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COMPARATIVE CHARACTERISTICS OF HISTOLOGICAL
CHANGES IN THE KIDNEYS OF INTACT RATS AND UNDER THE
INFLUENCE OF THE LEIRUS MACROCTENUS SCORPION VENOM

Abstract. A comparison and analysis of histological changes in the kidneys
of intact rats and under the influence of the Leiurus macroctenus scorpion venom
were carried out.

The aim of the study. To determine the differences in the histological
organisation of the kidneys of intact rats and under the influence of the Leiurus
macroctenus scorpion venom.

Materials and methods. The study used 10 white male laboratory rats
weighing 200 g (£10 g). The rats selected for the experiment were divided into two
groups: control group — 5 rats; no venom was administered, the material was
collected one hour after the administration of saline solution; experimental group —
5 rats, histological material was collected 1 hour after the administration of the
scorpion venom. 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 ug/ml; LDs;=0,08 mg/kg.
Rats were euthanised by carbon dioxide inhalation. Rat kidneys were isolated at 4
°C immediately after euthanasia.

Kidney samples from animals of all groups were collected for microscopic
examination. Histological samples of rat kidneys were stained with hematoxylin and
eosin. Histological slides were studied using an SEO SCAN light microscope.

Results of the study. Microscopic examination of the kidneys of white
laboratory rats of the intact group showed a typical histological organisation of the
organ. Histological analyses of kidney samples 1 hour after the introduction of
scorpion venom to the experimental animals established the onset of acute renal
failure as a result of acute damage of the glomerular apparatus of nephrons, the onset
of significant hemodynamic disorders and the initiation of inflammatory processes
in the organ, in contrast to the control group of rats. Oedema was noted in the fibrous
capsule. Hypertrophied renal corpuscles were found in the renal cortex. Initial signs
of focal endothelial dystrophy were observed in the wall of the glomerular
capillaries. In the proximal and distal renal tubules, the lumens were unevenly
dilated with thinning of the walls. Epithelial damage was noted in the proximal and
distal tubules.
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Conclusions. In the group of intact rats, general patterns of the structural
organisation of the kidneys were noted. Under the influence of the Leiurus
macroctenus scorpion venom, 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 of 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.

Keywords: venom, scorpions, kidneys, inflammation, rats.
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ITOPIBHAJIBHA XAPAKTEPUCTHUKA I'CTOJIOI'TYHUX 3MIH
HUPOK IHTAKTHHUX IIIYPIB TA 3A YMOB JIIf OTPYTH
CKOPIIIOHIB LEIRUS MACROCTENUS

Anortanisi. [IpoBeneHo MOPIBHSHHS Ta aHaNI3 TICTOJIOTTYHUX 3MIH HHUPOK
IHTaKTHHX IIypiB 32 YMOB JIii OTPyTH CKOPITiOHIB Leiurus macroctenus.

Meta pocaigkeHHsi. Bu3HauuTu BIAMIHHOCTI TICTOJIOTIYHOI OpraHizarfii
HUPOK IHTAaKTHUX IIypPiB Ta 32 YMOB JIii OTpyTH CKOpIiOHIB Leiurus macroctenus.

Marepianu Ta Meroau. Y JOCHIDKEHHI BUKopuctano 10 Ouimx
naboparopHux 1rypiB-camuiB Macoro 200 r (10 r). Bigibpani ajisi eKCiepuMeHTy
urypu OyJiu po3MoIUIEH] Ha 1Bl TPYIU: KOHTPOJIbHA — 5 LIYpiB, BBEJIEHHS OTPYTH HE
MPOBOAWIOCH, 3a0ip Marepially uepe3 TOJMHY IMicjsl BBeACHHS (h1310JIOTTYHOTO
PO34YNHY; eKCIIEpUMEHTaIbHA — 5 1IypiB, B1A0Ip TICTOIOTIYHOTO MaTepiany yepes 1
roJi micisi BBeZeHHsT oTpyTu. OTpyTy ckopmioHiB poaunu Buthidae pomy Leiurus
Buay Leiurus macroctenus BBOIWIM IypaM OJIHOPa30BO BHYTPIIIHHOM SI30BO
(0,5 Mi1 po3urHy OTPYTH TOIMEPEIHBO PO3YMHEHOMY Y (hi310JIOTTYHOMY PO3UMHI;
28,8 mxr/min;  JIJ150=0,08 mr/kr. IlypiB migmaBaau eBTaHa3ii 3a JOIMOMOTOIO
IHTaNsALli BYIVIEKHCIIOTO Ta3y. BuaineHHs Hupok mypiB npoBoauiu mpu 4 °C
BiJIpa3y MicCs eBTaHa3ii.

JIJist MIKpOCKOTIYHOTO JOCIIKEHHSI 3a0upau 3pa3Kd HUPOK TBapHH BCIX
rpyn. ®apOyBaHHS TICTOJIOTIYHMX TMpenapariB HHUPOK UIypiB 31HCHIOBAIU
reMaTOKCHJIIHOM Ta €03WHOM. ['iCTONOriYHI mpemnapatyd BUBYAIM 3a JIOTMIOMOTOIO
ceitiioBoro Mmikpockona SEO SCAN Ta (OTOAOKyMEHTYBald 3a JOMOMOTOIO
Bieokamepu Vision CCD Camera 3 CHCTEMOIO BHUBOAY 300pakeHHS 3
rICTOJIOTIYHUX MPENapaTiB.

Pe3yabTatu gociimxenHsi. [IpoBegeHe MIKpOCKOMIYHE BHUBYCHHS HHUPOK
OUMX JTabOpaTOPHUX WIYpiB IHTAKTHOI TPYMU TOKA3aJI0 THUIOBY TiCTOJOTIUHY
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oprasizaifito oprany. JlOCHi/PKeHHSI TICTOJOTIYHUX TMpernapariB HUPKH uepe3 |
TOJIMHY TICJS BBEACHHS MIJAOCTIAHUM TBapUHAM OTPYTH CKOPIiOHA BCTAHOBUIIU
MOYATOK PO3BUTKY TOCTPOi HHUPKOBOI HEJAOCTATHOCTI SK HACIHIJIOK TOCTPOTO
YpaXXEHHS TJOMEPYJISIPHOTO amapaTy He(QpOHIB, MOYATKy 3HAYHUX T'€MOJIMHA-
MIYHMX PO3JaJiB Ta 3aIllyCKy 3alajbHUX IIPOIICCIB B OpraHi Ha BIAMIHY BIJ
KOHTPOJIbHO1 Ipymnu 1rypiB. Y ¢GiOpo3Hill Kamncyii Biamidaau HaOpsik. B kipkoBiit
PEYOBHHI 3yCTpidasincs TinepTpodoBaHi HUPKOBI TUIbIA. B CTIHIN TIIOMepyIsIpHUX
KamJIsipiB CIIOCTEPIraancs MoYaTKOB1 O3HAKK BOTHUINEBOI TUCTpodii eHaoTenio. B
MPOKCUMAJILHUX Ta JUCTATHHUX HUPKOBUX KaHAJBIAX IMPOCBITH Oyl HEPIBHO-
MIPHO PpO3MIMPEHI 3 BUTOHUYEHHSM CTIHOK. B MpOKCHMMambHUX Ta AMCTaIbHHUX
KaHAJIBIIX BIAMIYAIN IOUIKOKEHHS EITITENIIO.

BucHoBku. B rpymi iHTaKTHHX OIypiB BIAMIYaIM 3arajbHl 3aKOHOMIPHOCTI
CTPYKTYpHOI OpraHi3ailii HApOK. 3a YMOB BBEJEHHs OTpPYTH CKopmioHa Leiurus
macroctenus gepe3 | ronuHy TOKCHYHI PEUYOBHHU CHPUYUHSIOTH B €KCIIEPUMEH-
TaJbHUX IIYPIB IMOYATOK PO3BUTKY 3HAYHUX T'€MOMHAMIYHUX PO3JIAJIiB Ta 3aIMyCKY
3amajibHUX TMPOIECIB B OpraHi, TOCTPOi HUPKOBOI HEAOCTATHOCTI SK HACIIOK
rOCTPOTO ypa)XEHHS TJIOMEPYJIIPHOTO arapaTry, MOPYIIEHHSM IIUTOCKEJETY
MOJIOLKUTIB Ta TYyOyJsIpHOTO amapariB HeQpOHIB 3 TpOsSBaMH JeCKBamallii,
TAPONIYHOT, T1aTIHOBO-KpaIeabHOT AUCTPOd1i eiTesii0 KaHAIbIIIB.

Kuro4oBi ciioBa: oTpyTa, CKOPIiOHH, HUPKH, 3alaJICHHS, IIIyPH.

Statement of the problem. To date, there is data on about 2000 species of
scorpions. Most are dangerous to humans, especially representatives of the Buthidae,
Scorpionidae and Hemiscorpionidae families. Clinical manifestations of poisoning
with scorpion toxins vary significantly, depending on their species and the amount
of poison that has entered the victim's body [1, 2, 3, 4]. Researchers note that the
content of their venom is highly complex and heterogeneous. Its most studied
components are currently small peptides due to their diversity and broad
pharmacological properties. According to the structure, small peptides are classified
into three large superfamilies: peptides containing cysteine (CS) stabilised a /
motifs with the presence of disulfide bridges, calcins and peptides that do not contain
disulfide bridges [5, 6, 7, 8, 9]. However, it has been established that the toxic
components of scorpion venom, enzymes, mixtures of inorganic salts, free amino
acids, nucleotides, and lipids are also distinguished [10, 11, 12].

Connection of the publication with planned scientific research works.
Among the currently known pathological processes associated with scorpionism,
according to experimental studies, kidney damage is considered one of the most
critical complications, which is often fatal [13, 14, 15]. In particular, it is noted that
Hemiscorpius lepturus and Androctonus australis exhibit a pronounced nephrotoxic
effect. Toxic compounds of their venom can directly or indirectly affect the kidney
tissue, causing mesangiolysis, the development of glomerulonephritis, vasculitis,
interstitial nephritis, cortical, tubular necrosis, as well as hypoxia and renal
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infarction [16, 17]. Of the indicated pathologies, tubular necrosis is most often
observed in victims, which is characterised by a decrease in reabsorption and an
increase in the secretion processes of Na+, K+, and CL". It has been demonstrated
that inoculation of venom affects Na+ channels in the kidneys. At the same time,
there is an increase in the blood levels of catecholamines in the victims. In the
cytosol of nephron tubular cells, under conditions of poisoning with scorpion toxins,
the concentration of Ca2+ ions increases. The body's protective mechanisms
contribute to the growth of pro-inflammatory cytokines in the renal parenchyma,
namely IL, TNF-a, NO, platelet aggregation factor, PG, leukotrienes, Kinins,
angiotensin and ET. Clinical cases of bites accompanied by rhabdomyolysis,
hemolysis and disseminated intravascular coagulation are known to date. These
processes contributed to the development of acute renal failure due to damage to the
glomerular apparatus and were associated with haemoglobin and proteinuria. The
action of PLA2 poison can also cause acute kidney injury. The enzymes in these
conditions exhibit hemolytic and cytotoxic effects on the organ. In addition, it
promotes the growth of arachidonic acid and, accordingly, the synthesis of
eicosanoids. There is also evidence of increased activity of the hypothalamic-
pituitary-adrenal system, which stimulates the production of corticosteroids. At the
same time, an increase in the levels of acute phase proteins and significant
hemodynamic disorders are recorded. It is known that the accumulation of a
substantial number of hemoproteins accompanies hemolysis phenomena. Under
these conditions, heme groups increase the production of free radicals that
accumulate in the renal cortex, having a toxic effect. An increase in the activity of
NADPH oxidase facilitates the production of ROS. In this case, apoptosis or necrosis
of kidney cells is a frequent consequence [18].

Movahed A. et al. [19], studying the effect of the venom of the scorpion
Hemiscorpius lepturus on the morphology of the kidneys, histological examination
revealed the expansion of the lumen and thinning of the walls of the proximal tubules
of the nephron, the accumulation of fibrin in the glomerular apparatus. The
glomerular capillaries contained clusters of erythrocytes, and the endothelium of
their walls was swollen 4 hours after the introduction of the venom to laboratory
animals. In the proximal tubules, flattening of the epithelial cells of their inner
membrane, loss of their brush border, and an atypical reaction of the nuclei of these
cells were noted, which indicated the development of acute tubular necrosis.

A careful analysis of the scientific literature demonstrated the participation of
macrophages in the development of acute kidney injury in scorpion bites. Thus, the
level of MCP increases in the victim's body, which indicates the launch of an
inflammatory process in the organ and signals the risk of complications since it
directly affects the migration of macrophages, proliferation and differentiation of
leukocytes in the epithelium of the human kidney tubules. MCP-1 stimulates the
secretion of IL-6 and the intercellular expression of ICAM-1. In addition, binding to
chemokine receptors CC2 on the surface of podocytes can reduce the expression of

1953



Kypnas «[lepcieKTHBY Ta iHHOBalii HAYKU»
(Cepis «Ilegarorika», Cepis «IIcuxosioris», Cepisg «MeaunuHa»)
Ne 1(47) 2025

both microRNA and nephrin protein. The latter forms filtration gaps, so defects in
this protein lead to renal failure, disruption of the podocyte cytoskeleton, and
disorders of the filtration process [20].

The purpose of the article. To determine the differences in the histological
organisation of the kidneys of intact rats and those exposed to the venom of the
scorpion Leiurus macroctenus.

Research objects and methods. 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
ng/ml; LD50=0.08 mg/kg) [21, 22].

The study used 10 white male laboratory rats weighing 200 g (10 g), grown
in the vivarium of the Educational and Scientific Center "Institute of Biology and
Medicine" of Taras Shevchenko National University of Kyiv (agreement on
scientific and practical cooperation between Taras Shevchenko National University
of Kyiv, Vinnytsia National Medical University named after M. |. Pirogov and
Ternopil National Medical University named after I. Ya. Horbachevsky of the
Ministry of Health of Ukraine, dated February 1, 2021). 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
experiments were conducted according to the current regulatory documents
regulating the work organisation with experimental animals and compliance with
the principles of the "European Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes" [23]. Also, all work with
animals was carried out by 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 Laboratory Animals"”. The rats selected for the experiment were
divided into two groups: control - 5 rats; no poison was administered, the material
was collected one hour after the administration of saline; experimental - 5 rats,
histological material was collected 1 hour after the administration of poison. Rats
were euthanised by carbon dioxide inhalation. Kidneys were isolated at 4 °C
immediately after euthanasia.

Kidney samples from animals of all groups were collected for microscopic
examination. The pieces were fixed in a 10% formalin solution for 1 day. They were
then dehydrated in alcohols of increasing concentration and embedded in paraffin
blocks. Histological preparations of rat kidneys were stained with hematoxylin and
eosin [24, 25]. Histological preparations were examined using an SEO SCAN light
microscope and photographed using a Vision CCD Camera with a system for
displaying images from histological preparations.

Presentation of the primary material.

Research results and their discussion. Microscopic examination of the
kidneys of white laboratory rats of the intact group showed a typical histological
organisation. The stroma of the kidney is represented by a fibrous capsule of dense
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fibrous connective tissue and the interstitium - thin layers of loose connective tissue.
In the interstitial stromal tissue of the organ, there is a dense network of vessels of
the hemomicrocirculatory bed (peritubular capillary network). The kidney
parenchyma is formed by tortuous, thin, straight and collecting tubules lined with
epithelial cells. The structural and functional unit of the kidney is the nephron, which
includes the renal corpuscle and tortuous and straight tubules. The renal corpuscle
is formed by a glomerulus of hemocapillary loops, mesangium and Shumlyansky-
Bowman capsule. Near the urinary pole of the renal corpuscle, the tortuous part of
the proximal tubule begins, lined with a single-layered prismatic epithelium lying
on a continuous basement membrane. A characteristic feature is that the lumen of
the tubule is not contoured or slit-like due to the microvilli of the brush border. The
distal tubules have a clear lumen lined with a single-layered cubic epithelium. At the
apical pole of the epithelium, there are single microvilli and well-pronounced basal
striation. Epitheliocytes have one round nucleus in the centre and a weakly oxyphilic
cytoplasm. The collecting tubules in the cortical substance are lined with a single-
layered cubic epithelium, and in the medulla — with a single-layered prismatic
epithelium (Fig. 1).

Fig. 1. Microscopic organisation of the kidney of an intact group of animals.
1 - renal corpuscles, 2 - proximal tubules, 3 - distal tubule. Staining with
hematoxylin-eosin. x 200

Histological studies of kidney preparations 1 hour after the introduction of

scorpion venom into the experimental animals established the onset of acute renal
failure as a result of acute damage to the glomerular apparatus of nephrons, the onset
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of significant hemodynamic disorders and the initiation of inflammatory processes
in the organ, in contrast to the control group of rats.

The fibrous capsule was edematous and easily peeled off from the organ.
Dilation and engorgement of the venous vessels and ischemia of the arterial vessels
were observed. In the interstitium of the organ around the vessels of the
microcirculatory bed, perivascular oedema with infiltration by lymphocytes,
macrophages, and histiocytes was noted. The hemocapillaries were spasmodic and
engorged with increased intracapillary aggregation of erythrocytes.

In the cortical substance, next to the renal corpuscles, which retained a typical
histological structure, hypertrophied renal corpuscles were found, in which the
lumen of the afferent and efferent arterioles was spasmodic with moderate anaemia.
In their lumens, increased erythrocyte aggregation was detected. The wall of the
arteries and arterioles was thickened due to hypertrophy and slight leukocyte
infiltration of the media, smooth myocytes, losing their spindle-shaped shape,
became rounded, their nuclei were hyperchromic, and the cytoplasm was brightly
oxyphilic. Slight oedema and lymphohistiocytic infiltration were noted in the
subendothelial layer of the intima and adventitia. The endothelial cells of their intima
had a cubic shape, and there was slight oedema in the cytoplasm. The nuclei were
hyperchromic, and their plasmalemma was indistinct and formed significant
protrusions into the lumen and invaginations. The basement membrane is
continuous, but in some places, there are signs of endothelial desquamation (Fig. 2).
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Fig. 2. Microscopic organisation 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 - hypertrophied renal corpuscle, 4 - an area of haemorrhage, 5 - destructured
artery. Staining with hematoxylin-eosin. x 200
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In the glomerular vascular glomeruli, there was anaemia; in their lumens,
there was stasis. In some places, their lumens collapsed due to spasms of the afferent
arteriole. The urinary spaces were sharply dilated. In the wall of the glomerular
capillaries, initial signs of focal endothelial dystrophy were observed. The cytoplasm
of endothelial cells was swollen, and the nuclei were hypertrophied, hyperchromic,
and significantly protruded into the vessel's lumen. The basement membrane was
thickened and swollen. Due to the increased proliferative activity of mesangiocytes,
the mesangium expanded, and the amount of matrix increased. 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. 3). The cells of the outer leaf of the Shumlyansky-
Bowman capsule are sharply flattened, their nuclei are hyperchromic with
invaginations of the karyolemma, the basement membrane is thickened. The growth
of the mesangium leads to disruption of the cytoskeleton of podocytes of the inner
leaf of the capsule. Disorganisation of cytopodia and cytotrabeculae of podocytes
occurs, resulting in the beginning of the process of filtration disorders. In the
proximal and distal renal tubules, the lumens were unevenly expanded with thinning
of the walls. Damage to the epithelium was noted in the proximal and distal tubules.
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, characterised by the appearance of vacuoles and single acidophilic
granules in the weakly oxyphilic cytoplasm, indicating cytoplasmic oedema. The
nuclei are hyperchromic, compacted, and have indistinct contours. Fibrin
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 tubules 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 nuclei 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. 3).
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Fig. 3. 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. x 200

Conclusions. In the group of intact rats, general patterns of the structural
organisation of the kidneys were noted. Under the conditions of administration of
the venom of the scorpion Leiurus macroctenus, 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.

References:

1. Cupo, P. (2015). Clinical update on scorpion envenoming. Rev Soc Bras Med Trop, 48 (6),
642-649. doi: 10.1590/0037-8682-0237-2015.

2. El Hidan, M. A., Touloun, O., El Hiba, O., & Boumezzough, A. (2016). Pathophysiological
and neurobehavioral injuries in mice experimentally envenomed with Androctonus liouvillei (Pallary,
1928) scorpion venom. Exp Toxicol Pathol, 68 (2-3), 133-141. doi: 10.1016/j.etp.2015.11.005.

3. Godoy, D. A., Badenes, R., Seifi, S., Salehi, S., & Seifi, A. (2021). Neurological and
systemic manifestations of severe scorpion envenomation. Cureus, 13 (4): el14715. doi:
10.7759/cureus.14715.

4. Solano-Godoy, J. A., Gonzalez-Gomez, J. C., Torres-Bonilla, K. A., Floriano, R. S.,
Miguel, A. T. S. F., & Murillo-Arango, W. (2021). Comparison of biological activities of Tityus
pachyurus venom from two Colombian regions. J Venom Anim Toxins Incl Trop Dis, 27:
€20210005. doi: 10.1590/1678-9199-JVATITD-2021-0005.

1958



Kypnan «[lepciekTUBY Ta iHHOBalii HAYKU»
(Cepis «Ilegarorika», Cepis «Ilcuxostoris», Cepis «MegunuHa»)
Ne 1(47) 2025

5. Abd EI-Aziz, F. E. A,, El Shehaby, D. M., Elghazally, S. A., & Hetta, H. F. (2019).
Toxicological and epidemiological studies of scorpion sting cases and morphological
characterization of scorpions (Leiurusquin questriatus and Androctonus crassicauda) in Luxor,
Egypt. Toxicol Rep, 6, 329-335. doi: 10.1016/].toxrep.2019.03.004.

6. Goudarzi, H. R., Salehi Najafabadi, Z., Movahedi, A., & Noofeli, M. (2019).
Bradykinin-potentiating factors of venom from Iranian medically important scorpions. Arch Razi
Inst, 74 (4): 385-394. doi: 10.22092/ari.2019.123404.1249.

7. King, G. F., & Hardy, M. C. (2013). Spider-venom peptides: structure, pharmacology,
and potential for control of insect pests. Annu Rev Entomol, 58, 475-496. doi: 10.1146/annurev-
ento-120811-153650.

8. Ma, Y., He, Y., Zhao, R., Wu, Y., Li, W., & Cao, Z. (2012). Extreme diversity of scorpion
venom peptides and proteins revealed by transcriptomic analysis: implication for proteome evolution of
scorpion venom arsenal. J Proteomics, 75 (5), 1563-1576. doi: 10.1016/j.jprot.2011.11.029.

9. Ozkan, O., & Alcigir, M. E. (2019). A comparative pathomorphological findings
between Leiurus abdullahbayrami and Androctonus crassicauda (Scorpion: Buthidae) envenomation in
rabbit animal model. J Arthropod Borne Dis, 13 (1), 104-115.

10. Ramirez-Bello, V., Sevcik, C., Peigneur, S., Tytgat, J., & D'Suze, G. (2014).
Macrophage alteration induced by inflammatory toxins isolated from Tityus discrepans scorpion
venom. The role of Na® / Ca®? exchangers. Toxicon, 82, 61-75. doi: 10.1016/j.toxicon.2014.02.011.

11. Tobassum, S., Tahir, H. M., Arshad, M., Zahid, M. T., Ali, S. & Ahsan, M. M. (2020).
Nature and applications of scorpion venom: an overview, Toxin Reviews, 39: 3, 214-225,
doi: 10.1080/15569543.2018.1530681.

12. Ward, M. J., Ellsworth, S. A., & Nystrom, G. S. (2018). A global accounting of
medically significant scorpions: Epidemiology, major toxins, and comparative resources in
harmless counterparts. Toxicon, 151, 137-155. doi: 10.1016/j.toxicon.2018.07.007.

13. Galindez-Ceron, J. D., Jorge, R. J. B., Chavez-Acosta, M. H., Jorge, A. R. C., Alves, N. T. Q.
Prata, M. M. G., ... Beltran-Vidal, J. T. (2019). Renal alterations induced by the venom of
Colombian scorpion Centruroides Margaritatus. Curr Top Med Chem, 19 (22), 2049-2057. doi:
10.2174/1568026619666190731143523.

14. Nagvi, R. (2015). Scorpion sting and acute kidney injury: case series from Pakistan. Br
J Med Med Res, 9 (10), 1-6. Doi: 10.9734/BJMMR/2015/19611.

15. Ranaweera, G. G., Bavanthan, V., Nazar, A. L., & Lokuhetty, M. D. (2015). Acute
renal insufficiency after scorpion sting. Ceylon Med J, 60 (1), 31-32. doi: 10.4038/cmj.v60i1.7487.

16. Dizaji, R., Sharafi, A., Pourahmad, J., Vatanpour, S., Hosseini, M. J., & Vatanpour, H.
(2020). The effects of Hemiscorpius lepturus induced-acute kidney injury on PGC-1o gene expression:
From induction to suppression in mice. Toxicon, 174, 57-63. doi: 10.1016/j.toxicon.2019.12.154.

17. Saidani, C., Béchohra, L., Laraba-Djebari, F., Hammoudi-Triki, D. (2019). Kidney
inflammation and tissue injury induced by scorpion venom: comparison with a nephrotoxic model.
Toxin Reviews, 38 (3), 240-247. Doi: 10.1080/15569543.2018.1446028.

18. De Oliveira, N. A., Cardoso, S. C., Barbosa, D. A., & da Fonseca, C. D. (2021). Acute
kidney injury caused by venomous animals: inflammatory mechanisms. J Venom Anim Toxins Incl
Trop Dis, 27: 20200189. doi: 10.1590/1678-9199-JVATITD-2020-0189.

19. Movahed, A., Fatemikia, H., Tanha, K., Esmaili, A., Kim, E., Mohammadpour
Dounighi, N., ... Seyedian, R. (2018). Serological, pathological, and scintigraphic assessment
of Hemiscorpius lepturus effects on renal dysfunction in rats. Iran J Basic Med Sci, 21 (12), 1221-1225.
doi: 10.22038/ijbms.2018.31426.7585.

20. Haller, H., Bertram, A., Nadrowitz, F., & Menne, J. (2016). Monocyte chemoattractant
protein-1 and the kidney. Curr Opin Nephrol Hypertens, 25 (1), 42-9. doi: 10.1097/MNH.
0000000000000186.

1959


https://doi.org/10.1080/15569543.2018.1530681
http://dx.doi.org/10.9734/BJMMR/2015/19611
https://www.tandfonline.com/author/Saidani%2C+Chanez
https://www.tandfonline.com/author/B%C3%A9chohra%2C+Louisa
https://www.tandfonline.com/author/Laraba-Djebari%2C+Fatima
https://www.tandfonline.com/author/Hammoudi-Triki%2C+Djelila

Kypnas «[lepcieKTHBY Ta iHHOBalii HAYKU»
(Cepis «Ilegarorika», Cepis «IIcuxosioris», Cepisg «MeaunuHa»)
Ne 1(47) 2025

21. Ozkan O, Filazi A. The determination of acute lethal dose-50 (LD50) levels of venom
in mice, obtained by different methods from scorpions, Androctonus crassicauda (Oliver 1807).
Turkiye Parazitol Derg. 2004;28(1):50-53.

22. Valery Gunas, Oleksandr Maievskyi, Nataliia Raksha, Tetiana Vovk, Oleksiy
Savchuk, Serhii Shchypanskyi & Igor Gunas (2024). Study of the Acute Toxicity of Scorpion
Leiurus macroctenus Venom in Rats. Wiley The Scientific World Journal, Article ID 9746092.
https://doi.org/10.1155/2024/9746092

23. Doabrelya, N. V., Boytsova, L. V. & Danova, . V. (2015). Pravova baza dlya provedennya
etychnoyi ekspertyzy doklinichnykh doslidzhen likarskykh zasobiv z vykorystannyam
laboratornykh tvaryn [The legal basis for realization of ethical assessment of preclinical drug
investigations using laboratory animals] Pharmacology and drug toxicology, 2, 95-100.

24. Bagriy, M. M., Dibrova, V. A., Popadynets, O. G., & Hryschuk, M. I. (2016). Metodyky
morfolohichnykh doslidzhen [Methods of morphological research]. Vinnytsia: New Book.

25. Horalskyi, L. P., Khomych, V. T., & Kononskyi, O. 1. (2011). Osnovy histolohichnoyi
tekhniky i morfofunktsionalni metody doslidzhen u normi ta pry patolohiyi [Fundamentals of
histological technique and morphofunctional research methods in normal and pathology].
Zhytomyr: Polissya.

Jimepamypa:

1. Cupo, P. (2015). Clinical update on scorpion envenoming. Rev Soc Bras Med Trop, 48 (6),
642-649. doi: 10.1590/0037-8682-0237-2015.

2. EI Hidan, M. A., Touloun, O., ElI Hiba, O., & Boumezzough, A. (2016).
Pathophysiological and neurobehavioral injuries in mice experimentally envenomed with
Androctonus liouvillei (Pallary, 1928) scorpion venom. Exp Toxicol Pathol, 68 (2-3), 133-141.
doi: 10.1016/j.etp.2015.11.005.

3. Godoy, D. A., Badenes, R., Seifi, S., Salehi, S., & Seifi, A. (2021). Neurological and
systemic manifestations of severe scorpion envenomation. Cureus, 13 (4): e14715. doi: 10.7759/
cureus.14715.

4. Solano-Godoy, J. A., Gonzalez-Gomez, J. C., Torres-Bonilla, K. A., Floriano, R. S.,
Miguel, A. T. S. F., & Murillo-Arango, W. (2021). Comparison of biological activities of Tityus
pachyurus venom from two Colombian regions. J Venom Anim Toxins Incl Trop Dis, 27:
€20210005. doi: 10.1590/1678-9199-JVATITD-2021-0005.

5. Abd El-Aziz, F. E. A., El Shehaby, D. M., Elghazally, S. A., & Hetta, H. F. (2019).
Toxicological and epidemiological studies of scorpion sting cases and morphological
characterization of scorpions (Leiurusquin questriatus and Androctonus crassicauda) in Luxor,
Egypt. Toxicol Rep, 6, 329-335. doi: 10.1016/j.toxrep.2019.03.004.

6. Goudarzi, H. R., Salehi Najafabadi, Z., Movahedi, A., & Noofeli, M. (2019).
Bradykinin-potentiating factors of venom from Iranian medically important scorpions. Arch Razi
Inst, 74 (4): 385-394. doi: 10.22092/ari.2019.123404.1249.

7. King, G. F., & Hardy, M. C. (2013). Spider-venom peptides: structure, pharmacology,
and potential for control of insect pests. Annu Rev Entomol, 58, 475-496. doi: 10.1146/annurev-
ento-120811-153650.

8. Ma, Y., He, Y., Zhao, R., Wu, Y., Li, W., & Cao, Z. (2012). Extreme diversity of
scorpion venom peptides and proteins revealed by transcriptomic analysis: implication for
proteome evolution of scorpion venom arsenal. J Proteomics, 75 (5), 1563-1576. doi:
10.1016/j.jprot.2011.11.029.

9. Ozkan, O., & Alcigir, M. E. (2019). A comparative pathomorphological findings
between Leiurus abdullahbayrami and Androctonus crassicauda (Scorpion: Buthidae) envenomation
in rabbit animal model. J Arthropod Borne Dis, 13 (1), 104-115.

1960



https://doi.org/10.1155/2024/9746092

Kypnan «[lepciekTUBY Ta iHHOBalii HAYKU»
(Cepis «Ilegarorika», Cepis «Ilcuxostoris», Cepis «MegunuHa»)
Ne 1(47) 2025

10. Ramirez-Bello, V., Sevcik, C., Peigneur, S., Tytgat, J., & D'Suze, G. (2014). Macrophage
alteration induced by inflammatory toxins isolated from Tityus discrepans scorpion venom. The
role of Na®™ / Ca®") exchangers. Toxicon, 82, 61-75. doi: 10.1016/j.toxicon.2014.02.011.

11. Tobassum, S., Tahir, H. M., Arshad, M., Zahid, M. T., Ali, S. & Ahsan, M. M. (2020).
Nature and applications of scorpion venom: an overview, Toxin Reviews, 39: 3, 214-225,
doi: 10.1080/15569543.2018.1530681.

12. Ward, M. J., Ellsworth, S. A., & Nystrom, G. S. (2018). A global accounting of
medically significant scorpions: Epidemiology, major toxins, and comparative resources in
harmless counterparts. Toxicon, 151, 137-155. doi: 10.1016/j.toxicon.2018.07.007.

13. Galindez-Cerdn, J. D., Jorge, R. J. B., Chavez-Acosta, M. H., Jorge, A. R. C., Alves,N. T. Q.,
Prata, M. M. G., ... Beltran-Vidal, J. T. (2019). Renal alterations induced by the venom of
Colombian scorpion Centruroides Margaritatus. Curr Top Med Chem, 19 (22), 2049-2057. doi:
10.2174/1568026619666190731143523.

14. Nagvi, R. (2015). Scorpion sting and acute kidney injury: case series from Pakistan. Br
J Med Med Res, 9 (10), 1-6. Doi: 10.9734/BJMMR/2015/19611.

15. Ranaweera, G. G., Bavanthan, V., Nazar, A. L., & Lokuhetty, M. D. (2015). Acute
renal insufficiency after scorpion sting. Ceylon Med J, 60 (1), 31-32. doi: 10.4038/cmj.v60i1.7487.

16. Dizaji, R., Sharafi, A., Pourahmad, J., Vatanpour, S., Hosseini, M. J., & Vatanpour, H.
(2020). The effects of Hemiscorpius lepturus induced-acute kidney injury on PGC-lo gene
expression: From induction to suppression in mice. Toxicon, 174, 57-63. doi: 10.1016/j.toxicon.
2019.12.154.

17. Saidani, C., Béchohra, L., Laraba-Djebari, F., Hammoudi-Triki, D. (2019). Kidney
inflammation and tissue injury induced by scorpion venom: comparison with a nephrotoxic model.
Toxin Reviews, 38 (3), 240-247. Doi: 10.1080/15569543.2018.1446028.

18. De Oliveira, N. A., Cardoso, S. C., Barbosa, D. A., & da Fonseca, C. D. (2021). Acute
kidney injury caused by venomous animals: inflammatory mechanisms. J Venom Anim Toxins Incl
Trop Dis, 27: 20200189. doi: 10.1590/1678-9199-JVATITD-2020-0189.

19. Movahed, A., Fatemikia, H., Tanha, K., Esmaili, A., Kim, E., Mohammadpour
Dounighi, N., ... Seyedian, R. (2018). Serological, pathological, and scintigraphic assessment
of Hemiscorpius lepturus effects on renal dysfunction in rats. Iran J Basic Med Sci, 21 (12), 1221-1225.
doi: 10.22038/ijbms.2018.31426.7585.

20. Haller, H., Bertram, A., Nadrowitz, F., & Menne, J. (2016). Monocyte chemoattractant
protein-1 and the kidney. Curr Opin Nephrol Hypertens, 25 (1), 42-9. doi: 10.1097/MNH.00000
00000000186.

21. Ozkan O, Filazi A. The determination of acute lethal dose-50 (LD50) levels of venom
in mice, obtained by different methods from scorpions, Androctonus crassicauda (Oliver 1807).
Turkiye Parazitol Derg. 2004;28(1):50-53.

22. Valery Gunas, Oleksandr Maievskyi, Nataliia Raksha, Tetiana Vovk, Oleksiy
Savchuk, Serhii Shchypanskyi & lgor Gunas (2024). Study of the Acute Toxicity of Scorpion
Leiurus macroctenus Venom in Rats. Wiley The Scientific World Journal, Article 1D 9746092.
https://doi.org/10.1155/2024/9746092

23. Jlo6pens, H. B., Boiiosa, JI. B. & Jlanosa, 1. B. (2015). [IpaBoBa 6a3a /15t IpOBEICHHS
€TUYHOT eKCIIePTU3U IOKIIIHIYHUX JIOCHIHKEHB JIKAPChKHUX 3aC001B 3 BUKOPUCTAHHSIM JIAOOPATOPHUX
TBapuH. Papmakxonoeisa ma aikapcevka moxcukonoeis, 2, 95-100.

24. Barpii, M. M., [i6posa, B. A., [lonaguuens, O. . & I'pumyk, M. L. (Pen.). (2016).
Memoouku mopghonoziunux oocnioxncenv. Biaauist: HoBa Kuawnra.

25. Topanbebkuit, JI. I1., Xomuy, B. T., & Konouncekwii, O. 1. (2011). Ocnosu cicmonoziunoi
MexXHIKU § MOPGDHOPYHKYIOHATLHI MeMOOU 00CiOdiCeHb Y Hopmi ma npu namonoeii. Kutomup: [omices.

1961


https://doi.org/10.1080/15569543.2018.1530681
http://dx.doi.org/10.9734/BJMMR/2015/19611
https://www.tandfonline.com/author/Saidani%2C+Chanez
https://www.tandfonline.com/author/B%C3%A9chohra%2C+Louisa
https://www.tandfonline.com/author/Laraba-Djebari%2C+Fatima
https://www.tandfonline.com/author/Hammoudi-Triki%2C+Djelila
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=A=&S21COLORTERMS=1&S21STR=%D0%94%D0%BE%D0%B1%D1%80%D0%B5%D0%BB%D1%8F%20%D0%9D$
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%96100063

