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ABSTRACT. Background. Scorpion stings 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. Depending
on the predominance of one or another component in the venom, a wide range of clinical signs and symptoms can be ob-
served from local reactions to serious consequences, including respiratory, gastrointestinal, cardiovascular or neurological
complications. Objective. Study of the features of the microscopic organisation of the liver of experimental rats 1 hour after
exposure to the venom of the scorpion Leiurus macroctenus. Methods. Experimental studies were conducted on 60 male
rats (180 g+3 g), which were injected intramuscularly with 0.5 ml of the poison solution (28.8 mg/ml) (LDs0=0.08 mg/kg).
For microscopic examination, liver tissue samples from animals of all groups were taken. Histological liver preparations
were stained with hematoxylin and eosin. Results and conclusion. 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's liver. Hepatocytes were predominantly hexagonal in shape and contained one nucleus, but the presence of
binucleated cells was noted. Infiltration of the portal tracts and sometimes the surrounding parenchyma of the organ with
lymphocytes, histiocytes and neutrophils was stressed. Hepatocytes near the foci of infiltration underwent vacuolar dystro-
phy, which is a manifestation of reactive changes in response to the action of the venom.
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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 varia-
bility of these animals. Scorpion venom usually
causes the development of local, cardiotoxic, neuro-
toxic and vegetative effects. Depending on the pre-
dominance 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 res-
piratory, gastrointestinal, cardiovascular or neurolog-
ical complications [1, 2, 3]. The severity of poisoning
depends on the size and type of 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 [4,
5,6, 7]

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 have been recorded, number-
ing about 20 families. The extraordinary resilience,
adaptability to changing climate conditions, and high
survival rates of scorpions have contributed to their
colonisation in tropical, subtropical, and temperate
regions of almost all continents, except Antarctica
and several Pacific islands [8, 9, 10, 11]. However, in
recent years, the expansion of human civilisation and
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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 poison-
ings due to their bites. In several regions of the world,
including Central America, southern Latin America,
Western Asia, North Africa, and the Middle East,
scorpion stings have become a significant public
health problem [12]. More than 1.2 million cases of
scorpion stings are reported worldwide each year,
with consequences ranging from localised pain or in-
flammation to severe clinical complications or death,
depending mainly on the types and amounts of neu-
rotoxins present in the scorpion venom [13, 14, 15,
16, 17]. In particular, most species of scorpions in the
Buthidae family are more venomous than those in the
Scorpionidae and Hemiscorpiidae families. A scor-
pion sting usually causes local pain that lasts for a few
minutes. At the same time, neurotoxins secreted by
venomous scorpions cause sympathetic excitation
and release of catecholamines into the blood plasma,
which leads to pronounced clinical manifestations,
including high blood pressure, heart rhythm disturb-
ances, pulmonary oedema, loss of consciousness and
sometimes death [18, 19, 20].

The vast majority of scientific sources contain
data on the damage to the cardiovascular, respiratory,
nervous and excretory systems by scorpion toxins. A
careful analysis of recent studies has shown a signifi-
cant limitation of information on histological and bi-
ochemical changes in the liver under conditions of
poisoning with scorpion toxins.

Fetaih H. A. et al. in experiments on mice stud-
ied histopathological changes in the structure of the
liver under the influence of Androctonus amoreuxi
scorpion venom. 6 hours after the introduction of %
LDso, significant blood stasis was found 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 Y2 LDso, after 9 hours of observation
showed the appearance of extramedullary hematopoi-
esis islands in the liver and dilation of sinusoidal ca-
pillaries. Already on the 4th day of the study, at the
indicated dose of poison, dilation of blood vessels, fi-
brinoid degeneration, and deposition of weakly baso-
philic homogeneous material in the portal zones of
the organ were detected [21].

The study aims to study the features of the mi-
croscopic organisation of the liver of experimental
rats 1 hour after exposure to the venom of the scor-
pion Leiurus macroctenus.

Materials and methods

The study was carried out in accordance with the
scientific research plans of the O. O. Bogomolets Na-
tional Medical University and is a fragment of the sci-
entific research works of the Department of Descrip-
tive and Clinical Anatomy: "Morphological Features
of Rat Organs under Experimental Exogenous Influ-
ence" (state registration number 0122U000491).

The study was conducted on 60 male rats (180
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g+3 g), which were injected intramuscularly with 0.5
ml of a solution of venom (28.8 mg/ml) (LDs,=0.08
mg/kg) of the scorpion Leiurus macroctenus dis-
solved in saline (0.9%) [22]. The control group (13
rats) was injected with only 0.5 ml of saline (0.9%).

The studies were conducted in accordance with
the regulatory documents regulating the organisation
of work with experimental animals and compliance
with the principles of the "European Convention for
the Protection of Vertebrate Animals used for Exper-
imental and Other Scientific Purposes" [23, 24]. Also,
all work with animals was conducted in accordance
with the Law of Ukraine No. 3447-1V of February 21,
2006, "On the Protection of Animals from Cruelty
and Ethical Norms and Rules for Working with La-
boratory Animals".

For microscopic examination, liver tissue sam-
ples were taken from animals of all groups. The
pieces were fixed in 10% formalin solution for 1 day.
Then the pieces were dehydrated in alcohols of in-
creasing concentration and embedded in paraffin
blocks. Histological preparations of rat livers were
stained with hematoxylin and eosin [25]. Histological
preparations were studied using a SEO SCAN light
microscope and photographed using a Vision CCD
Camera with an image output system.

Results and conclusions

Microscopic studies one hour after administra-
tion of Leiurus macroctenus scorpion venom to rats
demonstrated the appearance of minor shifts in the
normal histoarchitectonics of the liver. Hepatocytes
were predominantly hexagonal in shape and con-
tained 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 exper-
imental rat 1 hour after administration of the venom of the
scorpion Leiurus macroctenus. Hepatocytes (1), hepatic lam-
inae (2), lumen of the central vein (3), space of Disse (4),
lumen of the sinusoidal capillary (5). Staining with hematox-
ylin and eosin. x100.
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Sinusoidal capillaries between hepatic beams
were somewhat dilated, and their lumen was mainly
filled with erythrocytes. Endothelial lining of capil-
laries — without signs of desquamation from the base-
ment membrane. Their endothelial cells are some-
what 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 pro-
cesses. They were characterised by elongated hyper-
chromic nuclei and weakly oxyphilic cytoplasm with
numerous inclusions and a well-developed Golgi
complex (Fig. 1, 2).

Fig. 2. Histological structure of the liver of an experi-
mental rat 1 hour after administration of the venom of the
scorpion Leiurus macroctenus. Hepatocytes (1), lymphohis-
tiocytic infiltration (2), lumen of the sinusoidal capillary (3),
space of Disse (4). Staining with hematoxylin and eosin.
x100.

The bites of scorpions, Leurus quinquestriatus,
have been proven to cause changes in the morpholog-
ical organisation of the rat liver. Histological exami-
nation of the organ after injection of the poison in an-
imals 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 si-
nusoidal capillaries. The cytoplasm of hepatocytes
underwent vacuolization and the appearance of areas
that did not respond to staining with hematoxylin and
eosin. Hypochromia of the nuclei and their pyknotic
changes were noted. Degenerative changes in indi-
vidual nuclei and chromatin margination were also
observed. In some fields of view, hepatocyte necrosis
and stagnant phenomena in the portal vein branch
were present [26, 27]. The lumen of the central vein
in most histological samples was dilated. The endo-
thelial cells of the inner lining of the vascular wall
were elongated, and their nuclei were hyperchromic.
Stasis of formed blood elements, mainly erythrocytes,
was noted in the lumen of the central vein (Fig. 1).

A characteristic feature of the structural organi-
sation of the liver, one hour after the start of the ex-
perimental study, was pronounced histiocytic and

lymphocytic infiltration of the portal tracts, some-
times with the presence of neutrophilic leukocytes.
Lymphocyte accumulations were detected around the
portal vein and bile ducts. However, in some fields of
view, partial infiltration of the surrounding paren-
chyma was also observed. It should be noted that in
these areas, individual hepatocytes had signs of vac-
uolar dystrophy. These structural changes can be re-
garded 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 pro-
nounced changes. They were lined with a single row
of cubic cells. Their nuclei occupied a central position
and contained one nucleolus. Chromatin had a mar-
ginal location, formed clumps or was diffusely scat-
tered. 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 (Fig. 3, 4).

Fig. 3. Morphological organisation of the liver of an ex-
perimental rat 1 hour after administration of the venom of the
scorpion Leiurus macroctenus. Central vein lumen (1), he-
patic lamellae (2), bile duct lumen (3), hepatic artery (4), lym-
phohistiocytic infiltration (5), portal vein (6), hepatic vein (7),
sinusoidal capillary lumen (8), Disse's space (9). Hematoxy-
lin and eosin staining. x100.

Clinical observations of patients after scorpion
stings and experimental studies demonstrate cases of
toxic hepatitis and coagulopathy. Biochemical studies
under these conditions show an increase in ALT,
AST, and LDH, and rarely hyperbilirubinemia. The
mechanisms of liver damage caused by scorpion
stings remain unclear, although the hypothesis of di-
rect hemolytic and cytotoxic effects of the venom pre-
vails. In addition, stimulation of neurotransmitters,
catecholamines and the release of cytokines and in-
flammatory mediators are usually associated with
hepatotoxicity and haematological disorders. In addi-
tion, intravascular hemolysis, coagulopathy, and
thrombocytopenia are characteristic, which may act
as indirect factors of liver damage [28, 29, 30].
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Fig. 4. Microscopic structure of the liver of an experi-
mental rat 1 hour after administration of the venom of the
scorpion Leiurus macroctenus. Lymphohistiocytic infiltration
(1), hepatocyte (2), Disse's space (3), lumen of the sinusoidal
capillary (4). Staining with hematoxylin and eosin. x100.

Summary

Administration of Leiurus macroctenus scorpion
venom to rats did not cause the development of pro-
nounced changes in the structural organisation of the
liver of experimental rats. Infiltration of the portal
tracts and sometimes the surrounding parenchyma of
the organ with lymphocytes, histiocytes and neutro-
phil leukocytes was noted. Hepatocytes near the foci
of infiltration underwent vacuolar dystrophy, which
are reactive changes in response to the action of the
venom.

Prospects for further development are related
to studying histological changes in the rat liver under
the influence of Leiurus macroctenus scorpion venom
at later stages of the experiment.
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Taiinaii O.C. Oco6auBoCTi CTPYKTYPHOI opraHizanii ne4iHKN ekcnepuMeHTAJIBHUX LIypiB yepe3 1 ro-
JAMHY HicJIf BIUIMBY OTPYTH cKopmioHiB Leiurus macroctenus.

PE®EPAT. AkTyadbHicTh. YKYCH CKOPITIOHIB € CEpHO3HOIO 3arpo30i0 IUIS 3IOPOB’S Ta JKUTTA JIFOJCH
Maibke B ycix KpaiHax cBiTy. KibKICTb 1 TOKCHUHICTD OTPYTH, sIKa MMOTPAILISIE IO OPTraHi3My IMOCTPaKIaiuX 3aie-
JKUTH BiJl MIDKBHJIOBOT MIHJIMBOCTI ITUX TBapuH. OTpyTa CKOPIIOHA 3a3BHYal CIIPUUYMHAE PO3BUTOK MICLEBHX, Ka-
PIIOTOKCHYHUX, HEHPOTOKCHYHUX 1 BETreTaTUBHHUX €(eKTiB. 3alesKHO BiJ] epeBaskaHHs B CKJIA1 OTPYTH TOTO, YH
IHIITIOTO KOMIOHEHTY MOKHA CIIOCTEPIraTH MIMPOKUHA CIIEKTP KIIHIYHUX O3HAK i CHMIITOMIB BiJ] JIOKAJIbHUX peak-
1iit 10 cepiO3HMX HACIHIIKIB, BKIIOYAIOYH PECIipaTOpPHi, MTYHKOBO-KHIIKOBI, CEpIeBO-CyINHHI a00 HEBPOJIOTi-
yHi yckiagHeHHA. MeTta. BuBueHHS 0coOIMBOCTEH MIKPOCKOMIUHOI OpraHi3amii MeYiHKH eKCIIepUMEHTAIBHIX
IypiB 1IypiB gepe3 1 roguHy Mmicist BIUTMBY OTPYTH cKopmioHiB Leiurus macroctenus. Meroau. Excriepumenta-
JBHI JOCTiKEHHS TpoBoAMIN Ha 60 nrypax-camipax mypis (180 r£3 r), sskum BHYTpIITHHOM 5130B0 BBOAMIH 0,5
MII po3uuHy oTpyTH (28,8 mMr/mit) (LDsg=0,08 mr/kr). 1715 MiKpOCKOIII9HOTO JOCITIKEHHS 3a0Mpaiu 3pa3K TKa-
HHMHH [IEYiHKY TBapHUH BCixX rpy1. ®apOyBaHHS riCTOJIOTIYHUX MperapariB ediHKH 341HCHIOBAIM FeMaTOKCHIIIHOM
Ta eo3uHOM. Pe3yabpTaTn Ta miacymok. MikpocKomiuHi TOCHIPKEHHS Yepe3 O/HY TOANHY ITiCIIs BBEJICHHS IIypam
OTpPYTH CKOpHioHiB Leiurus macroctenus mpoeMoHCTpyBaii HOsBY HE3HAYHHX 3pyLIEHb HOPMAaJIBbHOI ricToapXi-
TEKTOHIKH MEYiHKHM TBAapWH. ['enaTonuTy Maju MepeBaskHO MECTUKYTHY (OPMY, MICTHIIN OHE SIPO, OJTHAK BiJ-
MidaJIi HasiBHICTH JBOSAEPHUX KIITHH. BigMidanu iH(QUIBTpalifo MOpTaJbHUX TPAKTIB Ta MOAEKYIH OTOYYI0YO0T
MapeHXIMU OpraHy JiM(pOLUUTaMH, IiCTIONUTaMH Ta HEHTPOo]IIbHUMH JIeHKkounTamMu. ['enaTonuT modIM3y Bor-
HUI iHQIIpTpamii 3a3HaBaIM BaKyOJIbHOT JUCTPOQii, III0 € MPOSBOM pEaKTHBHUX 3MiH y BiATIOBiAb HA JIIf0 OTPYTH.

KuiouoBi ciioBa: otpyra, CKOpIioHH, MOP(OJIOTis, TeYiHKa, TeMaTOIUTH, IIIyPH.
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