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Scorpion bites are a serious threat to human health and life in almost all countries of
the world. The amount and toxicity of the poison that enters the body of the victims
depend on the interspecific variability of these animals. Scorpion venom usually causes
the development of local, cardiotoxic, neurotoxic and vegetative effects. The study
aimed to determine the differences in the structural organisation of the liver tissue of
experimental rats 1 and 3 hours after the administration of the venom of the scorpion
Leiurus macroctenus. The study was conducted on 10 male rats (200+10 g), which were
injected intramuscularly with 0.5 ml of a solution of venom (28.8 ug/mi; LD,,=0.08 mg/
kg) ofthe scorpion Leiurus macroctenus, dissolved in saline (0.9 %). The control group
(10 rats) was injected with only 0.5 ml of saline (0.9 %). For microscopic examination,
samples of liver tissue from animals of all groups were taken. The pieces were fixed
in 10 % formalin solution for 1 day. Then, the pieces were dehydrated in alcohols of
increasing concentration and embedded in paraffin blocks. Histological preparations
of rat livers were stained with hematoxylin and eosin. Histological preparations were
studied using a SEO SCAN light microscope and photodocumented using a Vision CCD
Camera video camera with an image output system from histological preparations. One
hour after the rats were administered the venom of the scorpion Leiurus macroctenus,

no pronounced changes in the structural organisation of the liver of experimental
rats were observed. Infiltration of the portal tracts and sometimes the surrounding
parenchyma of the organ with lymphocytes, histiocytes and neutrophilic leukocytes
was noted. Hepatocytes near the foci of infiltration underwent vacuolar dystrophy,

which are reactive changes in response to the action of the venom. In rats that were
withdrawn from the experiment three hours after the administration of the venom
of the scorpion Leiurus macroctenus, more pronounced changes in the structural
organisation of the liver were observed. Areas of disruption of the order of the hepatic
lamellae were noted, and the number of binucleated hepatocytes increased, as well
as their nuclear-cytoplasmic index. An increase in the number of Kupffer cells was
detected; the presence of vacuolar or fatty dystrophy characterised the vast majority
of hepatocytes. Pronounced infiltration of the portal tracts and the surrounding liver
parenchyma was observed with a predominance of lymphocytes and macrophages.
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Introduction

Scorpion stings are a serious threat to human health
and life in almost all countries of the world. The amount
and toxicity of the venom that enters the body of the victims
depend on the interspecific variability of these animals.
Scorpion venom usually causes the development of local,
cardiotoxic, neurotoxic and vegetative effects. Depending

on the predominance of one or another component in the
venom, a wide range of clinical signs and symptoms can be
observed from local reactions (hyperemia, pain, oedema) to
serious consequences, including respiratory, gastrointestinal,
cardiovascular or neurological complications [7, 12, 15].
The severity of poisoning depends on the size and type of
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scorpion, the amount of venom injected, the body weight of
the victim, and the victim’s sensitivity to the venom. Studies
in recent decades have reported damage to the kidneys,
liver, pancreas, heart, and hemolytic disorders as a result
of poisoning with toxins from some scorpion species [8, 11].

The evolution of scorpions is approximately 400 million
years, during which they have spread throughout the world.
To date, more than 2,700 extant species of these animals,
numbering about 20 families, have been registered. The
extraordinary resistance, adaptability to changing climate
conditions, and high survival rate of scorpions have
contributed to their colonisation in tropical, subtropical, and
temperate regions of almost all continents, except Antarctica
and several Pacific islands [1, 14, 30]. However, in recent
years, the expansion of human civilisation and the growth of
the human population have led to a sharp reduction in the
usual habitats of scorpions, but have significantly increased
the frequency of poisonings due to their bites.

The liver is one of the essential organs that provide
the body’s immune defence with a high density of myeloid
(such as Kupffer cells, neutrophils or macrophages) and
lymphoid (such as natural killer cells, T cells or B cells)
immune cells. The human liver contains about 1010 resident
lymphocytes, including B cells, T cells and natural killer
(NK) cells. Lymphocyte migration increases in response to
the activation of inflammatory processes, and intrahepatic
compartmentalisation of lymphocytes determines the
morphological variant of organ damage [9, 23, 27]. Toxic
liver damage due to exposure to poisons, including those of
animal origin, is often associated with lymphocytic infiltration,
and the nature and degree of inflammation determine the rate
of progression and severity of damage. The mechanisms by
which toxic compounds activate immune-mediated pathways
of liver damage are still being actively studied; however,
liver infiltration by effector lymphocytes is a common
phenomenon, leading to the destruction of hepatocytes and
cholangiocytes and a persistent shift in the structural and
functional characteristics of the organ [2, 19, 27].

The study aims to determine the differences in the
structural organisation of the liver tissue of experimental
rats 1 and 3 hours after the administration of Leiurus
macroctenus scorpion venom.

Materials and methods

The study used ten white male laboratory rats weighing
approximately 200+10 g (10 — control group was injected
with only 0.5 ml of 0.9 % saline; 10 — experimental group),
which were housed in the vivarium of the Educational and
Scientific Centre “Institute of Biology and Medicine” of Taras
Shevchenko National University of Kyiv. The rats were
maintained on a standard diet in an accredited vivarium,
following the “Standard Rules for the Arrangement, Equipment
and Maintenance of Experimental Biological Clinics (Vivaria)”.
The experiments were conducted in accordance with the
current regulatory standards governing research with
laboratory animals and in accordance with the principles of
the “European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Purposes”
[16]. In addition, all procedures with animals complied with

the legislation of Ukraine, in particular the Law No. 3447-IV of
February 21, 2006 “On the Protection of Animals from Cruelty
and Ethical Norms and Rules for Working with Laboratory
Animals”, which was approved by the Bioethics Committee of
the O. O. Bogomolets National Medical University (protocol
No. 191 of 01/27/2025).

The rats used in the experiment were divided into two
groups: experimental group 1 (5 rats) — histological material
was collected 1 hour after the introduction of the poison;
and experimental group 2 (5 rats), in which the liver tissues
were collected three hours after exposure to the poison. The
venom of a scorpion from the Buthidae family, genus Leiurus,
species Leiurus macroctenus, was administered to rats once
intramuscularly (0.5 ml of venom solution previously dissolved
in saline; 28.8 pg/ml; LD_=0.08 mg/kg) [16, 17]. Rats were
euthanised by carbon dioxide inhalation, and the liver was
immediately removed at 4 °C.

Liver tissue samples from animals of all groups were taken
for microscopic examination. The pieces were fixed in 10 %
formalin solution for 1 day. Then the pieces were dehydrated
in alcohols of increasing concentration and embedded in
paraffin blocks. Histological preparations of rat livers were
stained with hematoxylin and eosin. Histological preparations
were studied using a SEO SCAN light microscope and
photographed using a Vision CCD Camera with an image
output system from histological preparations [18].

Results

Microscopic studies one hour after administration of
Leiurus macroctenus scorpion venom to rats demonstrated the
appearance of minor shifts in the normal histoarchitectonics of
the animal liver. Hepatocytes were predominantly hexagonal
in shape and contained one nucleus, but the presence of
binucleate cells was noted. The cytoplasm of hepatocytes was
oxyphilic and contained numerous inclusions. Their nuclei
had 1-2 nucleoli, and the chromatin occupied a marginal
position under the nuclear envelope. Hepatocytes formed
hepatic plates that were ordered and located radially from
the central vein (Fig. 1).
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Fig. 1. Microscopic organisation of the liver of an experimental rat
1 hour after administration of the venom of the scorpion Leiurus
macroctenus. Hepatocytes (1), hepatic laminae (2), lumen of
the central vein (3), space of Disse (4), lumen of the sinusoidal
capillary (5). Staining with hematoxylin and eosin. x100.

Vol. 31, Ne3, Page 62-68

63



Differences in the structural organisation of liver tissue in experimental rats 1 and 3 hours after administration of Leiurus...

Sinusoidal capillaries between hepatic beams were
somewhat dilated, and their lumen was mainly filled with
erythrocytes. Endothelial lining of capillaries — without
signs of desquamation from the basement membrane.
Their endothelial cells are somewhat flattened and contain
fenestrae in the cytoplasm. The presence of perisinusoidal
Kupffer cells in the space of Disse was observed, which had
an irregular shape and were distinguished by the presence
of processes. They were characterised by elongated
hyperchromic nuclei and weakly oxyphilic cytoplasm with
numerous inclusions and a well-developed Golgi complex
(see Fig. 1, Fig. 2).
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Fig. 2. Histological structure of the liver of an experimental rat
1 hour after administration of the venom of the scorpion Leiurus
macroctenus. Hepatocytes (1), lymphobhistiocytic infiltration (2),
lumen of the sinusoidal capillary (3), space of Disse (4). Staining
with hematoxylin and eosin. x100.

The lumen of the central vein in most histological
specimens is dilated. The endothelial cells of the inner
lining of the vascular wall are elongated, and their nuclei
are hyperchromic. Stasis of formed blood elements, mainly
erythrocytes, was noted in the lumen of the central vein
(see Fig. 1).

A characteristic feature of the structural organisation of
the liver one hour after the start of the experimental study
was pronounced histiocytic and lymphocytic infiltration of the
portal tracts, sometimes with the presence of neutrophilic
leukocytes. Accumulations of lymphocytes were detected
around the portal vein and bile ducts. However, partial
infiltration of the surrounding parenchyma was also observed
in some fields of view. It should be noted that in these areas,
individual hepatocytes had signs of vacuolar dystrophy.
These structural changes can be regarded as initial reactive
changes in response to the action of scorpion venom toxins.
The walls of the bile ducts under these conditions did not
undergo pronounced changes. They were lined with one row
of cubic cells. Their nuclei occupied a central position and
contained one nucleolus. Chromatin had a marginal location,
formed clumps or was diffusely scattered. The hepatic artery

was distinguished by the presence of elongated endothelial
cells of the inner membrane with round or oval hyperchromic
nuclei. Some endothelial cells protruded into the lumen of
the vessel in the form of palisades. The lumen of the hepatic
vein was dilated, sometimes with erythrocyte stasis (Flg 3)
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Fig. 3. Morphologlcal organisation of the liver ofan experlmental
rat 1 hour after administration of the venom of the scorpion
Leiurus macroctenus. Central vein lumen (1), hepatic lamellae (2),
bile duct lumen (3), hepatic artery (4), lymphohistiocytic infiltration
(5), portal vein (6), hepatic vein (7), sinusoidal capillary lumen
(8), Disse’s space (9). Hematoxylin and eosin staining. x100.

Histological studies of the liver tissue of experimental
rats three hours after the start of the experiment and the
administration of the scorpion venom Leiurus macroctenus
demonstrated the presence of more pronounced changes in
the morphological structure of the organ. Hepatocytes formed
hepatic plates, which were located mainly radially from the
central vein; however, in some fields of view, disturbances in
the order of liver cells were noted. The latter had a polygonal
shape; their cytoplasm was eosinophilic with numerous signs
of vacuolar and fatty dystrophy. The nuclei of hepatocytes
were rounded, hyperchromic, and contained 1-2 nucleoli.
In the vast majority of hepatocyte nuclei, heterochromatin
prevailed, which accumulated under the karyolemma. The
karyoplasm was clear and oedematous. Compared with
the previous study group, the number of binucleated cells
increased, and the nuclear-cytoplasmic index of hepatocytes
also increased (Fig. 4).

The lumens of the sinusoidal capillaries of the liver were
significantly dilated. Endotheliocytes were characterised
by an elongated shape, weakly eosinophilic cytoplasm,
and hyperchromic nuclei. In the lumens of the sinusoidal
capillaries, accumulations of formed blood elements were
observed, in particular erythrocytes and occasionally
lymphocytes. In the spaces of Disse between the walls of
the sinusoidal hemocapillaries of the liver and hepatocytes,
accumulations of Kupffer cells were detected. Their number
also increased compared to the study group one hour after
the administration of the poison. They had an elongated
or close to oval shape, clear cytoplasm, and hyperchromic
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F|g 4. Hlstologlcal structure of the liver ofan experlmental rat3
hours after administration of the venom of the scorpion Leiurus
macroctenus. Liver lamellae (1), lumen of the central vein (2),
lumen of the sinusoidal capillary (3). Staining with hematoxylin
and eosin. x100.

nuclei. The presence of an insignificant number of fibroblasts
in the intercellular connective tissue, which was somewhat
edematous, was also noted (Fig. 5)

Flg 5. MICI’OSCOpIC changes in the I|ver of an experlmental rat 3
hours after administration of the venom of the scorpion Leiurus
macroctenus. Hepatocytes (1), lumens of sinusoidal capillaries
(2), inflammatory infiltrate (3). Staining with hematoxylin and
eosin. x100.

The lumens of the central veins were significantly dilated
and markedly full of blood, contained clusters of erythrocytes,
and their adhesion to the vein wall was also noted. The
endothelial cells of the inner membrane of the central vein
had a flattened shape, oxyphilic cytoplasm, and markedly
hyperchromic nuclei. Individual endothelial cells in the
form of palisades were directed into the lumen of the vein.
Moderately pronounced lymphocytic infiltration was observed
around the central vein (Fig. 6).

The portal tracts were characterised by significant
lymphocytic infiltration. The lumens of the bile ducts were

Fig. 6. Microscopic organisation of the liver of an experimental
rat 3 hours after administration of the venom of the scorpion
Leiurus macroctenus. Hepatic lamellae (1), hepatocytes (2),
lumen of the central vein (3), portal tract (4), interlobular bile
duct (5), interlobular artery (6), lumen of the sinusoidal capillary
(7). Staining with hematoxylin and eosin. x100.

dilated, and their wall was represented by one row of cubic
cells with an increased nuclear-cytoplasmic index. The
cytoplasm of these cells was weakly oxyphilic, the nuclei
contained one nucleolus, had a clear karyoplasm, and the
chromatin occupied a marginal position. The walls of the
interlobular bile ducts were slightly thickened. Thickened,
edematous walls also distinguished the interlobular arteries.
Their epithelial lining was sometimes incomplete, and areas
of desquamation of the endothelium from the basement
membrane were detected. The muscular coat of the arteries
had signs of oedema and was represented mainly by smooth
muscle cells with homogeneous eosinophilic cytoplasm
and elongated hyperchromic nuclei. The lumens of the
interlobular veins were often narrowed due to infiltration and
contalned formed blood elements (F|g 7).

Flg 7. Hlstologlcal changes in the I|ver of an experlmental rat 3
hours after administration of the venom of the scorpion Leiurus
macroctenus. Inflammatory infiltrate (1), lumen of the central
vein (2). Staining with hematoxylin and eosin. x100.
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A distinctive feature of this study group was the forma-
tion of foci of pronounced lymphocytic infiltration, but not
only in the areas of the portal tracts. These infiltrates were
represented by lymphocytes, macrophages and to a lesser
extent, plasma cells and segmented neutrophils. In the
areas of infiltration, narrowing of the lumens of the sinusoidal
hemocapillaries of the liver, a significant degree of vacuolar
dystrophy of hepatocytes, and their apoptosis were detected.
The appearance of karyolysis and karyopyknosis of the nuclei
distinguished individual hepatocytes. A denser arrangement of
hepatocytes was observed around the inflammatory infiltrates.

Discussion

Thus, one hour after the administration of the venom of
the scorpion Leiurus macroctenus to rats, infiltration of the
portal tracts and the organ parenchyma with various types of
leukocytes was noted. Hepatocytes near the foci of infiltration
underwent vacuolar dystrophy. In rats that were withdrawn
from the experiment three hours after the administration of the
venom, areas of disruption of the order of the hepatic lamellae
were noted, an increase in the number of Kupffer cells was
detected, and the presence of vacuolar or fatty dystrophy
characterised the majority of hepatocytes. H. A. Fetaih et
al. [13] studied histopathological changes in the structure
of the liver under the influence of the venom of the scorpion
Androctonus amoreuxi in experiments on mice. 6 hours after
the administration of % LD, significant blood stasis was
detected in the vessels of the organ. On the 4th day, hydropic
degeneration of hepatocytes, karyolysis and karyorrhexis of
nuclei were noted. An increase in the concentration of the
poison, namely 2 LD, after 9 hours of observation showed
the appearance of extramedullary hematopoiesis islands in
the liver and dilation of sinusoidal capillaries. Already on the
4th day of the study, at the indicated dose of poison, dilation
of blood vessels, fibrinoid degeneration, and deposition of
weakly basophilic homogeneous material in the portal zones
of the organ were detected.

The bites of scorpions, Leurus quinquestriatus, have been
proven to cause changes in the morphological organisation
of the rat liver. Histological examination of the organ after
injection of the poison to animals at a dose of 0.03 mg/kg
revealed pronounced oedema of hepatocytes, which led to
a change in the shape of the cells and the “disappearance”
of most sinusoidal capillaries. The cytoplasm of hepatocytes
underwent vacuolization and the appearance of areas that
were not stained with hematoxylin and eosin. Hypochromia
of the nuclei and their pyknotic changes were noted.
Degenerative changes of individual nuclei and chromatin
margination were also observed. In some fields of view,
hepatocyte necrosis and congestion in the portal vein branch
were present [5, 26].

Studies by Khemili D. [20] showed that the venom of
scorpions Androctonus australis hector at a dose of 0.5 mg/
kg caused the development of pronounced pathological
changes in the liver parenchyma, including necrosis of
hepatocytes, destruction of hepatic architectonics and

massive immigration of inflammatory cells into the sinusoids.

Clinical observations of patients after scorpion bites
and experimental studies demonstrate cases of toxic
hepatitis and coagulopathy. In biochemical studies under
these conditions, an increase in ALT, AST, LDH, and,
rarely, hyperbilirubinemia is recorded. The mechanisms
of involvement of liver damage caused by scorpion bites
remain unclear, although the hypothesis of direct hemolytic
and cytotoxic effects of the venom prevails. In addition,
stimulation of neurotransmitters, catecholamines and
the release of cytokines and inflammatory mediators are
usually associated with hepatotoxicity and haematological
disorders. In addition, intravascular hemolysis, coagulopathy,
and thrombocytopenia are characteristic, which may act as
indirect factors of liver damage [3, 6, 22]. The development
of oxidative stress almost always characterises liver damage
due to factors of various origins. Recent studies have
demonstrated that there are specific patterns of protein
expression in the liver that are induced in mammalian cells
in response to hydroperoxide stress. This modulation occurs
due to the activation of redox transcription factors, such as
Egr-1, NF-kappaB, and AP-1, as well as G proteins [21].
Cellular kinases, especially the mitogen-activated protein
kinase family, also play an essential role. Protein expression
disorders emphasise the importance of signalling pathways
dependent on the balance of redox processes. Excessive
production of ROS exposes the liver to oxidative stress and
leads to hepatocyte apoptosis [4, 10]. Currently, the study of
cellular mechanisms that protect against oxidative stress is
highly relevant. Despite the minimal amount of data, only a
few specific genes are known that are crucial for the control of
cellular function in cases of oxidative liver damage. Apurinic/
apyrimidinic endonuclease (APE)/redox factor (Ref)-1 is a
prime example of this mechanism. The APE/Ref1 enzyme
is a key driver of excision repair, which exhibits properties
of repair and redox control.

Activation of inflammatory processes and oxidative
stress underlie the pathogenesis of organ damage caused
by scorpion venom. However, the relationship between them
is not fully understood. Toll-like receptors play a crucial role
in stimulating the inflammatory response, and evidence is
accumulating that TLRs, in particular TLR4, may be involved
in both redox imbalance and inflammation induction. Recent
studies have demonstrated that blocking TLR4 attenuates
the inflammatory response mediated by neutrophils, as
evidenced by a decrease in the number of these cells in
the blood, as well as inhibition of their degranulation and
sequestration in lung, liver, and kidney tissues [29]. In
addition, TAK-242 (a small-molecule inhibitor of Toll-like
receptors) caused a significant decrease in the content of
nitrites, malondialdehyde and carbonyl groups of proteins,
associated with an improvement in the functioning of the
antioxidant defence system in all organs studied, except
the heart [20]. It has been proven that the TLR family of
receptors is involved in warning the immune system about
the possible negative impact of factors of various origins, and
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the receptors themselves can be activated by DAMPs, which
are released under the influence of stress factors, including
scorpion stings, as previously noted [24, 30].

Conclusions

1. One hour after the administration of Leiurus macro-
ctenus scorpion venom to rats, no pronounced changes
in the structural organisation of the liver of experimental
rats were observed. Infiltration of the portal tracts and
sometimes the surrounding parenchyma of the organ with
lymphocytes, histiocytes and neutrophil leukocytes was
noted. Hepatocytes near the foci of infiltration underwent
vacuolar dystrophy, which are reactive changes in response
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BIAMIHHOCTI CTPYKTYPHOI OPrAHI3ALUII TKAHUHU NEYIHKW Y EKCMEPUMEHTANBHUX LWYPIB YEPE3 1 TA 3
roguHu nicna BBEQEHHA OTPYTU CKOPIMIOHA LEIURUS MACROCTENUS

laudat O. C., lsesynbcbka l. B., Cambopcebka l. A., Llleazep O. B.

YKycu ckoprioHig € ceplio3HO 3agp0o30to 011 300p08’s ma xummsi fnodel malixe 8 ycix KpaiHax ceimy. Kinbkicmb i moKcu4Hicmb
ompymu, sika nomparisisie o opaaHiamy nocmpaxoanux 3anexums 8id Mixxeudosoi MmiHnueocmi yux meapuH. Ompyma ckoprioHa
3a3euyal CrpUYUHSIE PO3BUMOK Micueaux, KapOiomOKCUYHUX, HEUPOMOKCUYHUX | seezemamusHux egpekmis. Mema 0ocnioxeHHs —
8uU3Ha4uUmMu 8iOMIHHOCMI cMpyKMYypPHOI opeaHi3auii mKkaHUHU NeYiHKU ekcriepumeHmarnbHux wypie yepes 1 ma 3 eoduHu nicns
88e0eHHs1 ompymu ckopnioHie Leiurus macroctenus. [JocnioxeHHs nposodunu Ha 10 wypax-camysx wypie (20010 &), akum
8HympiwHboM’s13080 88odunu 0,5 mn po3duHy ompymu (28,8 mke/mn; LD50=0,08 me/ke) ckopnioHa Leiurus macroctenus,
pO34uHeHoeo y hizionoziyHomy po3duHi (0,9 %). KonmponbHit epyni (10 wypis) esodunu nuwe 0,5 M1 hi3ionociyHo2o po34yuHy
(0,9 %). Ona mikpockomnidyHo2o OOCiOXeHHs uryyqanu 3pa3ku mKaHUHU MediHKu meapuH ecix 2pyn. Llimamoyku cbikcyeanu e
10 % pos4uHi ghopmaniHy npomszom 1 0obu. ani nposodusnu dezidpamayito Wmamoykie 8 criupmax 3pocmaro4oi KoHueHmpau,ii
ma 3anuearnu 8 napagiHosi 6roku. 3abapeneHHs 2icmoroeiyHuUX npenapamis neyiHku wypie 30ilicHo8anu eemamoKcuniHoMm ma
eo3uHoMm. icmornoaiyHi npenapamu susdyanu 3a 00romMoeoto ceimmnoeozo mikpockorna SEO SCAN ma ¢gpomodokymeHmysanu 3a
doromoeoro sideokamepu Vision CCD Camera 3 cucmemoto 8ugody 306paxkeHHs 3 2icmoroaiyHuUX npenapamis. Yepes 00Hy 200UHy
nicnsi 8ee0eHHSI WypaM ompymu CKOPIiOHig Leiurus macroctenus He criocmepizaanu 8UpaXeHux 3pyLweHb CmpyKmypHOI opaaHisauyi
neyiHKU eKcriepuMeHmarnbHUX wypis. Bidmidanu iHgbinsmpauito mopmansHux mpakmie ma rnodekyou omouyyro4oi napeHximu opeaHy
nimgpoyumamu, 2icmioyumamu ma HelmpoinsHumu netikoyumamu. Fenamoyumu nobnu3dy eoeHUW, iHbinbmpauii 3asHasanu
8aKyorbHoI ducmpoii, Wo € peakmusHUMU 3MiHamu y 8i0noeidb Ha Oito ompymu. Y wypie, KUx eu8oousnIu 3 ekcriepumeHmy
Yepe3 mpu 200uUHU ricrisi 88e0eHHs1 0mpymu cKoprioHig Leiurus macroctenus criocmepizanu 6inbw supaxeHi 3MiHU CmpyKmypHOI
opeaHi3auii nediHku. Bidmiyanu OinissHKU ropyweHHsT 8rnopsiOKo8aHOCMI MeYiHKO8UX MIacmuHOK, 36ifbuysanuck YucenbHiCmb
080s10epHUX 2eramouyumis, a makox ix s0epHoO-yumonnasmamuyHull iHoekc. Busensnu 3pocmarHs Kinbkocmi knimuH Kynghepa,
nepesaxHa binbwicmb 2enamoyumis xapakmepu3sysanacb Hasi8HICMIO 8aKyOrbHOI Yu xupoeoi ducmpogii. Cnocmepizanu
suUpaxkeHy IHinbmpayito mopmarsnbHUX mpakmig ma omoyyro4oi napeHXiMu nediHKuU 3 nepesaxkaHHsam fniMgboyumis i Makpoghaeis.
KnrouoBi cnoBa: ckoprioHu, rneyviHka, 3ananeHHs, Makpoghaau, nimgpouyumu.
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