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Yucaenni KkomnoneHmu ompym pi3HOMAHIMHUX 6U0I6 MEAPUH BUKAUKAIOMb 6 0P2AHI3MI
peuunienmie Ha038u4aiiHo WUpPoKuii cnekmp eghexmie ma cumnmonmis. Ilpu yvbomy cmynino
BUPAdNCCHOCMI NAMOAOIMHUX 3MIH 6UBHAYAEMbCA, 3A42AN0M, 8UOOM MEAPUH, 00 €EMOM ma
Cnocobom 86edeHHs MOKCUHY, A MAK0JC XAPaAKMepHUMU 0COOAUBOCMAMU Jcepmeu. 3MiHU
CMPYKMYPHO-QYHKUIOHANbHUX NAPAMEMPIE CIIHKU NOPOICHbOI KUKU HA MAT BNAUBY OMPY-
mu 2adloKu 36U4AliHOI 6ce uje € HedOCMamHvo susueHumMu. Bkpail akmyanvHumu caio esa-
acamu 00cai0NceHHs, AKI HaNpaeaeHi Ha GUSEAEHHS HOBUX KOMIOHEHMI 3MITHUX MOKCUHIB,
BU3HAUEHHS CIYNEHs IX 6NAUBY HA YPANICEHUL OP2aHI3M MA GUKOPUCMAHHS OMPUMAHUX OAHUX
0as 6UpOOHUYMEA AHMUOOMIB, | MUM CAMUM, YCYHEHHSI eKOHOMIYHUX 6mpam, nog’si3aHux
3 yKycamu 3miti. Memoro 00caiddicenHs € 6CMaHO6AeHHS NPOSBIE NOUWKOONCEHHS. MOHKOI KUUWKU
3a ymoe 0ii ompymu eadwku 3euyaiinoi (Vipera berus berus). Excnepumenm nposedeno Ha
20 neninitinux 6iaux wypax camysax. Ilpu docaioncenni wiypie poznodirsiu Ha 06i epynu —
KOHMPOoAbHY ma 00cniony. OmpyeHHs M00ear8anu 66e0eHHAM wypam 00cAioHol epynu eHym -
piunbouepesrno ompymu eaowku 3euuaiinoi 6 003i EDsy 1,576 mke/e. Ticmonoeiuni npena-
pamu docaioxcysanu nio ceimaosum mikpockonom SEO SCAN, 3uimku onpaybosysaiu 3a
donomoeoro Vision CCD Camera 3 Has8HOW cUCMeMOI 8UBeOeHHS 300padCeHHs Ha MOHIMOpP
Komn’romepa. byno ecmanosénero, wo 3a ymog 0ii ompymu eadioku 36u4ailHoi moKCcu4Hi pe-
Y0BUHU i OMPYMuU GUKAUKAIOMb 8 CMIHUI NOPOXCHbOI KUUKU 0eCIPYKMUBHO-0eeeHepamueHi
3MIHU 6 peabehi ma cmpomanbHO-cyOUHHOMY KOMHOHEHMAX CAU3080i 000N0HKU OP2aHy.
Taxkum uurom, nidguuseHHs NPOHUKHOCMI CMIHOK cYOUH MIKPOUUPKYAAMOPHORO pyCcAd, GU-
MOHYeHHS [ NOBHA PYUHAYISI CMIHOK 2eMOKANIAAPIE pa3om i3 YUmMomoKCcu4How di€io ompymu
Ha epumpoyumu npu3800UmMs 00 YmeopeHHs MHONCUHHUX, OPIOHUX KPOBOBUAUBIE 3 2eMONI30M
epumpoyumis.

Karouosi croea: eadwiu, monkuil KuwleyHuK, MOKCUHU, CMPYKMYPHI 3MIHU, OMpyma.
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INTRODUCTION

Numerous components of venoms of va-
rious animal species cause an extremely wide
range of effects and symptoms in the reci-
pient's body. It is interesting to establish the
interaction of the body with toxins and en-
dogenous toxin-like molecules. The degree of
severity of pathological changes in the body is
determined, in general, by the type of animal,
the volume and method of toxin administra-
tion, as well as the characteristic features of
the victim [1-3]. Among numerous poisonous
animals, it is vipers that have attracted the
attention of scientists for several decades.
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Such interest is caused by the features of the
components of their poison, the properties of
the biochemical components of these compo-
nents, and the possible use in various fields
of medicine and pharmacology [4—5]. How-
ever, there are almost no final data on the
component composition, features of the effect
and mechanisms of the pathological action of
viper toxins on humans. The main reason for
this fact is rather high cost of experimental
studies related to the preparation of venom,
followed by extended proteomic and trans-
criptomic analyses.

A comprehensive and multifactorial analy-
sis of numerous data from experimental stu-
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dies allows us to ascertain the extraordinary
diversity of the molecular structure of toxins
of various animal species, in particular vipers.
Currently, the main pathogenetic vectors of
the influence of their components on the hu-
man body and animals have been determined.
First of all, this concerns the neuro- and he-
movasotoxic effect of this poison [6-9]. At-
tention should be paid to the presence of data
on damage to the respiratory, cardiovascular,
digestive and urinary systems. Causing mor-
phological changes in the cellular and tissue
structures of these systems, toxins disrupt
homeostasis, as well as normal physiological
functions of the body. Taking into account the
above, it is extremely important to consider
research aimed at identifying new compo-
nents of snake toxins, determining the de-
gree of their impact on the affected organism
and using the data obtained for the produc-
tion of antidotes, and thereby eliminating
economic losses associated with snake bites
[10-15].

The purpose of the study is to establish
the manifestations of jejunum damage under
the conditions of common European adder
(Vipera berus berus) poison action.

ANALYSIS
OF RECENT RESEARCH

Despite the large number of publications
devoted to the pathogenic effect of snake
venom, changes in the small intestine after a
snake bite, and in particular, a common viper,
have not yet been sufficiently studied. Snake
venoms are very complex mixtures of bio-
logically active components that exert their
effects using various mechanisms [16]. En-
zymes, in particular proteinases, are among
the most abundant molecules in the venom of
many snakes, and they are often responsible
for some of the clinical manifestations classi-
cally observed in viper envenomation. Hemo-
toxins of vipers contain serine proteases and
metalloproteinases [17—19]. The first disrupt
the processes of fibrinolysis and blood coagu-
lation and cause the development of throm-
bosis, hemorrhages. Metalloproteinases af-
fect the blood coagulation system or interact
with such components of extracellular matrix

as collagen, elastin, laminin, fibronectin and
destroy them [20-21].

According to the literature, the presence
of three-loop viper toxins has been estab-
lished. According to their chemical structure,
they are proteins [22] that do not have an
enzymatic effect. They are differentiated only
by the length of the polypeptide chain, loca-
tion and number of disulfide bonds. Three-
loop toxins include cardiotoxins, muscarinic,
a-neurotoxins. Their main effects are the ef-
fect on the central and peripheral nervous
system, cardiotoxicity, cytotoxicity, inhibi-
tion of enzyme activity, hypotonic effect and
change in platelet aggregation. The presence
of so-called non-standard three-loop toxins —
candoxin and bucandin — is presented. Their
characteristic feature is a lower degree of to-
xicity compared to those mentioned above.
Cytotoxins exert their effect through pe-
netration into lysosomes, which contributes
to the destabilization of the structure of these
organelles, the release of proteases and the
development of cell necrosis. Getting inside
the nucleus, they interact with chromatin
and start the process of programmed death
[8; 11; 20].

MATERIALS
AND RESEARCH METHODS

The experimental study was carried out in
compliance with international recommenda-
tions on conducting medical and biological re-
search using animals [23] in accordance with
the «General principles of work on animals»,
approved by the 1st National Congress on
Bioethics (Kyiv, Ukraine, 2001) and agreed
with the provisions of the «European Con-
vention on protection of vertebrate animals
used for experimental and other scientific
purposes» (Strasbourg, France, 1986). Com-
pliance with the ethical principles of work is
certified by the bioethics committee of the
SRC «Institute of Biology and Medicine» of
Taras Shevchenko National University, Kyiv
(protocol No. 2 approved 19.08.2021).

Experimental rats were kept in vivarium
conditions on a classical diet, with one animal
per cage. Before the administration of sub-
stances to be investigated, experimental rats
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underwent acclimatization in the conditions
of a special room for conducting experiments
for at least 5 days.

Rats were divided into 2 groups:

1 — control (a saline solution in a volume
of 0.5 ml was administered intraperi-
toneally);

2 — rats were injected intraperitoneally
with common European adder venom
at an ED50 dose of 1.576 pg/g.

Lyophilized V. berus berus crude venoms
were obtained from V.N. Karazin Kharkiv Na-
tional University (Kharkiv, Ukraine), kept at
—20°C, dissolved in saline immediately before
experiments, and centrifuged at 10,000 g for
15 min, and the supernatant was used.

After a day, the rats were withdrawn from
the experiment by the method of sodium thio-
pental overdose and decapitation. All animals
of both groups were weighed. Subsequently,
the animals were dissected and macroscopic
examination and description of all internal
organs was carried out. Identified pathologi-
cal changes were recorded and examined mor-
phologically. Fragments of the small intestine
were taken for microscopic examination. The
pieces were fixed in a 10% formalin solution,

Fig. 1. Microscopic changes in the wall
of the jejunum of white rats after the injection
of common European adder venom

Note: 1 — villus with preserved normal histological
structure, 2 — villus with desquamation of the
epithelium, 3 — fused villi in the form of a polyp with
desquamation of the epithelium, 4 — deformed villi,
5 — desquamated epithelial detritus in the intestinal
lumen. Hematoxylin-eosin. x100.

the duration of exposure did not exceed 1-2
days. The applied fixing solution prevented
the process of autolysis, stabilized cells and
tissues for their further processing and use
in staining procedures. Next, the fragments
were dehydrated in alcohols of increasing
concentration, after which they were embed-
ded in paraffin blocks. The prepared sections,
4-5 pm thick, were stained with hematoxylin
and eosin. Histological preparations were ex-
amined under a SEO SCAN light microscope,
images were processed using a Vision CCD
Camera with an available image display sys-
tem on a computer monitor [24].

RESULTS
AND THEIR DISCUSSION

Microscopic examination of histologi-
cal preparations of the wall of the jejunum
of white rats after the injection of common
European adder venom revealed destructive
and degenerative changes in the membranes
of the wall of the intestine. Compared with
the group of intact animals, areas of the mu-
cous membrane with a typical relief and areas
with villi with significant destructive-degene-
rative disorders of the epithelial, own plates
are preserved. Among the pathologically
changed villi there are villi with an acute ne-
crotic lesion of the epithelium and its com-
plete desquamation. The villi are shortened,
deformed and fused together and have the
appearance of a polyp (Fig. 7).

The basement membrane of the tip of the
villus is subject to the greatest destructive and
degenerative changes. The epithelium in such
areas loses its striated border, the nucleus of
the epitheliocyte is compacted, basophilic,
and the cytoplasm is strongly acidophilic. In
areas of development of acute necrosis of villi,
epithelial cells are rounded, lose their striated
border. Their cytoplasm is richly acidophilic,
and the nucleus is weakly basophilic, signifi-
cantly increased in size. Within the epithelial
layer of the villi there are cells where the nuc-
lei have lost their contours and are subject
to lysis. This indicates a rapid course of the
processes of acute necrosis without a pyknotic
stage. In the loose fibrous connective tissue
in the villi near their apex, swelling is evi-
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dent. The increased permeability of the hem
capillary wall of the villi leads to pronounced
hydration of the amorphous substance of the
connective tissue of its stroma. Acidophilic
bundles of collagen fibers form large cells with
a small number of fibroblasts, lymphocytes,
and macrophages. Fibroblastic and lymph
histiocytic infiltration of the stroma is ob-
served in the stroma of thickened villi (Fig. 2).
Changes in the intercellular substance include
fibrous structures and the ground substance.
Collagen, elastic and reticular fibers are com-
pacted, forming a homogeneous acidophilic
mass at the edges and weakly basophilic in
the center. On the periphery of the foci of
necrosis, there is significant leukocyte infilt-
ration and a large number of macrophages-
histiocytes.

The epithelial plate of the intestinal crypts
undergoes much less destructive changes com-
pared to the epithelium of the villi. But even
these cells lose their striated border, single
functional goblet cells, Paneth cells, remain.
The cells of the crypts lose their characteristic
shape, their cytoplasm is sharply basophilic,
and the nuclei are condensed (Fig. 3). Single
erythrocytes appear among the cells of the
crypts. At the same time, a large number of
cells with patterns of mitosis are observed in
the area of the crypts.

Vessels of villi have undergone patho-
logical changes, as a result their lumens are
sharply expanded and blood-filled. In lumens
there are erythrocytes and single leukocytes
without visualization of clear boundaries
between them. The vessel wall is thickened
with pronounced perivascular edema, there
is significant infiltration of lymphocytes, plas-
ma cells, and neutrophils around the vessels,
and there is a significant number of tissue
basophils along the course of these vessels.
The lumen of the hem capillaries is sharply
expanded and filled with blood with aggre-
gation of erythrocytes and the formation of
single thrombi (Fig. 4). Violation of blood
coagulation processes and violation of the
integrity of the walls of the blood capillaries
of the own lamina of the mucous membrane
leads to the appearance of a moderate number
of small hemorrhages in it.

Fig. 2. Microscopic changes in the white rats
jejunum wall after the injection of common
European adder venom

Note: 1 — villus with desquamation of the
epithelium, 2 — swelling of the stroma of the villj,
3 — histoleukocyte infiltration of the stroma, 4 —
desquamated epithelial detritus in the intestinal
lumen. Hematoxylin-eosin. x200.

Fig. 3. Microscopic changes in the white rats
jejunum wall after the injection of common
European adder venom

Note: 1 — histoleukocyte infiltration of the villus, 2 —
pronounced hydration of the amorphous substance of
the villus stroma, 3 — intensively basophilic cells of
the crypts. Hematoxylin-eosin. x200.

The muscular plate of the mucous mem-
brane does not have clear boundaries, within
the villi with destructive changes, smooth
myocytes are disorganized, often lose their
spindle-like shape, and their cytoplasm is
brightly acidophilic. In the submucosa there
is marked edema. There is disorganization of

2023 + No 1 + ATPOEROJIOTTYHUI yRYPHAJ

87



O. MAIEVSKYI, 1. SLIEPTSOVA

Fig. 4. Microscopic changes in the white rats
jejunum wall after the injection of common
European adder venom

Note: 1 — deformed villi, 2 — histoleukocyte infilt-
ration, 3 — erythrocytes in the crypts, 4 — swelling of
the submucosa stroma, 5 — basophilic, hyperchromic
epithelial cells of the crypts. Hematoxylin-eosin.
%200.

fibrous structures, an increase in the num-
ber of functionally active fibroblasts, mac-
rophages and leukocytes is observed. Indi-
vidual hemorrhages surrounded by lymph
histiocytic infiltration along their periphery
are visualized along the course of the vessels
(Fig. 5). The walls of the vessels themselves

Fig. 5. Microscopic structure in the white
rats jejunum wall after injection of common
European adder venom.

Note: 1 — massive hemorrhage in the mucous
membrane; 2 — edema of the stromal connective
tissue; 3 — Lieberkithn crypt. Hematoxylin-eosin.
x400.

are thickened with significant perivascular
edema, significant lymph histiocytic infiltra-
tion around the vessels.

In the serous membrane, there are bundles
of collagen fibers with pronounced oxyphilic
and an increase in the number of fibroblastic
cells. Tsolated hemorrhages are found in the
muscular layer.

In the course of our research, the phe-
nomena of rapid acute necrosis of the mucous
membrane and, which attracted attention,
without the existing pyknotic stage were re-
vealed. The collagenous, reticular, and elastic
fibers of the jejunal wall were swollen and
compacted.

A decrease in the total protein content
may be a consequence of necrotic cell death
and the release of cell contents into the in-
tracellular space. Cytotoxins of snake venom
cause necrotic cell death. According to our
data, widespread foci of necrosis with strong
leukocyte infiltration were observed in the
intestinal wall of experimental animals.

Bundles of collagen fibers with pronounced
oxyphilic and an increase in the number of
fibroblastic cells were noted in the serous
membrane. There were isolated hemorrhages
in the muscular shell. These destructive-de-
generative changes in the intestinal wall are
caused by the action of proteolytic enzymes
of viper toxins, which cause the development
of a local reaction, necrosis, and hemorrhagic
edema. In addition, they have a fibrinolytic
effect, increase blood coagulation, and acti-
vate the bradykinin system [19].

The study of cytotoxicity mechanism
shows that cell death is caused by an increase
in the permeability of the cytolemma for ions
and the destruction of membranes. In addi-
tion, affecting erythrocytes, cause their hemo-
lysis. This is fully confirmed by the results
of our study: hemolysis of erythrocytes in
the hem capillaries of the wall of the jeju-
num of rats with the appearance of numerous,
from small to quite large, hemorrhages are
noted.

The functional ability of platelets also
changes, which is manifested in inhibition of
their aggregation. The relationship between
cytotoxins and the activation of cell apoptosis
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by triggering the mitochondrial mechanism
has been proven [25].

In this study, we demonstrated the mor-
phological changes of the jejunum after in-
traperitoneal injection of snake venom. The
obtained data indicate a highly toxic effect
of snake venom on intestinal tissues and may
reflect an additional pathogenic pathway in
case of Vipera berus berus poisonings.

CONCLUSIONS

Histological studies of the small intestine
of rats under the conditions of action of com-
mon European adder venom revealed:

1. The toxic substances of its venom cause
destructive-degenerative changes in the re-

lief and stromal-vascular components of the
mucous membrane of the organ in the wall
of the jejunum: necrotic lesions and comp-
lete desquamation of the epithelium, loss of
the striated border of enterocytes, fibroblas-
tic and lymphoid infiltration of the villi’s
stroma.

2. Increased permeability of the vessel
walls of the microcirculatory channel due to
the pronounced hydration of the connective
tissue’s amorphous substance, thinning and
complete destruction of the walls of hemo-
capillaries together with the cytotoxic effect
of the poison on erythrocytes leads to the
formation of multiple and small hemorrhages
with hemolysis of erythrocytes.
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