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Abstract. Free radicals are dangerous because they can easily interact with other
biomolecules, including nucleic acids, proteins and free amino acids, lipids and carbohydrates.
Such interactions can lead to disruption of cell membrane function, metabolic processes, and
genetic expression. In situations where the defense forces do not cope, as a result of increased
oxygen concentration or a decrease in antioxidant defense mechanisms, a state of oxidative stress
occurs. This can lead to either immediate cell death or more subtle and chronic damage, such as
the development of malignant neoplasms. There is now increasing evidence that the tissue damage
that accompanies the aging process is caused by the formation of free radicals. Based on the
available evidence, it has been suggested that life expectancy can be increased by five years or
more through dietary modifications. To protect the body from RFK, animals and humans have
developed a very powerful and complex antioxidant defense system. It includes various components
of endogenous and exogenous origin.
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The topic of antioxidant enzymes occupies a central place in cell biology and
medicine. The study of antioxidant enzymes is of great importance not only for the
interpretation of cellular defense, but also for understanding the mechanisms leading
to the action of drugs [1,4]. As a result of increased oxidation reactions, a mass of
reactive forms of oxygen — free radicals and peroxides — is formed. They also
occur with direct damage to cell membranes and walls. Activation of free radical
oxidation and lipid peroxidation is a mandatory component of the cellular response to
stress factors. This is the general link of the mechanism of stress induction, in which
the effects of various stressogenic factors converge [4]. During the vital activity of
the organism, free radicals are constantly formed in the cell - metabolically active
compounds that disrupt the metabolism. Free radical oxidation (FRO) plays an
important role for the body: on the one hand, it is necessary for the renewal of cell
membranes and the synthesis of a number of biologically active substances, and on
the other hand, FRO is a universal mechanism of damage to biomembranes in various
pathological conditions [7]. Stress is an integral part of our lives [5]. It can lead to
both adaptation and its disruption, the development of various diseases [1,6,8].
Growth and development, changes in the physiological state, physical exertion,
adaptation, and stress are accompanied by changes in the intensity of free radical
oxidation processes in the body [1,4, 8]. Within the physiological norm, BPO is
maintained due to the coordinated action of the enzymes of the antioxidant system.
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Free radicals are electrically charged molecules that have an unpaired electron in
their molecular structure. Such an unpaired electron causes molecules to seek and
capture electrons from other substances in order to self-neutralize. The initial attack
by free radicals causes the body to neutralize them, which in the process leads to the
formation of another free radical. Thus, a continuous chain reaction is formed, during
which thousands of free radical reactions can occur within a few seconds, regardless
of the deactivation of a part of the radicals [2]. Free radicals are dangerous because
they can easily interact with other biomolecules, including nucleic acids, proteins and
free amino acids, lipids and carbohydrates. Such interactions can lead to disruption of
cell membrane function, metabolic processes, and genetic expression. In situations
where the defense forces fail, as a result of increased oxygen concentration or a
decrease in antioxidant defense mechanisms, a state of oxidative stress occurs. This
can lead to either immediate cell death or more subtle and chronic damage, such as
the development of malignancies [1,4].

There is now increasing evidence that tissue damage accompanying the aging
process is caused by the formation of free radicals [1,2]. Based on the available
evidence, it has been suggested that life expectancy can be increased by five years or
more through dietary modifications. For example, in the field of human cancer
research, interventions aimed at blocking the formation of free radicals or
intercepting them before they interact with biomolecules may be attractive and
effective proposals for protection against malignancy [1,9]. In the body of animals
and humans, molecular oxygen is the main source of oxidation. The electron
configuration of an oxygen molecule in its ground state has two unpaired electrons in
its outer shell. Despite the fact that the reactions between oxygen, which is in the
ground state (302), and biological molecules are thermodynamically favorable, they
occur slowly due to the high value of the activation energy. One of the ways to
activate triplet oxygen is its transfer from the basic (302) to the excited singlet state
(102). Singlet oxygen is not a radical, an electrophile, an extremely reactive and
short-lived particle [1,4]. Reactive forms of oxygen (ROS) formed as a result of the
restoration of its triplet state include: superoxide anion radical (O2e-), its conjugate
acid (HO2¢) (perhydroxyl radical), hydrogen peroxide (H202), hydroxyl radical OHe,
hypochlorite acid HOSI and peroxynitrite ONOO™. The strongest electrophiles and
the most reactive forms of oxygen are 102 and OHe [131].RFK occur in different
ways [7]: - under the action of ionizing, ultra-high-frequency UV radiation, powerful
electromagnetic fields, thermal energy, and other physical factors; - in the processes
of normal vital activity of the body, for example, during peroxidation of lipids; - as a
result of activation of macrophages in inflammatory processes of an infectious or
non-infectious nature; - in a state of acute and chronic stress; - in reactions of
transition metals with hydroperoxides [1,2,7]. As a rule, the uniform reduction of
oxygen during cellular respiration is limited by cytochrome oxidase in the
mitochondrial electron transport chain. This chain reduces O2 to a water molecule
without releasing superoxide or hydrogen peroxide. However, superoxide is
invariably produced in respiratory cells. This is due to the lack of one electron in a
specific section of the mitochondrial electron transport chain. When the electron
transport chain is strongly shortened and the respiration rate depends on the presence
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of ADP, the amount of electron release at the ubisemiquinone and ubiquinone sites
increases, leading to the production of superoxide and hydrogen peroxide [1].
Cytochrome P450, P450-reductases and cytochrome b5-reductases affect the
formation of hydrogen peroxide during the catabolic cycle of xanthine oxidase in the
endoplasmic reticulum [1,5]. The presence of a trace amount of hydrogen peroxide
and Fe2+ is necessary for the formation of the hydroxyl radical (°OH). An exception
is anomalous exposure to ionizing radiation [1,5,7]. Therefore, the aerobic type of
cellular respiration always threatens the formation of ROS, as oxygen (O2) is a
highly reactive atom capable of becoming part of potentially harmful molecules
called free radicals or reactive forms of oxygen. About 5% or more of inhaled O2 is
converted to ROS, such as superoxide, hydrogen peroxide, and hydroxyl radicals by
monovalent oxidation of O2 [159]. To protect the body from RFK, animals and
humans have developed a very powerful and complex antioxidant defense system. It
includes various components of endogenous and exogenous origin [161]. It is known
that significant changes in the physiological functions of birds occur after their
hatching during the period of adaptation to new conditions of existence in an oxygen
environment.An important role in maintaining the homeostasis of the bird's body
belongs to the system of antioxidant protection. It ensures the inactivation of lipid
peroxide oxidation products and prevents their accumulation in tissues [9, 12]. So, for
example, it has been proven that in the tissues of geese with a high level of oxygen
consumption - the brain and myocardium - from the middle of the embryonic period,
a genetically programmed increase in the power of their antioxidant defense system
occurs [1,6]. The antioxidant system (AOS) is a powerful protective mechanism that
prevents the development of avalanche-like free radical and peroxide reactions in the
body. This system of body cells works due to the presence of compounds -
antioxidants, which contain a mobile hydrogen atom that is not very strongly
connected to carbon (C-H) or sulfur (C-H). As a result of the reactions of antioxidant
molecules and free radicals, antioxidant radicals are formed, which are not powerful
oxidizers and cannot continue the course of free-radical oxidation reactions. In this
way, chains of free-radical reactions are broken. Radicals of antioxidant molecules
are removed in the form of end products, which are the result of interaction with
molecules of other antioxidants [6]. Antioxidants can neutralize free radicals even
before their destructive effect is realized. Thus, the main task of the antioxidant
system is to reduce the number of free radicals to the minimum possible level. All
components of the body's antioxidant system are conditionally divided into several
groups: 1. Enzymatic link of the antioxidant system; 2.Macromolecular non-
enzymatic compounds (metal-binding proteins); 3. Low-molecular non-enzymatic
compounds (fat-soluble and water-soluble antioxidants) [6,8]. The enzymatic link of
the AOZ system includes: superoxide dismutase (SOD), catalase (KAT), glutathione
peroxidase (GLP), cysteine and many others. The key enzyme of antiradical
protection is superoxide dismutase. It dismutates superoxide radical to less toxic
hydrogen peroxide. Superoxide dismutase represents the first line of defense of the
body against the action of 39 RFK [1,81 There are several isoforms of this enzyme.
Depending on the trace element included in the active center, Fe-, Cu-, Zn- and Mn-
dependent superoxide dismutase are isolated. According to localization in body
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tissues, Fe-dependent superoxide dismutase is mainly found in erythrocytes, Zn, Cu-
dependent in cytoplasm, and Mn-dependent in mitochondria [61]. All types are
present in plants, animals and humans. Prokaryotic Mn-SOD, Fe-SOD, and
eukaryotic Cu / Zn-SOD are dimers, while mitochondrial Mn-SOD are tetramers
[1,11]. In the molecule of the enzyme Cu / Zn - SOD, copper and zinc ions,
interacting with each other, are in such a close relationship that any changes around
one ion affect the environment of the other. Zinc ions perform only a structural role
[50] in contrast to copper ions, which are required for the catalytic activity of the
enzyme [2,3]. In the formation of the antioxidant effect, the glutathione system of
antioxidant protection of the body, which is formed by glutathione, glutathione
peroxidase, glutathione transferase, glutathione reductase, etc., is of great importance.
Glutathione is the main component of this system, which inactivates hydrogen
peroxide and inhibits reactive oxygen species [8]. It has been proven that the
formation of an adaptive response to oxidative stress in the heart muscles of geese
occurs due to the activation of glutathione peroxidase and the resources of vitamin E
and B-carotene [3]. Glutathione participates in the metabolism of xenobiotics,
regulates cell proliferation, affects the synthesis of nucleic acids and proteins, as well
as the activity of enzymes. Deficiency of glutathione in cells leads to activation of
lipoperoxidation processes [8].Glutathione peroxidase is a selenium-containing
enzyme that catalyzes the breakdown of lipid hydroperoxides in a non-radical way
using reduced glutathione. GLP is a tetramer consisting of four identical spherical
subunits. Each subunit contains one selenium atom [7]. It 1s selenium that stimulates
the conversion of methionine into cysteine, as well as the synthesis of glutathione,
which, together with the amino acids glycine, glutamate, and cysteine, synthesizes
HLP [5,6]. Glutathione peroxidase is localized mainly in the cytosol (about 70%) and
only 30% in the matrix of mitochondria. Selenium deficiency, caused by its low
content in the diet, leads to violations of the optimal vital activity of the body, which
is accompanied by a decrease in the activity of glutathione peroxidase, activation of
lipoperoxidation processes, and the development of oxidative stress [3]. o, for
example, domestic birds are characterized by periods of tension in the antioxidant
defense system and intensification of lipoperoxidation processes, associated with the
restructuring of the body's physiological functions and the action of adverse
environmental factors [2]. Glutathione peroxidase provides protection of cell
membranes from the destructive action of peroxide radicals, catalyzes the
decomposition of hydrogen peroxide and oxidizes glutathione, and catalyzes the
reaction of restoring unstable organic hydroperoxides with glutathione [7]. The
affinity of HLP for hydrogen peroxide is much higher than that of catalase, so the
former works more efficiently even at low concentrations of H202. At the same time,
catalase plays a key role in protecting cells from oxidative stress caused by high
concentrations of H202 [ 4]. Catalase is a heme-containing enzyme that converts
hydrogen peroxide into water and oxygen. It is present in almost all aerobic
organisms tested to date [8]. The highest concentration of catalase is in the liver. In
hepatocyte peroxisomes, catalase accounts for 40% of all proteins [7]. Mitochondria
and endoplasmic reticulum contain little CAT. In the cell, it is localized mainly in
peroxisomes, where it plays an important role in the removal of H202 formed by
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oxidases involved in B-oxidation of fatty acids, respiration and purine catabolism.
Thus, intracellular hydrogen peroxide cannot be eliminated unless it spreads to
peroxisomes [8]. It is known that catalase contains the highest reversible rate of
reactions among all known enzymes. One molecule of CAT can convert
approximately 6 million molecules of hydrogen peroxide into water and oxygen per
minute. The catalase reaction can occur in two stages: a and B-phase [10, 11].

The a-41 phase works catalytically, breaking down hydrogen peroxide into
water and oxygen molecules without the formation of free radicals. The reaction
proceeds in two di-electron reactions. First, the H202 molecule oxidizes heme to
compound I, removing one oxidation equivalent from trivalent ferrum, forming
oxoferyl groups, and another from the porphyrin ring, forming a porphyrin cation
radical. Second, H202 then reduces compound I to regenerate the free (ferrite)
enzyme, releasing H20 and molecular O2 [132]. 1. KAT(Por-Fe3+) + H202 —
(Por+e -Fe4+=0) + H20 II. (Por+e -Fe4+=0) + H202 — KAT(Por-Fe3+) + H20 +
02 At peak H202 concentrations, catalases can undergo one-electron reduction with
the inactive intermediate compound II, which can then be converted into another
inactive form, with union III. (Por+e -Fe4+=0)+ HA — (Por+* -Fe4+=0OH) + A- III.
(Por+e -Fe4+=OH) + H202 — (Por-Fe2+ =0OOH) + H20 B-phase works
peroxidically, removing H202 with oxidizing alcohols, formic acid salt - formate
(RH2), or nitrate, thereby releasing O2 and natural enzyme [10, 11]. Although
catalase 1s not essential for some cell types under normal conditions, it plays an
important role in the acquisition of tolerance to oxidative stress in the adaptive
response of cells. Thus, the survival of rats under the influence of 100% oxygen
increased when liposomes containing SOD and CAT were administered
intravenously before and during exposure [10].
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Anomauia. Binoni paduxanu nebe3neuHi, OCKIIbKU BOHU 30AMHI 1€2KO 63AEMOOIAmu 3
IHWUMU OIOMONEKYIAMU, BKIIOUAIOYY HYKIEIHO8I KUCIomu, OLIKY ma 8ilbHI AMIHOKUCIOMU, TiNiou
ma gyenesoou. Taxi 3aemo0ii Moicymov npuzeecmu 00 NOPYULeHHs QYHKYIT KIimuHHOi Memopanu,
OOMIHHUX NpOYeci6 ma 2eHemuyHoi excnpecii. Y cumyayisax, Koau 3axXucHi cuiu He cnpagisaiomscs,
BHACIIOOK NIOBUWEHOI KOHYEHMpayii KUCHIO a0 3HUNCEHHS AHMUOKCUOAHMHUX 3AXUCHUX
MexXaHizmie, 8UHUKAE CMAaH OKuUcHoeo cmpecy. Lle moowce npuzéecmu abo 00 Heeaunoi 3acudeni
KIimuH, abo 00 Oilbwl MOHKUX [ XPOHIUHUX NOUKOONCEHb, MAKUX 5K PO3GUMOK 310SKICHUX
HO80YMEOpeHs . 3apas 30i1bulyemovcs KibKiCmb 00KA3I8 Moo, WO NOUKOONCEHHS MKAHUH, 5Ki
CYNPOB00IHCYIOMb Npoyec CMapinHs, 6i00y8acmuvcs uepe3 YMEOpeHHs BLIbHUX paouxanie . Ha
OCHOBI HAAGHUX OAHUX OYIO0 CMBEPONCEHO, WO MPUBANICIb HCUMM Modce Oymu 30inbuieHa Ha
n’sime pokis i binbue 3a 00NoMo200 Mooughikayil xapyysauws. /[nsa 3axucmy opearizmy 6i0 POK
MBAPUHU MA TIOOUHA POZBUHYIU OYHCE NOMYIHCHY | CKIAOHY AHMUOKCUOAHMHY CUCEMY 3AXUCHY.
Bona exnrouae pisni komnonenmu eH002eHHO20 I eK302eHHO20 NOXOOMCEHHSL.
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Knrowuosi cnosa: meapunu, GinvbHi paouxanu, KOHYEHmMpayis KUCHIO, AHMUOKCUOAHMHUL
3AXUCHUX MEXAHI3MIB, npoyec CMApPiHHs, MOOUDIKaYis Xapyy8anHs.
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