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ABSTRACT. Background. The kidneys function in the human body as important organs for maintaining the constancy of
the internal environment. With their participation, constant control is carried out over such parameters as the constancy of
the circulating blood volume, electrolyte composition, osmotic pressure, ion concentration, acid-base balance, blood pres-
sure, etc. Under the influence of pathogens of various genesis, these constants undergo pronounced changes due to disruption
of the structural organisation of the kidneys. Objective. Study of microscopic changes in rat kidney tissue 1 hour after
exposure to the venom of the scorpion Leiurus macroctenus. Methods. The study used 10 white male laboratory rats weigh-
ing 200 g (£10 g) grown in the vivarium of the Educational and Scientific Center "Institute of Biology and Medicine" of the
Taras Shevchenko National University of Kyiv. The venom of scorpions of 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; LD50=0.08 mg/kg). Kidney samples from animals of all groups were taken for microscopic examination.
Histological preparations of the heart were stained with hematoxylin and eosin. Results and conclusion. It has been estab-
lished that when the venom of the scorpion Leiurus macroctenus is administered, after 1 hour, toxic substances cause the
development of significant hemodynamic disorders and the initiation of inflammatory processes in the organ in experimental
rats, acute renal failure as a result of acute damage to the glomerular apparatus, disruption of the cytoskeleton of podocytes
and the tubular apparatus of nephrons with manifestations of desquamation, hydropic, hyaline-droplet dystrophy of the
tubular epithelium.
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Introduction

The kidneys are essential organs in the human
body for maintaining the constancy of the internal en-
vironment. With their participation, constant control
is carried out over such parameters as the constancy
of the circulating blood volume, electrolyte composi-
tion, osmotic pressure, ion concentration, acid-base
balance, blood pressure, etc. Under the influence of
pathogens of various genesis, these constants undergo
pronounced changes due to disruption of the struc-
tural organisation of the kidneys [1].

Kidney pathology is a common phenomenon.
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The influence of physical and chemical environmen-
tal factors causes the development of morpho-func-
tional disorders of the organ, which have unpredicta-
ble consequences. As is known, the kidneys are char-
acterised by a fairly significant blood supply (about
25% of the total cardiac output), which makes them
highly susceptible to the action of toxic substances
since the concentration of the latter during the period
of their maximum content in the blood in the renal
vessels is higher than in other tissues, which contrib-
utes to the rapid damage to the endothelial layer and
basal membranes of the capillary walls. The presence
of a well-developed system of anastomoses is often
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the cause of the vulnerability of the interstitium of the
renal medulla to the effects of toxins. Compounds ab-
sorbed by the nephron tubules, interacting with the
transport system of the tubular epithelium and ac-
tively accumulating in the basal parts of the cells,
cause the development of degenerative and dys-
trophic changes in them [2]. In addition, substances
secreted into the lumen of the tubules by secretion can
affect the enzyme system of the nephron tubules, dis-
rupting the normal course of biochemical reactions in
them. It should also be noted that the high level of
energy processes in the renal tissue determines their
increased susceptibility to circulatory disorders and
hypoxia [3, 4, 5]. In response to these factors, the de-
velopment of stress, disruption of the microscopic
structure of the organ and shifts in the physiological
constants of the body are characteristic [6, 7, 8].

According to WHO, about 1.5 million cases of
poisoning due to scorpion stings are registered in the
world annually, leading to 2000-3000 deaths. Cases
of scorpionism are common in the United States of
America, Canada, Europe, and Australia. Still, this
problem has become most widespread in Africa, In-
dia, Mexico, Brazil, Iran, Saudi Arabia, and Vene-
zuela, where more than 2 billion people are under
constant threat [9, 10, 11]. Among the currently
known pathological processes associated with scorpi-
onism, according to experimental studies, kidney
damage is considered one of the most critical compli-
cations, which is often fatal [12, 13].

The study aims to examine microscopic
changes in rat kidney tissue one hour after exposure
to Leiurus macroctenus scorpion venom.

Materials and methods

The venom of scorpions of the Buthidae family,
genus Leiurus, species Leiurus macroctenus, was ad-
ministered to rats once intramuscularly (0.5 ml of
venom solution previously dissolved in saline; 28.8
pg/ml; LDso=0.08 mg/kg) [14, 15].

The study used 10 white male laboratory rats
weighing 200 g (10 g), raised in the vivarium of the
Educational and Scientific Center "Institute of Biol-
ogy and Medicine" of Taras Shevchenko National
University of Kyiv. The rats were kept on a standard
diet in an accredited vivarium by the "Standard Rules
for the Arrangement, Equipment and Maintenance of
Experimental Biological Clinics (Vivaria)". The ex-
periments were conducted by the current regulatory
documents regulating work organisation with experi-
mental animals and compliance with the principles of
the "European Convention for the Protection of Ver-
tebrate Animals Used for Experimental and Other
Scientific Purposes". Also, all work with animals was
carried out by the Law of Ukraine dated February 21,
2006, No. 3447-1V, "On the Protection of Animals
from Cruelty and Ethical Norms and Rules for Work-
ing with Laboratory Animals".

The rats selected for the experiment were di-
vided into two groups: control—5 rats; no poison was

administered; the material was collected one hour af-
ter the administration of saline; and experimental—5
rats; histological material was collected one hour af-
ter the administration of poison. The rats were eu-
thanised by carbon dioxide inhalation. The kidneys of
the rats were isolated at 4 °C immediately after eutha-
nasia.

Kidney samples from animals of all groups were
collected for microscopic examination. The pieces
were fixed in a 10% formalin solution for 1 day.
Then, they were dehydrated in alcohols of increasing
concentration and embedded in paraffin blocks. His-
tological preparations of rat kidneys were stained
with hematoxylin and eosin. Histological prepara-
tions were studied using an SEO SCAN light micro-
scope and photographed using a Vision CCD Camera
with an image output system from histological prep-
arations.

Results and conclusions

Histological studies of kidney preparations 1
hour after the introduction of scorpion venom into ex-
perimental animals established the onset of acute re-
nal failure as a result of acute damage to the glomer-
ular apparatus of nephrons, the onset of significant
hemodynamic disorders and the initiation of inflam-
matory processes in the organ.

The fibrous capsule is edematous; it easily peels
off from the organ. In the interstitium of the organ
around the vessels of the microcirculatory bed, there
is dilation and engorgement of the vessels of the ve-
nous bed and ischemia of the vessels of the arterial
bed. Perivascular oedema with infiltration by lym-
phocytes and macrophages-histiocytes is also present.
Hemocapillaries are spasmodic and engorged, with
increased intracapillary aggregation of erythrocytes.

In the cortical substance, next to the renal cor-
puscles, which have preserved the typical histological
structure, hypertrophied renal corpuscles are found
where the lumen of the afferent and efferent arterioles
is spasmodic with moderate anaemia. In their lumens,
erythrocyte aggregation is enhanced. The wall of the
arteries and arterioles is thickened due to hypertrophy
and slight leukocyte infiltration of the media, smooth
myocytes, losing their spindle-shaped shape, become
rounded, their nuclei are hyperchromic, and the cyto-
plasm is brightly oxyphilic. There is slight oedema
and lymphohistiocytic infiltration in the subendothe-
lial layer of the intima and adventitia. The endothelial
cells of their intima had a cubic shape; in the cyto-
plasm, there was slight oedema. The nuclei are hyper-
chromic, and their plasmalemma is indistinct and
forms significant protrusions into the lumen and in-
vaginations. The basement membrane is continuous,
but in some places, there are signs of endothelial des-
quamation (Fig. 1).

In the glomerular vascular glomeruli, there is
anaemia; in their lumens, there is stasis. In some
places, their lumens have collapsed due to spasms of
the afferent arteriole. The urinary spaces were sharply
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dilated. In the wall of the glomerular capillaries, ini-
tial signs of focal endothelial dystrophy are observed.
The cytoplasm of endothelial cells is swollen; the nu-
clei are hypertrophied and hyperchromic, which sig-
nificantly protrude into the vessel's lumen. The base-
ment membrane is thickened and swollen. Due to the
increase in the proliferative activity of mesangio-
cytes, there is an expansion of the mesangium and an
increase in the amount of matrix. Hyperplasia of the
mesangium and pleurisy of the glomerular capillaries
caused a sharp narrowing of the urinary space of the
renal corpuscles; in most fields of view, it looked slit-
like or was not visualised at all (Fig. 2).

Fig. 1. Microscopic structure of the kidney of white rats
1 hour after the introduction of scorpion venom. 1 - dystrophy
of proximal tubules with an accumulation of cellular detritus
in the lumen, 2 - the destruction of distal tubules, 3 - hyper-
trophied renal corpuscle, 4 - an area of haemorrhage, 5 - de-
structured artery. Staining with hematoxylin-eosin. x200.

The cells of the outer leaf of the Shumlyansky-
Bowman capsule are sharply flattened, their nuclei
are hyperchromic with invaginations of the karyo-
lemma, the basement membrane is thickened. The
growth of the mesangium leads to a disruption of the
cytoskeleton of podocytes of the inner leaf of the cap-
sule. There is a disorganisation of the cytopodia and
cytotrabeculae of podocytes, and as a result, the pro-
cess of filtration disorders begins. In the proximal and
distal renal tubules, the lumens are unevenly ex-
panded with thinning of the walls. In the proximal and
distal tubules, the epithelium is damaged. The brush
border and basal striation are especially noticeable
dystrophic changes. Focal cells almost completely
lose them, and the epithelium's desquamation into the
tubule's lumen is observed. The cells show signs of
hydropic and hyaline-droplet dystrophy, character-
ised by the appearance of vacuoles and single aci-
dophilic granules in the weakly oxyphilic cytoplasm,

indicating cytoplasmic oedema. The nuclei are hyper-
chromic, compacted, and have indistinct contours. Fi-
brin accumulations were detected in the lumens of the
tubules. In thin tubules, hyperplasia of epithelial cells
is due to oedema of their cytoplasm. On the cross-
section, thin tubules with slit-like lumens. When tu-
bules with moderately dilated lumens are collected,
epithelial cells almost completely lose microvilli and
basal striation in their cytoplasm, oedema, and single
vacuoles in the weakly oxyphilic cytoplasm. The nu-
clei are hyperchromic and compacted. Along the
course of the vessels of the microcirculatory bed of
the interstitium, both in the cortex and the medulla,
local single haemorrhages occur (Fig. 2).

Fig. 2. Microscopic structure of the kidney of white rats
1 hour after the introduction of scorpion venom. 1 - dystrophy
of proximal tubules, 2 - destruction of distal tubules, 3 - renal
corpuscles with no urinary space, 4 - area of hemorrhage.
Staining with hematoxylin-eosin. x200.

Summary

When the venom of the scorpion Leiurus mac-
roctenus is administered, after 1 hour, toxic sub-
stances cause the development of significant hemo-
dynamic disorders and the initiation of inflammatory
processes in the organ in experimental rats, acute re-
nal failure as a result of acute damage to the glomer-
ular apparatus, disruption of the cytoskeleton of po-
docytes and the tubular apparatus of nephrons with
manifestations of desquamation, hydropic, hyaline-
droplet dystrophy of the tubular epithelium.

Prospects for further development are related
to studying histological changes in rat kidneys under
the influence of Leiurus macroctenus scorpion venom
at later stages of the experiment.
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MartkiBcska P.M. MikpockomiyHa XapaKTepuCTHKA CTPYKTYPHHX KOMIIOHEHTIB HHPOK 4epe3 1 ro-
JAMHY HicJIs BIVIMBY HA eKCIIePHUMEHTAIbHUX HIYPiB 0TPyTH cKopmioHiB Leiurus macroctenus.

PE®EPAT. AxryanbHicTb. Hupku (yHKIIIOHYIOTH B OpraHi3Mi JIFOJIUHH SIK BaXKITUBI OPTaHU IS MiATPH-
MaHHS CTaJOCTI BHYTPIIIHBOTO CEpEelOBHINA. 3a IX y4acTIO 3AIHCHIOETHCS MOCTIMHMII KOHTPOJb TaKWX Iapa-
METpIB, SIK CTAIICTh 00 €My LUPKYIIOI0U0{ KPOBi, €JIEKTPOJITHOTO CKJIaTy, OCMOTUYHOT'O THCKY, KOHIIEHTpalii
10HIB, KHCJIOTHO-OCHOBHOI PiBHOBAaru, apTepiajlbHOr0 THCKY, TOIIO. 32 YMOB BIUIMBY IIaTOT€HIB Pi3HOTO T€HE3y
JlaHl KOHCTAHTH 3a3HAI0Th BUPAKCHUX 3MiH BHACIIJIOK MMOPYIIEHHS CTPYKTYPHOI opraHizaiii Hupok. Merta. Bus-
YEHHsI MiKPOCKOIIIYHMX 3MiH TKAHHMHH HHUPOK IIypiB uepe3 | roawHy micis BIUTHBY OTPYTH CKOpmioHiB Leiurus
macroctenus. Meroau. Y jgociijpkeHHi Bukopuctano 10 Oinux sabopaTopHuX miypiB-camiiB macoro 200 r
(10 1), Buporienux y BiBapii HaBuyanbpHo-HayKkoBoro neHTpy "IHcTuTyT Oiosorii i Mmequumun" KuiBcbkoro Hario-
HalbHOTO yHiBepcuteTy iMeHi Tapaca IlleBuenka. OTpyty ckopmioHiB poaunu Buthidae pony Leiurus Buny
Leiurus macroctenus BBOJWIN IIlypaM OJHOPA30BO BHYTPIilIHbOM 5130B0 (0.5 MJI po3unHy OTPYTH MOIEPEIHBO
po3unHeHOMY Y (izionoriunomy po3zunHi; 28.8 mir/mi; JIA50=0.08 mr/kr). I MiKpOCKOITIYHOTO TOCTIIKCHHS
3a0upanu 3pa3Kd HHUPOK TBapuH Bcix rpyn. @apOyBaHHS TiCTOJOTIYHUX MpenapaTiB cepIls 3IiHCHIOBAIU Te-
MAaTOKCHJIIHOM Ta €o3uHOM. Pe3ynbTaTH Ta migcymok. BeraHOBIICHO, 1110 TP BBE/ICHHI OTPYTH CKOpIioHa Lei-
urus macroctenus uepe3 1 ToMHy TOKCHYHI pEYOBUHH CIIPHUYMHAIOTH B EKCIIEPUMEHTAIBHNX IIyPiB IIOYaTOK PO-
3BUTKY 3HAUHUX T'€MOJMHAMIUYHHUX PO3JIa/liB Ta 3aIyCKy 3alalibHUX MPOIECiB B OpraHi, TOCTpoi HUPKOBOI HeJo-
CTATHOCTI SIK HACJIIZIOK TOCTPOT0 ypa)KeHHsI MIIOMEPYJISIPHOTO arapary, NOPYIISHHSIM IUTOCKEIETy MOJOIHTIB Ta
TyOyJISIpHOTO amapatiB HeQpPOHIB 3 MpOsSBaMU JeCKBaMallii, TiAPOMIYHOI, TiaJiHOBO-KpameabHOi AucTpodii
SMITETII0 KAaHAJIBIIIB.

KurouoBi ciioBa: otpyTa, CKOpPIiOHH, HUPKH, TEMOAMHAMIYHI PO3JIaaH, ITypH.
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