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Background. In modern biology, a search test system that would allow adequate
assessment of the effect of pharmacological agents on the human and animal body
remains relevant. The use of embryonic objects is promising in the study of the toxicity
of low-level substances, in particular, antibiotics of the fluoroquinolone class, borocin
and flumiquil. They have a wide range of action and are used to treat diseases of the
central nervous system, inflammatory processes, diseases of the endocrine system.
Additionally, these antibiotics can serve as anticancer and antiviral drugs. However,
the degree of toxicity and the mechanism of their effect on the cell have not been fully
studied. Glutathione chain enzymes, particularly glutathione peroxidase activity, can
serve as a sensitive indicator for assessing the body’s response to external influences.

This study aimed at exploring the possibilities of using embryonic objects as
a test system for testing the effects of harmful substances. In particular, we investigated
the activity of glutathione peroxidase in loach embryos under the influence of flumiquil
and borocin in concentrations of 2.5; 1.5 and 0.25 pg/mL during early embryogenesis
(after 1, 3, and 5 hours of development).

Materials and Methods. The research was carried out on embryos of the loach
Missgurnus fossilis L., eggs were obtained and fertilized according to A. A. Neifakh.
Ovulation was stimulated by intraperitoneal injection of the human placental hormone —
chorionic gonadotropin in loach females acclimatized at 18 °C. Within a period of
36—48 hours following the injection of gonadotropin, caviar was obtained and fertilized in
Petri dishes with a suspension of sperm in settled tap water obtained “ex tempore” from
the testes of males (caviar retains the ability to be fertilized for 5 minutes). After 1 min, the
zygotes were finally washed from the excess sperm, the caviar attached to the bottom of
the cup was rinsed, and in the control series they were incubated in Holtfreter’s solution
at a temperature of 20—22 °C. The concentration of reduced glutathione before and after
the incubation was determined colorimetrically. The basis of the development of the color
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reaction is the interaction of the SH-group with 5,5' dithio-bis (2-nitrobenzoic) acid (DTNBA)
with the formation of a colored product — thionitrophenyl anion (TNPA). The amount of the
latter is directly proportional to the number of SH-groups that reacted with DTNBA. To find
out the effect of the studied fluoroquinolones on the change in the activity of the enzymes
of the antioxidant system, borocin and flumiquil at concentrations of 2.5 pg/mL, 1.5 pg/mL
and 0.25 pg/mL were added to the medium in which loach embryo cells were cultivated.

Results. We investigated the influence of borocin and flumiquil at concentrations of
0.25, 1.5, and 2.5 yg/mL on the development of the embryos of Misgurnus fossilis L. after
1, 3, and 5 hours of exposure. It was found that borocin and flumiquil exert an active effect
on the dynamic activity of glutathione peroxidase. The overall activity dynamics under the
action of borocin and flumiquil in all three cases was very similar. After 1, 3, and 5 hours of
development under the action of borocin, an increase in the activity of the enzyme under
study was observed. The highest activating effect was manifested at a concentration of
0.25 pg/mL.

Conclusions. It was found that borocin and flumiquil have an activating effect on
the dynamics of glutathione peroxidase activity. The study of enzymes of the glutathione
system showed that the GPO activity of loach embryos incubated in the studied media
increased the most after 3 hours of development.

Keywords: loach embryos, glutathioperoxidase, antioxidant protection, borocin,
flumiquil

INTRODUCTION

The use of embryonic objects is considered to be a promising accelerated method
of studying the toxicity of substances influencing them, the concentration of substances
inside the embryos, the speed of biochemical processes, the magnitude of cell poten-
tial, etc. Changes in the antioxidant state of cells can be used as indicators of response
to external influences. These processes change under the influence of physical fac-
tors (temperature, action of magnetic and electric fields, laser radiation) and chemical
agents (antibiotics, cytostatics, heavy metal ions) (Wu et al., 2016; Nogueira et al., 2019;
Mahapatra et al., 2022; Tryhub et al., 2022). Glutathione peroxidase is a key enzyme in
the antioxidant protection of cells both under normal conditions and under conditions of
oxygen stress. This property of the antioxidant enzyme system can be used to deter-
mine how toxic substances or a complex of substances affect the cells, and ultimately
the body as a whole (Kovalenko et al., 2019; Liang et al., 2020; Moniruzzaman & Saha,
2021; Rosas-Ramirez et al., 2022; Handy & Loscalzo, 2022).

The development of science and technology stimulated the widespread use of new
antibacterial agents. Among the debatable problems of antimicrobial chemotherapy, the
question of the possibility and contraindications of the use of fluoroquinolones in medi-
cal practice is one of the most urgent (Golomb et al., 2015; Zivna et al., 2016; Xu et al.,
2019; Jia & Zhao, 2021; Bhatt & Chatterjee, 2022).

The important properties of fluoroquinolones include a wide range of activity against
microorganisms resistant to drugs of other classes and high clinical effectiveness in the
absence of a proper therapeutic effect of other antimicrobial agents (Zhang et al., 2016;
Michalak et al., 2017; Coskun et al., 2018; Xi et al., 2019; Jia et al., 2023). However,
there are limitations, or more precisely, contraindications for the use of fluoroquinolones
in a wide age range. Therefore, the use of loach embryos as a test system is relevant
for researching the mechanism of fluoroquinolones.
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The purpose of the present study was to investigate the possibility of using embryo-
nic objects as test systems for testing the effects of harmful substances. To achieve the
goal, we investigated the activity of glutathione peroxidase, as one of the key enzymes
of the antioxidant system, under the influence of borocin and flumiquil at concentrations
of 0.25, 1.5, and 2.5 yg/mL at 1, 3, and 5 h of development.

MATERIALS AND METHODS

All the manipulations with animals were conducted according to the International
Convention for the Protection of Animals and the Law of Ukraine “On Protection of
Animals from Cruelty” (the Minutes of the meeting of Ethics Committee of lvan Franko
National University of Lviv, Ukraine (Protocol No 42-01-2024 of 17.01.2024). In labo-
ratory conditions, the loach were sorted by sex and kept in separate aquariums at
a temperature of 4 °C. Oocytes were obtained and fertilized according to A. A. Neifakh
(Bodnarchuk et al., 2015). Ovulation was stimulated by intraperitoneal injection of the
human placental hormone — chorionic gonadotropin in females acclimatized at 18 °C.
Within a period of 36—48 hours following the introduction of gonadotropin to the females,
caviar was obtained and fertilized in Petri dishes with a suspension of sperm in settled
tap water, obtained “ex tempore” from the testes of males (caviar retains the ability to be
fertilized for 5 minutes). After 1 min, the zygotes were thoroughly washed from excess
sperm, the caviar attached to the bottom of the cup was rinsed off, and in control series
they were incubated in Holtfreter’s solution at a temperature of 20-22 °C, n = 100.

The rate of glutathione oxidation in the presence of tertiary butyl hydroperoxide is
a measure of glutathione peroxidase enzyme activity. The concentration of reduced
glutathione before and after incubation was determined colorimetrically (Bodnarchuk
et al., 2015). The basis for the development of the color reaction is the interaction of
SH-groups with 5,5" dithio-bis (2-nitrobenzoic) acid (DTNBA) with the formation of
a colored product — thionitrophenyl anion (TNPA). The number of the latter is directly
proportional to the number of SH-groups that have reacted with DTNBA.

To clarify the effect of the studied fluoroquinolones on the change in the acti-
vity of the enzymes of the antioxidant system, borocin (Borislavsk research institute
“Synthesis” with research factory) and flumiquil (LLC. Vetsintez, Ukraine) were added
to the medium, in which embryonic cells of loach were cultivated, at concentrations of
2.5 yg/mL, 1.5 pg/mL, and 0.25 pg/mL (Tarnovska et al., 2019) (Fig. 1 and 2).

Statistical data processing was carried out using the Excel software package, in
particular, the ,Data Analysis” package, was used to calculate the main statistical indi-
cators from direct quantitative data obtained as a result of research (arithmetic mean
value — M; standard error of the arithmetic mean —m). The data were tested for normality
of distribution. Student’s coefficient with Bonferroni correction was calculated to assess
the significance of differences between the characteristics of two alternative data sets.
The difference was considered significant at a reliability index of p >0.99, p >0.999
(or a level of significance of P <0.01, P <0.001, respectively). The processed results
were displayed in the form of diagrams.

RESULTS AND DISCUSSION

The research was conducted on the embryos of the loach Missgurnus fossilis L.,
which is widely used today in the study of a number of problems in embryological, bio-
chemical, cytological and other research.
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Our previous studies have shown (Bodnarchuk et al., 2015; Tarnovska & Yatskyyv,
2014; Tarnovska et al., 2018) that when fluoroquinolones affect the intensity of free radi-
cal reactions and SOD activity of embryos incubated in Holtfreter's medium, the LPO
and SOD systems function at a high activity level. At the stage of two blastomeres in the
control, GP activity was 50112 mmolG—SH/min mg of protein, n = 9. Under the influ-
ence of fluoroquinolones in the studied concentrations, the activity of GP embryos pro-
bably increased relative to the control (p 20.99). After two hours of development (stage
of 36 blastomeres) in the control, the enzymatic activity increased (586+10 mmolG—
SH/min mg of protein, n = 9), and at the stage of 256 blastomeres (5 hours of develop-
ment) it decreased (392+17 mmolG—SH/min mg protein, n = 9). Under the influence
of fluoroquinolones at these stages of the development of GP, the activity of embryos
significantly increased compared to the control (p 20.99), (Fig. 1, 2). It is likely that the
increase in the enzymatic activity of GP is due to an increase in the concentration of
hydrogen peroxide and organic peroxides.

After one hour of development, the greatest effect of borocin on the activity of GP
(Fig. 1) was observed at a concentration of 0.25 pg/mL (the activity of the enzyme
significantly increased to 1175158 (p 20.99) mmolG—SH/min mg of protein, n = 9, com-
pared to the control — 501+12 mmoleG—SH/min mg of protein, n = 9). A slightly lower
effect of borocin on the activity of GP was detected at concentrations of 1.5 and 2.5 ug/
mL (the enzyme activity significantly increased to 105165 (p 20.999) and 826+33
(p 20.99) mmolG-SH/min mg of protein, n = 9, respectively, compared to the control —
501+£12 mmolG—SH/min mg of protein, n = 9).
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Fig. 1. Glutathione peroxidase activity under exposure to the fluoroquinolone borocin in different concentra-
tions after 1, 3, and 5 h of development, n =9 (** p >0.99, *** p >0.999, compared to the control)

After 3 hours of development, the greatest effect of borocin on the activity of GP
(Fig. 1) was observed at a concentration of 0.25 ug/mL (the activity of the enzyme signifi-
cantly increased to 1283142 (p 20.999) mmolG—SH/min mg of protein, n = 9, compared
to the control — 586+10 mmolG-SH/min mg of protein, n = 9). A slightly lower effect of
borocin on GP activity was detected at concentrations of 1.5 and 2.5 yg/mL (enzyme
activity significantly increased to 1153152 (p 20.999) and 913+47 mmolG—SH/min mg of
protein, n = 9, respectively, compared to the control — 586+10 mmolG—SH/min mg of
protein, n = 9).
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After 5 h of development, the activity of GP under the influence of borocin in the
studied concentrations slightly reduced compared to the activity of this enzyme at other
stages of development (1 and 3 h of development). The greatest effect of borocin on
the activity of GP (Fig. 1) was also observed at a concentration of 0.25 ug/mL (the acti-
vity of the enzyme significantly increased to 108836 (p =0.99) mmolG—SH/min mg of
protein, n = 9 compared to the control — 392+17 mmolG—SH/min mg of protein, n = 9).
A slightly lower effect of borocin on GP activity was detected at such concentrations —
1.5 and 2.5 pyg/mL (enzyme activity significantly increased to 870+50 (p=0.99) and
760+57 (p 20.999) mmolG—SH/min mg of protein, n = 9, respectively, compared to the
control — 392+17 mmolG—SH/min mg of protein, n = 9).

Similar changes were observed when another fluoroquinolone — flumiquil — was
added to the incubation medium. Its concentration of 2.5 ug/mL significantly increases the
activity of enzyme after 1 and 3 hours of development (p >0.999), compared to the control.

The lowest concentration of flumiquil — 0.25 ug/mL — led to an increase in GP acti-
vity (Fig. 2) after 1, 3 and 5 hours of development. All the recorded values were signifi-
cantly higher compared to the control. The action of different concentrations of flumiquil
did not demonstrate significantly greater differences compared with the action of the
same concentrations of borocin.

After 1 hour of development, the greatest effect of flumiquil on GP activity (Fig. 2)
was observed at a concentration of 0.25 pg/mL (enzyme activity significantly increased
to 1327+43 (p 20.999) mmolG-SH/min mg of protein compared to the control —
501+12 mmolG-SH/min mg of protein, n = 9). A slightly lower effect of flumiquil on GP
activity was detected at such concentrations — 1.5 and 2.5 yg/mL (enzyme activity sig-
nificantly increased to 1153147 (p 20.999), n = 9 and 911£41 mmolG—SH/min mg pro-
tein, respectively, compared to the control — 501£12 mmolG—-SH/min mg protein, n = 9).

After three hours of development, the greatest effect of flumiquil on the activity
of GP (Fig. 1) was observed at a concentration of 0.25 pg/mL (the activity of the enzyme
significantly increased to 1500156 (p =0.999) mmolG—SH/min mg of protein, n = 9,
compared to the control — 58610 mmolG—SH/min mg of protein, n = 9). A slightly
lower effect of borocin on GP activity was detected at such concentrations — 1.5 and
2.5 pg/mL (enzyme activity significantly increased to 1327175 (p 20.999) and 1066+58
(p20.999) mmolG-SH/min mg protein, respectively, compared to the control —
586+10 mmolG—SH/min mg protein, n = 9).

Under the effect of borocin and flumiquil on the activity of glutathione peroxidase,
a pronounced peak of activity is observed after 3 hours of development.

After 5 h of development, the activity of GP under the influence of borocin in the
studied concentrations was slightly lower compared to the activity of this enzyme at
other stages of development (1 and 3 h of development). The greatest effect of borocin
on GP activity (Fig. 1) was also observed at a concentration of 0.25 ug/mL (enzyme
activity significantly increased to 1261121 (p=0.999) mmolG—-SH/min mg of protein
compared to the control — 392+17 mmolG—SH/min mg of protein, n = 9). A somewhat
lower effect of borocin on GP activity was detected at such enzyme concentrations —
1.5 and 2.5 pg/mL (enzyme activity significantly increased to 1066128 (p 20.999)
and 826175 mmolG-SH/min mg protein, respectively, compared to the control —
392+17 mmolG—-SH/min mg protein, n = 9).

In general, it can be concluded that borocin, like fluoroquinolone, has the ability to
increase the activity of GP in the studied concentrations. It can be assumed that borocin
can act as an initiator of the formation of free radicals, in particular one of the substrates
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of glutathione peroxidase — H,0,, which can lead to an increase in the activity of the
studied glutathione-dependent enzyme.

The activity of enzymes of the “glutathione system” — glutathione peroxidase —
increases significantly in samples with the studied fluoroquinolones at all stages of
development. An increase in the activity of glutathione peroxidase in the studied sampes
might be caused by an increase in the level of active oxygen metabolites, which stimu-
lates the synthesis of enzymes.
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Fig. 2. Glutathione peroxidase activity under exposure to the fluoroquinolone flumiquil in different concentra-
tions after 1, 3 and 5 hours of development, n =9 (** p > 0.99, *** p > 0.999 compared to the control)

Under exposure to toxic compounds, peroxide accumulates in tissues. It is likely
that H,O, or its metabolites play the role of pro-oxidants, and therefore, their action
leads to a decrease in the level of antioxidants, therefore the toxic effect is not immedia-
tely apparent (Bodnarchuk et al., 2015; Handy & Loscalzo, 2022).

In general, the nature of the dynamics of activity under the action of borocin and
flumiquil in all three cases is very similar (Fig. 1-2). After one, three and five hours
of development under the influence of these antibiotics, an increase in the activity of
the enzyme under study was observed. The greatest activating effect was observed at
a concentration of 0.25 pg/mL.

It was found that the permeability of fluoroquinolones decreases with the simul-
taneous use of drugs containing magnesium, iron, calcium, zinc and aluminum ions,
with which fluoroquinolones form chelate complexes (Coskun et al., 2018; Vorobets
& Vorobets, 2019; Jia et al., 2023). It was also known that ferric ions take part in the
reactions of initiation, branching and termination of the free radical reaction chain, i.e.,
to manifest its pro-oxidant activity, trivalent iron must be converted into divalent iron. At
concentrations of Fe?* higher than critical, it acts as an antioxidant.

Therefore, the studied fluoroquinolones can be considered complex agents that
change the activity of ions in reactions that regulate peroxidation. Such compounds,
increasing the reaction rate constant of Fe** with molecular oxygen, accelerate the
development of peroxidation due to the acceleration of the formation of HO*, and HO*
radicals. However, in high concentrations, they inhibit peroxidation due to rapid oxida-
tion of Fe*" to Fe®* We observed a similar reaction when exposing the embryos to
borocin and flumiquil at a concentration of 0.25 pg/mL.

The activity of GP under the exposure to flumiquil slightly differs from the activity
in the presence of borocin. There are two options for the development of events. The
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presence of flumiquil in the medium more activates the passage of the reaction of Fe*
with oxygen, thereby leading to an increase in the number of reaction chains and their
rapid development. When enough hydroperoxides accumulate in the system, the exces-
sive rate of oxidation of iron by oxygen will only inhibit peroxidation with a decrease in
the concentration of Fe*.

According to literature data (Bodnarchuk et al., 2015), in the early stages of loach
embryo development, there are two characteristic points: 2—3 hours and 5-6 hours
after fertilization. At these points, a change in the intensity of free radical reactions is
observed: in the first case (2—3 hours) it increases, and in the second (5—6 hours) it
decreases. At a point of 2 hours after fertilization, the intense division of the blasto-
meres of the embryo begins, which can explain the strong increase in free radical POL
and, accordingly, the increase in the activity of antioxidant protection. This could be
explained by the intensive membranogenesis during this period.

CONCLUSIONS

Having analyzed the dynamics of the activity of the studied enzyme of antioxidant
protection, we can conclude that the nature of the influence of borocin and flumiquil on the
dynamics of the activity of GP has an activating effect. It was shown that the lowest con-
centration of fluoroquinolones (0.25 pg/mL) leads to the greatest increase in GP activity
after 1, 3, and 5 hours of development. Studies of the enzymes of the glutathione system
showed that the GP activity of loach embryos incubated in the studied media, increased
the most after 3 hours of development.

The results obtained suggest that embryos of the loach Misgurnus fossilis L.,
during the stages of synchronous blastomere division, provide a convenient and effec-
tive test system for studying the influence of pharmacological and chemical factors on
living organisms.
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Ha OpraHiaM nAMHKM | TBapMH. 3aCTOCYyBaHHSA 3apOAKOBUX OB‘EKTIB € NEPCNEKTUBHUM
y OOCHiAXEHHI TOKCUYHOCTI HU3KM PEYOBMH, 30Kpema, aHTMBIOTUKIB Knacy ¢pTopxiHO-
NoHiB 6opouunHy Ta dniomiksiny. OCTaHHI MaloTb LLUMPOKUIA CNEKTP Ail Ta BUKOPUCTOBY-
HOTbCA A1 NiKyBaHHSA 3aXBOPIOBAHb LIEHTParbHOI HEPBOBOI CUCTEMM, 3anarnbHKX Npo-
LleCiB, 3aXBOpPHOBaHb €HOOKPUHHOI CUCTEMM, @ TAKOX SIK NPOTUPAKOBI Ta NPOTUBIPYCHI
npenapatn. [poTe CTyniHb TOKCUYHOCTI 1 MeXaHi3M IXHbOro BNAUBY Ha KIiTUHY OCTa-
TOYHO He 3’acoBaHi. PepMeHTU rmyTaTiOHOBOI NaHKK, 30KpeMa, akTUBHICTb rnyTaTioH-
nepokcuaasu, MoXe CriyryBati YyTrivBMM MOKA3HMKOM AN OLIHKM peakuii opraHiamy
Ha 30BHILLUHI BNNBMW.

MeToto Hawoi pobotn Byno 3'dcyBaTtv MOXMMBOCTI 3aCTOCYBaHHS 3apOLKOBUX
00'eKTiB 9K TECT-CUCTEM AN NEPEBIPKM BMAMMBY LUKIANMBUX PeYOBUH. [ANa 4OCATHEHHS
METM MU JOCHigKyBany akTMBHICTb rMyTaTiOHNEPOKCMAA3M Y 3apOaKiB B'toOHa 3a BMMBY
dniomikBiny Ta 6opoumHy B kKOHUeHTpauisx 2,5; 1,5 i 0,25 MKr/mMn npoTaromM paHHbOro
embpioreHesy (1-wa, 3-15 i 5-Ta rog, po3BuUTKY).

Matepianu Ta metoau. [locnimjxeHHs NPOBOAMNM Ha 3apofkax B'toHa Missgurnus
fossilis L., aiueknitnHm oTpumyBanu i 3aannigHioBanu 3a A. A. Hendbaxom. OBynsuito cTu-
MYyrIOBanu 3a JOMNOMOro BHYTPILHLOYEPEBHOIO BBEAEHHS akniMaTnsoBaHum 3a 18 °C
CcaMKaM JOACBKOro MraueHTapHOro ropMOHY — FOHAAOTPOMIHY XOPIOroHiYHOro. Yepes
36—48 roa nicna BBEAEHHS CaMKam roHagoTpOoriHy OTpUMYyBanu ikpy i 3annigHioBanu
i B yawkax lMeTpi cycneHsielo cnepmiiB y BiOCTOSHI BOOOMNPOBIOHIN BOAi, OTPUMaHIi
“ex tempore” 3i cim’aHKKIB camuiB (Yac, MPOTAroM siKoro ikpa 30epirae 3gaTHICTb 40 3annia-
HeHHs1, — 5 xB). Yepes 1 XB 3Urotn petenbHO BiAMMBanNu Big HaanMLWKy cnepmiie, ononic-
KyBarnu ikpy, Lo NpuKpinunacsa 4o AHa Yallku, i B KOHTPONbHUX cepisix iHKybyBanu B pos-
unHi l'onbTdhpeTepa 3a Temnepatypu 20—22 °C. KoHLEHTPALLito BiHOBMNEHOrO ryTaTioHy
[0 i nicnsa iHKkyGauii BU3Ha4anm KonopuMeTpuyHo. B OCHOBI pO3BMTKY KOMbOPOBOI peak-
il nexuntb B3aemogia SH-rpyn i3 5,5 guTio-6ic(2-HiTpobeHsorHow) kncnototo (OTHBK)
3 YTBOPEHHSIM 3a6apBrieHoro NPoAyKTy — TIOHITpodeHinbHOro aHioHy (TH®A). Kinekictb
OCTaHHbOro NPsIMO MPOMOopLiHa KinbkocTi SH-rpyn, siki npopearysanu 3 OTHBK. Ona
3’sicyBaHHS BNMBY OOCTiAXKYBaHUX (PTOPXIHOIMOHIB Ha 3MiHY aKTUBHOCTI [MyTaTiOHMNEepOkK-
cvaasn B cepefoBuLle, y SKOMY KyrbsTUBYBanucs 3apOAKOBi KNiTWMHM B'tOHA, Ao4aBanv
©opouuH i PnoMIKBIN y KOHLEeHTpauisx 2,5; 1,51 0,25 mkr/mn.

PesynsTaT. Hamm 6yno gocnigpxkeHo Bnnve 60pouunHy Ta ritoMikBiny B KOHLEHT-
pauisix 0,25; 1,51 2,5 mkr/mn Ha 1-wy, 3-Tto i 5-Ty roa po3BUTKY 3apogakiB B'toHIB Misqurnus
fossilis L. 3aranom guHamika akTMBHOCTI Mig Aieto 6opoumHy Ta nyMmiksiny B yCiX TPbOX
BUNagkax ayxe nogibHa. Ha 1-wy, 3-Tio i 5-Ty rog po3BuTKy nig BNvMBOM GOPOLMHY
crnocTepiranu NigB1LLEHHSA akTUBHOCTI JOCTimXXyBaHoro pepmeHTy. HanbinbLue aktusi-
3ytoya fis NposiBNSAETbCA 3a KoHUeHTpadii 0,25 mkr/mn.

BucHoBku. 3’acyBanu, Lo 60pounH i ritomikBin MaroTb akTUBHWUIA BMIMB HA OUHA-
MiKy aKTMBHOCTI rryTaTioHnepokcuaasu. JocnigkeHHs hepMeHTIB rnyTaTioHOBOI CUC-
Temun nokasanu, wo MO akTMBHICTb 3apoakiB B'tOHA, iHKYOOBaHUX Y AOCHIOKYBaHMX
cepepoBuLLIax, HanbinbLLe 3pocTae Ha 3-THo rof PO3BUTKY.

Knrovoei crioea: 3apogkv B’lOHa, paHHi eMbOpioreHes, rnyTtaTioHnepokcmaasa,
PTOPXIHONOHM
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