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The effect of laser irradiation of rats combined with omega-3 polyunsaturated fatty acids (w-3 PUFA)
administration on the proteins oxidative modification and superoxide dismutase and catalase activity in the
mitochondrial fraction of the liver was investigated. Animals were irradiated with a 650 nm laser diode in the
abdomen daily for 4 min at the distance of 10 cm from the skin surface. w-3 PUFA were administered per os at
a daily dose of 120 mg/kg of the body weight. Fatty acids in the fish oil were identified by gas chromatography.
Animals were divided into five groups (12 animals in each group): I — intact rats (control); Il — rats exposed
to the daily laser irradiation for 7 or 14 days ; IIl — rats that received w-3 PUFA two hours after irradia-
tion; 1V — rats that received w-3 PUFA two hours before irradiation; V — rats that received w-3 PUFA for 7
days before irradiation. The mitochondrial fraction of rat liver was obtained by differential centrifugation.
The increase in the content of protein carbonyl derivatives and a decrease of protein thiol groups in the liver
mitochondrial fraction were detected after seven-day laser irradiation of rats. As the duration of irradiation
increases, superoxide dismutase and catalase activity was decreased, indicating a depletion of mitochondrial
antioxidant reserves. No antioxidant effect was observed when w-3 PUFA were administrated after laser ir-
radiation and a slight antioxidant effect was shown when w-3 PUFA were administrated two hours before ir-
radiation. Preliminary seven-day administration w-3 PUFA before laser irradiation was the most effective, as
it reduced the level of protein carbonyl derivatives and O,"-generation, increased proteins SH-groups content
and antioxidant enzymes activity.

Keywords: SH-groups, carbonyl derivatives, superoxide radical, laser irradiation, w-3 polyunsaturated
fatty acids, liver mitochondria, superoxide dismutase and catalase activity.

he use of laser irradiation is becoming in-

I creasingly common today, as this type of
irradiation can have biostimulating and
physiotherapeutic effects [1]. The efficiency or nega-
tive effects of laser radiation depend on the power,
wavelength, pulse duration, repetition rate, interac-
tion time, biochemical and physicochemical charac-
teristics of the tissue exposed to irradiation [2, 3].
With prolonged exposure to laser radiation on bio-
logical tissues in the body are complex biochemical
processes, which can promote the emergence and the
accumulation of free radicals, which will lead to the
intensification of oxidative modification of proteins

and the accumulation in cells [4, 5]. These changes
may underlie the anti-carcinogenic effect of the la-
ser, during the action on the transformed tissues
[6], which will reduce tumor growth in the body.
However, the intensification of free radical processes
during the direct impact of the laser on normal body
tissues can adversely affect the functioning of or-
gans, including the liver. However, along with the
use of laser irradiation, it would be appropriate to
use essential nutrients with antioxidant properties
that would reduce the negative effects of the laser.
Such nutrients include ®-3 polyunsaturated fatty
acids (PUFA) [7].

© 2022 Ketsa O. V. et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

29



ISSN 2409-4943. Ukr. Biochem. J., 2022, Vol. 94, N 1

-3 PUFA provides stability of cell membranes,
maintains energy balance in the cell, synthesizes ei-
cosanoids. Due to w-3 PUFA reduces the activity
of the inflammatory process, as they stimulate the
production of specific anti-inflammatory mediators,
and also have an inhibitory effect on the synthesis of
pro-inflammatory substances (COX 2, nitric oxide
synthase, tumor necrosis factor, interleukins 1, 6 and
12 in endothelial cells) [8-10]. Due to these proper-
ties, -3 PUFA promote an active immune response
of the body and show a protective effect in response
to external factors [11].

The issues of the combined action of laser irra-
diation and -3 PUFA on the biochemical processes
of liver cells remain open. However, the scheme of
their combined application is not clear, because ®-3
PUFA can be substrates of laser irradiation, thus
triggering free radical processes in the body.

Given the above, the aim of this study was to
evaluate the intensity of oxidative modification of
proteins and the activity of antioxidant enzymes in
the mitochondrial fraction of rat liver under the ac-
tion of laser irradiation and additional administra-
tion of ®-3 PUFA.

Materials and Methods

The experiment were conducted on white out-
bred rats weighing 130-150 g. Animal keeping, han-
dling and manipulating were in accordance with
the article 26 of the Law of Ukraine No 3447-1V
21.02.2006 “On the Protection of Animals from
Cruelty”, “European Convention for the Protection
of Vertebrate Animals Used for Experimental and
Other Scientific Purposes” (Strasbourg, 1986) and
with regard to NIH Guide for the Care and Use of
Laboratory Animals, approved 20. 09. 2001 by the
First Ukrainian National Congress on Bioethics, and
taking into account the provisions set out in [12].

All animals were divided into five groups (12
animals in each group): I — intact animals (control);
IT — rats were exposed to the laser diode; III — rats,
which -3 PUFA was injected after laser irradiation;

IV — rats, which ®-3 PUFA was injected daily two
hours before laser irradiation; V — rats, which ®-3
PUFA was injected 7 days before the application of
laser irradiation.

Irradiation of the animals was carried out daily
for 4 min with a laser diode with a wavelength of
650 nm, a power of 50 mw in the abdomen at a dis-
tance of 10 cm from the skin surface. The source of
®-3 PUFA was fish oil in the form of a commercial
drug Vitrum Cardio (manufactured by Unipharm,
Inc., USA), which contained 32% eicosapentaenoic
acid (EPA) and 24% docosahexaenoic acid (DHA)
(Table).

Fatty acids in fish oil were identified [2?] by
gas chromatography on a HRGC 5300 chromato-
graph (Italy). For the analysis of individual fatty ac-
ids used standard drugs from Sigma. ®-3 PUFA was
administered per os at a daily dose of 120 mg/kg
body weight of animals, because at this dose exhibit
antioxidant and membrane-protective effects [13].

Euthanasia of the animal was performed under
light ether anesthesia on the 7 and 14" day of laser
diode irradiation.

The mitochondrial fraction of rat liver was ob-
tained by differential centrifugation [14]. The level
of oxidative modification of proteins and enzymat-
ic activity of superoxide dismutase (SOD, 1.15.1.1)
and catalase (CAT, 1.11.16) was determined in the
mitochondrial fraction. Oxidative modification of
proteins was determined by the content of carbon-
yl derivatives (method based on the reaction of the
interaction of carbonyl derivatives of proteins with
2,4-dinitrophenylhydrazine with the formation of
2,4-dinitrophenylhydrazones) [15] and the level of
sulfhydryl groups (SH-groups) (the method is based
on the interaction of Elman reagent with protein SH-
groups) [16]. The formation of a superoxide radical
(0,") was recorded in a test with Nitro blue tetra-
zolium (NBT) [17]. The principle of the method is
that NBT in the presence of a superoxide radical is
reduced to hydrazinetetrazolium, with a maximum
depth at 540 nm. The rate of O,~ formation was ex-

Table. The content of polyunsaturated fatty acids of the family w-3 and w-6 in the w-3 PUFA

The content of ®-6 and w-3 PUFA

-6, % -3, % The degree of unsaturation
w-6/w-3, %
LA o-LNA EPA DHA
1.63 0.67 32.57 24.13 0.03 191.70
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pressed in nmol of hydrazinetetrazolium formed per
minute per mg of protein (nmol/min per mg of pro-
tein), given that the extinction of 0.325 corresponds
to 325 nmol of super oxide radical [17].
Determination of superoxide dismutase activity
in the mitochondrial fraction of the liver is carried
out by the method [18], which is based on the ability
of SOD to inhibit the oxidation of adrenaline. The
enzymatic activity of SOD was expressed in (c.u.)/
mg protein. Determination of catalase activity was
performed by the method [19], which is based on the
ability of hydrogen peroxide to form a stable colored
complex with ammonium molybdate with an absorp-
tion maximum at A = 410 nm. Catalase activity was
expressed in mmol/min per mg of protein.
Statistical processing of the results was per-
formed using one-way analysis of variance (ANO-
VA) followed by Tukey's HSD post hoc test. The dif-
ferences were considered significant if P < 0.05.

Results and Discussion

Oxidative stress plays a key role in the patho-
genesis of liver disease. Dysfunction of this organ
potentates inflammatory-degenerative processes of
tissues. During normal liver function, a dynamic
balance is maintained between the prooxidant and
antioxidant systems [20].

Due to the action of various factors on the body,
in particular laser irradiation, the balance between
free radical processes and the antioxidant system is
disturbed [21], which will enhance the processes of
oxidative modification of proteins. These changes
may be one of the main reasons for the inactivation
of enzymes and changes in the structural organiza-
tion of proteins.

One of the main markers of oxidative modifi-
cation of proteins is carbonyl derivatives, which are
formed by oxidation of amino acid residues of tryp-
tophan, phenylalanine, histidine, proline, arginine,
lysine and threonine. Accumulation of carbonyl
groups of proteins can be an early indicator of tissue
damage [22].

As aresult of the conducted researches it is es-
tablished that under the action of laser irradiation in
the area of the abdominal cavity that anatomically
corresponds to the localization of the liver, there is
an increase in the level of carbonyl derivatives in the
mitochondrial fraction of the liver, which is ampli-
fied as the laser irradiation period increases as com-
pared with non-irradiated animals (P < 0.05) (Fig. 1).
Obviously, under the action of a laser diode on each

absorbed photon in the photochemical reaction, an
activated particle (free radical, atom, molecule) is
formed [23]. After activation, a cellular reaction
(primary) occurs, which is reflected in the increase
of protein carbonyl derivatives.

The increase in the level of carbonyl groups of
proteins may be the result of a decrease in the activ-
ity of cellular protease systems. Because it is known
that the decrease in proteosome function may be
accompanied by the accumulation of damaged pro-
teins.

Along with the oxidation of protein amino
groups, oxidation of sulfhydryl groups is observed
in the mitochondrial fraction of the liver. After seven
days of irradiation with a laser diode, the level of
SH-groups of proteins decreases 2.7 times, and after
fourteen days — 8 times as compared with non-irra-
diated animals (P < 0.05) (Fig. 2).

Enhancement of oxidative modification of
proteins probably occurs due to the intensive gen-
eration of superoxide anion radical components of
the electron transport chain of mitochondria, which
is confirmed by our results. With increasing dura-
tion of irradiation in the mitochondrial fraction of
the liver of rats increases the rate of formation of
0,~ with the maximum values of the 14" day of ir-
radiation (Fig. 3), which probably triggers the free
radical destruction of proteins under the action of
laser irradiation.

Thus, the daily four-minute directional action
of the laser diode in the abdominal cavity leads to the
initiation of free radical processes in the mitochon-
drial fraction of the liver, enhancing the generation
of O, and oxidative modification of proteins. Such a
primary cellular reaction can turn into a generalized
(systemic, secondary) reaction with prolonged expo-
sure to low-intensity laser radiation on the body [23].
To reduce the prooxidant effect of a laser diode, the
effect of which is determined by the physical proper-
ties of radiation, its features and the properties of the
biological object of influence, we used ®-3 PUFA,
which have antioxidant properties [8].

The use of different schemes of administration
of -3 PUFA has shown that the highest antioxi-
dant effect of -3 PUFAs have their seven-day pre-
introduction into the body before the start of laser
irradiation. In this group of animals, the levels of
carbonyl derivatives (Fig. 1) and SH-groups of pro-
teins (Fig. 2) do not differ from the control indicators
on the 7th day of irradiation, and on the 14" day of
irradiation the content of carbonyl derivatives in-
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Fig. 1. The level of carbonyl derivatives in the mitochondrial fraction of the rat liver under the action of laser
irradiation and the introduction of w-3 polyunsaturated fatty acids. K — intact animals (control); LI — rats
exposed to a laser diode; LI + w-3 — rats, which were injected with w-3 PUFA after laser irradiation; w-3 //
LI —rats, which w-3 PUFA was injected daily two hours before laser irradiation; w-3 + LI — rats, which w-3
PUFA was injected 7 days before the application of laser irradiation; *statistically significant difference com-
pared to intact animals (P < 0.05); *statistically significant difference compared to irradiated rats (P < 0.05)
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Fig. 2. The level of protein SH-groups in the mitochondrial fraction of rat liver under the action of laser irra-
diation and the introduction of w-3 polyunsaturated fatty acids. K — intact animals (control); LI —rats exposed
to a laser diode; LI + w-3 — rats, which were injected with w-3 PUFA after laser irradiation, w-3 // LI — rats,
which w-3 PUFA was injected daily two hours before laser irradiation; w-3 + LI — rats, which w-3 PUFA was
injected 7 days before the application of laser irradiation; *statistically significant difference compared to
intact animals (P < 0.05); *statistically significant difference compared to irradiated rats (P < 0.05)
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Fig. 3. The rate of formation of superoxide anion radical in the mitochondrial fraction of rat liver under
the action of laser irradiation and the introduction of ®-3 polyunsaturated fatty acids. K — intact animals
(control); LI — rats exposed to a laser diode; LI + w-3 — rats, which were injected with w-3 PUFA after laser
irradiation; w-3 // LI —rats, which w-3 PUFA was injected daily two hours before laser irradiation; w-3 + LI—
rats, which w-3 PUFA was injected 7 days before the application of laser irradiation; *statistically significant
difference compared to intact animals (P < 0.05); *statistically significant difference compared to irradiated

rats (P <0.05)

creases 1.9 times (P < 0.05) (Fig. 1), and SH-groups
decreases 1.4 times (P < 0.05) (Fig. 2) compared with
the control. At the same time, the rate of O, gene-
ration remains low (Fig. 3), as this indicator does not
differ statistically significantly from the control in-
dicator on the 7" day of irradiation and increases 1.8
times - on the 14" day of irradiation compared to the
control (P < 0.05) (Fig. 3). Obviously, the previous
introduction of ®-3 PUFA promotes their incorpo-
ration into the membrane structure of cells, which
makes them resistant to free radical destruction of
macromolecules [13]. On the other hand, the bioreg-
ulatory role of ®-3 PUFAs on mitochondrial function
may be manifested through eicosanoids, which are
synthesized from -3 PUFAs.

During the use of ®-3 PUFA after irradiation,
there is an increase in the generation of O, (Fig. 3)
and oxidative modification of proteins, which is ex-
pressed by an increase in the level of carbonyl de-
rivatives (Fig. 1) and a decrease in SH-groups of
proteins (Fig. 2). However, these results do not differ
from those of the group of irradiated animals that
were not injected with ®-3 PUFA. The result of oxi-
dative modification of proteins may be a decrease in

their structural and functional organization and dis-
ruption of the respiratory chain. As a result, there is
a generation of superoxide anion radical in the res-
piratory chain of mitochondria, which indicates the
emergence of prooxidant status in these groups of
animals [24].

The introduction of -3 PUFA two hours before
the action of laser irradiation leads to an increase
in the level of protein carbonyl groups (P < 0.05)
(Fig. 1) and a decrease in SH-groups of proteins
(P < 0.05) (Fig. 2) in the mitochondrial fraction of
rat liver compared to intact animals. However, such
changes in markers of oxidative modification of pro-
teins do not reach the level of the group of irradiated
animals that were not injected with ®-3 PUFA. Obvi-
ously, in the first stages of irradiation, pre-adminis-
tration of ®-3 PUFA has an antioxidant effect, and as
the duration of irradiation with w-3 PUFA become
substrates of reactive oxygen species (ROS). An ex-
cessive ROS generation may also be associated with
low activity of the enzymatic and non-enzymatic
components of antioxidant protection.

The main enzymes of the antioxidant system
are SOD and CAT. SOD is the first link in antioxi-
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dant protection against ROS, which catalyzes the
dismutation of the superoxide radical. Two SOD iso-
forms were detected in the cell. The Mn-containing
isoform is localized in mitochondria, the function of
which is to inactivate O,", formed as a result of the
functioning of the mitochondrial electron transport
chain [25].

As a result of research, an increase in super-
oxide dismutase activity was found in the group of
experimental animals exposed to a laser diode and
in those treated with ®-3 PUFA after the laser ir-
radiation as compared with non-irradiated animals
(P <0.05) (Fig. 4). The increase in the enzymatic ac-
tivity of SOD can occur in response to the increased
formation of O, (Fig. 3).

However, on the 14" day of irradiation there is
a sharp decrease in superoxide dismutase activity
(Fig. 4), which may occur with the accumulation of
the reaction product - hydrogen peroxide and/or with
oxidative inactivation of the enzyme [25].

The increase and subsequent decrease in the
enzymatic activity of SOD may be a consequence
of the development of pathological processes in the
body. As a result of the superoxide dismutase reac-
tion, H,O, is formed, which is further metabolized

to O, and H,O by the action of the heme-containing
enzyme catalase [26]. The decrease in the content of
this enzyme in the cells leads to an increase in the
cytotoxic effect of H,O,, which is formed as a result
of dismutation of the superoxide radical [25].

Analysis of the results showed that in the ini-
tial stages of laser irradiation (7 days) there is an
increase in the enzymatic activity of catalase in the
mitochondrial fraction of rat liver (P < 0.05) (Fig. 5).

Because CAT is a heme-containing protein, it
can be directly activated by the photons of a laser
diode. On the other hand, the increase in catalase
activity may occur in response to the formation of
H,0,, which is a substrate for catalase. On the 14™
day, there is a decrease in catalase activity by 2.2
times compared with the control (P < 0.05) (Fig. 5).
Decreased enzyme activity of catalase in the mito-
chondrial fraction of rat liver may be due to reduced
synthesis and increased degradation of its molecules
as a result of oxidative inactivation of the enzyme
by ROS — O,", ‘OH and H,0O,, the number of which
increases under oxidative stress [24] .

The highest antioxidant effect of w-3 PUFA
have under the conditions of their previous seven-

day administration before irradiation. Thus, on the
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Fig. 4. Superoxide dismutase activity in the mitochondrial fraction of rats under the action of laser irradia-
tion and the introduction of w-3 polyunsaturated fatty acids. K — intact animals (control); LI — rats exposed
to a laser diode; LI + w-3 — rats, which were injected with w-3 PUFA after laser irradiation,; w-3 // LI — rats,
which w-3 PUFA was injected daily two hours before laser irradiation; w-3 + LI — rats, which w-3 PUFA was
injected 7 days before the application of laser irradiation; *statistically significant difference compared to
intact animals (P < 0.05); *statistically significant difference compared to irradiated rats (P < 0.05)
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Fig. 5. Catalase activity in the mitochondrial fractions of the liver of rats under the action of laser irradia-
tion and the introduction of w-3 polyunsaturated fatty acids. K — intact animals (control); LI — rats exposed
to a laser diode; LI + w-3 — rats, which were injected with w-3 PUFA after laser irradiation, w-3 // LI — rats,
which w-3 PUFA was injected daily two hours before laser irradiation; w-3 + LI — rats, which w-3 PUFA was
injected 7 days before the application of laser irradiation; *statistically significant difference compared to
intact animals (P < 0.05); *statistically significant difference compared to irradiated rats (P < 0.05)

7th day of irradiation the level of catalase activity
does not change compared to the control, and on the
14th day there is a slight increase (1.2 times), ap-
parently in response to the generation of ROS (Fig.
5). The introduction of ®-3 PUFA two hours before
irradiation and after irradiation first increases the
catalase activity, and then reduces it on the 14th day
of irradiation. These changes are more pronounced
in animals to which o-3 PUFA was administered af-
ter irradiation, because the indicators of this group
of animals do not differ from irradiated animals that
were not injected with ®-3 PUFA (Fig. 5). The es-
tablished changes will lead to an increase in the con-
centration of H202 in liver cells, which will trigger
a cascade of reactions of free radical oxidation of
lipids, thereby damaging the membranes of mito-
chondria [24].

Thus, the daily four-minute action of the laser
diode leads to the initiation of oxidative modifica-
tion of proteins with simultaneous depletion of an-
tioxidant reserves in the mitochondrial fraction, as
evidenced by a decrease in the enzymatic activities
of SOD and CAT. An increase in the rate of O2'- for-
mation may indicate a violation of the mitochondria

in the electron transport chain and the leakage of
electrons from it [24]. O2'- will initiate free radical
oxidation of proteins.

The introduction of ®-3 PUFA reduces the
prooxidant-antioxidant imbalance in the mitochon-
drial fraction of the liver, but this effect largely de-
pends on the scheme of their introduction and irra-
diation. -3 PUFA does not show antioxidant effect
under the conditions of their introduction after ir-
radiation. Daily administration of -3 PUFA two
hours before irradiation shows a slight antioxidant
effect in the initial stages of irradiation, as evidenced
by indicators of protein modification and generation
of O2'-. Preliminary seven-day administration of
-3 PUFA before laser irradiation helps to reduce
the level of carbonyl groups of proteins, O2'- gen-
eration and increase the content of SH-groups, while
stimulating the enzymatic link of antioxidant pro-
tection. The protective effect of the previous admin-
istration of omega-3 PUFAs is obviously related to
their incorporation into the mitochondrial mem-
branes, which stabilizes the latter and makes them
resistant to radiation.
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JlociiKeHo BIUJIMB JIA3€PHOTO OMPOMIHEHHS
mypiB y TO€IHAHHI 3 BBEOCHHSIM  OMe-
ra-3 TMOJiHEHACHYEHUX  IKUPHUX KHUCIOT (®-3
[MHXXK) na oxucny monudikamito npoTeiHiB i Ha
AKTHUBHICTh CYNEPOKCHIAMCMYTa3u Ta Karaja-
31U y MiTOXOHIpiayibHil (pakuii neuinku. TBapun
orpomiHioBanu 650 HM Ja3epHUM JiOAOM IIOA-
HA y JUISHOI YepeBHOI MOPOXHUHHM MPOTITOM
4 xB Ha Biactani 10 cM BijJ moBepxHi MIKipH. ®-3
[MHXXK BBoamnu per os y no6oBiii mo3i 120 mr/
KT MacH Tina. XXupHi KUCIOTH y pub’sTIOMYy KHUpi
ineHTru(ikyBagn METOIOM Ia30Boi xpomarorpadii.
TBapun Oyno moxineHo Ha ATk Tpyn (mo 12 y
KOXKHIN): | — iHTaKkTHI IypH (KOHTPOIB); 11 — mypu,
SIKUX ONPOMIHIOBAJIM LIOAHS JIA3€POM MPOTITOM
7 abo 14 nnis; Il — mypu, Aki oTpuMyBamu ®-3
I[THXKK depe3 nBi TOAMHM IIicis ONPOMIHEHHS;
IV — mypw, sixi orpumyBain ®-3 [THXK 3a n8i ro-
JUHHU 710 ONPOMIHEHHS; V — LIypH, SIKi OTpUMYyBa-
mu ®-3 [THXKK ynpomosx 7 AHIB 10 OIpOMiHEHHSI.
MiToxoHapianbHy (QpakwUilo NeYiHKH LIypiB OTPH-
MyBaiu JudepeHUialbHUM HEeHTPU(PYTYBaAHHSIM.
[licnst ceMuUIEHHOrO Ja3epHOrO ONPOMIHEHHS Y
LIYpiB BUSIBJICHO 301IbIICHHS BMIiCTY KapOOH1JIBHUX
Ta 3MEHILEHHS BMICTY TIOJIOBUX I'pyH NPOTEHIB Yy
MITOXOHIPisiX euiHKH. 31 301 1bILEHHIM TPUBAJIOCTI
ONPOMIHEHHSI AaKTUBHICTb CyHEPOKCUIAANCMYTa-
3M Ta KaTaja3u 3MEHLIyBaJacs, IO CBIJYMIIO MPO
BUCHAKCHHSI MITOXOHIpiallbHUX aHTHOKCHIAHT-
HuX pesepsiB. 3a BBeaeHHs ®-3 ITHXXK uepes nBi
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TOAMHHM IICIS JIA3ePHOTO ONPOMIHEHHS aHTHOKCH-
JIAHTHOTO e(DeKTy He CrocTepiraiu, a 3a BBEJACHHI
-3 TTHXK 3a 2 rogunu mo onpomiHeHHs Oyio
BUSIBIICHO HE3HAUHUH aHTHOKCHIAHTHHH eQeKT.
Beenenns -3 [THXKK (npotsrom 7 aHiB) nepexn ja-
3epHUM OIPOMiHEHHSIM Oysio HaiieheKTUBHILIINM,
OCKIJIBKH CYTPOBO/IKYBAJIOCh 3HIKEHHSIM BMICTY
KapOOHIJIbHUX TOXiJHUX Ta MPUTHIYCHHAM YT-
BopenHs O,”, mnigBuieHHsm BmicTy SH-rpyn
OpOTEIHIB Ta aKTHBHOCTI  aHTHOKCHIAHTHHX
€H3UMIB.

KnwouoBi cuoBa: SH-rpynu, kapOOHiTBHI
MOX1JIHI, CYNEPOKCUJIHUN  paauKai, Ja3epHe
ONPOMIHEHHS, (-3 TOJiHEHACHYEHI YKUPHI KHCJIO-
TH, MITOXOHPI{ TIEYiHKHU, CYIIEPOKCHTUCMYTa3Ha
Ta KaTaJla3Ha aKTUBHICTb.
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