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Lipids are susceptible to oxidative degradation caused by 
free radicals. During autoxidation (peroxidation) the chain 
reaction mediated by peroxyl radicals leads to the loss of  the 
integrity, and thus the organizational and protective prop-
erties of  biomembranes. Phenolic chain-breaking antioxi-
dants provide active system of  defense against lipid peroxi-
dation. Estimation of  inhibiting power of  antioxidants can 
be achived using kinetic and thermodynamic parameters: 
the rate constant of  their reaction with peroxyl radicals, 
Bond Dissociation Enthalpy of  O-H, N-H bonds and oxi-
dation/reduction potential of  chain-breaking antioxidant. 
However, the overall effectiveness of  antioxidant action 
depends also on several other parameters. For example, last 
fifteen years have brought new insights into the mechanism 
and stoichiometry of  the reaction with free radicals, fate 
of  a phenoxyl radical, polarity of  the microenvironment, 
localization of  antioxidant molecules, their concentration 
and mobility, Kinetic Solvent Effects, and interactions with 
other co-antioxidants. Moreover, intensive studies are de-
voted not only to phenols but also antioxidants containing 
heteroatoms like nitrogen and sulfur.
Principal mechanisms of  reaction between chain-breaking 
antioxidants and free radicals (Hydrogen Atom Transfer, 
Proton Coupled Electron Transfer and two mechanisms 
based on separate electron transfer and proton transfer 
steps) will be described in the context of  biological proc-
esses. 
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Heme oxygenase-1 (HO-1) is a rate limiting enzyme de-
grading heme to ferrous iron, carbon monoxide and 
biliverdin, the latter converted to bilirubin. The efficacy 
of  HO-1 pathway varies in human population, as a (GT)n 
repeat fragment in the HO-1 promoter shows length poly-
morphism and can modulate the level of  gene transcrip-
tion. Apart from the well-recognized anti-inflammatory, 
anti-oxidant and anti-apoptotic effects, the HO-1 facilitates 
angiogenesis, playing an important role in cancer induction 
and progression. In addition, HO-1 overexpression has 
been suggested to improve the cell survival in myoblast-
based therapies. Here we investigated the role of  HO-1 in 
myoblast differentiation. First, we found that differentia-
tion of  satellite cells into myotubes was inhibited in cells 
isolated from HO-1-deficient mice, as evidenced by cell 
morphology and reduced expression of  myogenin, MyoD, 
and myomirs. Accordingly, 10-fold upregulation of  HO-1 
activity in C2C12 myoblast line expressing luciferase/GFP 
and stably overexpressing HO-1, improved the cell prolif-
eration and survival under oxidative stress, while inhibited 
the differentiation, as indicated by reduced formation of  
myotubes, diminished activity of  creatine phosphokinase, 
and decreased expression of  MyoD and myogenin. These 
effects were fully reversed by pharmacological or genetic 
HO-1 inhibition. Importantly, effects of  HO-1 overexpres-
sion were mimicked by HO-1 inducer or HO-1 products. 
Role of  HO-1 was also shown in vivo: after injection of  
control C2C12 myoblasts to the injured murine gastroc-
nemius muscle their numbers remained stable for at least 
three weeks. In contrast, HO-1 overexpressing cells pro-
liferated continuously, and formed big, hyperplastic, un-
differentiated tumors. Importantly, upregulation of  HO-1 
reduced the total pool of  cellular pre-miRNAs and miR-
NAs, and downregulated the miRNA processing proteins, 
Lin28 and DGCR8. Specifically, it inhibited the myomirs, 
miR-1, miR-133a, miR-133b, and miR-206, and augmented 
the production of  SDF-1. Effects of  HO-1 were mocked 
by treatment of  cells with SDF-1 protein and reversed by 
overexpression of  miR133a, miR133b and miR206. In 
conclusion, HO-1 inhibits differentiation of  myoblast in 
a SDF-1 and myomir-dependent manner. Thus, although 
HO-1 increases the cell survival, its influence on myoblast 
differentiation can be a drawback in potential therapeutic 
application of  HO-1 overexpression.
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Oxidative damage to DNA is regarded as an important step 
in carcinogenesis. As a result of  this assumption numerous 
experimental studies have been published each year on the 
potential of  antioxidants or antioxidant-rich foods to pre-
vent the oxidation of  DNA.
These lesions may arise as a consequence of  exposure to 
xenobiotics, but are also generated as a consequence of  
endogenous generation of  reactive oxygen species (ROS). 
Measurement of  oxidative damage to guanines, such as 
8-oxo-7,8-dihydroguanine (8-oxodG) are increasingly be-
ing regarded as reliable biomarkers of  oxidative stress and 
they may have a predictive value of  cancer risk, although 
this needs to be established independently in several cohort 
studies. A survey of  intervention studies of  the ingestion 
of  antioxidant-containing foods or tablets of  antioxidants 
indicate that about one-third of  the studies reported a pro-
tective effect in terms of  lower levels of  oxidative damage 
to DNA in white blood cells or decreased urinary excretion 
of  8-oxodG. Although firm conclusions cannot be reached, 
there appears to be links between ingestion of  antioxidants, 
oxidative damage to DNA, and risk of  cancer.
Analyses of  relationship between the most common anti-
oxidants (vitamins A, C, E and uric acid) and oxidative 
DNA damage products based on our works will be pre-
sented. It is important to note that ROS should not be seen 
as mere damaging agent, but also as functional signalling 
molecules necessary to regulate life processes. Therefore, 
the popular assumption that ROS level should be decreased 
at any cost appears misleading. In this context it is note-
worthy that many cancer patients take vitamins supplement 
combine with conventional therapy. This in turn can inter-
fere with maintaining necessary levels of  ROS and disrupt 
radio- and chemo-therapy results. This issue will also be 
briefly discussed.
Acnowledgements: 
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The iron regulatory proteins (IRP1 and IRP2) are two 
cytoplasmic RNA-binding proteins that control iron me-
tabolism in mammalian cells. Both IRPs bind to specific 
sequences, called iron-responsive elements (IREs), located 
in the 3’ or 5’ untranslated regions (UTR) of  several mR-
NAs, in particular the mRNA encoding ferritin subunits 
and transferrin receptor 1. At low intracellular iron concen-
tration, IRPs bind to the IRE of  ferritin mRNA at its 5’-
UTR and block translation, whereas they stabilize transfer-
rin receptor mRNA through direct interactions with several 
IRE motifs in the 3’-UTR. The converse regulation of  fer-
ritin and TfR synthesis, resulting from lack of  binding of  
IRPs to IRE, occurs in cells with high iron level. In both, 
iron deficiency and excess IRP-mediated regulation rapidly 
restore the physiological cytosolic iron level. The role of  
IRPs in maintaining the intracelluar iron balance has been 
relatively well characterized in numerous types of  mamma-
lian cells in culture. However, the importance of  IRPs in 
the regulation of  systemic iron metabolism in mammals, in 
particular in signaling between cells which play major roles 
in body iron metabolism, such as duodenal enterocytes, 
reticuloendothelial macrophages, hepatocytes, and bone 
marrow precursors of  red blood cells, is only beginning to 
be investigated. The hepatic peptide hepcidin is the central 
regulator of  systemic iron homeostasis. Produced mainly 
by hepatocytes and secreted into the circulation, hepcidin 
regulates iron metabolism by inhibiting iron release from 
cells, including duodenal enterocytes and reticuloendothe-
lial macrophages that recycle the iron of  senescent eryth-
rocytes. Hepcidin acts by causing the degradation of  its 
receptor, the cellular iron exporter ferroportin. Hepcidin 
production increases in response to iron loading and de-
creases in iron deficiency. Such regulation of  hepcidin ex-
pression serves to modulate iron absorption and recycling 
to meet body iron demand. We review the basic features 
of  iron metabolism in IRP1 and IRP2 knockout mice and 
focus on how recent studies on these animal models have 
advanced our understanding of  the role of  IRPs in iron 
mammalian physiology and interplay between the IRP/
IRE system and hepcidin-ferroportin axis.



45th Annual Meeting of the Polish Biochemical Society       161

L10.5

A proposed mechanism of 
2-methoxyestradiol cytotoxic effect 
in human osteosarcoma cell line
Michał Woźniak

Department of Medical Chemistry, Medical University of Gdansk, 
Gdansk, Poland
e-mail: Michał Woźniak <mwozniak@gumed.edu.pl>

2-Methoxyestradiol (2-ME) is a natural metabolite of  
17β-estradiol and a novel antitumor agent with antimi-
totic and antiangiogenic properties. 2-ME has been shown 
to suppress microtubular dynamics, as well as increase 
production of  nitric oxide (NO) in the breast carcinoma 
MCF7 cell line, suggesting that reactive nitrogen species 
(RNS) play a role in 2-ME cytotoxicity. In 2-ME treated 
cells, there is accumulating evidence that nitric oxide syn-
thase (NOS) is involved in overproduction of  RNS, which 
act as toxic intermediates in various cellular pathologies. 
However, no studies have determined the impact of  2-ME 
on either NOS expression or RNS production in a human 
osteosarcoma cell line. We demonstrate that 2-ME signifi-
cantly increases cellular levels of  cytotoxic nitrogen diox-
ide (NO2), as well as its parent molecule nitric oxide, via 
the selective induction of  neuronal nitric oxide synthase 
(nNOS). In this study, endogenous NO2 levels in cellular 
lysates were determined using an improved NO2 detection 
method and a positive correlation between increased RNS 
production and 2-ME induced overexpression of  nNOS 
in osteosarcoma cells was demonstrated. Further, pre-
treatment with a specific nNOS inhibitor substantially de-
creased 2-ME cytotoxicity, supporting our hypothesis that 
nNOS dependent generation of  nitrogen dioxide radicals 
play a role in 2-ME induced proapoptotic signaling. Tak-
ing these results into consideration, we believe that specific 
inducers of  NOS may prove to be an effective form of  
chemotherapy in the treatment of  various tumors.
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Ochratoxin A (OTA), mycotoxin produced mostly by As-
pergillus ochraceus and Penicillum verrucosum, is a possible hu-
man carcinogen and can be involved in the development of  
Balkan endemic nephropathy (BEN).
Porcine tubular epithelial cells (LLC-PK1) were treated 
for 24 hours with non-toxic doses of  OTA. Activity and 
expression of  NF-E2-related factor-2 (Nrf2), the major 
factor regulating the antioxidant response, as well as of  
superoxide dismutase (SOD), glutathione S-transferase 
(GST), inducible heme oxygenase-1 (HO-1) and constitu-
tive HO-2 were diminished by OTA. Concomitantly, re-
active oxygen species (ROS) generation was induced after 
OTA treatment.
N-acetylcysteine (NAC) and desferrioxamine (DFO) were 
used to verify the role of  ROS in OTA-evoked toxicity. 
DFO as well as NAC attenuated ROS generation evoked 
by OTA and diminished OTA-induced expression of  
transforming growth factor β (TGFβ1,2), major factors 
responsible for fibrosis development. On the other hand, 
neither DFO nor NAC reverses the effect of  OTA on Nrf2 
expression, what suggest the different way of  regulation 
of  Nrf2 expression by OTA. Moreover, NAC decreased 
OTA-elevated cell mortality measured by analysis of  MTT 
reduction and LDH release.
Adenoviral overexpression of  Nrf2 was used to investigate 
the role of  this transcription factor in alterations evoked 
by OTA. Nrf2 overexpression reverses OTA-inhibited cell 
proliferation and MTT reduction. Moreover, pre-activation 
of  endogenous Nrf2 by PGJ2 or AdNrf2 transduction at-
tenuated OTA-induced TGFβ expression. Additionally, 
Nrf2 overexpression reverses inhibitory effect of  OTA on 
expression of  erythropoietin.
Next, the involvement of  Nrf2 regulated gene, HO-1, in 
OTA-mediated effects was checked. Inhibition of  HOs ac-
tivity with SnPPIX enhanced OTA-induced expression of  
TGFβ, however, adenoviral overexpression of  HO-1 does 
not inhibit OTA-elevated TGFβ. Moreover, expression of  
vascular endothelial growth factor (VEGF), known to be 
regulated by HO-1, was also diminished after OTA delivery 
but neither HO-1 overexpression nor HO inhibition does 
affect OTA-inhibited VEGF mRNA level.
Taken together, these results suggest the importance of  
ROS generation and attenuation of  antioxidant response 
in toxicity of  OTA. Moreover, the role of  Nrf2, but not its 
target gene, HO-1, in prevention of  OTA-induced toxicity 
seems to be promising for further investigation.
Acnowledgements: 
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Lead can increase reactive oxygen species (ROS) produc-
tion. One of  the negative result of  ROS activity can be 
genotoxic effect. This study was undertaken to determine 
the association between the oxidative DNA damage and 
concentration of  product of  lipid peroxidation (malondi-
aldehyde - MDA) in occupational exposure to lead. The 
study population included workers from smelting works of  
zinc and lead and control group with no history of  occu-
pational exposure to lead (n=88). Blood lead level (PbB) 
and concentration of  zincprotoporphirin (ZPP) was meas-
ured to evaluate a degree of  exposure. The oxidative DNA 
damage was determined using comet assay with formami-
dopyrimidine DNA-glycosylase (FPG) enzyme in isolated 
lymphocytes from fresh whole blood. The level of  oxida-
tive DNA damage determined as percentage of  DNA in 
the tail, tail length and tail moment were higher in the study 
population by about 20–44% comparing to control group 
(p<0.001). Also MDA concentration determined in lym-
phocytes was higher by about 65% (p < 0.001) and signifi-
cantly positively correlated with comet assay parameters 
(R=0.31–0.39). 
Conclusion: lead induces oxidative stress and DNA dam-
age in human leucocytes.
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Iron Regulatory Protein 1 (IRP1) and 2 (IRP2) are two cy-
tosolic proteins that take part in the post-transcriptional 
regulation of  cellular iron homeostasis. IRP1 is a bifunc-
tional protein that functions as the cytosolic aconitase 
(holo-IRP1, containing iron-sulfur cluster) or as an iron-
responsive element (IRE)-binding protein (apo-IRP1, 
without the cluster). Those two IRP1 activities are mutually 
exclusive, and a shift between two IRP1 forms is catalyzed, 
inter alia, by nitric oxide (NO). IRP2 does not contain Fe-S 
cluster and its activity is regulated by protein degradation.
Changes in IRPs activities modulate the expression of  
iron-related proteins at a post-transcriptional level by bind-
ing to specific IREs in mRNAs. Interaction of  IRPs with 
IREs located in the 5’ or 3’ UTR of  mRNA, blocks protein 
synthesis (e.g. for iron storage protein — ferritins and iron 
export protein — ferroportin) or stabilizes the mRNA (e.g. 
iron import protein — transferrin receptor 1), respectively.
It is well known that NO is a potent IRP1 activator, that 
shifts IRP1 into its IRE-binding form, directly interacting 
with iron-sulfur cluster and causing its disassembly. On 
contrary, the effect of  NO on IRP2 expression and activity 
remains controversial. 
In order to elucidate, which IRP is the one responsible for 
iron metabolism modulation by NO, we performed ex-
periments on bone marrow derived macrophages (BMM), 
obtained from wild-type, IRP1- or IRP2- deficient mice. 
Primary cultures of  those cells were exposed to exogenous 
NO, released from DETA/NO, a slow-releasing NO do-
nor. IRE-binding activity of  both IRPs was determined 
and expression of  iron metabolism-related proteins was 
assessed.
In this study, we show that NO regulates ferritins and the 
iron exporter protein ferroportin in BMM at both transcrip-
tional and post-transcriptional levels. While NO increases 
H-Ft, L-Ft and Fpn mRNA levels, the NO-dependent ac-
tivation of  IRP1 downstream prevents their up-regulation 
at the protein level by binding to IREs in wild-type BMM. 
Precisely, the IRE-binding activity of  IRP1, but not that 
of  IRP2, is triggered by nitrosative disassembly of  its Fe-S 
cluster. In addition, the increase in TfR1 mRNA level in 
NO-treated BMM is completely prevented only when IRP1 
is absent, strongly suggesting that IRP1 is the main regula-
tor of  iron metabolism in response to NO.
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Activation of  neutrophils in vivo during respiratory burst 
results in the production of  highly reactive species, such as 
O2

•-– and H2O2 and the release of  the heme enzyme my-
eloperoxidase. This enzyme catalyses the reaction of  H2O2 
with Cl- ions to produce hypochlorous acid. Hypochlo-
rous acid has a pKa =7.59, therefore both forms: HOCl 
and deprotonated OCl- are present at physiological pH. 
Hypochlorous acid (HOCl/OCl–) is known to react with 
various biomolecules and plays an important role as anti-
bacterial agent in mammalian cells. We focused our inter-
est on the reactivity of  hypochlorous acid with hemoglobin 
(Hb), the main heme protein of  the red blood cells. We 
studied the kinetics of  oxyhemoglobin (oxyHb) and meth-
emoglobin (metHb) with hypochlorous acid (at pH 4.5 and 
7.2) using conventional, as well as stopped-flow, absorp-
tion spectroscopy. The decay of  characteristic bands of  the 
absorption spectra of  oxyHb and metHb was observed in 
second- or minute- time scale, depending on hypochlorous 
acid concentration. We concluded that amino acid residues 
of  polypeptide chains of  Hb underwent site-specific oxi-
dation and/or chlorination. This resulted in a partial un-
folding of  the protein and exposition of  the heme group 
to destructive action of  hypochlorous acid. Eventually the 
disruption of  the porphyrin ring and the release of  free 
iron took place. In case of  metHb most probably hemi-
chrome (low-spin Fe3+ precursor of  Hb denaturation) was 
an intermediate product of  heme degradation. The protec-
tive effect of  dietary flavonoids on the oxidative damage 
of  Hb induced by hypochlorous acid will be also discussed.
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In our studies, we previously defined the influence of  
polyphenols extracted from the Evening Primrose seeds 
(O. paradoxa) on the level of  the bursting leucocytes in 
blood samples taken from healthy men (10) and women 
(10) at the age 25–40. The purpose of  this work is to deter-
mine the influence of  Oenothera paradoxa extract on the level 
of  oxido-reducing enzymes such as superoxide dismutase 
(SOD), catalase (CAT) and glutathione peroxidase (Gpx) in 
blood samples taken from healthy, non-smoking men and 
women at the age of  25–40.
Methodology: The blood samples taken from the patients 
were preincubated with various concentrations the mixture 
of  polyphenols from the Evening Primrose seeds and in-
cubated with the stimulators of  the oxidative burst, and 
analysed with the use of  flow cytometry. Then the blood 
samples taken from the patients were preincubated with 
the extract from the Evening Primrose seeds in particular 
concentration (0.25 mg/mL), then incubated with E. coli 
stimuli (stimuli of  the oxidative burst) and the level of  
SOD, CAT and Gpx was analysed in comparison with con-
trol groups using UV spectroscopy.
Results: The results demonstrated that the percentage 
of  bursting monocytes in the presence of  mixture of  the 
polyphenols 0.25 mg/mL was decreased by about 80% for 
E. coli stimuli in comparison with the control group both 
for men and women group. The mean fluorescent intensity 
of  monocytes in presence of  mixture of  polyphenols in 
concentration 0.25 mg/mL was lowered by 30% for E. coli 
stimuli,and maintained on the same level up to 1 mg/mL 
concentration of  polyphenols. The changes in average flu-
orescent intensity indicate the influence of  polyphenols on 
the catalytic activity of  oxido-reducing enzymes. No differ-
ences between women and men were recorded.
These positive preliminary results open the possibility of  
using the polyphenols from the defatted seeds of  O. para-
doxa as a potential diet supplement.
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Reactive oxygen species (ROS) seem to be involved in the 
development and maintenance of  essential arterial hy-
pertension. Many reports indicate a beneficial effect of  
coenzyme Q10 (CoQ) in hypertension. Supplementation 
of  CoQ may decrease ROS production and thus lower 
of  arterial blood pressure. The aim of  our study was to 
evaluate the effects of  CoQ supplementation on oxidative 
stress parameters and antioxidative defense in elderly hy-
pertensive patients. The activity of  superoxide dismutase 
(SOD-1) catalase (CAT) and the concentration of  reduced 
glutathione (GSH) and carbonyl groups in erythrocytes of  
27 elderly hypertensive patients treated with indapamide at 
baseline and after 12 weeks of  CoQ supplementation in 
comparison with 30 healthy elderly volunteers were deter-
mined. A significant decrease of  SOD-1 activity, no dif-
ference in CAT activity, a significant increase in carbonyl 
groups concentration and decrease GSH level were ob-
served in hypertensive patients in comparison to healthy 
volunteers before supplementation. CoQ administration 
resulted in a significant increase in SOD-1 and CAT activ-
ity and GSH level and a decrease in carbonyl groups con-
centration. High level of  carbonyl groups in hypertensive 
patients was connected with oxidative stress augmentation. 
An increase in SOD-1, CAT and GSH after CoQ supple-
mentation indicates an improvement of  antioxidative de-
fense after CoQ supplementation. CoQ may be used as ad-
ditional therapeutic agent for prophylaxis and the control 
of  hypertensive complications.
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Isoprenoid lipids, e.g. sterols, chlorophylls and polyisopre-
noid alcohols (dolichols — α-saturated and polyprenols 
— α-unsaturated), are constituents of  all living organisms. 
Polyisoprenoid alcohols are linear polymers of  several iso-
prene residues. Dolichols are found in animal and yeast 
cells or in plant roots, polyprenols are present in bacteria 
and plant photosynthetic tissue. Biological role of  polyiso-
prenoid phosphates is well established, in contrast the role 
of  free polyisoprenoid alcohols still remains unclear.
Due to the increased content of  isoprenoid alcohols dur-
ing aging and upon environmental stress, a new cellular 
function has been attributed to these compounds, name-
ly protection of  cellular membrane against the attack of  
the reactive oxygen species. Postulated main products of  
polyisoprenoid alcohols formed in vitro by singlet oxygene 
are: aldehydes, ketones and epoxides. Epoxides might in 
turn react with other cellular components, such as nucle-
otides. Formation of  lipophilic adduct with nucleotides has 
recently been the subject of  extensive studies.
The aim of  this work was to develop a selective method of  
prenyl lipid epoxidation and to compare products of  this 
reaction with epoxides obtained from reaction with peroxy 
acids. Finally, obtained epoxides were tested as substrates in 
the chemical reaction with nucleosides.
Epoxidation of  Pren 12 and Dol 21 was performed us-
ing two chemical approaches: selective Sharpless method 
and reaction with 3-chloroperoxybenzoic acid. Conditions 
of  the epoxidation reactions were optimized and structur-
al characterization of  the products was performed using 
HPLC, TLC, NMR, MS.
Evaluation of  the formation of  adducts of  epoxy-Pren 12 
with 2-deoxyguanosine was also performed.
Obtained results suggest that isoprenoid alcohols might be 
utilized as substrates for nucleoside modification. It seems 
possible that reactive isoprenoid derivatives thus formed 
might further interact with DNA and modulate basic cel-
lular functions.
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Assessment of the administration of alpha-
tocopherol and beta-carotene in preventive 
treatment workers exposed to lead
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Many studies have shown that lead induce oxidative stress 
in human. There are some potential substances that can 
prevent that pathology. The aim of  study was estimation 
preventive treatment of  alpha-tocopherol (aT), beta-car-
otene (bC) and their combination in workers exposed to 
lead. The study population included healthy workers em-
ployed in the zinc foundry exposed to lead compounds 
(n=107) divided into three groups taking antioxidants for 
12 weeks: aT (200 mg a day), bC (10 mg a day) or placebo 
(group that received no antioxidants or any medicines). Af-
ter 12 weeks in group aT was added beta-carotene for next 
12 weeks. At the beginning study and after 12 and 24 weeks 
the blood for laboratory examinations was collected for 
determination of  lipid peroxidation (malondiadehyde, lipo-
fuscin, conjugated diens, hydroperoxide), enzymatic anti-
oxidant status (superoxide dismutase, catalase, gluthatione 
peroxidase), non-enzymatic antioxidant balance (albumine, 
sulfhydril groups, bilirubin, uric acid, total antioxidant sta-
tus), blood lead level and concentration of  zincprotopor-
phirin. bC in the doses of  10 mg per day has antixodative 
action in people poisoned with lead, which is connected to 
the reduced intensity of  lipid peroxidation. aT in the doses 
of  200 mg per day, despite reducing the lead concentration 
in blood, fails to demonstrate protective action against the 
free-radical activity of  lead. This may be connected with the 
inhibition of  the activity of  superoxide dismutase and the 
drop of  bilirubin concentration. However, aT in combina-
tion with bC reduces the oxidative stress caused by lead.
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Activity of antioxidants enzymes 
in seminal plasma
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Reactive oxygen species (ROS) formation have the abil-
ity to alter reversibly or irreversibly the cellular function 
in humans. It has been proposed that the ROS alters the 
biochemistry and the physiology of  the sperm. On the oth-
er hand, the antioxidative mechanisms could protect the 
sperms from the damage produced by free radicals. One 
of  the most important antioxidative defence enzymes in 
seminal plasma are superoxide dismutase (SOD), catalase 
(CAT), glutathione peroxidase (GPx) and other enzymes 
that participate in glutathione transformation — glutath-
ione reductase (GR) and glutathione-S-transferase (GST). 
The second mechanism of  antioxidant defence are non-en-
zymatic substances (albumine, sulfhydril groups, uric acid, 
bilirubin). The aim of  study was the interrelation between 
semen parameters, antioxidant activity and lipid peroxida-
tion. Human semen samples were collected from 100 men. 
Specimen’s semen were obtained by masturbation after 5 
days of  abstinence. All specimens of  semen were subjected 
to routine analysis which was carried out according to the 
World Health Organization (WHO) guidelines. The semen 
samples were centrifuged to separate the sperm from the 
seminal plasma. The plasma was collected and stored at 
–75oC until determinate for the activity of  antioxidant en-
zymes. After the experimental selection of  the dilution ac-
tivity of  total SOD, isoenzymes Mn-SOD and ZnCu-SOD 
according to Oyanagui, CAT by Johansson, GPx by Paglia, 
GR according to Richterich, GST by Habig, thiol groups 
according to Koster, the protein concentration by Lowry 
and malondialdehyde (MDA), as product of  lipid peroxida-
tion, by Okawa were determined in the seminal plasma. In 
some cases the activity of  isoenzymes of  SOD and activity 
of  GPx were under detection.
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Epicatechine inhibits lipid 
peroxidation in plasma caused by 
antipsychotic drugs in vitro
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Objective. Epicatechine belongs to flavonoids protecting 
cells against oxidative/nitrative stress. Since oxidative stress 
observed in schizophrenia may be caused partially by the 
treatment of  patients with various antipsychotics, the aim 
of  the study was to assess whether there is a difference 
between a first-generation antipsychotic (haloperidol) and 
a second-generation antipsychotic (amisulpride) action on 
peroxidation of  plasma lipids, and to establish the effects 
of  epicatechine ((2 R, 3 S)-2-(3,4-dihydroxyphenyl)-3,4-
dihydro-2H-chromene-3,5,7-triol)) and the antipsychotics 
action on this process in vitro. Methods. Lipid peroxidation 
in human plasma was measured by the level of  thiobarbitu-
ric acid reactive species (TBARS). The samples of  plasma 
from healthy subjects were incubated with haloperidol or 
amisulpride in the presence of  epicatechine (50 mM). Re-
sults. The two-way analysis variance showed that the dif-
ferences in TBARS levels were depended on the type of  
tested drugs (p= 8.35×10–6). We observed a statistically 
increase of  the level of  biomarker of  lipid peroxidation 
such as TBARS after 1 and 24 h incubation of  plasma with 
haloperidol compared to the control samples (p<0.03, p< 
0.0002, respectively). Amisulpride, contrary to haloperi-
dol (after 1 h) does not significantly influence the increase 
of  plasma TBARS level in comparison with control sam-
ples. Amisulpride induced significantly decrease of  plasma 
TBARS level after 24 h (p < 0.03). We showed that in the 
presence of  epicatechine, lipid peroxidation in plasma sam-
ples treated with tested drugs was significantly decreased. 
After incubation (1 h and 24 h) of  plasma with haloperidol 
in the presence of  epicatechine we observed significantly 
decreased the level of  TBARS (p < 0.05). Conclusion. Con-
sidering the data presented in this study, we showed that 
haloperidol, contrary to amisulpride caused a distinct in-
crease of  lipid peroxidation. Epicatechine reduced signifi-
cantly lipid peroxidation caused by haloperidol.
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The effect of early life nutrition 
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Exposure to sub-optimal nutrition during brain develop-
ment may enhance brain ageing and susceptibility to age-
related neurodegenerative disorders. The proper func-
tioning of  DNA damage responses, e.g. DNA repair, is 
important for neuronal survival. Antioxidant supplementa-
tion might up-regulate DNA repair, protecting the brain 
against genotoxic damage and reduce neuronal loss associ-
ated with ageing. Moreover, environmental factors can lead 
to changes in methylation status of  genes encoding DNA 
repair enzymes. 
We aim to study the role of  DNA repair in neuronal cell 
survival and epigenetic mechanisms in mediating the effects 
of  environmental exposures. We investigated the effect of  
supplementation of  pregnant sows with polyunsaturated 
fatty acids and antioxidants on oxidative DNA damage 
and DNA repair in brain of  their offspring. Hippocam-
pus tissues were collected from piglets (1 to 28) days after 
birth. Levels of  8-oxoguanosine were higher in hippocampi 
of  control versus supplemented piglets immediately after 
birth. Neither base-excision repair (BER) capacity nor glo-
bal genome methylation was increased significantly in hip-
pocampus tissues of  supplemented piglets compared with 
controls. However, BER capacity was correlated inversely 
with global DNA methylation for individual piglets. 
We then investigated changes in methylation of  the pro-
moter of  the BER-related APE1 gene and observed signif-
icantly higher methylation in the control group compared 
with supplemented animals. There was no correlation be-
tween BER capacity and APE1 methylation, but we ob-
served a significant correlation between 8-oxodG levels and 
extent of  methylation of  the APE1 promoter. We hypoth-
esise that increased oxidative stress may stimulate APE1 
expression, possibly involving an epigenetic mechanism.
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Antioxidant enzymes activities in the 
erythrocytes of elderly people in the 
PolSenior study — preliminary report
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Background: The aim of  the study was to estimate the 
parameters of  oxidative stress in the blood of  elderly (aged 
65–90+) Warsaw citizens in comparison with the people 
just about to enter their old age (55–59). This study is a 
part of  PolSenior project, concerned the medical, psycho-
logical, sociological and economic aspects of  aging of  the 
Polish population. 
Materials and methods: Blood samples were collect-
ed from 94 persons divided in seven age groups (55–59, 
65–69, 70–74, 75–79, 80–84, 85–89 and ≥90 yrs). The 
erythrocytic activities of  Zn,Cu-superoxide dismutase  
(SOD-1), catalase (CAT), glutathione peroxidase  
(GSH-Px), and glutathione reductase (GR) were meas-
ured in the obtained hemolysates. Results: The statisti-
cally significant decreases of  SOD-1 (P < 0.00001), CAT 
(P < 0.00001) and GSH-Px (P < 0.001) activities were ob-
served in elderly people groups in comparison with the 
group of  persons aged 55-59 yrs. Moreover, the negative 
correlations between the activities of  SOD-1 (r = –0,634), 
CAT (r = –0,632) and GSH-Px (r = –0,448) and the age of  
the examined persons were found. No age-related changes 
in GR activities were noticed. Conclusion: The lower ac-
tivities of  fundamental antioxidant enzymes in the eryth-
rocytes of  elderly people compared with the people just 
about to enter their old age indicate the impairement of  
antioxidant defense in the aging organism.
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Concentrations of low-molecular 
weights antioxidants following 
dialysis of boar and dog semen
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The antioxidant status is an important factor that deter-
mines semen quality [1]. Moreover, the production of  
reactive oxygen species during semen cryopreservation 
has a detrimental effect on post-thaw sperm survival [2]. 
This study aimed to investigate the effects of  dialysis on 
the concentrations of  low-molecular weight antioxidants 
in boar and dog seminal plasma. Dialysis was performed 
using semi-permeable cellulose tubing of  12–14 kDa 
(Visking®dialysis Tubing, Serva) for 5h against Kortowo 3 
extender and Tris-fructose citrate solution for boar and dog 
semen, respectively. Besides total protein content determi-
nation, the concentrations of  low-molecular weight anti-
oxidants, such as total l-glutathione (GSH+GSSG), free 
thiol groups (SH), l-ergothioneine (ERT) and l-ascorbic 
acid (ASC), were monitored in the dialyzed and non-dia-
lyzed seminal plasma. Even though dialysis of  boar semen 
did not have any marked effect on GSH+GSSG concen-
trations, there was a significant increase (p≤0.05) in total 
protein content (dialyzed vs. non-dialyzed; 25.13±3.30 mg/
ml vs. 33.11±4.98 mg/ml). Furthermore, a marked reduc-
tion (p≤0.05) in the concentrations of  SH (426.83±27.00 
μM vs. 214.33±27.10 μM) and ERT (0.40±0.05 mg% vs 
0.23±0.05 mg%) was observed in the dialyzed seminal 
plasma. It was found that ASC concentrations in the semi-
nal plasma were reduced following dialysis. As regards dog 
semen, dialysis enhanced total protein content (36.50±3.33 
mg/ml vs 50.91±2.52 mg/ml), as well as the concentrations 
of  GSH+GSSG (88.00±8.06 mg% vs 111.48±8.65 mg %) 
and SH (4.95±0.51 mM vs 5.70±0.47 mM) in the seminal 
plasma. However, there were no marked effects of  dialysis 
on ERT concentrations. The results of  this study indicate 
that species-variation had a marked effect on the level of  
low-molecular weight antioxidants in the seminal plasma 
following dialysis, which could have important implications 
for the technology of  semen cryopreservation.
References:
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2. Chatterjee S, Gagnon C (2001) Mol Reprod Dev 59: 451–458.
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Antibiotic-mediated oxidative 
stress triggers overproduction of 
extracellular indole and inhibits 
growth of Escherichia coli biofilm
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Bacterial biofilm formation on inert surfaces is a significant 
health problem associated with a large number of  chronic 
infections. Biofilm formatting cells are substantially more 
resistant to many antibacterial agents than planktonic bac-
teria. We have previously found that the oxidative stress 
promoted by H2O2, Cu2+, or the lack of  small heat shock 
proteins IbpAB inhibit Escherichia coli biofilm growth, by in-
fluencing the level of  extracellular indole. It was proposed 
that indole can act as an extracellular signaling molecule 
involved in cell- cell communication. 
Here, five different antibiotics known to promote the pro-
duction of  reactive oxygen species were investigated with 
regards to their influence on biofilm formation. We found 
that the growth of  biofilm in the presence of  all antibiotics 
tested was significantly suppressed. This biofilm-reducing 
activity was connected with the increase in the concentra-
tion of  extracellular indole and antibiotic-mediated ROS 
production. To determine the intracellular oxidative stress 
level, we used fluorescent probe and tested carbonyl groups 
formation. We also found that antioxidants as DMSO and 
dipirydyl, or the lack of  trypthophanase which catalyzes 
production of  indole partly restored formation of  E. coli 
biofilm in the presence of  antibiotics.
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The levels of thiamine compounds in 
baker’s yeasts (Saccharomyces cerevisiae) 
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Thiamine (vitamin B1) is an essential molecule for all living 
organisms. It’s biologically active derivative, thiamine di-
phosphate (TDP) serves as a cofactor for several enzymes 
involved in important metabolic reactions. In addition to 
TDP, four other phosphorylated thiamine derivatives occur 
naturally in most cells: thiamine monophosphate (TMP), 
thiamine triphosphate (TTP) and two adenylated thiamine 
phosphates: adenosine thiamine diphosphate (ATDP) and 
adenosine thiamine triphosphate (ATTP). It has been sug-
gested that TTP and ATTP play non-cofactor roles, acting 
as signal molecules involved in the adaptation of  bacteria 
to changes of  nutritional conditions. TTP accumulates in 
Escherichia coli during the amino acid starvation but, in con-
trast, the carbon starvation (depletion of  glucose) results in 
ATTP accumulation. Those previous reports lead to a hy-
pothesis that thiamine and its phosphorylated derivatives, 
especially TTP and ATTP, may play a more general role in 
the response of  both prokaryotic and eukaryotic microor-
ganisms to various stress conditions. 
In the current study, we analyzed the levels of  thiamine 
derivatives in the baker’s yeast (Saccharomyces cerevisiae) sub-
jected to oxidative, osmotic and thermal stress conditions. 
As glucose is the preferred carbon source for these yeasts 
and is also known to have an impact upon the various stress 
responses, the influence of  the carbon starvation (the ab-
sence of  glucose in the growth medium) on the relative 
thiamine derivative distribution in yeast cells under those 
stress conditions was also explored. 
When yeasts were grown in a thiamine-free medium and 
subjected to oxidative stress, the intracellular concentration 
of  free vitamin and TDP markedly increased. This find-
ing confirms the involvement of  thiamine biosynthesis in 
the stress response. TTP and/or ATTP were only detected 
in yeasts grown in the presence of  external thiamine but 
under most of  the stress conditions studied, except the os-
motic stress caused by high salt concentration, insignificant 
changes of  TTP or ATTP content were found. The ATTP 
level remarkably increased in yeasts grown in low-glucose 
(10 mM) or glucose-depleted medium and treated with 
carbonylcyanide-3-chlorophenylhydrazone (CCCP), the 
uncoupler of  the mitochondrial oxidative phosphorylation. 
Higher glucose levels (>20 mM) completely abolished that 
effect. These findings support the recent hypothesis of  a 
linkage between TTP/ATTP synthesis and the respiratory 
chain.
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Worldwide, the number of  cancer cases still rises. The ap-
plication of  Photodynamic Therapy (PDT) opens a new 
perspective in treatment of  neoplastic diseases. The basis 
of  PDT is the laser light that affects the particles of  pho-
tosensitizer, which is selectively accumulated in the patho-
logical cells. The interaction between the excited photosen-
sitizer and molecular oxygen yields singlet oxygen as well 
as other reactive oxygen species (ROS) and the cascade 
of  free radicals reactions is initiated. Finally, PDT induce 
pathological cell death via two separate processes: apopto-
sis or necrosis. With regard to diverse radiation sensivity 
of  melanoma cells, currently the Photodynamic Therapy is 
considered as a melanoma treatment. 
The aim of  the study was to estimate the changes of  cellu-
lar protective factors against cellular damage by free radicals 
generated in melanoma cells G-361 after PDT.The activity 
of  the antyoxidative enzymes such as superoxide dismutase 
(mitochondrial isoenzyme Mn SOD as well as two of  cy-
tosolic isoenzymes: Cu, Zn SOD) catalase, glutathione 
peroxidase and the presence of  melanin (which may affect 
the PDT reactions) were analyzed. The concentration of  
malanodialdehyde (MDA) as a marker of  oxidative stress 
and the antioxidant status in cancerous cells was calculated. 
Results obtainde in this study showed significant changes 
of  examined antyoxidative enzymes activity. The highest 
differences of  enzyme activity were observed in case of  
catalase (CAT). The analysis of  control cell cultures irradi-
ated with laser light at a dose of  10J/cm2 (without photo-
sensitiser addition) as well as treated with PDT-Photolon 
with laser light at a dose of  10J/cm2, showed significant 
increase of  melanin synthesis in melanoma cells G-361. Al-
though, the PDT induces intracellular cytotoxicity leading 
to the cell destruction, it contribute to pigment production 
in melanoma cells: control cells culture - about 12 pg of  
melanin per cell; cell cultures after PDT: about 60 pg of  
melanin per cell. 
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Whole-body cryostimulation is a form of  treatment widely 
used in medicine, sport and biological renewal to improve 
recovery, both in acute and chronic injury. There are some 
indicates in literature that repeated cold exposure as a hard-
ening (e.g. cryostimulation) can lead to increased resistance 
to diseases and improve the antioxidative capacity.
The aim of  this study was to examine the influence of  
the repeated cold exposure in cryogenic chamber on to-
tal glutathione (GSHT) reduced glutathione (GSH) as a 
strong antioxidant defense agent and oxidized glutathione 
(GSSG), and ratio GSH/GSSG as a indicator of  increase 
in oxidative stress. Twenty five healthy men participated in 
the research. The individuals were exposed to a ten ses-
sions of  extremely low temperature (–130°C) in a cryo-
genic chamber, the each session lasted 3 minutes. Blood 
samples were obtained in the morning before cryostimu-
lation, again 30 min after treatment and the next day in 
the morning, both after the 1st and 10th session. Samples 
of  erythrocyte hemolysates were divided into aliquots and 
immediately deep-frozen at –70ºC. In all participant the 
mean of  hematological parameters was within physiologi-
cal range. GSH and GSSG concentration in hemolysate 
samples was determined by the colorimetric method (Bi-
oxytech GSH/GSSG-412 Kit, OxisResearch). The results 
were calculated per 1g of  Hb. Hemoglobin levels were as-
sayed using Drabkin`s method. After 10 session of  cryos-
timulation significant increase in mean initial level of  total 
GSH (3.19±1.63 μM/gHb) was observed (p ≤ 0.05) with 
simultaneous increase in GSSG level (p ≤ 0.05) and de-
crease i GSH/GSSG ratio (p ≤ 0.05). These data may sug-
gest that during the cryostimulation (cold stress) the level 
of  oxidative stress increased in organism and activation of  
antioxidant defenses mechanism in the body, and the cry-
ostimulation can lead to adaptive improvement of  antioxi-
dant capacity (as a hardening).
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grape seeds extract on homocysteine-
induced disturbances of plasminogen 
and fibrinogen activity
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Objective: Hyperhomocysteinemia has been reported to 
be associated with the pathogenesis of  various cardiovas-
cular diseases, such as coronary artery disease, vascular 
thrombosis and atherosclerosis. Proteins may be modified 
by homocysteine (Hcys) (S-homocysteinylation) and by 
homocysteine thiolactone (HTL) (N-homocysteinylation), 
leading to various consequences in their biological proper-
ties. Hcys may also induce oxidative stress, an important 
factor contributing to the progression of  cardiovascular 
disorders. Therefore nutritional polyphenols are increas-
ingly regarded as promising substances in the prevention 
of  these diseases. Resveratrol (3,4',5-trihydroxystilbene), 
naturally occurring in grapes (mainly in the skin of  the 
fruits), is able to reduce cardiovascular risk and impair the 
extent of  atherosclerosis. However, recently the scienific 
attention has been focused on grape seeds, as a source of  a 
variety of  biologically acive substances: resveratrol, proan-
thocyanidins, phenolic acids, poly- and monounsaturated 
fatty acids. Our study in vitro was designed to examine the 
effect of  resveratrol and grape seeds extract on the haemo-
static activity of  Hcys-treated fibrinogen and plasminogen. 
Material and Methods: Human blood was obtained from 
healthy volunteers and collected into sodium citrate (1:9). 
Fibrinogen was isolated by the cold ethanol precipitation 
technique (according to Doolittle method). Plasma sam-
ples were pre-incubated (2 min, room temperature) with 
resveratrol and grape seeds extract at final concentrations 
of  12.5; 25; 50 μg/ml, then Hcys (0.1 mM) was added and 
the samples were incubated (37ºC, 30 minutes). Thrombin-
catalyzed polimerization of  fibrinogen was monitored as 
the changes in turbidity (415 nm). The plasmin activity was 
induced in human plasma by streptokinase and its amidol-
ytic activity was estimated (80 min, 415 nm). 
Results: We observed that Vmax of  the fibrinogen polimer-
ization in human plasma incubated with resveratrol (25; 
12.5 μg/ml) and Hcys was decreased in comparison with 
Hcys-treated and control (untreated) plasma. Grape seeds 
extract (50; 25; 12.5 μg/ml) increased the plasmin activ-
ity in human plasma in comparison with positive (0.1 mM 
Hcys) and negative control (untreated plasma). 
Conclusions: Hcys is able to disturb haemostatic function 
of  fibrinogen and plasminogen in vitro. Grape seed extract 
possesses the protective properties and may partly prevent 
the pathophysiological consequences of  the enhanced level 
of  Hcys. 
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Melatonin, a pineal indoleamine, has been discovered as 
excellent antioxidant acting both in vivo and in vitro (Reiter 
et al., 2009). Its antioxidant action also has been shown in 
human placental mitochondria and mitochondria of  other 
tissues. We have proven that melatonin inhibits NADPH- 
and iron-depended  lipid peroxidation in human placental 
mitochondria in vitro (Milczarek et al., 2010). This lipid radi-
cals generating process seems to participate in pathology 
of  pre-eclampsia and other pregnancy associated diseases. 
Hence, the searching of   non-toxic antioxidant to use dur-
ing pregnancy is considered as an important field of  stud-
ies. We have shown that antioxidant action of  melatonin in 
human placental mitochondria is linked to its lipid radicals 
scavenger activity. This properties of  melatonin are par-
tially based on its indole ring structure. It seems that the 
intensity of  antioxidant action of  melatonin inside phos-
pholipid structures also depends on its lipophilicity. Hence, 
we decided to study antioxidant action of  tryptophan - an 
indole amino acid (precursor of  melatonin) and its more 
lipohilic derivates like butyl and octyl esters. All lipophilic 
compounds: melatonin, tryptophan butyl ester and tryp-
tophan octyl ester inhibited NADPH- and iron-dependent 
lipid peroxidation. Level of  the inhibition increased with 
length of  lipophilic tail structure attached to indole group. 
Tryptophan had no antioxidant activity in the same con-
ditions. According to results obtain, we conclude that 
antioxidant action of  melatonin in human placental mito-
chondria is linked to its indole structure and lipophilicity. 
Lipophilicity seems to be essential for antioxidant activity 
of  melatonin as well other potential indole structure based 
antioxidants in human placental mitochondria. Thus, de-
sign of  lipid peroxidation inhibitors based of  indole ring 
should head towards lipophilic compounds.
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Inflammatory bowel diseases (IBD), which include Ulcera-
tive colitis (UC) and Crohn’s disease (CD) are chronic, seri-
ous illnesses of  the gastrointestinal tract. The ethiology of  
these illnesses remains still unknown. The adenoma is a be-
nign tumor of  the colon. It is supposed that environmental 
and genetic factors play some role in the development of  
the disease. Within the environmental factors, reactive oxy-
gen species may play the main role.
The aim of  the study was to evaluate the activity of  three 
main antioxidant enzymes: superoxide dismutase, catalase 
and glutathion peroxidase in the patients with IBD and 
adenoma, and to compare those activities within the IBD 
group and between the IBD and adenoma groups.
The study was conducted among the patients with IBD (n 
= 30) and adenoma (n = 29) obtain from the Clinic of  Gas-
troenterology and Internal Medicine, Pomeranian Medical 
University in Szczecin.
Superoxide dismutase activity was estimated by measuring 
the percent of  autooxidation inhibition of  adrenalin. Cata-
lase was determined by measuring the decrease of  hydroxyl 
peroxide concentration, and for determination of  the glu-
tathione peroxidase a decrease of  NADPH concentration 
in the reaction with tetr-butyl hydroxyperoxyl was meas-
ured. Statistical analysis was conducted using U-Mann’s and 
Spearman’s tests.
There were no statistically significant differences between 
enzymes’ activity within the IBD group. Although statisti-
cally significant difference (p < 0.05) was shown between 
the IBD and adenoma group.
These results show the difference in the antioxidants state 
between the IBD, and colonic adenoma patients.
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Pyruvate, which is a product of  carbohydrate metabolism, 
has been shown to protect a number of  tissues in a various 
stress models (Varma et al., 1995). Moreover, it has been 
shown that pyruvate supplementation caused a significant 
decrease in body weight and fat mass in overweight hu-
man subjects (Kalman et al., 1999). However, in aqueous 
solutions the pyruvate transforms into parapyruvate — an 
inhibitor of  tricarboxylic acid cycle (Montgomery & Webb, 
1956). More stable form is ethyl pyruvate (EtP). Despite 
its higher stability, EtP also appeared to be more protective 
than pyruvate in various stress conditions (Kao & Fink, 
2010).
Forty male Wistar rats, weighing 200–225 g, were obtained 
from Medical University of  Bialystok (Poland). The rats 
were housed on a constant light-dark cycle (12:12 h) at 
22oC with an ad libitum access to food and water. Laborato-
ry rodent chow was obtained from Ssniff  GmbH (Germa-
ny). The rats were randomly assigned to two experimental 
groups. After six weeks of  receiving control and hyperca-
loric diet, EtP was added to the rats’ drinking water (0.3% 
vol/vol) for an additional 6 weeks. The study protocol was 
approved by the Local Animal Ethics Committee. 
Twelve weeks of  hypercaloric diet induced greater weight 
gain than the control diet. EtP supplementation for 6 weeks 
did not influence the weight gain neither in the hypercaloric 
nor in the control diet. Moreover, there was no influence of  
EtP on food and water intake. 
Hypercaloric diet induced an increase in blood triacylglyc-
erols, cholesterol, ox-LDL, and insulin levels. Supplemen-
tation with EtP had no effect in the hypercaloric diet. How-
ever, an elevated trend was observed in all of  the measured 
parameters in the blood of  rats fed with the control diet 
and treated with EtP. 
These results demonstrated that EtP supplementation does 
not affect appetite and weight gain, but may negatively af-
fect some blood markers, which is in agreement with the 
previous study (Koh-Banerjee et al., 2005).
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Pepper (Capsicum annuum L.) belongs to Brinjal family 
(Solanaceae). There are about 30 varieties of  pepper, differ-
ing from one another by the content of  active compounds: 
capsaicin, vitamins, mineral salts and organic acids. Due 
to the increasing interest in antioxidative compounds and 
their prophylactic effects in civilization disease prevention, 
the aim of  this work was to assess the properties of  the 
total antioxidative potential of  fresh juices obtained from 
seven different varieties of  pepper, as well as the change in 
this potential resulting from thermal processing.
The tests were carried out using juice from green, red, yel-
low and orange pepper, Habanero red pepper and Pep-
peroni, as well as from Jalapeno green pepper. The total 
antioxidative potential TAS was measured, using Randox 
test set, in fresh juices, in juices cooked traditionally for 10, 
20 and 30 minutes, as well as in juices cooked in a micro-
wave cooker for 5 minutes. 
Among fresh juices, the value of  TAS was the highest in 
the Habanero red pepper juice and the lowest in green Jala-
peno pepper. In the remaining five juices the differences in 
TAS value were negligible. During the tests it was shown 
that the thermal processing in a microwave cooker did not 
significantly influence the total value of  the antioxidative 
potential measured, in comparison to the fresh juices. Tra-
ditional cooking, on the other hand, caused the increase in 
TAS value in the juices tested, apart from the orange fruit 
pepper and the Habanero red pepper - the value measured 
in these juices was slightly lower than the value in the fresh 
juices. The results obtained indicate that thermal process-
ing of  juices obtained from different varieties of  pepper 
does not significantly decrease their antioxidative proper-
ties.
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 The formation of  reactive oxygen species is one of  the 
crucial factors in alcohol intoxication. Excess endogenous 
sources of  free radicals can override the antioxidant system 
of  the cells resulting in the excess in free radical oxygen be-
ing formed. Such an excess can result in oxidative damage 
of  important cellular structures, modify the cell function or 
even lead to cell death. Reduced glutathione (GSH) plays 
an important role in multitude of  biochemical processes. 
Under oxidative stress conditions GSH acts as a free radi-
cal scavenger. According the data intracellular glutathione 
protect hepatocytes against the ethanol-induced oxidative 
stress and prevent the apoptotic processes initiation. 
We estimate the level of  GSH and content of  thiobarbitu-
ric acid-reactive substances (TBARS), activities of  glutath-
ione reductase (GR) and glutathione peroxidase (GPOx) 
in the liver of  rats after interrupted alcohol intoxication. 
The investigations were performed on male Wistar rats 
(180–220 g). Ethanol was administered in a dose of  3.5 g/
kg body weight (a 25% solution) intragastrically, two times 
a day. Experimental rats were treated with ethanol during 
four days, next three days animals don’t receive ethanol 
(withdrawal). In the Group I the cycle alcoholization/with-
drawal was repeated twice, In the Group II – four times. 
The animals from the control group received the equal vol-
umes of  0.9% NaCl solution. The animals were sacrificed 
3 days later the last alcohol injection. 
It was found that the level of  GSH, TBARS and GPOx ac-
tivity in the Group I were decrease (by 40%, 28% and 245 
respectively). At the same time the activity of  GR was el-
evated by 66%. After four cycles alcoholization/withdrawal 
(Group II) only the level of  GSH was diminished. 
The results showed that interrupted alcohol intoxication 
caused the disturbances in the functions of  glutathione 
redox-cycle in rat liver. The more pronounced changes take 
place in the earliest terms. After more long interrupted al-
cohol intake turn on certain mechanisms of  adaptation to 
ethanol.
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The risk of  cardiovascular thrombotic events is associated 
with both, the dysfunction of  blood coagulation process, 
and blood platelet hyperactivity. Disturbance of  enzy-
matic cascade of  coagulation as well as platelet activation 
contribute to the development and progression of  many 
cardiovascular diseases, which are a major epidemiological 
problem all over the world. Our research group is work-
ing on biological activity of  polyphenolic-polysaccharide 
conjugates from Polish folk medicine plants which may be 
used for treatment of  cardiovascular system diseases. We 
have found that macromolecular conjugates isolated from 
selected herbal plants of  Rosaceae family have anticoagulant 
activity in vitro. The aim of  present study was to assess if  
these substances extracted from Agrimonia eupatoria and 
Fragaria vesca protect platelet proteins against nitrative and 
oxidative damage induced by peroxynitrite a highly reactive 
agent, generated mainly during inflammation, that modu-
late platelet activation and function. The excessive activa-
tion of  platelets is responsible for thrombosis, atheroscle-
rosis, cardiovascular and cerebrovascular disorders as well 
as the metastatic process, inflammatory and psychiatric ill-
nesses. ROS/RNS (reactive oxygen/nitrogen species) are 
important factors in the pathogenesis of  platelet-related 
diseases. The reaction of  proteins with ROS/RNS results 
in the oxidation and nitration of  amino acid residues, for-
mation of  aggregates or fragmentation of  proteins. In oxi-
dized platelet proteins carbonyl groups and 3-nitrotyrosine 
are formed. These modifications lead to changes of  blood 
platelet functions and pathological consequences. 
The amounts of  3-nitrotyrosine and carbonyl groups pre-
sented in platelet proteins after treatment of  platelets with 
extracts and peroxynitrite (1 mM) were determined by C-
ELISA and ELISA method, respectively.
The obtained results demonstrate that the compounds 
from A. eupatoria and F. vesca protect platelet proteins 
against peroxynitrite toxicity since the level of  markers was 
significantly decreased (carbonyl groups by about 20-30%; 
3-NT even by 50%) in the presence of  tested extracts. Our 
study reveals that conjugates modulate platelet activation 
through the antioxidant mechanisms. These properties may 
be of  biological and clinical relevance due to the key role 
played by ROS/RNS in platelet-related diseases and sug-
gest that tested plants may become a new source of  antico-
agulant and antiplatelet compounds.
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Microsomal glutathione transferase 1 (MGST1) is believed 
to be a valuable enzyme responsible for the cell defense 
against oxidative stress through its highly unique peroxi-
dase acitivity. It is the abundant membrane-bound glutath-
ione transferase active against harmful xenobiotics, as well 
as metabolites produced during oxidative stress. To assess 
the MGST1 role on viability, morphology and antioxidant 
system we used a stably transfected PC12 cell line with sup-
pressed-MGST1 (PC12_M). Real-time PCR and Western 
blot assays confirmed the decline of  MGST1 expression up 
to 60%. Microscopic analysis performed after 24, 48 and 72 
h revealed larger tendency of  the transfected cells to grow 
in the clusters, irregular shape with the number of  cells with 
beginning of  neurite outgrowth 2 days after plating, smaller 
adhesion and simpler detaching from a substrate. At the 
same time, an increased amount of  necrotic cells (34%) was 
observed, when compared to the control line. Whereas glu-
tathione, which is the most important reductant protecting 
the thiols of  proteins in the membranes, raised by 15-20% 
in the PC12_M cells, GSSG/GSH index decreased. After 4 
hours in the cell migration assay, the laminin stimulated mi-
gration of  PC12 cells, but not PC12_M. The total protein 
of  MAP kinases (p38 MAPK, JNK, ERK1/2) increased in 
PC12_M line; however we observed the reduced phospho-
rylation level of  these kinases, mainly JNK. We concluded 
that suppression of  MGST1 may trigger of  some adaptive 
mechanism, which promote survival and morphological 
changes in PC12 with reduced-MGST1. The exclusion of  
some signaling pathways mediated by MAP kinases colud 
be also associated with diminshed metastatic potential of  
these cells. 
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Iron regulatory protein 1 (IRP1) post-transcriptionally 
regulates expression of  iron metabolism genes to optimize 
cellular iron availability and minimize iron toxicity. The two 
activities of  IRP1 have been shown to be modulated by 
reactive oxygen species (ROS). As iron and oxygen are es-
sential but potentially toxic, ROS-mediated modulation of  
IRP1 activity is an important regulatory element in dissect-
ing iron homeostasis and oxidative stress.
We have shown that expression of  Irp1 gene is decreased 
at both mRNA and protein levels in livers of  KO SOD1, 
an enzyme that acts to reduce the concentration of  O2

•– 
in cytosol. Despite such a major alteration in IRP1 status, 
iron metabolism appeared to be unaffected in 8-week old 
KO SOD1 mice. In contrast, in 1-year old KO SOD1 mice 
we observed substantial changes in the expression of  iron- 
and heme-related genes. All these changes were induced 
by haemolytic anaemia of  aged KO SOD1 mice associated 
with red blood cell modifications and sensitivity to intra- 
and extra-vascular haemolysis.
We have shown that strong down-regulation of  hepatic 
IRP1 expression in KO SOD1 mice starts on day 1 after 
birth and is not observed in the liver of  KO SOD1 em-
bryos. Developmental changes in hepatic IRP1 abundance 
in wt SOD1 mice are not related to moderate fluctua-
tions in SOD1 activity. Results of  comparative analysis of  
both IRP1 protein level and SOD1 activity in the liver of  
Sod1+/+, Sod1+/–, and Sod1–/– mice clearly demonstrate that 
complete lack of  SOD1 activity observed in Sod1–/– mice 
is absolutely necessary for hepatic IRP1 down-regulation.
The biological mechanisms for the decrease in IRP1 lev-
el in SOD1 deficiency are unknown. We studied mecha-
nisms underlying O2

•–  mediated regulation of  IRP1 us-
ing RAW 264.7 macrophages and Sod1+/– BMDM treated 
with paraquat (PQ), O2

•–  producing agent. We detected 
superoxide production in cultured RAW 264,7 cells upon 
PQ stimulation using the CMH spin probe and EPR spec-
troscopy. Exposure of  macrophages to PQ resulted in a 
decrease in aconitase and IRE-binding activity of  IRP1 as 
well as in down-regulation of  IRP1 protein level. Tempol, a 
SOD mimetic, prevented PQ-induced down-regulation of  
IRP1 protein level. Lysosomal inhibitor, lactacystine does 
not prevent decrease in IRP1 protein level in PQ-treated 
macrophages, which suggests that IRP1 is not degraded 
via the lysosomal pathway. to further Investigations are in 
progress to elucidate mechanisms of  PQ-induced down-
regulation of  Irp1 gene.
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Peroxynitrite is a very strong oxidant which comes into 
existence in vivo from the diffusion-limited reaction of  
the nitrogen monoxide (NO•) with the superoxide radi-
cal (O2

•–). The term “peroxynitrite” is used to refer to the 
sum of  peroxynitrite anion (ONOO-) and peroxynitrous 
acid (ONOOH). The pKa value of  ONOOH dissociation 
(ONOOH → ONOO- + H+) is equal to 6.8. Peroxynitrite 
anion (ONOO-) is long-standing, however peroxynitrous 
acid (ONOOH), in the absence of  substrates, quickly un-
dergoes isomerisation to nitrate, partially (~ 30%) via in-
termediate products, •OH and •NO2. The half-life of  per-
oxynitrite at neutral pH and 37°C is about 1 second. Both 
ONOOH and ONOO- react with biomolecules, however 
the more reactive form is the peroxynitrous acid.
Antioxidants are compounds which protect the molecules 
important for the organisms from oxidation by so-called 
reactive oxygen species (ROS) which also include peroxyni-
trite. Different compounds of  the natural origin appearing 
in plants, for example polyphenols, like flavonoids, are ef-
fective antioxidants.
The goal of  our work was to check the antioxidant prop-
erties of  some flavonoids as peroxynitrite scavengers. We 
analyzed the kinetics of  the reaction of  these compounds 
with peroxynitrite in the neutral, acid and alkaline solution 
by UV-VIS spectroscopy (conventional and stopped-flow).
We found that flavonoids reacted with peroxynitrite anion 
as well as with peroxynitrous acid. In the alkaline environ-
ment flavonoids (in the absence of  other substrates) under-
went autoxidation, however the presence of  peroxynitrite 
anion strongly accelerated this process.
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Exponential Escherichia coli cultures are heterogenous popu-
lations containing cells which differ in their stage of  the cell 
cycle. Various stress conditions, including starvation under 
stationary phase or heat shock, can increase heterogeneity 
of  the population. To separate subpopulations of  E. coli 
cells techniques based on the difference in buoyant density 
can be applied. Using Percoll-gradient centrifugation we 
isolated high- and low-density subpopulations from E. coli  
cultures submitted to heat stress (50°C, 15 min). We found 
that the low- and high-density subpopulation accumulated 
similar amounts of  heat shock proteins (ClpB, DnaK, Ib-
pAB). The overall levels of  heat-denatured and aggregated 
proteins were also comparable in both subpopulations. Us-
ing the Live/DEAD BacLight kit, we demonstrated that cell 
membranes were intact in both subpopulations. However 
only the low-density subpopulation showed remarkably re-
duced growth rate after heat stress, at 37°C. Further stud-
ies revealed that the protein aggregates isolated from the 
low-density subpopulation contained Dps protein (DNA 
binding protein from starved cells) which was hardly detectable 
in the aggregates from high-density subpopulation. It has 
been previously demonstrated that Dps, as a homolog of  
ferritin, protects cells against oxidative stress by sequester-
ing Fe (II) ions. Therefore, we supposed that heat inacti-
vation and aggregation of  Dps might result in enhanced 
oxidative stress in the low-density subpopulation. Indeed,  
we found that the low-density cells contained increased 
amounts of  irreversibly oxidized proteins. Moreover, the 
low-density subpopulation did not appear when E. coli was 
submitted to heat stress under anaerobic conditions. These 
results suggest that the low-density subpopulation contains 
cells affected by sudden heat and oxidative stress at a time 
in the division cycle when the protective, antioxidant func-
tion of  Dps is particularly required.
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Human apurinic/apyrimidinic site endonuclease (APE1) is 
a multifunctional enzyme which is essential for cell viability. 
APE1 plays a crucial role in many important cellular path-
ways including Base Excision Repair (BER), Nucleotide 
Incision Repair (NIR), as well as in the regulation of  redox 
status of  several transcription factors. The AP-endonucle-
ase activity in NIR pathway involves recognition of  dam-
aged DNA base and cleavage at 5’ site to the nucleotide 
bearing a damaged base. The dangling nucleotide produced 
in this reaction with few surrounding nucleotides are sub-
sequently removed by FEN1 endonuclease. Afterwards 
created gap is filled by DNA polymerase and sealed by 
DNA ligase. NIR pathway is engaged in elimination from 
DNA modified nucleotides such as dihydrodeoxyuridine, 
5-hydroxydeoxyuridine, α-anomeric 2’-deoxycytidine and 
α-anomeric 2’-deoxyadenosine. Here we show a new sub-
strate for NIR. AP-endonuclease incises DNA 5’ to 3,N4-
ethenodeoxycytidine (edC), The APE1 repair efficiency 
towards edC is similar to incision of  α-anomeric 2’-deoxy-
cytidine. NIR activity was not observed towards 1,N6-ethe-
nodeoxyadenosine or 1,N2-ethenodeoxyguanosine. The in-
cision activity performed by APE1 dependents strongly on 
reaction condition and is inhibited by high Mg2+, K+, Na+ 
ions concentration. The DNA strand cleavage in the vicin-
ity of  edC stimulates exonuclease activity of  APE1, which 
occurs in the presence of  Mg2+ ions.
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Background: The aim of  presented study was to deter-
mine and compare values of  parameters of  oxidative stress 
in elderly patients with essential hypertension (HT), with 
diabetes mellitus type II (DM) and in healthy elderly con-
trols (C). Material and methods: Studies have been car-
ried out in the blood collected from 13 treated HT patients 
(mean age 83 ± 8.7), 12 treated DM patients (mean age 82 ± 
7.4) and 11 healthy control (mean age 84 ± 9.8) Concentra-
tion of  glutathione (GSH) and activities of  catalase (CAT), 
superoxide dismutase (CuZn-SOD), glutathione peroxi-
dase (GPx) and glutathione reductase (GR) were meas-
ured. Results: 1) We observed significantly higher GSH 
concentration in HT group (3.2 ± 0.29 mmol/L) than in 
DM group (2.7 ± 0.38 mmol/L), p<0.01. Mean GSH con-
centration in healthy controls group has reached the level 
of  (2.9 ± 0.49 mmol/L) and has not differed significantly 
from two other groups we have examined. 2) No differ-
ences between groups in GPx activity have been observed. 
3) Higher GR activities in HT group compared to DM and 
C groups (p<0.01) have been revealed with the following 
values in HT, DM and C groups respectively: 87.2 ± 13.30 
U/g Hb; 63.8 ± 15.16 U/g Hb and 64.2 ± 9.40 U/g Hb. 
4) Activity of  CuZn-SOD has been significantly elevated 
in HT group (2390.4 ± 211.09 U/g Hb and has differed 
significantly when compared with DM (2141.8 ± 200.24; 
p<0.2) and C (2105.4 ± 196.14; p<0.1). 5) Consistently 
CAT activity in HT group (25.2 ± 1.79 BU/g Hb) has been 
higher than in DM group (20.6 ± 1.95 BU/g Hb; p<0.01) 
and in C group (22.2 ± 2.17 BU/g Hb). Conclusions: 1) 
The antioxidant barrier has been changed in elderly hyper-
tensive patients as higher GSH concentration and changed 
antioxidant enzymes activities have been observed 2) Dis-
turbances in antioxidative system in patients with essential 
hypertension suggest that oxidative stress is involved in HT 
pathogenesis.
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Does pigmentation phenotype 
of melanocytes affect their 
ability to produce IL-8 ?
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In recent years it has been shown that epidermal melano-
cytes may participate in inflammatory processes by the se-
cretion of  IL-8, a member of  Cys-X-Cys chemokines fam-
ily. In the study we have compared the expression of  IL-8 
by the various normal melanocytes with different pigmen-
tation phenotypes, either constitutively or upon stimulation 
with lipopolysaccharide (LPS) and interleukin (IL)-1β. 
Normal human melanocytes derived from lightly and 
darkly pigmented neonatal foreskin (HMn-LP and HMn-
DP; Cascade Biologics) were cultured (2×104 cells/well) in 
complete M-254 medium (Cascade Biologics). LPS and IL-
1β were added to cultures at 1–100 μg/ml and 1-100 ng/
ml, respectively. After 48h of  incubation with the stimu-
lants the supernatants were aspired for IL-8 measurement 
with the ELISA method (Quantikine® Human CXCL8/IL-
8, R&D Systems). The viability of  melanocytes was quanti-
tated on the basis of  ATP level (CellTiterGlo®Luminescent 
Cell Viability Assay, Promega). Melanin content was deter-
mined spectrophotometrically (A475 nm) after solubilization 
of  cells with 1M NaOH. 
As predicted, total melanin concentration was higher in 
the darkly pigmented melanocytes (15.5 μg/105 cells) than 
in the lightly pigmented cells (7.4 μg/105 cells). In both 
melanocytes lines the number of  metabolically active cells 
did not change significantly following exposure to LPS and 
IL-1β. The constitutive secretion of  IL-8 by melanocytes 
was below the detection limit (3.5 pg). After stimulation 
darkly pigmented melanocytes showed a higher IL-8 pro-
duction than lightly pigmented cells. Furthermore, the 
release of  IL-8 was significantly higher in IL-1β-treated 
melanocytes (5.4 ± 0.5 ng/ml for DP and 1.5 ± 0.1 ng/
ml for LP) compared with that of  LPS-treated (1.9 ± 0.4 
ng/ml for DP and 0.6 ± 0.1 ng/ml for LP). IL-8 could be 
induced in a dose-dependent fashion with doses as low as 1 
ng/ml IL-1β and 1 μg/ml LPS. 
These data show that melanin may modulate production of  
IL-8 and play a role in shaping the responses of  different 
pigmentary phenotypes of  melanocytes to classical inflam-
mation stimulants. 
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Effects of oxidized cooking oil and 
a-lipoic acid on the concentration of non-
enzymatic antioxidants and peroxide 
determinated in rat’s blood serum
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Dietary fat is an important factor in regulation of  organism 
metabolism and oxidative status. Consumption of  antioxi-
dants could reduces some disorders derived from increased 
oxidative stress. Numerous studies have focused on the 
application of  specific antioxidants of  both synthetic and 
natural origin to vegetable fats. It would seem crucial to 
find out whether addition of  antioxidants to foods results 
in a reduction of  the detrimental effects of  oxidized cook-
ing vegetable oils.
The non-enzymatic antioxidant defence system includes 
among others vitamins C, E and A, albumine and cerulo-
plasmine, glutathione whose concentration could be modu-
lated by nutritional factors.
The effects of  administration of  oxidized rapeseed oil and 
α-lipoic acid on concentration of  non-enzymatic antioxi-
dants were studied in laboratory rats.
There was an increase of  the concentration of  vitamins 
A and E in rats fed a high fat diet to which 10% oxidized 
oil was added. Administration of  α-lipoic acid resulted in 
a decrease of  the concentration of  determinated vitamins.
Addition of  oxidized oil also resulted in increased produc-
tion of  oxygen radicals, evidenced by elevated production 
of  peroxide. Such effect was counteracted by administra-
tion of  α-lipoic acid. Further research is in progress.
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