1 mutant, hypersensitive to allyl alcohol, we 
observed protective effects of hydrophilic antioxidants 
(ascorbate, reduced glutathione (GSH), dithiothreitol 
(DTT) and cysteine) while in case Δyap1, Δtrx1Δtrx2 and 
Δgsh1 mutants, hydrophobic antioxidants (Trolox, α-to-
coferol, lipoic acid, butylated hydroxytoluene (BHT) and 
melatonin) abolished the hypersensitivity. No protective 
effect was observed in any case for Tempo, Tempol and 
aminoguanidine. The antioxidants used did not affect the 
ADH activity. 0.4 mM allyl alcohol did not increase signif-
icantly superoxide and peroxide generation in the yeast, 
estimated with fluorogenic probes (dihydroethidine and 
2’,7’-dihydrofluorescein, respectively). 15- 30- and 60-
minute incubation with 2 mM allyl alcohol decreased 
the level of reduced glutathione (GSH) and increased the 
content of lipid peroxidation products in yeast cells.
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Photodynamic effects in cells obtained from nasal polyps 
were analysed by the use of electron paramagnetic reso-
nance spectroscopy. The studied cells were irradiated by 
laser with wave 662 nm. The same time of radiation and 
different powers were applied. The biological system both 
free and with photosensibilitizer was examined. Chlorin 
e6 as photosensibilitizer was introduced into cell culture. 
Time of irradiation of cells was 15 min. The following pow-
ers of laser radiation: 67, 125, 250 and 500 mW, were used. 
Cell culture was grown in RPMI 1640 medium. The me-
dium was supplemented with 10% fetal bovine serum and 
1% penicillin (10000 UI/ml) and streptomycin (10 mg/ml). 
The culture was incubated at 37oC and in humid atmos-
phere of 5% CO2. The aim of this work was to examine oxy-
gen effects in the studied cell cultures containing oximetric 
probes. Coal samples carbonized at 600oC characterized by 
high concentration of paramagnetic centers were chosen as 
oximetric probes. Changes of parameters of EPR spectra 
of these probes in irradiated cell cultures were tested. Ir-
radiation of cells led to excitation of oxygen O2 molecules 
in triplet state (S = 1) to singlet state (S = 0). Singlet oxygen 
causes free radical reactions and damage of cells. Large 
amounts of free radicals cause death of cells as apoptosis or 
necrosis. Electron paramagnetic resonance measurements 
were performed by an X-band (9.3 GHz) spectrometer. It 
was stated that reactions with oxygen in cells strongly de-
pend on power of laser radiation.

P10.70

Structural and functional modification of 
WMC proteins caused by nitric oxide

Agnieszka Łapa1, Przemysław Wojtaszek1,2

1Institute of Bioorganic Chemistry, Polish Academy of 
Sciences, Poznań, Poland; 2Department of Molecular and 
Cellular Biology, Adam Mickiewicz University, Poznań, 
Poland 
e-mail: agnieszkalapa@wp.pl

NO is a gaseous free radical that has been known for 
many years as a toxic air pollutant. Nowadays it is known 
that nitric oxide is an essential molecule endogenously 
produced in cells. In plants, growing evidence suggests 
that NO acts as a hormone equivalent in its significance 
to ethylene. NO can operate through posttranslational 
modification of proteins. It is known to readily bind cer-
tain transition metal ions which function as cofactors. It 
can also directly modify amino acid residues in polypep-
tides, either through S-nitrosylation of cysteine thiols or 
by nitration of thyrosine residues. In recent years, some 
of the functions of NO in plants have been documented, 
but the role of NO in a cell wall-plasma membrane-cy-
toskeleton continuum (WMC) has remained, to a great 
extent, unknown. The aim of the present work was to 
investigate the influence of NO modulators on the func-
tioning of WMC continuum in plants. We have utilized 
the proteomic approaches to study differences in protein 
patterns, following the application of NO modulators. 
The far-reaching aim of those studies is the identification 
of NO-modulated proteins in Arabidopsis thaliana suspen-
sion culture. These studies are complemented with the 
microscopic analysis of the organization of the actin cy-
toskeleton, one of components of the WMC continuum. 
Finally, some comparative analyses, utilizing DAF-2DA, 
will be presented with the aim to localize subcellular 
source of NO generation.
This research is supported by the Ministry of Science and Higher 
Education grant PBZ-KBN-110/P04/2004 to P.W.
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Influence of black tea on liver protein 
and lipid oxidative modifications
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Black tea has been recently ascertained as a source of wa-
ter-soluble antioxidants that may enhance cellular anti-
oxidant abilities. The present study has been designed to 
investigate the efficacy of preventive effect of black tea 
against the liver lipids and proteins oxidative modifica-
tions of rats chronically intoxicated with ethanol. Lipid 
peroxidation was estimated by HPLC measurement of 
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lipid hydroperoxides, malondialdehyde and 4-hydrox-
ynonenal and by spectrophotometric determination of 
conjugated dienes. The markers of proteins oxidative 
modification products, bistyrosine and tryptophan were 
quantified by spectrofluorimetry whereas levels of amino, 
sulphydryl and carbonyl groups were estimated spectro-
photometrically. Ethanol intoxication caused changes in 
the liver antioxidant abilities what led to oxidative stress 
formation and in consequence to the significant increase 
in lipids and proteins oxidative modification. Enhanced 
lipid peroxidation was confirmed by assessment of the 
concentration of lipid peroxidation products measured 
at all examined levels. Proteins modifications were evi-
denced by increase in levels of bistyrosine and carbonyl 
groups levels and by decrease in concentration of tryp-
tophan concentration and levels of sulfhydryl and amino 
groups. The metabolic consequences of oxidative modifi-
cations of lipids and proteins were reduced of cathepsin B 
activity and translocation of this lysosomal protease into 
cytosol as well as markers of liver damage, ALT and AST 
into the blood serum. Administration of black tea to etha-
nol-intoxicated rats remarkably prevented the significant 
increase in concentrations of the all measured lipid per-
oxidation products. Moreover, the levels of markers of 
the proteins modification process were similar to those 
of the control group. These results indicate that black tea 
protects proteins and lipids against oxidative modifica-
tion.
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Dieatry intervention with red beet 
juice ameliorates side effects resulting 
from oxidative stress during cancer 
chemotherapy with doxorubicin in vivo
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Doxorubicin belongs to the most effective cytostatics 
whose clinical usefulness is however limited by side ef-
fects, cardiotoxicity in particular, resulting from massive 
stimulation of ROS. Therefore, many studies were un-
dertaken to find means of amelioration of doxorubicin 
induced oxidative stress. These attemts involved syn-
thetic compounds and recently natural antioxidants from 
plantborne foods. Substances tested included antioxidant 
vitamins, polyphenols, plant extracts e.g. from spinach 
or grape seeds. This approach, though based on edible 
food components, still is rather pharmacological than di-
etary. In contrast, we attemted to find out whether enrich-
ing diet in a food item with high antioxidative potential 

could offer antioxidative protection during doxorubicin 
therapy. The experiments involved either healthy mice or 
bearing lekaemia L1210 i.p. treated with doxorubicin and 
fed red beet juice (RBJ) ad libitum instead of water. Sev-
eral experimental schemes were tested with RBJ given to 
mice before or/and after treatment. From animals, blood 
and hearts were collected and assayed for markers of 
oxidative stress: lipid peroxidation and protein carbonyl 
groups in serum, genotoxicity (comet assay) in leukocytes 
and in heart tissue. The samples collected are still under 
investigations, however, some observations have been 
already done. In both, leukocytes and heart tissue DNA 
damage occurs within few hours after doxorubicin ad-
ministration and is very extensive. Treatment combined 
with RBJ offers a very substantial protection of heart tis-
sue, less apparent in blood tissue. Moreover, in survival 
experiments, only in groups drinking RBJ, some animals 
(about 50%) lived 4 months after therapy (life span re-
garded as full cure).
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Assessment of oxidation stress and its impact 
on rabbits administered paracetamol
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Common opinion about low noxiousness of paracetamol, 
combined with its proven effectiveness as an antipyretic 
and analgetic drug results in its frequent use without 
medical control. The danger of paracetamol overdose 
stems from the fact that it is included in various pharma-
ceutical preparations available on the out-of-pharmacy 
market under many different names. Paracetamol is rela-
tively swiftly removed from the body. However, one of 
the products of its biotransformation, namely N-acetylo-
p-benzoquinone-imine (NAPQI) can pose a health threat. 
The aim of our research was to attempt to assess oxida-
tion stress in rabbits, which have been administered per 
os 50 mg/kg of body mass of paracetamol every day for 
3 months. Established by routine blood test, values of 
biochemical indicators (AST, ALT, GGT, TG, HDL, LDL 
and proteins) were normal during the whole experiment. 
Changes of superoxide dysmutase (SOD) and glutathione 
peroxidase (GPx) activity were accepted as an indicator 
of resulting oxidation stress. They were measured in the 
blood with Randox tests. In rabbits from the group under-
going the experiment SOD activity increase of about 40% 
was determined in comparison with the control group. 
GPx activity decreased by about 30%. Furthermore, pro-
gressing in time lowering of concentration of acetoacetate 
and the increase of β-hydroxybutyrate in the blood of 
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tested rabbits was determined, measured with tests pro-
duced by Wako Chemicals GmBH. The calculated value 
of Arterial Ketone Body Ratio (AKBR) was significantly 
lowered in rabbits undergoing tests. The decrease in 
AKBR ratio indicates liver function impairment, discreet 
enough not to be determined by AST, ALT, GGT and oth-
ers. The background for the liver function impairment is 
unsettling of oxidation-antioxidation balance, indicated 
by the determined changes in SOD and GPx activity.
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Characterization of the transmembrane 
redox system of Saccharomyces 
cerevisiae by ferricyanide reduction
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Transplasma-membrane redox systems are implicated 
in diverse vital functions of cells. Ferricyanide is a non-
physiological electron acceptor which is a useful tool to 
study these systems. The aim of this study was to com-
pare the reduction of this substrate in various condi-
tions. We studied the dependence of the reduction rate 
on: substrate concentration, phase of growth (logarith-
mic vs stationary), metabolic source of the carbon and 
glucose concentration. We also examined the influence 
of menadione (a potential redox mediator of the mem-
brane redox system) on the reduction of ferricyanide. 
Ferrocyanide, product of the reaction, was estimated 
as reported by Avron and Shavit with 1,10-phenanthro-
line. The rate of ferricyanide reduction was higher in 
the logarithmic than in the stationary phase and did not 
depend on the metabolic carbon source (glucose vs glyc-
erol). In the presence of menadione, the rate of ferricya-
nide reduction was higher and identical for logarithmic 
and stationary phase cells. Menadione supplementation 
of stationary-phase cells (grown on YPG medium) with 
menadione increased the rate of ferricyanide reduction 
to that comparable with cells from logarithmic phase in 
the absence of menadione. Glutathione has been consid-
ered to be one of electron donors for the transmembrane 
electron transport system. In order to check this hypoth-
esis, ΔGSH1 and ΔHGT1 strains were used but there 
were no differences in the rate of ferricyanide reduction 
by cells of both these strains with respect to the wild-
type cells. The activity of the transmembrane plasma 
reduction system appears to be related to the metabolic 
state of the cells.
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Short term effect of vitamin C and 
jasmonate on the level of reactive oxidative 

species in Arabidopsis thaliana plants

Waldemar Maksymiec,  
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Vitamin C is well-known antioxidant effectively func-
tioning during different stresses. However, some data 
indicated that it may enhanced toxicity effects ex-
pressed by some stress factors, especially by excess Cu 
ions. Recent investigations indicated that, on one hand 
jasmonate can significantly influence the ascorbate 
level, and on other hand increase H2O2 production. It 
is actually unknown how can jasmonate influence a 
content of reactive oxygen species (ROS) at increased 
ascorbate level. To resolve this problem, at least par-
tially, the experiments were performed on A. thaliana 
plants treated with 0.05 and 5 mM ascorbate or 50 μM 
methyl jasmonate (MJ) for 1 h and 15 h. These sub-
stances were applied by shoots after roots abscission, 
and their effect on level of superoxide (O2

–•), hydroxyl 
radicals (OH•), lipid peroxides and ascorbate was in-
vestigated. The obtained data indicated that endog-
enous pool of ascorbate quickly increased after treat-
ment with exogenous ascorbate. It was correlated with 
decreased levels of OH• and lipid peroxides, however, 
the level of O2

–• increased after 15 h of treatment with 
0.05 mM ascorbate. MJ increased uptake of ascorbate, 
with no effect on lipid peroxidation but increased other 
ROS levels. Ascorbate generally diminished MJ effect 
on OH˙ and O2

–•, however, lower ascorbate concentra-
tion enhanced O2

–• accumulation especially after 1 h 
of treatment. Summarizing, MJ can facilitate uptake 
of ascorbate which generally can diminish ROS level. 
Ascorbate, at some concentrations, may show prooxi-
dative effects, especially by O2

–• forming in the pres-
ence or absence of MJ, but without Cu.
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Localization of hydrogen peroxide and 
superoxide anion in Pisum sativum 
roots in oxidative stress conditions
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Plant usually experience oxidative stress when ex-
posed to lead and other abiotic factors (e.g. heavy met-
als, electromagnetic radiation, salinity, drought and xe-
nobiotics). Lead is taken up mainly through the roots 
and it accumulated there (over 90%). Reactive oxygen 
species (H2O2, O2

–•, •OH) produced as a result of oxi-
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dative stress cause a variety of harmful effects in plant 
cells, such as: inhibition of ATP production, lipid per-
oxidation and DNA damage, they induce non-specific 
permeabilization of mitochondrial membrane, initi-
ate modification of amino acids and fragmentation of 
polypeptide chain. Main sites of ROS formation in root 
cells are mitochondria and peroxisomes. About 2% of 
oxygen utilization by mitochondria undergoes mono-
electron change leading to ROS production, in particu-
lar between complex I, II and III of the mitochondrial 
respiratory chain. The main sites of ROS formation in 
peroxisomes are flavin oxidases and β-oxidation proc-
ess. The plant material was the roots of Pisum sativum 
cultivated hydroponically in Hoagland nutrient solu-
tion supplemented with 0.1 and 0.5 mM Pb(NO3)2. The 
ROS generation was determined in pea roots and in 
subcellular fractions: mitochondria, peroxysomes and 
cytosol. The levels of superoxide anion was determined 
with the method using the NBT reaction (Doke, 1983) 
and with confocal microscopy using specific indicator-
dihydroethidium (DHE). Hydrogen peroxide genera-
tion was determined applying the spectrophotometric 
method (Becana et al., 1986) and confocal microscopy 
using specific indicator-dichlorofluoroscein diacetate 
(DCFDA). According to our results Pb exposition leads 
to oxidative stress conditions. The highest levels O2

–• 
and H2O2 were observed after 2–8 h for pea roots treat-
ed with Pb ions. The highest level of H2O2 was deter-
mined in mitochondria from pea roots grown in the 
presence of 0.5 mM Pb for 72 h.
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Participation of green and black tea 
in maintaining redox balance

Ostrowska J., Stankiewicz A., Skrzydlewska E.
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Free radicals generation and decrease in antioxidant 
abilities accompany ethanol metabolism. It disturbs 
redox balance that exists in the organism. This study 
was conducted in order to compare the role of natural 
antioxidants, green and black tea in the protection of rat 
liver against oxidative stress caused by chronic ethanol 
intoxication. In the liver of control rats and animals re-
ceiving diet containing ethanol and ethanol with teas 
the prooxidant and antioxidant parameters were exam-
ined. Prooxidants: xanthine oxidase and myeloperoxi-
dase activity and hydrogen peroxide level were meas-
ured. Moreover the activity of antioxidant enzymes: 
superoxide dismutase, catalase, glutathione peroxidase 
and reductase, the level of nonenzymatic antioxidants: 
reduced glutathione, vitamin C, E and A, as well as the 
level of malondialdehyde, lipid peroxidation product 
were specified. Chronic ethanol intoxication caused the 
increase in the liver activity of oxidative enzymes (by 

about 20–30%) and in the hydrogen peroxide level (by 
about 10%) as well as decrease in antioxidative enzyme 
activities (by about 20%) and in the level of nonenzy-
matic antioxidants (by 10–15%). Administration of green 
and black tea together with ethanol partially prevented 
changes caused by ethanol. The activity of prooxida-
tive enzymes and the level of hydrogen peroxide were 
not significantly increased in comparison with control 
group, while the activity/level of the measured antioxi-
dants was decreased to smaller degree than in ethanol 
group. It indicates that green tea monometric polyphe-
nols–catechins as well as black tea multimeric polyphe-
nols–teaflavins comparable protect liver against oxida-
tive stress caused by ethanol.
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The effect of glyphosate and etephon on the 
activity of Na,K-ATPase and the level of –SH 
group of membrane of human erythrocytes

Pieniążek Danuta,  
Bukowska Bożena, Duda Wirgiliusz
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The transmembrane enzyme sodium, potassium de-
pendent adenosine triphosphatase (Na,K-ATPase) has 
the function of maintaining sodium and potassium 
gradients across membranes that serve cellular activi-
ties, such as volume regulation, action potential and 
secondary active transport. Xenobiotics, which get 
into organism, are administrated by blood to different 
tissues and organs. As they are transported by blood 
its morphotic components are exposed to xenobiot-
ics influence. Toxins lead to damages of erythrocytes’ 
membrane and thus cause disturbances of metabolism. 
It is also known that pesticides may affect on activity 
of transmembrane enzymes. Today, thousands of pes-
ticides are used and human exposure may be wide-
spread mainly through contaminated food and drink-
ing water. Etephon is a pesticide generally used as a 
plant growth regulator. Etephon’s mode of action acts 
via liberation of ethylene, which is absorbed by the 
plants and interferes in growth process. Glyphosate 
is the most commonly used herbicide in the world. 
Glyphosate is N-phosphonomethylglicine that is capa-
ble to penetrate plants’ tissues and inhibits 3-enolpyru-
vylshikimic acid-5-phosphate synthase. The specific 
inhibitors of Na,K-ATPase are represented by some 
xenobiotics like pesticides, cardiotonic glucosides and 
certain metal ions. The experiments were performed on 
human erythrocytes that were incubated by 1, 5 and 24 
h with glyphosate and etephon in doses of 50 to 1500 
ppm. The decrease of activity of Na,K-ATPase caused 
by glyphosate and etephon were observed. Glyphosate 
provoked substantial lower changes of above described 
parameter. Both pesticides decreased the level of -SH 
groups in erythrocytes membrane. 
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EPR studies of oximetric probes in 
cell cultures irradiated by laser
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Comparative examination of different carbon samples as 
oximetric probes in two types of cell cultures was per-
formed. EPR spectra of carbon probes in melanotic cells 
and cells of nasal polyps irradiated by laser were meaured. 
During photodynamic therapy (PDT) laser radiation with 
662 nm and chlorin e6 as photosensibilizer were used. 
Tested probes do not indicate negative effects in biologi-
cal structures. The aim of this work was to find the best 
probes to determine optimal conditions of photodynamic 
therapy. Coal samples carbonized at temperatures in the 
range 400–700oC were applied as probes in oximetry. 
Thermal treatment at high temperature led to rupturing 
of chemical bonds and formation of paramagnetic cent-
ers in sample. It was proved that coal samples carbonized 
at 400, 500, 600oC are the sensitive oximetric probes. The 
highest concentration of paramagnetic centers character-
izes sample carbonized at 600oC. Influence of microwave 
power on EPR lines of sample heated at 600oC indicates 
that large multi-ring aromatic units with delocalized π 
electrons dominate in this probe. It is known that para-
magnetic multi-ring aromatic structures actively interact 
with paramagnetic oxygen molecules in triplet ground 
state. EPR spectrum of this sample was the strongest sus-
ceptible for paramagnetic O2 molecules both in nasal pol-
yps and melanotic cells. Comparative investigations with 
TEMPO as oximetric probes were performed. 
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Susceptibility of selected cell lines to oxidative 
damage and their protection by antioxidants
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The oxidative damage due to free radical reactions is a key 
process in living organisms. Still the exact defence mecha-
nisms, including recycling of cellular antioxidants, are not 
well known. The effects of hydrogen peroxide (H2O2) and 
azo initiators: 2,2’-azobis(2-amidinopropane) dihydro-
chloride (AAPH), 2,2’-azobis(2,4-dimethylvaleronitrile) 
(AMVN) on cell viability were tested. Cell proliferation 

was assesed using MTT-reduction test. Cell lines used for 
experiments showed varying resistance to oxidative dam-
age from very sensitive immortalised HUVEC-ST cells 
to most resistant HepG2 cells. Hydrophilic antioxidants 
(reduced glutathione (GSH), ascorbate, melatonin) and 
hydrophobic antioxidants (butylated hydroxytoluene 
(BHT), α-tocopherol, quercetin, bilirubin) were used to 
prevent the oxidative cell death. IC50 of H2O2 for hepato-
ma cells (incubation for 8 h) was about 4 µM. Protective 
effect of GSH was observed in cells treated with H2O2, but 
not with AAPH. Quercetin exhibited antioxidative activ-
ity against AAPH, but in several experiments it showed 
cytotoxicity at micromolar concetrations. BHT caused 
significant cell death at concentration above 100 µM and 
no protective effect observed. The other compounds used 
had no significant protective abilities. AMVN initiator 
was found useless for cellular experiments because of 
its poor solubility in aqueous solutions and induction of 
physical, rather than oxidative, damage to the cells.
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The lungs disorders in patients with Chronic Obstructive 
Pulmonary Disease (COPD) influence on oxidants–anti-
oxidants (redox) balance changes in their organisms. 
Caused of lungs dysfunction long-term hypoxia of tis-
sues or contact of lung tissues on high oxygen concen-
tration, for example in time of oxygen treatment, may 
induce large amount of free radicals. Influence of reha-
bilitation process on biochemical parameters of redox 
balance were the aims of these studies. Vein blood was 
collected from 14 subject with COPD recognized in ini-
tial and terminal days of 3-week long rehabilitation resi-
dence on Regional Specialistic Hospital of Lung Diseases 
in Ludwikowo/Poznan. Oxypurines (xathine and hypox-
anthine), uric acid were determined using High Pressure 
Liquid Chromatography (HPLC) with UV lamp. Serum 
total antioxidant status: FRAP (Ferric Reducing Ability 
of Plasma), TBARS (Thiobarbituric Acid Reactive Sub-
stances) and blood total polyphenols concentrations were 
determined using spectrophotometric methods. Serum 
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total antioxidant status (FRAP) was significant increased 
after rehabilitation process (before rehabilitation 567.69 ± 
131.21 µmol/l, after rehabilitation 718.22 ± 221.25 µmol/l, 
P < 0.001). TBARS concentration significantly decreased 
from 2.79 ± 0.94 µmol/l to 1.85 ± 0.76 µmol/l (P < 0.05) 
after rehabilitation. Other parameters were changed ben-
eficially but no significant differences were observed. 
COPD patients rehabilitation’s process beneficially influ-
ence on redox balance of their organisms. Differences of 
parameters show that long-term physical rehabilitation 
and appropriate diet may keep oxidants and antioxidants 
concentrations on proper level although disease process 
continuation. Supplementation of vitamins deficiency 
and others antioxidants may be purposely in patients 
with COPD. It may prevent before accelerate disease 
progress and improvement of patients lifestyle.
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Reactive oxidants, including especially reactive oxygen 
and nitrogen species, are among the most physiologically 
relevant cellular toxicants and the interest in measuring 
their toxic action against cells is high in many fields of 
the biomedical research community. Numerous in vitro 
assays are currently available for measuring cellular via-
bility after exposure to toxic compounds. It is known that 
cell death upon reactive oxidant exposure occurs mainly 
as the result of free radical-mediated damage to crucial 
biological macromolecules, but the first effect is the dis-
ruption of redox homeostatic balance within the cell. 
Since some of most commonly used assays rely specifi-
cally on the activity of redox-dependent enzymes, their 
applicability to the study of oxidant toxicity has been put 
in doubt. We have undertaken a panel study of viability 
assays from three groups: cell number assays (DNA and 
protein staining), cellular function assays not related to 
redox homeostasis (membrane integrity, lysosomal pH 
and esterase activity) and dehydrogenase activity assays 
(tetrazolium salt and resazurin reduction). We compared 
toxicity assay results obtained by these methods for 
model reactive oxidants (hydrogen peroxide, t-butyl hy-
droperoxide and hypochlorite) on two human cell lines: 
A549 (non-small cell lung cancer, relatively resistant to 
oxidative stress) and HeLa (cervical carcinoma, relatively 
vulnerable to oxidative stress). The overall conclusion 
from our studies is that viability assays based on cellular 
metabolic activity can be used in research on reactive oxi-
dant-mediated toxicity only if special caveats are taken 

into account. For routine applications in this type of stud-
ies, their use should be discouraged and alternative test-
ing methods should be applied.
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The beneficial health effects of quercetin found in teas, 
wines, and other plant products largely due to its anti-
oxidant properties. Daily intake of this flavonoid may be 
associated with decreased risk of cardiovascular diseases 
and tumor development, stroke by protecting against oxi-
dative DNA damage and lipid peroxidation, and by stim-
ulation of biosynthesis of NO and cytokines. However, 
apart from antioxidant, quercetin shows also prooxidant 
properties. This study demonstrates that quercetin can 
act as a prooxidant in human non-small lung cancer cells 
A549 and be cytotoxic for these cells at concentrations 
above 30 µM. Quercetin at concentrations up to 200 µM, 
decreased the generation of hydrogen peroxide by A549 
cells. The flavonoid, at concentrations below 25 µM, pro-
tected the cells against the cytotoxicity induced by 50 μM 
hydrogen peroxide but augmented this toxicity when ap-
plied at concentrations over 50 μM. Induction of NO pro-
duction in the cells was observed 24 h after the flavonoid 
treatment. Very low concentration of quercetin (0.5 μM) 
increased the level of cellular –SH groups while higher 
concentrations (over 5 μM) decreased the level of thiols. 
Lower concentration of quercetin increased but higher 
(100 μM) decreased total antioxidant capacity of the cells. 
6 h incubation of the cells with higher concentrations of 
the flavonoid (50–100 µM) decreased activities of super-
oxide dismutase, catalase and glutathione S -transferase. 
The prooxidant properties of quercetin may contribute 
towards its anticancerogenic action.
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Flavonoids are secondary metabolites that common-
ly occur in plants and express strong antioxidant and 
antiradical activity. A number of studies on flavonoids 
also showed their cardioprotective and antiosteoporo-
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sis properties in in vitro and in vivo models. The aim of 
this study was to investigate genistein-8-C-glucoside 
(G8CG) as a potential prospective antioxidant. In the 
experiments we used glycosylated genistein-8-C-glu-
coside from flower of lupine (Lupinus luteus L.). G8CG 
belongs to isoflavons, and to a subclass of flavonoids. 
The cytotoxic and genotoxic effects of this compound 
were studied, in Chinese hamster ovary cells (line CHO) 
by MTT and Comet assays. The level of reactive oxy-
gen species generated by H2O2 alone and in combina-
tion with G8CG was estimated with fluorescence probes 
DCFH-DA by flow cytometry. The cells were exposed to 
various concentrations of genistein-8-C-glucoside (1–290 
µM) and hydrogen peroxide (10–130 µM) and the effect 
of G8CG alone or in combination with H2O2 was deter-
mined. Significantly reduced cell viability was observed 
after treatment with G8CG concentrations of 10 µM and 
higher while at lower concentrations (5 μM and 7.5 μM) 
G8CG showed antioxidant properties and did not dem-
onstrate cytotoxic and genotoxic action. In conclusion, 
our preliminary in vitro studies suggest that the inves-
tigated CHO cells, genistein-8-C-glucoside demonstrate 
antioxidant properties at concentrations much more 
lower than its IC50 (49 µM).
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Reactive oxygen species (ROS) present in intestine con-
tents participate in carcinogenesis of large bowel. They 
lead to neoplasmatic transformation causing oxidative 
damage of cells. Knowledge of systemic total antioxidant 
capacity (TAC) allows evaluation of the disturbance level 
of oxidation-reduction balance and antioxidative reserve 
volume. Aim of this study was to assay TAC in patients 
with two premalignant conditions and carcinoma of a 
distal part of large bowel. Material for examination was 
blood plasma from 100 individuals (non smokers) of both 
sexes (24÷65 years of age) clinically divided into 5 groups 
(n = 20 each): I (control) – functional disturbances of large 
bowel, II – ulcerative colitis, III – adenomatous colorectal 
polyps, IV – operative colorectal carcinoma, V – inoper-
able colorectal carcinoma. They did not use any drugs for 
last half a year. TAC values determined with the Randox 
kit use in successive groups were (mM of Trolox equiva-
lent/l): I – 1.78 ± 0.21, II – 1.33 ± 0.16, III – 1.12 ± 0.13, IV 

– 0.85 ± 0.10, V – 0.57 ± 0.07. Statistical significance (t-Stu-
dent’s test) were shown for differences of results between 
the group I and groups II÷V (P < 0.01) and among groups 
II÷V (P < 0.05). The results suggest on increase of oxida-
tive stress accompanying the process of carcinogenesis. 
This may be due to progress in ROS generation, depletion 
of systemic antioxidative reserves, and also to uptake by 
neoplastic tissue of some antioxidants necessary for its 
growth.
The study was supported by the Medical University grant 502-
17-552.
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Expression of superoxide dismutase on 
DNA, mRNA and protein levels in the 
blood and hepatocytes cells in the pigs 
infected with Echinococcus granulosus
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The Echinococcus granulosus infection is an important 
sanitary and veterinary problem for humans and ani-
mals, including pigs as intermediate hosts. Superoxide 
dismutase (SOD) plays an important role in detoxifica-
tion and protect function against the cytotoxic effect of 
free radicals. SOD occurs in many organelles and all tis-
sues. This biochemical antioxidant forms a natural sys-
tem of metabolism regulation and protection against of 
superoxides and molecular oxygen. The material was 
obtained from the „Łmeat” Meat Plant in Łuków and the 
Meat Plant in Lublin. The study included 30 pigs unex-
posed to parasites (control group) and 142 pigs infected 
with Echinococcus granulosus. The control and infected 
livers were collected during partition of carcasses. The 
DNA was isolated from livers by phenol-chloroform 
method (expression of SOD gene). The sequences of 
starters -CTGGGCAATGTGACTGCTGGCA- and -TT-
GTGCGGCCAATGATGGAATG- were used to DNA 
amplification reaction (PCR) The paraffin sections were 
used to hybridization in situ study (expression of SOD 
gene on mRNA level). Protein was isolated to Western-
blotting studies (expression of SOD gene on protein 
level). The highest expression of superoxide dismutase 
was observed in the wheal areas. The expression in the 
hepatocytes 5 cm away from the infection place is slight-
ly lower. The expression in the blood cells is lower that 
noticed in the hapatocytes. The expression of superox-
ide dismutase on mRNA and protein levels is also the 
highest in wheal areas of echinococcus liver specimens.

P10.87

Protective action of antioxidants against 
allyl alcohol and microcystin-LR 
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toxicity in Hep 3B and HaCaT cells
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Environmental toxins are the compounds that may be 
formed in the result of chemical processing (allyl alcohol) 
and also be the products of metabolism of living organ-
isms (microcystin–LR). Allyl alcohol is an unsaturated 
primary alcohol used to produce derivatives for the in-
dustrial manufacturing of perfumes, flavorings and phar-
maceutical agents. It is metabolized by cytosolic alcohol 
dehydrogenase to the toxic acrolein). Microcystin-LR is a 
cyclic, toxic peptide built of 7 amino acids, produced by 
at least by three genera of cyanobacteria including Micro-
cystis aeruginosa, Anabena sp., Nodularia sp. and Oscilatoria. 
These compounds penetrate organism by alimentary tract 
with food and drinking water, and also by inhalation and 
by skin. They induce formation of reactive oxygen spe-
cies, change morphology and enzymatic activities of cells 
and also cause its apoptosis. However, the latter effects 
may be partly prevented by antioxidants. The purpose of 
the work was to evaluate the protective effect of antioxi-
dants (vitamin C, Trolox and melatonin) on viability, re-
active oxygen species formation, apoptosis and the level 
of ATP in Hep 3B and HaCaT cell lines treated with allyl 
alcohol and microcystin-LR. The studies revealed protec-
tive effects of antioxidants in both cell lines.
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Oxidative stress and human ageing

Agnieszka Siomek, Daniel Gackowski, 
Rafal Rozalski, Tomasz Dziaman, Anna 
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Poland

Ageing is a complex process involving morphologic and 
biochemical changes in single cells and in the whole or-
ganism. One of the most popular explanations of how 
ageing occurs at the molecular level is the oxidative stress 
hypothesis. The aim of this work was to assess age-re-
lated changes in oxidative DNA damage in 255 humans, 
5–82 years old. For the first time, the broad spectrum of 
oxidative DNA damage biomarkers was analysed: uri-
nary excretion of 8-oxodG and 8-oxoGua as well as the 
level of oxidative DNA damage in leukocytes. In addition 
a concentration of antioxidant vitamins A, C, E and uric 
acid was determined in blood serum. Using HPLC prepu-
rification/isotope dilution GC/MS methodology, we ex-
amined the amount of oxidative DNA damage products 

excreted into urine and the amount of 8-oxodG in leuko-
cytes’ DNA (with HPLC/EC technique). The level of anti-
oxidant vitamins and uric acid was estimated by HPLC 
technique with fluorimetric and UV detection. The level 
of 8-oxodG in leukocytes’ DNA showed statistically sig-
nificant correlation with the age of the examined subjects, 
and the level of urinary 8-oxoGua and 8-oxodG followed 
the same pattern. Age-dependent decline in the concen-
tration of vitamin C, a small but statistically significant 
increase in the level of vitamin E and gradual increase 
of uric acid with age was observed. On the basis of the 
presented correlative association between oxidative DNA 
damage parameters and age it seems reasonable to state 
that the damage may be one of the substantial factors in 
human ageing. Furthermore, an inverse correlation of vi-
tamin C concentrations with age is also consistent with 
the oxidative stress hypothesis of ageing.
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Coupling of glutathione system and 
synaptosomal membrane state under  
L-methionine treatment against oxidative stress

Slyshenkov V.S., Shevalye A.A., Moiseenok A.G.

Institute of Biochemistry NASB, Grodno, Belarus

The protective effect of L-methionine due to its anti-
oxidative properties as well as mediated through glu-
tathione system modulation was previously shown in 
synaptosomes under free radical exposure [1]. The aim 
of the present work was to study probable correlations 
between the state of glutathione system and membranes 
of isolated nerve endings under L-methionine treatment 
during oxidative stress induction. The experiments were 
performed in synaptosomal fraction, enriched with mi-
tochondria. Synaptosomes were isolated from rat (Wis-
tar CRL:(WI)WU BR) brain hemispheres by differential 
centrifugation. Free radical production was provoked 
by Fenton reagent, glutathione synthesis was inhibited 
by buthioninesulfoximine (BSO). Incubation of synapto-
somes with Fenton reagent or its combination with BSO 
resulted in decrease of reduced glutathione for 20% and 
33%, respectively, and increase of its oxidized form for 
20% under both kinds of exposure. The given change in 
glutathione redox state was accompanied by drop of glu-
tathione reductase and transferase activities. It was shown 
that preincubation of synaptosomes with L-methionine 
increased reduced glutathione level, whereas exposure 
to BSO attenuated L-methionine effects substantially. The 
observed changes in glutathione system of synaptosomes 
significantly (P < 0.05) correlated with changes in synapto-
somal membrane (correlation coefficient 0.97). Amount of 
membrane proteins disulfide groups increased, while that 
of thiol groups, total phospholipids content decreased, 
membrane cholesterol level was unchanged under incu-
bation of synaptosomes with Fenton reagent alone or in 
combination with BSO. Activities of acetylcholinesterase 
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and Na,K-ATPase were decreased also. L-methionine 
treatment considerably attenuated these changes, though 
its protective effects were not observed after addition of 
BSO to incubation medium.
Reference:
1. Slyshenkov VS, Shevalye AA, Liopo AV, Wojtczak L (2002) Acta 
Biochim Polon 49: 906-916.
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Different morphology of U937 sublines’ 
cells as action of TNF in the presence of 
cycloheximide – potential role of mitochondria 
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Grzegorz Stasiłojć1, Monika Wozińska1, 
Michał Szkatuła2, Jacek Bigda1

1Division of Cell Biology, Department of Medical 
Biotechnology, Medical University of Gdańsk, Gdańsk, 
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Two sublines (U937ATCC and U937M) of U937 cells are 
known to have different response to tumor necrosis factor 
(TNF). They are characterized by distinct cell morphol-
ogy following treatment with TNF and cycloheximide. 
The same different morphology of cells is observed after 
extended time of treatment with TNF only. Cell death 
induced by TNF action could be executed by two path-
ways (intrinsic/mitochondrial and extrinsic) which can be 
linked together. Mitochondrial role in apoptosis generally 
include: cytochrome c release and caspase-9 activation via 
AIF action, generation of reactive oxygen species and pro-
vision of ATP. During our study we have been trying to 
assess the role of mitochondria and generation of reactive 
oxygen species in the two U937 sublines. We measured 
mitochondrial membrane potential changes, volume of 
mitochondria per cell and concentration of ATP and ADP 
during treatment with TNF and cycloheximide or TNF 
alone. Some basic features of apoptosis like DNA frag-
mentation, translocation of phosphatidylserine was also 
been observed. The results indicated that specific mito-
chondrial response to TNF treatment is different in both 
sublines and also suggested correlation between condi-
tion of mitochondria, ADP/ATP relation and disturbed 
apoptosis process, which is characterized by different cell 
morphology. Obtained data shows that both sublines in-
dicates differences in mitochondrial membrane potential 
as result of TNF treatment. Explanation of this specific 
morphology type of cell death require further study on 
extrinsic and intrinsic pathways as well as role of cy-
toskeleton and membranes composition changes in both 
sublines.
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Proliferation of human melanocytes in vitro 

in the presence of nitric oxide donors

Irena Tam, Krystyna Stępień
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Numerous studies have proved antiproliferative and cy-
totoxic effects of NO (nitric oxide) and NO-related spe-
cies on different cell types. Our study was designed to 
determine if exogenous NO and ONOO– (peroxynitrite) 
released from SPER/NO (spermine/nitric oxide com-
plex) and SIN-1 (3-morpholino-sydnonimine), modulate 

the growth of human epidermal melanocytes. Human 
epidermal melanocytes (HEMn) were incubated for 24 h 
with SIN-1 and SPER/NO at concentrations 10–400 µM. 
Then, the incubation period with donors, at selected non-
toxic doses, was prolonged to 2, 4 and 6 days. Effects of 
NO-donors on HEMn proliferation determined by DNA 
content (CyQuant® Cell Proliferation Assay Kit, Mo-
lecular Probes) and on cytotoxicity quantified by LDH 
release (CytoTox 96® Non-Radioactive Cytotoxicity As-
say, Promega), were dose-dependent. Exposure to high 
concentrations of tested compounds caused cytotoxic ef-
fects (32 ± 0.01% – 49 ± 0.3% cytotoxicity with 200–400 
µM SIN and 8 ± 0.05% – 42 ± 0.15% with 100–400 µM 
SPER/NO). At low doses, the donors did not affect the 
LDH release. SIN-1 in the concentration range 10–100 
µM stimulated the proliferation of melanocytes (5–15% 
vs control, P < 0.05). The same effect was observed for 
SPER/NO at concentrations 25–50 µM (20–21% vs con-
trol, P < 0.01). Enhancement of cell growth after single-
dose treatment did not depend on incubation time with 
NO-donors. Changes in DNA content (compared to con-
trol) after one-day incubation was similar to changes at 
the 2nd, 4th and 6th day. The major conclusion of this 
investigation is that the NO-releasing compounds, are 
able to moderate human melanocytes growth and may 
lead to the development of disease in which pigment 
cell proliferation is abnormal. 
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The doxorubicin-transferrin conjugates 
are more cytotoxic and cause greater DNA 
damage than anthracycline alone
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Doxorubicin (DOX) was linked to transferrin (TRF) by 
glutaraldehyde. DOX dissolved in water and TRF dis-
solved in 150 mM NaCl were directly mixed and followed 
by the addition of glutaraldehyde dropwise. The cou-
pling procedure was stopped by addition of ethanoloam-
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ine. Than the mixture was transferred to dialysis tubing 
and dialyzed against HEPES-buffered saline for separa-
tion of unbound chemicals. The conjugates were then 
subjected to purification and characterization by column 
chromatography and SDS/PAGE. The electrophoresis as 
well as column chromatography confirmed that obtained 
conjugates were the connection of two compounds: doxo-
rubicin and transferrin. The concentration of TRF-DOX 
was estimated by spectrophotometric assay. Cytotoxic-
ity studies revealed that TRF-DOX conjugates inhibited 
the proliferation of both A549 and HepG2 cells in culture 
more effectively than free DOX. The alkaline comet as-
say, which is a connection of electrophoresis and fluores-
cence microscopy technique was used to indicate DNA 
damaged (e.g. single- and double-strand breaks) caused 
by conjugates or drug alone in HL60 and HL60 DOX re-
sistant (HL60DOX) cell lines. HL60 was found to be the 
most sensitive for both DOX and TRF-DOX treatment. 
The grade of damage caused by TRF-DOX in HL60DOX 
was lower than in HL60. However, its efficiency was still 
higher than free DOX. More studies are needed to show if 
such conjugates could provide a delivery system for DOX 
that would target the drug to cancer cells and possibly di-
minish its dose-associated side effects like cardiotoxicity 
or drug related nephropathy.
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The activity of antioxidative enzymes 
in human dental pulp of unerupted and 
partially erupted teeth and in tooth buds
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An attempt was made at determining the activity of 
superoxide dysmutase (SOD), glutathione peroxidase 
(GPx) and total antioxidant status (TAS) in the pulp of 
healthy human teeth, of unerupted and partially erupted 
teeth and tooth buds. Both teeth and buds were removed 
due to medical indication. SOD activity and GPx and the 
value of TAS were determined with Randox tests. Protein 
in teeth and tooth buds pulp was determined using Low-
ry’s method. The lowest SOD activity was determined in 
the pulp of partially erupted teeth, which was on average 
216 mU/mg prot. Slightly higher SOD activity was deter-
mined in the pulp of unerupted teeth (233 mU/mg prot. 
on average). The highest SOD activity was found in tooth 
buds, on average 458 mU/mg prot. Also GPx activity was 
varied. The highest activity was determined in tooth buds 
and equalled on average 288 mU/mg prot. In the pulp 
of partially erupted teeth GPx activity was significantly 

lower, on average just 94 mU/mg prot. and still lower 
GPx activity was determined in the pulp of unerupted 
teeth, equalling on average 80 mU/mg prot. The highest 
TAS value was determined in the pulp of unerupted teeth 
(about 12 × 10–5 mmol/mg prot.), slightly lower in the 
pulp of partially erupted teeth (about 9.4 × 10–5 mmol/mg 
prot.) and the lowest in the pulp of tooth buds (about 8.4 × 
10–5 mmol/mg prot.). The differences found in the activity 
of the enzymes determined and in the values of total anti-
oxidant status indicate varied degree of intensity of pro 
and antioxidation processes in the pulp of unerupted and 
partially erupted teeth and tooth buds. Varied degree of 
intensity of the abovementioned processes might indicate 
that they play an essential role in odontogenesis. 
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Effect of tempol on markers of plasma oxidation 
in rats subjected to prolonged endurance training
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Tempol (4-hydroxy-2,2,6,6-tetramethylpiperidine-N-
oxyl), a SOD-mimic nitroxide, was employed in a variety 
experimental models to prevent from oxidative stress. 
Excessive oxidation is a result of strenuous exercise, but, 
on the other hand, reactive oxygen species are involved 
in adaptation to training. The study was aimed to test 
the effect of high Tempol dosage (0.2 mmol/kg/day) on 
markers of oxidative stress in rats challenged with 7-
week endurance training. Male Wistar rats (245–283, giv-
en Tempol, or vehicle) were trained on a treadmill with 
increasing intensity up to 70% VO2max (N = 12), or re-
mained sedentary (N  = 12). Following the training period, 
plasma lipid peroxidation was assessed with MDA assay, 
while protein thiol group concentration was assessed as 
a marker of plasma protein oxidation. Endurance ca-
pacity was estimated by time of running to exhaustion. 
Tempol resulted in higher endurance capacity in trained 
rats (+16.5% vs control), but not in those untrained. Thiol 
groups concentration was found significantly reduced 
in rats treated with Tempol, both in untrained (–36%, vs 
control), and trained subsets (–33%). MDA concentration 
was higher (+26%) in trained rats given Tempol (–19%), 
but not in the untrained ones (–19%). In conclusion, high 
dose chronic Tempol administration not only failed to 
prevent from oxidative stress in rats challenged with 
endurance training, but it did promote the plasma lipid 
and protein oxidation. Increased oxidation come with 
improved endurance capacity, supporting the role of 
oxidative stress in adaptation to training. Interestingly, 
Tempol, which is rather known as antioxidant, appar-
ently enhanced plasma protein oxidation.
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Antioxidative action of lipoic acid and 
taurine in alloxan-diabetic rabbits 
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Oxidative stress is considered to be the main cause of 
diabetic complications. Since the role of antioxidants in 
diabetes therapy is still underestimated, the aim of the 
present investigation was to study the antioxidative ac-
tion of lipoic acid and taurine under diabetic conditions. 
In in vitro experiments, both lipoic acid and taurine ef-
fectively lowered hydroxyl free radicals (HFR) levels and 
increased glutathione redox state in renal tubules isolated 
from alloxan-diabetic rabbits. Lipoic acid administration 
to diabetic animals (10 mg × kg–1 body weight, i.p., daily 
for three weeks) attenuated diabetes-induced accumula-
tion of HFR in serum, kidneys and liver. Moreover, treat-
ment with lipoic acid normalised blood GSH/GSSG ratio 
due to both increased GSH and diminished GSSG levels. 
Lipoic acid-evoked elevation of glutathione redox state 
was also observed in kidneys and liver of diabetic rab-
bits. In the latter organ it was mainly due to the three-fold 
increase in GSH content, which seemed to result from 
accelerated cysteine uptake rather than activation of γ-
glutamylcysteine synthetase, the key enzyme of glutath-
ione biosynthesis. In view of lipoic acid-induced decline 
in urea and creatinine concentrations in serum of diabetic 
rabbits, it is likely that this compound might also exhibit 
nephroprotective action against diabetes-evoked oxida-
tive stress.
This investigation was supported by grants BW 1636/61/04 and 
BW 1720/63/06.
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There is a correlation between oxidative modification of 
LDL and the development of atherosclerotic lesions of 
arteries that are connected with intravascular hemolysis 
into the atherosclerotic deposits area. In the course of dia-
betes in the period of early vascular lesions, vascular flow 
increases and the sensitivity of erythrocytes rises, which 
creates favorable conditions for intravascular hemolysis. 
Slow metabolic turnover of proteins and higher levels of 

sugar accelerate the nonenzymatic glycosylation process. 
The realization that Amadori products such as glycated 
hemoglobin (GHb) are advanced glycated endproducts 
(AGEs) precursors led to consider the possibility that 
Hb also might acquire AGEs modifications. Biochemical 
changes in AGEs modified Hb (AGEs-Hb), which prob-
ably lead to protein structure and function modifications, 
may play role in the development of atherosclerosis. The 
amplification of LDL peroxidation in vitro by Hb and GHb 
are well-studied biochemical approaches for investigat-
ing the oxidative modification of LDL and its role in the 
pathogenesis of atherosclerosis. Since the acidity of the 
environment is increased in inflammatory and ischemic 
sites, the aim of this study was to investigate the effect of 
acidic pH on the oxidisability of LDL mediated by GHb 
and to compare the mechanism with that of AGEs-Hb-
mediated LDL oxidation. The results show that acidic pH 
enhances GHb-mediated LDL oxidation as measured by 
conjugated dienes, and thiobarbituric acid-reactive sub-
stances (TBARS), whilst a retardation is observed with 
AGEs-Hb as pro-oxidant; the mechanism probably re-
lates to the effects of pH on the decomposition and forma-
tion of lipid hydroperoxides and the relative influences of 
AGEs-Hb and of GHb under these conditions.
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Aclarubicin (ACL) is a trisaccharide anthracycline drug 
used for the treatment of a variety of solid tumors and 
haemetological malignancies. ACL incorporated into 
the normal and cancer cells localizes in the cytoplasmic 
vesicles. The mechanism of drug cytotoxicity is similar to 
other anthracyclines. However, previous study indicated 
that drug is a catalitic inhibitor of topoisosmerase II and 
I, and due to lacking ability to form metal complexes it 
generates a small amout of reactive oxygen species (ROS). 
Recently, it was suggested that ACL induces DNA frag-
mentation and apoptosis. In this study we eveluated the 
cyctotoxicity of aclarubicin to three different cancer cell 
lines: human lung adenocarcinoma cell line A549, hepa-
toblastoma HepG2, and breast cancer cell line MCF-7. The 
mechanism of ACL-induced apoptosis was investigated 
by examining: the morphological changes, mitochondrial 
membrane potential (∆Ψm) and reactive oxygen species 
production. Morphological changes of cells were analysed 
by fluorescence microscopy after staining with Hoechst 
33258 and propidium iodide. The ∆Ψm were monitored 
using dye JC-1 (5,5’,6,6’-tetrachloro-1,1’,3,3’-tetraethyl-
benzimidazolcarbocyanine) and the level of ROS was 
studied using 2’,7’-dichlorofluorescein diacetate. Our re-
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sults suggest that aclarubicin, in all three tested cell lines, 
in comparision to the drug untreated cells, induced mor-
phological changes in nuclei, caused concentration-de-
pendent decrease of mitochondrial membrane potential 
and significantly increased of ROS production.

P10.98

Antioxidant enzymes of Contracaecum 
rudolphi (Nematoda)

Krystyna Żółtowska1, Marek Farjan1, Jerzy 
Rokicki2, Elżbieta Łopińska-Biernat1

1Department of Biochemistry, University of Warmia and 
Mazury, Faculty of Biology, Olsztyn, Poland; 2 Department of 
Invertebrate Zoology, University of Gdańsk, Gdynia, Poland 
e-mail: kzoltowska@uwm.edu.pl

The developmental cycle of parasitic nematode Contracea-
cum rudolphi is a complex one. Marine crustaceans and 
fish are its intermediate hosts. The definitive hosts are 
the birds which get infected consuming infected fish. In 
their stomachs the larvae of the parasite go through the 
last molting and reach their adult form. In the nematodes 
isolated from alimentary tracts of cormorants the activ-
ity of four antioxidant enzymes: superoxide dismutase 
(SOD-Randox), glutathione peroxidase (GPX-Randox), 
glutathione reductase (GR) according to Goldberg and 
Spooner (1983) and catalase according to Aebi (1983) 
were determined. The experimental material consisted of 
adult female and male as well as male L4 larvae of the 
parasite used for preparation of enzymatic extracts. In 
the experimental material SOD and GPX activity was low 
(1–7 mU/mg protein) while GR had the activity higher 
by one order of magnitude. Under the test conditions no 
catalase activity was found. SOD activity in females was 
higher by ca. 50% than in males while GPX activity was 
at similar levels. GR activity was higher by ca. 20% in the 
males. SOD activity in L4 larvae was 2-times higher than 
in the adult nematodes. The activity of GPX and GR the 
was lower in L4 larvae than in the adult males. Particular-
ly GPX had the activity 3 times lower in this larvae than in 
the adult males. The above results indicate differences in 
antioxidant enzymes activity related to both the sex and 
the development stage of C. rudolphi.


