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ABSTRACT. Background. Animal venom toxins are characterised by significant variability in structure and biological
effects. They are usually represented by proteins, numerous peptides that have undergone restructuring over many years of
evolution, which influenced the mechanisms and features of their effect on the victim's body. Scorpion venom can cause
myocardial damage, initiating many pathogenetic mechanisms. After bites from these animals, the development of myocar-
dial infarction due to coronary spasms is quite often recorded. Objective. Study of microscopic changes in the heart of
mature rats 1 and 3 hours 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 venom solution (28.8
mg/ml) (LDso=0.08 mg/kg). Heart samples of animals from all groups were taken for microscopic examination. Histological
preparations of the heart were stained with hematoxylin and eosin, azan trichrome and iron hematoxylin. Results and con-
clusion. Administration of Leiurus macroctenus scorpion venom to rats resulted in the smoothing and homogenisation of
cardiac muscle fibres and their moderate hypertrophy. Diapedetic haemorrhages and pronounced lymphohistiocytic infiltra-
tion were observed. After 3 hours of the experiment, the deepening of morphological changes in the rat myocardium was
detected. Wave-like deformation of muscle fibres and their pronounced oedema was noted. Edematous changes, lympho-
cytic infiltration, and haemorrhages characterised the stroma of the cardiac muscle. Manifestations of desquamation of the
endothelial lining of the vascular wall and perivascular lymphohistiocytic infiltration were observed.

Key words: venom, scorpions, myocardium, lymphohistiocytic infiltration, rats.

Citation:

Yanchyshyn A. Microscopic organisation of the myocardium of experimental rats 1 and 3 hours after exposure
to the venom of the scorpion Leiurus macroctenus. Morphologia. 2024;18(4):120-5.

DOI: https://doi.org/10.26641/1997-9665.2024.4.120-125

Yanchyshyn A. 0000-0003-1598-8106
X Anatomynmu@gmail.com
© Dnipro State Medical University, «Morphologia)»

Introduction

Venomous animals are known to be distributed
globally and represented by many biological species.
Many of them belong to the kingdom Animalia [1, 2].
Venomous animals include both vertebrates and in-
vertebrates. In their bodies, they constantly or period-
ically contain substances that are toxic to representa-
tives of other animal species or humans who become
victims of their bites. It has been established that even
small doses of these compounds cause disorders of
normal functioning and, in severe cases, death [3, 4,
5, 6]. Some species of venomous animals have special
venom glands that produce the venom itself, while
others accumulate toxic components from the exter-
nal environment in various tissues of the body [7, 8,
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9].

Animal venom toxins are characterised by sig-
nificant variability in structure and biological effects
[10]. They are usually represented by proteins, nu-
merous peptides that have undergone restructuring
over many years of evolution, which influenced the
mechanisms and features of their effect on the vic-
tim's body [11, 12, 13]. These toxins use ion channels,
receptors, and enzymes as targets while exhibiting ex-
traordinary efficiency and selectivity of action [14,
15, 16]. Animal venoms are natural sources of biolog-
ically active molecules that exert various pharmaco-
logical effects [17, 18, 19]. They are classified ac-
cording to their origin - snake, scorpion, spider ven-
oms or according to the features of their action on the
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victim's body - neurotoxins, hemo-vasotoxins, cardi-
otoxins, cytotoxins, etc. [20, 21, 22]. They are usually
aqueous solutions containing many components of
predominantly protein nature. The venom of one spe-
cies of animal sometimes contains several hundred
different toxins. As a rule, it includes enzymes (phos-
pholipases, proteases, oxidases), proteins without en-
zymatic activity (for example, disintegrins), peptides,
and metal ions [23, 24, 25]. Such a complex compo-
sition of animal venoms is the reason for the impact
on all body systems and the development of severe
clinical poisoning.

In modern conditions, scorpions significantly
expand the territory of their existence, spreading even
to those areas of the globe that were not previously
characteristic of them. About thirteen families of
these animals have been established, most of which
are dangerous to humans. Their venom consists of
salts, biogenic amines, nucleotides, enzymes (phos-
pholipases, hyaluronidase, L-amino acid oxidases,
metalloproteinases, serine proteases), peptides with
low molecular weight [26]. These compounds affect
almost all systems of the victim’s body. They are also
characterised by their extraordinary pharmacological
properties, which allow them to use certain toxins for
therapeutic purposes [27, 28].

Scorpion venom can cause myocardial damage,
initiating many pathogenetic mechanisms. After bites
from these animals, the development of myocardial
infarction due to coronary spasm is quite often rec-
orded [29, 30, 31]. It has been established that poison-
ing with scorpion toxins is associated with the release
of vasoactive inflammatory and thrombogenic pep-
tides and amines, such as histamine, bradykinin, ser-
otonin, thromboxane, leukotrienes, which induce cor-
onary artery spasm, facilitate platelet aggregation
processes and the development of thrombosis. The
venom can have a direct cardiotoxic effect with the
development of myocarditis (toxic and adrenergic).

The study aimed to study microscopic changes
in the hearts of mature rats 1 and 3 hours after expo-
sure to Leiurus macroctenus scorpion venom.

Materials and methods

Experimental studies were conducted on 60
male rats (180 g3 g), which were injected intramus-
cularly with 0.5 ml of a solution of poison (28.8
mg/ml) (LDso=0.08 mg/kg) dissolved in saline (0.9%)
[32]. The control group (13 rats) was injected with
only 0.5 ml of saline (0.9%).

For microscopic examination, heart samples of
animals from all groups were taken. The pieces were
fixed in a 10% formalin solution for 1 day. Then, they
were dehydrated in alcohols with increasing concen-
tration and embedded in paraffin blocks. Histological
preparations of rat hearts were stained with hematox-
ylin and eosin, azan trichrome, and iron hematoxylin.
Histological preparations were studied using an SEO
SCAN light microscope and photographed using a
Vision CCD Camera with an image output system
from histological preparations.

Results and discussion

The introduction of Leiurus macroctenus scor-
pion venom into rats was accompanied by morpho-
logical changes in the myocardium of the animals. In
particular, the first changes were detected already 1
hour after venom injection. Loss of transverse stria-
tion of muscle fibres was observed in the myocar-
dium, barely noticeable in individual fields of view.
Cardiac muscle fibres were characterised by moder-
ate hypertrophy and appeared as wave-like structures
(Fig. 2). The cytoplasm of contractile cardiomyocytes
was homogenised. The nuclei of these cells had a pre-
dominantly oval (elongated) shape and contained
condensed chromatin, which was concentrated mar-
ginally. One or two nucleoli were noted in them. Due
to oedema in individual cardiomyocytes, the nuclei
contours were indistinct and bizarre (Fig. 1).

Fig.1. Histological changes in the rat heart 1 hour after
exposure to the venom of the scorpion Leiurus macroctenus.
The lumen of the myocardial blood vessel (1), the focus of
haemorrhage (2), and the loosening of the outer membrane
of the vessel wall (3). Staining with hematoxylin and eosin.
x200.

Fig. 2. Microscopic organisation of the rat heart 1 hour
after exposure to the venom of the scorpion Leiurus mac-
roctenus. Wave-like deformation of myocardial fibres (1), nu-
clei of contractile cardiomyocytes (2), and myocardial muscle
fibres (3). Staining with hematoxylin and eosin. x200.
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The spaces between the myocardial fibres were
significantly expanded, showing the interstitial con-
nective tissue oedema. Myosatellite cells were visible
between the muscle fibres. The nuclei of the latter had
an elongated shape and contained condensed chroma-
tin. Significant diapedetic haemorrhages and accumu-
lation of erythrocytes between the myocardial fibres
were observed in all fields of view. The venous ves-
sels of the heart muscle were markedly full-blooded,
with conglomerates of erythrocytes in their lumens
and adhesion of the latter to the vessel walls. In-
creased spaces distinguished the endothelial lining of
the veins between the cells. The nuclei of the endo-
thelial cells were oval and hyperchromic. The smooth
myocytes of the tunica media of the vein walls were
characterised by moderate oedema and contained
rounded or elongated nuclei. Loosening and fibrilisa-
tion of the adventitia of the vessels were noted. Fibrin
threads, foci of desquamation of endothelial cells
from the basement membrane, and their invagination
are also visible in the lumens of blood vessels. A char-
acteristic histological finding under these conditions
was pronounced lymphohistiocytic perivascular infil-
tration (Fig. 4). Numerous lymphocytes, macro-
phages, and occasionally plasma cells were observed
around the myocardial vessels. Leukocyte and lym-
phohistiocytic infiltration was also noted in the con-
ducting system of the rat heart (Fig. 2).

Fig. 3. Histological changes in the rat heart 1 hour after
exposure to the venom of the scorpion Leiurus macroctenus.
Muscle fiber (1), blood vessel lumen (2), contractile cardio-
myocytes (3). Staining with iron hematoxylin. x200.

Three hours after the start of the experiment, mi-
croscopic studies of the rat myocardium revealed
deepening morphological changes. This period was
characterised by increased wave-like deformation of
the heart muscle fibres. They were distinguished by
significant oedema. The sarcoplasm of contractile
cardiomyocytes was eosinophilic and somewhat en-
lightened. The nuclei of these cells increased in size,
mainly were elongated, contained numerous vacu-
oles, and contained 1-2 nucleoli. Chromatin was dis-
tinguished because it formed lumps localised directly
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under the karyolemma. It should be noted that vacu-
olisation and an increase in the volume of the nuclei
of contractile cardiomyocytes indicate their oedema
due to the influence of toxins from the venom of the
scorpion Leiurus macroctenus. The striation of the
muscle fibres of the myocardium under these condi-
tions was not determined. Significant expansion of
the spaces between the cardiac muscle fibres and
edematous changes in the stroma were noted. Moder-
ate lymphocytic infiltration was observed in the inter-
stitium. In addition, areas of haemorrhage were de-
tected. Signs of apoptotic changes in the nuclei were
noted in some contractile cardiomyocytes (Fig. 5, 6).

Fig. 4. Histological organisation of the rat heart 1 hour
after exposure to the venom of the scorpion Leiurus mac-
roctenus. The lumen of the myocardial blood vessel (1), mus-
cle fibres (2), and contractile cardiomyocytes (3). Azan tri-
chrome staining. x200.

Fig. 5. Microscopic changes in the rat heart 3 hours af-
ter exposure to the venom of the scorpion Leiurus mac-
roctenus. Hypertrophied myocardial muscle fibres (1), nuclei
of contractile cardiomyocytes (2), areas of haemorrhage (3),
oedema and lymphohistiocytic infiltration (4). Hematoxylin
and eosin staining. x200.

Leading cardiomyocytes also underwent struc-
tural changes under conditions of acute intoxication
with the venom of the scorpion Leiurus macroctenus.
They increased in size; their shape was indefinite. The
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cytoplasm of leading cardiomyocytes had a homoge-
nised structure. The cell nuclei were shifted mainly to
the poles. They were both hypochromic and hyper-
chromic and contained dispersed chromatin. The kar-
yoplasm was sometimes lightened, with signs of oe-
dema, and vacuolated.

Fig. 6. Histological organization of the rat heart 3 hours
after exposure to the venom of the scorpion Leiurus mac-
roctenus. Contractile cardiomyocytes (1), nuclei of contrac-
tile cardiomyocytes (2), lumen of the myocardial blood vessel
(3). Staining with iron hematoxylin. x200.

Fig. 7. Photo-optical changes in the rat heart 3 hours
after exposure to the venom of the scorpion Leiurus mac-
roctenus. Accumulation of erythrocytes in the myocardial
stroma (1), myocardial muscle fibres (2), and lumen of the
myocardial blood vessel (3). Azan trichrome staining. x200.

Photo-optical studies of the rat heart after 3
hours of the experiment also revealed specific
changes in the typical organisation of the heart mus-
cle vessels. It is worth noting the increased lympho-
histiocytic infiltration of the vessel walls, compared
with the group of animals after 1 hour from the begin-
ning of the experiment. The lumens of the myocardial
blood vessels were dilated and full-blooded. They re-
vealed erythrocyte sludge, stasis, and fibrin threads.
The endothelial layer of the inner membrane of the
vessels was discontinuous; the gaps between the cells
increased significantly, which probably increased the
degree of haemorrhage. The nuclei of the endothelial
cells had an elongated shape, were hyperchromic, and
contained condensed chromatin. The endothelium
was sometimes exfoliated from the basement mem-
brane, and initial manifestations of cell desquamation
into the lumen of the vessels were observed. Lympho-
histiocytic perivascular infiltration was noted (Fig. 5,
7).

Conclusion

Administration of Leiurus macroctenus scorpion
venom to rats resulted in smoothing and homogenis-
ing cardiac muscle fibres and their moderate hyper-
trophy. Diapedetic haemorrhages and pronounced
lymphohistiocytic infiltration were observed.

After 3 hours of the experiment, morphological
changes in the rat myocardium deepened. Wave-like
deformation of muscle fibres and their pronounced
oedema were noted. Edematous changes, lympho-
cytic infiltration, and haemorrhages characterised the
cardiac muscle stroma. Manifestations of desquama-
tion of the endothelial lining of the vascular wall and
perivascular lymphohistiocytic infiltration were ob-
served.

Prospects for further development are related
to the study of histological changes in the myocar-
dium of rats exposed to the venom of the scorpion
Leiurus macroctenus at later stages of the experiment.
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Anunmue A. MikpockoniyHa oprasizamisi Miokapaa ekcepuMeHTAJIBHUX HIyPiB Yepe3 1 Ta 3 roquHu
micJist BILIMBY OTPYTH cKopmionis Leiurus macroctenus.

PE®EPAT. AxktyanabHicTb. TOKCHHH TBapWHHHX OTPYT XapaKTEpU3YIOThCS 3HAYHOIO BapiaOeNmbHICTIO
CTPYKTYpH Ta OiooriyHuX edexTiB. 3a3BHUail BOHH MPEACTaBICHI O1TKaMH, YHCETbHUMH ITENTHIAMH, IO ITifIa-
BaJIHCH MepedyaoBaM MPOTATOM 0araTboX POKIB €BOIIONIT, SKi BIUIMHYJIA HA MEXaHI3MH Ta OCOOJIMBOCTI BILUTUBY
ix Ha opraHi3m xepTBH. OTpyTa CKOPIIOHIB MOKE BUKIIMKATH YPaXKEHHs MiOKap/1a, iHII[IFOF0YH HU3KY NaToreHe-
TUYHHUX MeXaHi3MiB. [Ticiist yKyciB IMX TBApUH JJOBOJI 4aCTO PEECTPYIOTH PO3BUTOK 1H(PAPKTY MioKap/ia BHACIIIOK
KOpOHapHOro cnasmy. Mera. BUBYEHHs MiKPOCKOMIYHHMX 3MIiH CepLi 3piMX IIypiB yepe3 1 Ta 3 roauHu micis
BIUTMBY OTPYTHU CKopItioHiB Leiurus macroctenus. Meroau. ExcriepuMeHTabHI JOCIIUKESHHS TIPOBOAMIH Ha 60
mypax-camusx mypis (180 r+3 r), skum BHYTpilIHEOM 5130B0 BBoaWiM 0,5 M1 pozuuHy oTpyTH (28,8 mr/mi)
(LD50=0,08 mr/kr). I MiKpOCKOIIIYHOTO JOCITIPKEHHS 3a0Mpay 3pa3Ku cepIlsd TBApUH BCiX rpymn. @apOyBaHHA
TICTOJIOTIYHHAX TIPETapaTriB cepIisl 3AIHCHIOBANIA TE€MaTOKCHIIHOM Ta €03MHOM, a3aH TPHUXPOM 1 3aNi3HHUM Te-
MaTOKCHJIIHOM. Pe3yabTaTn Ta miacymok. BeneHHs mypam oTpyTH cKopmioHiB Leiurus macroctenus mpusBo-
JIAJIO IO 3TJIa/DKYBaHHS Ta TOMOTEHi3allii BOJIOKOH CEepIIeBOTO M3y, IX MOMipHOI rimeprpodii. Bimmivanu mosBy
JiarmeIe3HNX KPOBOBWIIMBIB, BUpaKeHY JiMdoricTionuTapHy iHdinpTpamiro. [Ticns 3 ToauH mpoBeaeHHS eKCIie-
PUMEHTY BUSBILLIA TOTTHOJICHHS MOP(OIOTIYHUX 3MiH MioKap/a mypis. Bigmiganu xsurenoniony aegopmartiro
M’S30BHX BOJIOKOH, iX BHpakeHHH HaOpsik. CTpoma cepLeBOro M’si3y XapakTepu3yBaslaCh €JeMaTO3HUMHU
3MiHaMu, JiMQouuTapHOO iH(IIBTpaLi€cto, reMoparisMu. CrocTepirajiy NposiBA JIeCKBaMallii eHI0TelialbHOTO
BUCTHJICHHS CY/INHHOI CTIHKH, IEPUBACKYIISIPHY JiM(OTiCTIONUTApHY 1H(IBTpaLiIO.

Karwudogi ciioBa: oTpyTa, CKOPIOHH, MiOKap, JiMoricTionuTrapHa iHGUIbTpaIlis, IypH.
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