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Abstract

Cell metabolism in organisms which use oxygen as a source of energy is closely associated with the
generation and action of free oxygen radicals and their derivatives. Extra- and intracellular substances that
are antioxidative in nature prevent overproduction of radicals and protect against propagation of peroxi-
dative reactions. The list of compounds which can be treated as antioxidants becomes elongated. Many
classifications of these compounds are used, of which the most common is the division according to their
nature into enzymatic and non-enzymatic, according to their environment or the way they react with FOR.
Enzymatic antioxidants include: superoxide dismutase, catalase, glutathione peroxidase and glutathione
reductase. Non-enzymatic antioxidants are: vitamin E, vitamin C, glutathione, carotenes and retinols, and
some transition metals (Zn, Cu and Se). The balance between the actions of these two groups of compounds
determines normal functioning of the organism. Impairment of the balance between pro- and antioxidative
processes in the organism is called anitoxidative stress and may be induced by intensified reactions involv-
ing FOR and by depressed activity/concentration of antioxidants. It seems, however, that irrespective of the
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cause, oxidative stress is likely to result in many diseases.
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Introduction

Chemically, antioxidants are known as compounds
able to inhibit the processes of oxidation. They can be
divided into two categories:

- antioxidants which inhibit the phase of initiation by
removing “reactive oxygen species” (ROS) from the
environment;

- antioxidants which inhibit the phase of propagation, e.g.
by degrading hydroxyperoxides to interactive products.
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Antioxidant-type compounds break the sequence of
oxidative reactions by reacting with ROS on a single-
stage pathway to generate non-reactive products or on
a two-stage pathway, where at first a weak radical-type
compound is formed from the antioxidant. Then, the weak
radical is joined to another (or the same) compound to
form a non-reactive complex, for instance:

ROS + dihydroquinone — p. hydroxyfenyl radical — quinone

Physiological antioxidants should undergo regen-
eration in the organism, e.g. the vitamin E - vitamin C
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system. However, their action does not result in the total
inhibition of peroxidation [16].

The presence of ROS in the cells which utilise oxygen
as the source of energy leads to the formation of a num-
ber of mechanisms that are directed against them. These
mechanisms have been divided into four categories [57]:
- compartmentization — separation of ROS generation

sites in the cell, chelation of transition metals, specific

distribution of antioxidative-type substances;

- detoxication — ROS removal through enzymatic and
non-enzymatic pathways,

- repair,

- utilization.

These mechanisms referred to as the antioxidative pro-
tection or barrier are responsible for continuous monitoring
of the organism demand for antioxidative substances. Con-
trol over the prooxidative processes in physiological and
pathological conditions occurs through release, activation,
synthesis and regulation of renal resorption and excretion
of antioxidative compounds. It is assumed that the main-
tenance of normal homeostasis of pro- and antioxidative
processes is based on the following feedback:

detection <> signal <> compensatory reaction (release of
antioxidants from tissue deposits, de novo synthesis)

The third segment of this mechanism is relatively well
known, the first and the second are vague.

The list of compounds which can be classified as anti-
oxidants is being constantly enriched. They can be classified
according to their nature, e.g. enzymatic and non-enzymatic
[76], environmental or how they react with ROS [37, 92].

However, taking into account their function in the
antioxidative processes, they can be divided into the first-
line antioxidants and the so-called helper antioxidants.

Characteristics of Chosen Compounds Involved
in the Antioxidative Barrier of the Organism

Enzymes

All cells of ecukaryotic organisms contain strong
antioxidative enzymes, including four major ones - su-
peroxide dismutase, catalase, glutathione peroxidase and
glutathione reductase.

Superoxide Dismutase

Superoxide dismutase (superoxide superoxide
oxidoreductase SOD, EC.1.15.1.1) catalyses dismutase
reactions of the superoxide anion radical and leads to hy-
drogen peroxide generation [25, 46, 51, 62]:

: SOD
O, +0, +2H+—>H0, + 0,

In the presence of superoxide dismutase, the super-
oxide anion radical is unstable and therefore its dismuta-
tion is spontancous [42].

Three types of superoxide dismutase are known

[31], differing in cofactors, sensitivity to inhibitors and
location.

Cytosolic superoxide dismutase (Cu,ZnSOD-1) is
built of two identical subunits. Each contains 151 amino
acid residues and one ion of zinc and copper. Zinc is re-
sponsible for subunit stability, while copper for activity
(neutralises the superoxide anion radical) [47, 89].

Copper ions can be found at two stages of oxidation, as
cuprous (Cu®) and cupric ions (Cu®"). The superoxide anion
radical can oxidize cuprous ions and reduce cupric ions:

SOD-Cu’ +0, +2H'—SOD-Cu* +H,0,
SOD- Cu* +0,—SOD-Cu’ + O,

The plasmatic isoenzyme differs from the cytosolic
isoenzyme and constitutes a small part of total activity
of superoxide dismutase (Cu,Zn SOD). Its role, however,
has not yet been elucidated.

Manganese-containing superoxide dismutase (Mn-
SOD; SOD-2) is present in the mitochondrial matrix. This
isoenzyme is a protein composed of four subunits and is
not inactivated by hydrogen peroxide. Ferrum-containing
superoxide dismutase (FeSOD), whose activity in cells
depends on the degree of exposure to ROS [89], can be
found in a large number of aerobes.

Extracellular superoxide dismutase (EC-SOD) is a
protein which also contains copper and zinc ions. EC-SOD
molecules are tetramers with saccharic residues [68]. Like
SOD-1, EC-SOD is inhibited by cyanide and azide ions,
dietyloditio carbaminian and hydrogen peroxide. It is also
very resistant to the effects of alkaline solution, urea, gua-
nidine hydrochloride and high temperatures.

The total amount of SOD in the human organism is
considered to be 3.5-4.0 g. Its highest activity can be ob-
served in the liver, the lowest in fatty tissue [61].

In the liver, half of the total activity of SOD refers to the
action of Cu,ZnSOD and half to MnSOD, while in the cere-
brospinal fluid, the total activity of the enzyme is represented
by Cu,ZnSOD. It is generally accepted that 85-90% of the
total SOD activity in the organism involves Cu,Zn SOD.

The superoxide anion radical is produced only in the
presence of oxygen [8]. SOD biosynthesis is under strict
control; however, up to the present the process has been de-
scribed only for bacterial cells [58]. Yet, it has been known
that the product of molecular oxygen reduction is SOD
synthesis inductor, while ferrum ions have a regulatory
role [83]. Analysis of the mechanism of SOD conducted
catalysis indicates that this enzyme is an incomplete anti-
oxidant which prevents the action of one oxygen radical,
its biological action being associated with a catalase effect.
Tanford et al.[80], have shown that O, inhibits the catalase
effect, while H,O, the action of dismutase.

Catalase

Catalase (hydrogen peroxide oxidoreductase; CAT,
E.C. 1.11.1.6) localized in peroxisomes is a ferroporphy-
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rin protein, 225 kDa of molecular mass, containing four
ferrum atoms per mole of protein. Its molecule consists of
four monomers. It catalyses dismutation of hydrogen per-
oxide. Catalase exhibits affinity only for free molecules
of hydrogen peroxide. Due to this action two molecules
of H,O, are transferred to two molecules of H,O and one
molecule of oxygen [25]:

catalase

H,0, + H,0,"*>2H,0+0,

The reaction rate depends on the presence of hydrogen
donors. Catalases exhibit two activities - a catalase effect
at high concentration of H,O, and a peroxidase effect at
low concentrations of hydrogen peroxide. Its character-
istic feature is the formation of the so-called complex I,
when one particle of H,O, is bound to the active centre
of the enzyme [58]. Each catalase subunit binds one
NADPH molecule for stabilisation [52,53,70].

Catalase most frequently exhibits peroxidase activity
in the in vivo conditions. In mammals, it occurs mainly
in the liver, erythrocytes and kidneys. It is believed that
in the blood and hepatic cells catalase removes hydrogen
peroxide produced due to the action of oxygen dehydro-
genases.

In physiological conditions, catalase controls the
concentration of H,0,, prevents its accumulation in cells
and protects against oxidative insults which can lead to
pathologies [38,52,70]. At low concentrations of H,O,,
catalase acts jointly with glutathione peroxidase.

Glutathione Peroxidase

Glutathione peroxidase (glutathione:hydrogen perox-
ide oxidoreductase: GSH-Px, E.C. 1.11.1.9) is a protein
made up of four subunits, each containing one atom of
selene covalently bound to cystein. Selene is necessary
for the catalytic action of the enzyme, which catalyses
the reaction between glutathione and hydrogen peroxide
to generate the oxidised form of glutathione, i.c. disulfide
(GSSQG) [4,15].

glutathion peroxidase

HO, + 2GSH >0 4 0 + GSSG + 2 H

The enzyme is highly specific to glutathione and less
to peroxides; it catalyses the reduction both of hydrogen
peroxide and organic peroxides, including lipid perox-
ides, steroid hormones and cholesterol. Free thiol groups
are necessary for its normal functioning, their number de-
pending on the physiological state of the enzyme (3-7/mol
of protein) [33].

Glutathione peroxidase occurs mostly in the cytosolic
fraction (70% of total activity), but also in the mitochon-
drial matrix (20%) and in the nuclear fraction (10%)
[56].

Peroxidase aims the H,O, attack at glutathione (pro-
tecting the thiol groups of enzymes), and thus prevents
the involvement of hydrogen peroxide in the Frenton
reaction.

The highest activity of glutathione peroxidase was
found in the liver (detoxification), in the blood and lungs
(high oxygen concentration); it was less intense in the
heart and kidneys, the lowest in the brain and eye lens
[89].

First of all, glutathione peroxidase protects cellular
membranes against peroxidative insult, controls the lipid
peroxidase rate and ensures the normal course of cellular
metabolism. It participates in the regulation of a number
of processes, e.g. the pentose cycle, and contributes to the
maintenance of an adequate level of prostacyclines in the
blood through a direct effect on the endogenous inhibitor
of their synthesis. It also takes part in the transformation of
prostaglandins and prostacyclines, and in the generation of
the former [39]. It has been demonstrated that at a reduced
activity of GSH-Px, ROS produced in phagosomes are able
to cause self-destruction of the phagocytising cells [17].

Apart from selene-dependent glutathione peroxi-
dase, another type, without selene, has been found. It is
glutathione s-transferase which, like GSH-Px, catalyses
degradation of organic peroxides, but does not degrade
hydrogen peroxide.

The isoenzyme Se GSH-Px, which is exclusively spe-
cific to lipid peroxides, has been detected in the cellular
membrane [64].

All peroxidases function as free unbound peroxides.
In physiological conditions at a low H,O, concentration,
glutathione peroxidase exhibits stronger affinity for H O,
compared to catalase. The action of glutathione peroxi-
dase is directly related to glutathione reductase.

Glutathione Reductase

Glutathione reductase (NADPH:glutathione oxidore-
ductase; E.C. 1.6.4.2.) is an enzyme which reconstructs the
form of glutathione at the cost of NADPH oxidation [4].

glutathion reductase

GSSG+2H" +2NADPH —— =2 GSH + 2 NADH"*

NADPH undergoes regeneration with the involvement
of enzymes, including glucose-6-phosphate dehydroge-
nase (E.C.1.1.1.49) and isocitrate dehydrogenase (E.C.
1.1.1.42), which catalyse oxidation, with the resultant
NADP as a co-substrate.

When glutathione reductase is unable to cope with the
excess of glutathione disulfide produced in the cell, cells
can actively “throw it out,” at the cost of ATP energy [2].

Non-Enzymatic low-Molecular Antioxidants

Reactions of low-molecular antioxidants with ROS
and organic free radicals are less specific than enzymatic
reactions. Therefore, these compounds are more universal
defendants of the organism, capable of fulfilling different
functions. Many of them exhibit both preventive (inhibit
oxidation by reacting with oxidative factors) and inter-
ventive action (inhibit oxidation by reacting with indirect
products of oxidation, i.e. free radicals).
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Low-molecular antioxidants have been divided into
two classes: hydrophobic (protecting the cell inside) and
hydrophilic (protecting the cell lignid part). The former
includes tocopherols, carotenoids, bilirubin and reduced
coenzyme Q (ubiquinone) [9,35,67,69]. Female sexual
hormones (estron and estradion derivatives and their
metabolic products) also exhibit antioxidative properties
[55]. The major hydrophilic antioxidants are: glutathione,
ascorbic acid, cysteine, uric acid, flavonoids, creatinine,
phytic acid, and melanines [54].

Tocopherol - Vitamin E

Vitamin E is a mixture of tocopherols and tocotri-
enols. Tocopherols (a, B, Y and 8) have a phytil chain,
while tocotrienols (a, B, y and d) are characterized by a
side chain with three double bonds. Differences between
a, B, v, and & tocopherols and tocotrienoles lie in differ-
ent distributions of methyli groups in the chromane ring.
a-tocopherol is the most common compound, constituting
88% of the whole pool of vitamin E in the blood plasma.
Its daily requirement for an adult is 8-10mg [14].

Vitamin E is the main antioxidant of the lipid phase
[21]. Its absorption from the alimentary tract ranges from
21 to 74% [14,48]. In the cell, vitamin E occurs mainly
in the mitochondrial membranes and endoplasmic re-
ticulum. Its slight amounts can be found in peroxisomes
and in the cytoplasm. In the membranes, vitamin E is
irregularly distributed, forming clusters in the lipid part
[47]. The vitamin E content in the membranes of various
cells is varied: mononuclear leukocytes contain 10-fold
more vitamin E than erythrocytes and blood platelets. In
the mitochondrial membranes, the tocopherol molecule to
phospholipid molecule ratio is 1 to 2,100 [40].

In the blood, vitamin E is transported with lipoprotein
fractions and at the same time protects their components
against oxidation [82]. Inside the cell, transport occurs via
the so-called low-molecular binding proteins. In the cyto-
sol of hepatocytes, these are 30 and 14.2 kDa proteins, the
cytosol of cardiomyocytes showing the presence of one
(14.2 kDa) transporter [30].

Vitamin E occurs in large amounts in the liver, heart,
adrenal glands and ovaries. Particular importance has
been ascribed to the presence of tocopherol in the plasma
and erythrocytic membranes. Tocopherol prevents oxida-
tive damage to cellular structures and tissues, and blocks
the formation of nitrosamines [63]. It contributes to the
maintenance of an adequate structure of the membranes,
reduces neutrophil chemotaxis and improves the effi-
ciency of the immune system [11]. It also reduces platelet
aggregation [88], which protects the organism against
microthrombi. Vitamin E is also involved in many other
processes, not necessarily as an antioxidant, e.g. in the
suppression of inflammatory states and DNA synthesis
[30].

Vitamin E is a very efficient antioxidant, which can
inhibit oxidative processes in the initiation phase, i.e. can
react directly with O,, '0,, OH [21] and NO [26], as well

as in the phase of propagation by reacting with organic
peroxyl radicals.

The process of vitamin E regeneration from the radi-
cals being its derivatives can occur through enzymatic
and non-enzymatic pathways. It is difficult to determine
which is the primary mechanism. The enzymatic pathway
of tocopherol radical reduction occurs with the contribu-
tion of glycerolophosphate dehydrogenase, acetyl-CoA
dehydrogenase and succinate -coenzyme Q reductase
[59].

Non-enzymatic regeneration is likely to involve
ascorbic acid, glutathione and reduced coenzyme Q. The
reduced coenzyme Q is able to regenerate tocopherol
bound in the membranes [16,18]. The process of vitamin
E regeneration appears as follows:

ROO" + vit. E-OH — ROOH + vit. E-Or
vit. E- O" + AH — vit. EOH + A®

Ascorbic Acid - Vitamin C

L-ascorbic acid is an endiol form of &-lactone of
3-keto-gulonic acid. The acid molecule is composed of
endiol group [-C(OH)=C(OH)-], responsible for its acid
and reductive properties [6, 22]. It has strong reductive
properties and therefore is referred to as the major antioxi-
dative factor in the aqueous solution. Ascorbic acid is well
absorbed from the alimentary tract. Its daily requirement
for an adult is 1-3 mg. The highest concentration of vita-
min C in the organism is observed in the thymus, adrenal
glands, salivary glands, liver and blood [13, 66].

Vitamin C is an unstable substance, sensitive to heat-
ing, particularly in the presence of oxygen and heavy
metals (iron, copper). Its degradation is accelerated in
the alkaline or neutral solution. Ascorbic acid is affected
by certain drugs (acetylsalicylic acid, sulphonamides and
barbituric acid derivatives), antiseptic agents (sodium
benzoate) used for food conservation, as well as drying
and ultraviolet radiation. Oxidation of ascorbic acid is
also facilitated by enzymes included in the group of oxi-
dases (ascorbinase, polyphenolooxidase and peroxidase)
which are found in some plant products [43, 86].

In the organism, L-ascorbic acid is oxidised to L-
dehydroascorbic acid through an indirect radical-type
compound, namely L-monodehydroascorbic acid. The
reaction is as follows [27]:

L-ascorbic acid < free ascorbylic radical <
<> L-dehydroascorbic acid

In aqueous solutions, L-ascorbic acid is unstable (the
lactone ring opens spontaneously to form diketogulanic
acid); hydrolysis of diketogulonic acid leads to the loss of
activity [27]. Dihydroascorbic acid exhibits hydrophobic
properties and thus can penetrate cellular membrane lip-
ids. Dehydroascorbinian effectively protects the plasma
LDL fraction against copper-induced peroxidation [71].
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The ascorbylic radical which is generated in this proces
can be regenerated on a non-enzymatic pathway with the
involvement of uric acid [75].

The basic function of ascorbic acid is its contribution
to reactions of hydroxylation, e.g. hydroxylases which
take part in the synthesis of collagen as a cofactor require
the presence of ascorbate [86].

In the organism, ascorbic acid plays a role of antioxi-
dant which protects body fluids against ROS. It can react
with peroxide and thus prevents DNA damage [6, 10, 28,
72].

Together with cytochromes a and ¢, pirimidine and
flavine nucleotides and glutathione, ascorbic acid forms
redox systems which affect the behaviour of normal oxi-
dation-reduction potentials in cells [10, 28].

Vitamin C is essential for vitamin E regeneration.
Through the reduction in a-tocopherol radical, it can play
a role of an “adjunct” antioxidant on the surface of cel-
lular membranes, thus regenerating a-tocopherol, which
can again function as an antioxidant [40, 54].

It is assumed that ascorbic acid exhibits peroxida-
tive properties, since at low concentrations (50 mM)
and in the presence of transition metal ions - through the
reduction of Fe** to Fe** or Cu** to Cu'* - it facilitates
establishment of an optimal Fe**/Fe* or Cu>/Cu'" ratio,
which promotes peroxidation of NADPH-dependent
lipids. At higher concentrations, ascorbate excessively
reduces Fe** to Fe*” and inhibits NADPH-dependent
lipid peroxidation [19].

Vitamin C is believed to decrease the risk of certain
civilisation-related diseases, such as hypertension [66,
83], atherosclerosis [34, 77, 81, 86], cataract [87] and
neoplastic diseases [13, 22].

Glutathione

Glutathione (8-glutamylocysteinyloglycin) is a tri-
peptide, a compound soluble in water which exhibits
reductive properties conditioned by the thiol group. It
is synthesized by many types of cells from glutaminian,
cystein and glycin [2]. However, the major site of its syn-
thesis is the liver, from where it is released to the blood
and bile [7].

Glutathione activity on the surface of hepatocytes is
relatively low, and therefore its release by these cells pre-
dominates over the uptake. However, high activity of the
enzyme on the surface of renal, pancreatic and intestinal
cells allows its efficient uptake from the blood [7].

In the cell, glutathione occurs at high concentrations
in the cytoplasm, mitochondria and nucleus (5-10 mM),
its concentration being substantially lower in the endo-
plasmic reticulum (2 mM) [56].

In the mitochondria, glutathione is the major com-
pound which protects the cell against physiological anti-
oxidative stress.

In physiological conditions, over 99% of glutathione
occurs in cells in a reduced form (GSH), and only a small
per cent in an oxidized form (disulfide, GSSG) [7].

Glutathione takes part in the detoxification of xenobi-
otics and heavy metals (copper, silver, zinc, chrom), and
forms stable complexes with them. It also participates in
transformations of many endogenous compounds, includ-
ing lipid peroxidation products.

Its major physiological task is scavenging reactive
electrophylic compounds and the playing role of intracel-
lular “redox buffer” [7].

The functions of glutathione in the organism are asso-
ciated with the thiol group (-SH) present in its molecules,
which is part of the cystein residue. Glutathione acts as a
substrate or co-substrate with a number of enzymes which
exhibit antioxidative properties in mammals, e.g. with
glutathione S-transferase or glutathione peroxidase. At
the same time it can react with 'O, HO", O, itself [76].

Its thiol group reacts with hydroxide radicals (the
fastest) and with radicals of the organic aqueous phase
(more slowly). Glutathione reactions with the radicals of
organic substances (including free radicals of other mol-
ecules) may lead to their “repair”, but also result in free
glutathione radical formation [7].

The major function of glutathione is to maintain thiol
groups of proteins at a reduced level, which in many cases
is necessary for their functional activity. Glutathione can
affect the oxidation-reduction condition of certain pro-
teins through the non-enzymatic exchange of SH/SS
groups [56].

It appears that glutathione combines both enzymatic
and non-enzymatic protection of cellular structures
against oxidation.

Carotenes and Retinols

The main form of vitamin A is a B-ionic derivative
showing the structure similar to transretinol. Its provita-
mins, o and B carotenes, are the most important for the
human organism.

In the plasma, retinols are carried by the transporting
proteins and are lypoproteins, while B-carotene is trans-
ferred mainly by the LDL lypoprotein fraction [87]. The
largest amounts of retinol and carotene are stored in the
liver. These compounds can modify cell differentiation
and the immune system [29].

It has been also found that carotenes substantially re-
duce oxidation of cellular membrane lipids and lypopro-
tein fractions of the plasma [45]. They are also involved
in the prevention of neoplastic disease [22], myocardial
infarct and atherosclerosis [23].

[B-carotene is considered to be a multifunctional anti-
oxidant, soluble in lipids. Vitamin E and B-carotene act
synergistically for the inhibition of microsomal peroxida-
tion in lipids. B-carotene can also act as a scavanger of
single oxygen, break the continuity of peroxidative reac-
tions and inhibit the actions of lypooxygenases [23].

The mechanism of B-carotene antioxidative effect oc-
curs in three stages [76]:

1. extinction of factors which trigger processes of per-
oxidation.
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Triggering factors (flavines and porfines) can detach
atom of hydrogen or electron from other molecules
and form radicals able to react with carotene.
2. Scavenging of single oxygen at a rate of 10°-10"1°M"' ¢!
'O, + carotene — O, + carotene
3. Scavenging of peroxyl radicals.

Zinc (Zn), Copper (Cu), Selene (Se)

It was long believed that the role of zinc, copper and
selene in the maintenance of balance between pro- and an-
tioxidative processes in the cell depends on their presence
in the molecules of the antioxidative enzymes.

Bettger and O’Dell [11] have revealed that zinc takes
part in the maintenance of normal structure and function
of cellular membranes. Later reports [6] have described
its antioxidative effect irrespective of the enzymes it
forms. The mechanism of antioxidative action of zinc still
remains unknown.

It is assumed that Zn exhibits its antioxidative effect
only at high concentrations. The likely antioxidative role
of extracellular Zn is to protect sulfhydryl groups against
oxidation and inhibition of ROS generation (with the in-
volvement of transition metals) [6].

A positive correlation has been revealed between low
zinc concentration and reduced a-tocopherol levels in
plasma [89]. It has also been demonstrated that a reduc-
tion in zinc concentration leads to the increased produc-
tion of H,0, and elevated activity of NADPH-dependent
reductase and cytochrome P-450, which in turn causes
increased generation of active forms of oxygen [36].
There is a correlation between zinc concentration and cell
damage by TNF (tumour necrosis factor). Zinc inhibits
TNF-induced DNA fragmentation, cytolysis and cyto-
toxic ADP [1]. It prevents inflammatory processes of the
endothelium induced by unsaturated fatty acids and their
derivatives [41], and delimits atherosclerosis. It also has a
regulatory role in the process of cytokin production [12].

Normal zinc concentration is indispensable in the
functioning of approximately 200 enzymes; e.g. a de-
crease in zinc content leads to reduced activity of Zn-
dependent dehydratase of delta-aminolevulinic acid, the
enzyme which takes part in heme synthesis [50]. Studies
which involved patients with sickle cell anaemia revealed
zinc deficiency. Zinc, with no change in the Bohr effect,
increases affinity for oxygen.

A 10-fold reduction in a daily zinc intake causes a de-
crease in SOD activity by approximately 20% [74], and at
the same time attenuates the potential of the antioxidative
barrier. On the other hand, the increased supply of zinc to
the organism considerably diminishes copper absorption
from the alimentary tract, which also determines the ac-
tivity of superoxide dismutase [32].

Copper exhibits a dual effect. In the form of free cu-
pric ions, as a transition metal, it is a strong peroxidative
factor. On the other hand, it is part of SOD and Cp, the
enzymes which prevent these processes.

Copper is the main factor responsible for peroxidative

modifications of the LDL lypoprotein fraction, reduction
in blood cholesterol and LDL levels [49].

A positive effect of copper on lipid metabolism is
probably associated with the fact that at its adequate
concentration glutathione level and activity of 3-hydroxy-
3-metylglutaryl reductase of the Co-A in hepatocytes
remain low. Its reduced concentration leads to increased
activity of the enzyme [3] and to attenuated activity of
the lecitin:cholesterol acetyltransferase and lypoprotein
lypase. Changes in the activity of these enzymes due to
alterations in copper concentrations are responsible for
hypercholesterolaemia [49].

The normal Cu/Zn ratio in the organism is necessary
to regulate the production of interleukins, the primary
mediators of inflammatory processes.

The antioxidative action of selene is determined
mainly by its role as an essential component of the ac-
tive centre of glutathione peroxidase [73]. Recent years
have brough new data concerning other antioxidative
mechanisms with selene involvement. In the cell, the
highest selene concentration can be observed in the cel-
lular nucleus, cytoplasm, mitochondria amd microsomes
[90]. Its transport between cells occurs via the plasma
[65]. Selene stabilizes erythrocytic membranes [91] and
normalizes the production of ‘OH by neutrophils during
the immune response [5].

Balance violation between pro- and antioxidative pro-
cesses in the organism is referred to as oxidative stress.
Balance disturbances can be induced by an increase in
ROS-catalyzed reactions and a decrease in the activity
or concentration of antioxidants. It seems, however, that
irrespective of the cause, the oxidative stress has biomedi-
cal implications which lead to numerous pathologies. Yet
it should be remembered that there are a large number
of risk factors of various origin, e.g. environmental or
genetic.

Increased generation of ROS and their metabolites
or attenuated antioxidative efficiency have been demon-
strated in the course of such diseases as atherosclerosis,
stroke, myocardial infarct, carcinoma, cataract, AIDS,
acute respiratory insufficiency syndrome, Parkinson’s dis-
case, rtheumatoid arthritis, emphysema, neurological dis-
cases and malaria [40]. Epidemiological reports suggest
that the intake of increased amounts of antioxidants in a
diet reduces the risk of circulatory disorders. A protective
effect of vitamin E in this case consists of the delimitation
of LDL fraction oxidation, platelet adhesion and aggrega-
tion, atherosclerotic changes, onset of angina pectoris and
mortality associated with these diseases [22,86].

Numerous reports have described a positive role of
ROS in cell metabolism, mainly its regulatory function.
Reactive oxygen forms take part in many processes es-
sential for cell life. It has been found that the action of
the so called secondary messenger, a cyclic GMP, is
regulated by O,, OH and H,O, [85]. ROS are bound to
participate in such processes as cell differentiation and
maturation [79]. The presence of the supraoxide anion
radical determines normal metabolism of xenobiotics
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(e.g. hydroxylations), synthesis of vitamin K-dependent
coagulation factors (prothrombin, factor VII, factor 1X),
normal platelet aggregation and maintenance of adequate
potential of the cellular membranes [75].

Free oxygen radicals and their derivatives play a signif-

icant role in the metabolism of cells which utilise oxygen
as a source of energy. Extra- and intracellular substances,
antioxidative in nature, constitute an important barrier of
the organism against excessive generation of radicals and
propagation of peroxidative reactions. Balance mainte-
nance between the actions of these compounds determines
normal functioning of the organism, while its violation may
lead to a number of abnormalities.
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