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Changes in the histoarchitectonics of the kidneys of experimental rats 
under the conditions of administration of Vipera berus nikolskii viper 
venom

The aim of the work: to study morphological changes in the kidneys of experimental rats under the conditions of administration of Vipera 
berus nikolskii viper venom.
Materials and Methods. The animals were divided into two groups: control and experimental, each with 10 individuals. Experimental rats 
received an intraperitoneal injection of a semi-lethal dose (LD50) of Vipera berus nikolskii venom in saline, at a concentration of 0.972 
mg·g-1. The control group was administered only saline. After 24 hours, the rats were euthanised by decapitation after anaesthesia. 
Histological preparations were examined under a SEO SСAN light microscope and recorded using a Vision CCD camera equipped with 
an image output system.
Results. Histological analysis of the effect of the venom of the viper Vipera berus nikolskii on the kidneys demonstrated the presence of 
big destructive changes in the animal organ. This is due to the powerful combination of venom phospholipases A2 and metalloproteinases, 
which leads to systemic cytolysis and vasopathy. Total disorganisation of the order of the renal corpuscles, phenomena of glomerular 
necrobiosis, and desquamation of the outer leaf of the Shumlyansky-Bowman capsule are observed. Pronounced lymphohistioplasmocytic 
infiltration of the organ parenchyma is noted. Morphological changes in the epithelium of the renal nephron tubules under these conditions 
have the character of acute necrotic nephrosis.
Conclusions. Intoxication with the venom of the viper Vipera berus nikolskii causes the development of acute necrotic nephrosis. There is 
a transition from dystrophy to coagulative necrosis, with massive karyorrhexis, karyolysis, and the formation of structureless cellular 
detritus. Multiple extravasations and extensive hemorrhagic foci in the cortical substance are noted.
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Problem Statement and Recent Research 
Analysis. Disruption of the hemostasis system, 
massive bleeding, myonecrosis, dermonecrosis, 
kidney dysfunction, and other symptoms can lead to 
disability or death following viper bites [1–4]. 
Currently, there is established evidence of 
inflammation development and an imbalance in the 
antioxidant system caused by viper venom toxins, 
which are the subject of ongoing comprehensive 
studies [5–8]. 

The kidneys require cells with numerous 
mitochondria to remove metabolic waste from the 
blood and regulate fluid and electrolyte balance. 
Mitochondria generate the energy needed for these 
vital functions and adapt to different metabolic states 
through various signalling pathways, such as mTOR 
and AMPK, which activate transcriptional coactivators 
like PGC1α. They also help maintain mitochondrial 
dynamics and bioenergetics, ensuring homeostasis. 
Mitochondrial dysfunction causes decreased ATP 
production, cellular impairment, and structural 
changes in the kidneys [9–12]. There are mechanisms 
to support mitochondrial function during hypoxia. 
When oxygen is scarce, ATP production drops, leading 

to cell death. Under normal oxygen conditions, HIF1α 
is degraded with oxygen and α-ketoglutarate present. 
In hypoxia, HIF1α combines with HIF1β to form a 
transcription factor that binds to the hypoxia response 
element (HRE) in genes for glycolytic enzymes and 
glucose transporters in the kidney [13]. At a cellular 
level, mitochondrial swelling, fragmentation, reduced 
ATP production, increased ROS, cytochrome c 
release, and cristae destruction occur. Reduced ATP 
and mitochondrial dysfunction are observed in many 
animal models of acute renal failure, including sepsis, 
and involve loss of respiratory chain proteins in 
proximal tubules [14]. Similarly, venomous snake and 
viper bites can cause kidney ischemia and hypoxia, 
impairing fatty acid transport and oxidation. This 
leads to fatty acid accumulation in the cytoplasm, 
decreased ATP synthesis, and mitochondrial 
dysfunction due to altered respiratory chain activity 
[15–17].

The kidneys are highly vulnerable to OS because 
they have long chains of polyunsaturated fatty acids 
in their lipid molecules. Viper venom components can 
cause kidney damage through direct nephrotoxicity or 
indirect effects like hemolysis and rhabdomyolysis, 
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which activate OS in multiple phases, leading to 
permanent kidney injury.

The aim of the work: study of morphological 
changes in the kidneys of experimental rats under the 
conditions of administration of Vipera berus nikolskii 
viper venom.

Materials and Methods. Experimental studies 
involved white male rats with non-linear physiology. 
After a 7-day acclimatisation period in the animal 
facility at Taras Shevchenko National University of 
Kyiv, the animals were maintained under controlled 
temperature and lighting conditions. They received a 
standard diet and water. All procedures adhered to the 
NIH guidelines for laboratory animal care and the 
European Council Directive (86/609/EEC) of 
November 24, 1986. The research received approval 
from the Bioethics Commission of the National 
Scientific Centre "Institute of Biology and Medicine" 
of Taras Shevchenko University (protocol No. 2, 
08/19/2021) and the Bioethics Committee of National 
Pirogov Memorial Medical University, Vinnytsya 
(protocol No. 4, 04/01/2024).

The venom of the viper Vipera berus nikolskii 
was collected at V. N. Karazin Kharkiv National 
University. The lyophilised native venom was stored 
at -20 °C and dissolved in saline just before the 
experiment.

The animals were divided into two groups – 
control and experimental – with 10 subjects each. The 
experimental rats received an intraperitoneal injection 
of a semi-lethal dose (LD50) of Vipera berus nikolskii 
venom in saline at 0.972 mg·g-1. The control group 
received only saline. After 24 hours, the rats were 
euthanised by decapitation following anaesthesia, and 
their removal from the experiment was completed.

For microscopic examination, kidney samples 
were collected from all animal groups. The samples 
were fixed in 10% formalin solution for one day, 
then dehydrated through increasing alcohol 
concentrations and embedded in paraffin blocks. 
Kidney tissues were stained with hematoxylin and 
eosin for histological analysis. To evaluate fibrous 
changes and stromal structure, paraffin sections were 
stained using the Azan trichrome method. Initially, 
sections were stained with azocarmine G, then 
differentiated with aniline-alcohol solution for 
optimal contrast and selective tissue staining. After 
treatment with phosphomolybdic acid, a final 
counterstain with aniline blue was applied to 
visualise collagen fibres.

Histological preparations were examined under 
an SEO SСAN light microscope and captured with a 
Vision CCD Camera equipped with an image output 
system.

Results. Histological analysis of the effect of the 
venom of the viper Vipera berus nikolskii on the 
kidneys demonstrated the presence of big destructive 
changes in the animal organ. This fact is due to the 
powerful combination of venom phospholipases A2 
and metalloproteinases, which leads to systemic 
cytolysis and vasopathy. Total disorganisation of the 
order of the renal corpuscles is observed. The vascular 
glomeruli look sharply full-blooded, the capillary 
loops are dilated and deformed. In a significant part of 
the corpuscles, glomerular necrobiosis phenomena 
are noted, since the capillaries lost their clear contours, 
merging into a homogeneous eosinophilic mass. 
Swelling of the epithelial lining of the outer leaf of the 
Shumlyansky-Bowman capsule led to its 
desquamation, and a large amount of protein 
precipitate in the urinary space may be evidence of 
massive proteinuria already in the early stages of 
intoxication. A characteristic feature is a pronounced 
lymphohistioplasmacytic infiltration of the organ 
parenchyma, detected in the interstitium, around the 
renal corpuscles, and perivascularly. The diffuse 
nature of the inflammatory infiltration is likely a sign 
of reactive changes in the organ and of migration of 
immunocompetent cells to foci of primary damage 
(Fig. 1).

Morphological changes in the epithelium of the 
renal nephron tubules under these conditions have the 
character of acute necrotic nephrosis. Epitheliocytes 
of the proximal tubules of the nephron are in a state of 
deep granular and vacuolar dystrophy. In some places, 
the cytoplasm of individual epithelial cells of the 
proximal tubules is foamy due to deep disruption of 

Fig. 1. Morphological organisation of rat kidneys 
under conditions of intoxication with the venom of the 
viper Vipera berus nikolskii: 1 – Renal corpuscles, 2 – 
lymphoplasmacytic infiltration, 3 – distal nephron tubules, 
4 – proximal nephron tubules, 5 – focus of haemorrhage. 
Staining with hematoxylin and eosin. ×100.
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membrane ion pumps by phospholipases. A 
characteristic feature of the action of the poison of 
Vipera berus nikolskii is the mosaicism of nuclear 
changes in epithelial cells. Along with karyopycnosis, 
karyolysis is observed, with the formation of barely 
noticeable shadows in place of the nuclei, indicating 
the irreversible death of epithelial cells. The apical 
pole in the vast majority of epithelial cells is destroyed, 
and the brush border is not differentiated (Fig. 2).

Fig. 2. Histological organisation of rat kidneys under 
conditions of intoxication with the venom of the viper 
Vipera berus nikolskii: 1 – Shrinkage of the renal corpuscle, 
2 – foci of haemorrhage, 3 – destruction of the renal 
corpuscle, 4 – nephron tubules. Staining with hematoxylin 
and eosin. ×100.

Fig. 3. Histological changes in rat kidneys under 
conditions of intoxication with the venom of the viper 
Vipera berus nikolskii: 1 – Renal corpuscle, 2 – thickening 
of the vascular wall, 3 – accumulation of erythrocytes in the 
lumen of the blood vessel, 4 – distal tubules of the nephron, 
5 – proximal tubules of the nephron, 6 – lymphocytic 
infiltration. Staining with hematoxylin and eosin. ×100.

destruction of components of the filtration barrier, 
which cannot be fully assessed with standard staining 
methods. The phenomenon of "melting" of collagen 
structures is observed: the membranes become blurred 
and lose their blue colour intensity, indicating 
enzymatic lysis by venom metalloproteinases. The 
outer leaf of the capsule shows signs of perifocal 
oedema (Fig. 4). 

The basement membranes of the proximal tubules 
are also fragmented. In areas of total epithelial 
necrosis, the blue membrane line completely 
disappears, resulting in the fusion of the tubule walls 

Fig. 4. Morphological changes in rat kidneys under 
conditions of intoxication with the venom of the viper 
Vipera berus nikolskii: 1 – Renal vessel lumen, 2 – 
interstitial connective tissue fibres, 3 – renal corpuscle, 4 – 
haemorrhage zone. Azan staining. ×100.

The distal tubules are dilated due to paralytic 
dilatation. In their lumens, massive haemoglobin 
cylinders of dark pink colour are fixed, which is the 
result of intense intravascular hemolysis, specific for 
the action of the poison of Vipera berus nikolskii. 
Epitheliocytes of the walls of the distal tubules have a 
weakly eosinophilic cytoplasm with signs of oedema. 
The nuclei lose stratification, being located chaotically 
at different poles of the cells. They are rounded, 
markedly hyperchromic with a predominance of 
heterochromatin (Fig. 2).

The walls of the renal arteries and arterioles show 
signs of fibrinoid oedema. The vascular endothelium 
undergoes diffuse desquamation into the lumen, 
which creates the prerequisites for microthrombus 
formation. Numerous diapedetic and massive focal 
haemorrhages are detected. Erythrocytes infiltrate the 
interstitium of the cortical substance, displacing the 
proximal and distal parts of the nephron tubules, 
which increases tissue hypoxia (Fig. 3). 

The use of the azan staining method under 
conditions of exposure to the venom of the viper 
Vipera berus nikolskii enabled the detection of deep 
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into a single, structureless, homogeneous mass. 
Between the basement membrane and the epithelial 
cell layer, areas of transudate accumulation are noted, 
which are stained pale blue (Fig. 4).

Adventitial vessel swelling is characteristic. Blue 
collagen around the arteries appears loose, indicating 
deep vascular permeability. Accumulations of orange-
red masses are observed in the lumens of the vessels 
and in areas of haemorrhage. In areas of the most 
massive necrosis, thickening of reticular fibres is 
noted, which may be the beginning of a rapid reactive 
organisation of the tissue (Fig. 5).

Fig. 5. Microscopic changes in the kidneys of rats 
under conditions of intoxication with the venom of the 
viper Vipera berus nikolskii: 1 – Renal corpuscle, 2 – foci 
of haemorrhage, 3 – interstitial connective tissue. Staining 
with azan. ×100.

Discussion. Experimental studies have shown 
that components of snake venoms exhibit direct and 
indirect toxicity to the structural elements of the 
kidney tissue. Direct effects are associated with the 
development of glomerulonephritis and mesangiolysis, 
while indirect effects are due to the production of 
exogenous cytokines and mediators and to the 
consequences of their action [18]. Pathological 
changes in the glomeruli cause proteinuria and can 
contribute to nephrotoxicity, which was first 
demonstrated in an animal model after intravenous 
administration of Bothrops moojeni venom to rats. 
Mesangiolysis, the formation of microaneurysms, are 
consequences of the high proteolytic (PLA2) activity 
of this venom [19].

Enzyme toxins in snake and viper venom are key 
players in damaging target organs, including the 
kidneys. Thus, matrix metalloproteases cleave 
extracellular matrix components, disrupt intercellular 
contacts, and induce apoptosis [20]. P-III type 

metalloproteases are involved in platelet aggregation 
inhibition and activation of blood clotting factors, and 
they also exhibit a direct nephrotoxic effect [21–24]. 
PLA2, which is the most numerous group of snake 
venom enzymes, acting on cell membranes in the 
victim's body, contributes to their partial or complete 
lysis, the release of arachidonic acid, which, in turn, 
activates cyclooxygenase, lipoxygenase, cytochrome 
P450, and PIK3-kinase [25–27]. The launch of these 
signalling pathways is accompanied by the production 
of prostaglandins, thromboxanes, and leukotrienes, the 
development of inflammation, increased gene 
expression, vasodilation, increased vascular wall 
permeability, and chemotaxis. Activation of the 
complement system, under these conditions, the 
deposition of C3 and IgM in the mesangium of the renal 
glomeruli causes the development of acute immune-
mediated glomerulonephritis. Often, the histological 
sign of kidney damage caused by snake and viper bites 
is the deposition of fibrin in the glomerular capillaries 
and Bowman's capsule, resulting in a pronounced 
picture of proliferative glomerulonephritis. PLA2, in 
addition to the above effects, can stimulate the 
hypothalamic-pituitary-adrenal axis, leading to the 
production of ACTH, corticosteroids, vasopressin, and 
acute-phase proteins [28].

In some clinical cases, acute interstitial nephritis 
has been reported [29]. The appearance of interstitial 
inflammation, infiltration by lymphocytes, 
eosinophils, neutrophils, and accumulation of 
complement C1q are characteristic features of this 
pathological condition [30].

Conclusions. Intoxication with the venom of the 
viper Vipera berus nikolskii causes the development 
of acute necrotic nephrosis, which is characterised by 
a combination of deep parenchymal dystrophy, 
destruction of the glomerular apparatus and massive 
hemorrhagic syndrome with the destruction of the 
histohematological barrier of the kidneys and 
enzymatic lysis of the basement membranes of the 
glomerular capillaries and Bowman's capsule. The 
transition from dystrophy to coagulation necrosis, 
with massive karyorrhexis, karyolysis, and the 
formation of structureless cellular detritus, is 
observed. The vasotoxic effect of the venom manifests 
as multiple extravasations that tend to merge, forming 
extensive hemorrhagic foci in the cortical substance, 
thereby causing critical compression of the interstitium 
and increased ischemic damage to the parenchyma.
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ЗМІНИ ГІСТОАРХІТЕКТОНІКИ НИРОК ЕКСПЕРИМЕНТАЛЬНИХ ЩУРІВ ЗА УМОВ ВВЕДЕННЯ 
ОТРУТИ ГАДЮК Vipera berus nikolskii

Мета роботи: дослідити морфологічні зміни нирок експериментальних щурів за умов введення отрути гадюки Vipera berus 
nikolskii.
Матеріали і методи. Експериментальні дослідження проводили на білих нелінійних щурах-самцях. Тварин поділили на дві гру­
пи: контрольну та експериментальну – по 10 особин у кожній. Експериментальні щури отримували внутрішньочеревну ін'єкцію 
напівлетальної дози (LD50) отрути Vipera berus nikolskii у фізіологічному розчині в концентрації 0,972 мг·г-1. Отруту гадюки 
(Vipera berus nikolskii) отримали в Харківському національному університеті імені В. Н. Каразіна. Ліофілізовану нативну отруту 
зберігали при температурі мінус 20 °C та розчиняли у фізіологічному розчині безпосередньо перед експериментом. Контрольній 
групі вводили лише фізіологічний розчин. Через 24 год щурам було проведено евтаназію шляхом декапітації після анестезії. Гі­
стологічні препарати досліджували під світловим мікроскопом «SEO SСAN» та фіксували за допомогою CCD-камери «Vision», 
оснащеної системою виведення зображення.
Результати. Гістологічний аналіз впливу отрути гадюки Vipera berus nikolskii на нирки продемонстрував наявність глибоких де­
структивних змін органа тварин. Це зумовлено потужним поєднанням фосфоліпаз А2 та металопротеїназ отрути, що призводить 
до системного цитолізу та вазопатії. Спостерігаються тотальна дезорганізація впорядкованості ниркових тілець, явища гломеру­
лярного некробіозу, десквамація зовнішнього листка капсули Шумлянського – Боумена. Відзначається виражена лімфогістіоплаз­
моцитарна інфільтрація паренхіми органа. Морфологічні зміни в епітелії канальців нефронів нирки за даних умов мають харак­
тер гострого некротичного нефрозу.
Висновки. Інтоксикація отрутою гадюк Vipera berus nikolskii зумовлює розвиток гострого некротичного нефрозу. Простежується 
перехід дистрофії у стадію коагуляційного некрозу з масовим каріорексисом, каріолізисом та формуванням безструктурного 
клітинного детриту. Відзначаються множинні екстравазати, обширні геморагічні вогнища у кірковій речовині.
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