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A histopathological study of the liver of nonlinear mice was carried out after intraperitoneal
injection of the venom of Armenian Gyurza (Macrovipera lebetina obtusa). Liver injury is observed in
animals with envenomation with a dose of 2LD50. The damage reaches to maximum in animals with
41L.D50 dose envenomation. Under the influence of the venom, the lobular and plate structure of the liver
is disturbed, the interplate gaps compressing the walls of the sinuses expand, and balloon dystrophy
develops in the cytoplasm of hepatocytes. There is an increase in the size of the nuclei of hepatocytes with
an increasing disintegration of the nucleoplasm and accumulation of coarse lumps of heterochromatin
along the inner surface of the nuclear membrane. The process ends with karyolysis and colliquation
necrosis of the liver parenchyma. Areas of necrosis at first have a focal character, then they merge into
vast areas. Intracytoplasmic glycogen is deposited in the form of crescents on the inner surface of the cell
membrane of hepatocytes. The results indicate the need to assess the condition of the liver in snakebite
envenomation from Gyurza and to consider the appropriateness of hepatoprotective use.
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Introduction. Every year 1.8-2.7 million people around the world are bitten by venomous shakes [4,
17]. Of the 22 species of snakes inhabiting the territory of Armenia, 4 species are venomous [15]. Among
them, the most dangerous is the bite of the Gyurza (Macrovipera lebetina obtusa - MLO), which is often
lethal. Gyurza venom belongs to the so-called hematotropic poisons. It disorders the hemostasis. The
condition of the liver plays a key role in snakebite, because under normal conditions most of the factors of
the haemostasis are synthesized in liver. Most of the studies of snake venom influence on the victim's body
are devoted to the study of local changes at the bite site and the state of thrombosis and hemolysis in an
affected person or animal. At the same time, the changes in the internal organs, occurring in envenomation
mostly remained out of precise attention. The condition of internal organs begins to play a significant role in
the development of the clinical course, its outcome, especially in cases of venom massive doses [3].
Therefore, a detailed study of the condition of internal parenchymal organs in the case of a snakebite acquires
importance.

Aim or why is the liver chosen? The effectiveness of antivenoms and therapeutic measures against
snakebites and the effectiveness of snake venoms use in the clinic should be based: a) on depth knowledge of
both the composition and properties of venoms, b) on the deeper understanding of the influence of the venom
on the victim's body at different structural levels of organization. In this study from preliminary examination
of all histological preparations it became obvious that the most severe damage occurs in the liver. From this
reason, the morphological study of the liver under the influence of single high doses of MLO venom became
the aim of this study.

What means Macrovipera lebetina obtusa (MLO) and why she is called Gyurza? Macrovipera
lebetina obtusa (Large east blunt-nosed viper) belongs to snake family Vipers, to genus Macrovipera [1, 5].
Macrovipera represents a genus of terrestrial and oviparous venomous vipers that inhabits Syria, the Arabian
Peninsula, Iran, Irag, Turkey, Afghanistan, West Pakistan and Northwest India. Within the former USSR, the
snake is found in Armenia, Azerbaijan, in Central Asia, in Dagestan [5, 9, 12].

In Latin, Gyurza is called Vipera lebetina, which means "east viper." This eastern snake was called
Gyurza because of her tight massive muscular body and large head, which resembles an old fight weapon
with a thickened end - «club», in Russian «0ymaBa», which is called «gurz» in Armenian and in Persian
(Figure 1).
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Fig.1. On right: general view of Macrovipera lebetina obtusa. On the left: pictures from Armenian epic «David
of Sasun» and from Persian epic «Shahnamehy

How to recognize the Gyurza snake? Her characteristic features. Gyurza is one of the most dangerous
snakes for pets and humans. In a critical situation, she is capable of throwing body length towards the enemy,
the throw time is on average 0.08 seconds (faster than a cobra), while the human reaction time is 0.1-0.2
seconds, so people are practically unable to react to throw this snake. She almost does not warn about her
intention to attack, therefore even experienced shake-catchers became her victims. The powerful and stout
muscular body of a large specimen is not so easy to hold in the hand. Gyurza, trying to free his head, makes
sharp and strong jerks. Sometimes she even manages to bite the catcher, piercing her lower jaw for this.
Gyurza is the largest representative of the viper family of snakes in the fauna of the former USSR. The length
of the body together with the tail can reach almost 2 m, weight up to 3 kg. The head is very large and wide,
with a sharp neck interception, the muzzle is round, the pupil and eyes are vertical. From above, the head is
covered with ribbed scales, and only scales at the end of the muzzle without ribs. The supraorbital shields are
absent. Above it is painted in grayish-brown tones, the pattern varies within the range. There are
monochromatic individuals, almost black or brown, sometimes with a purple tint. A number of transverse
dark brown spots run along the back, and smaller spots on the sides of the body. The belly is light, with small
dark spots. The head is solid or with a complex pattern in the form of arcs and spots (Figure 1).

The Composition and Peculiarities of MLO Venom. The venom of MLO, a WHO category 2 species
(11,15) is highly potent. When bitten, Gyurza injects 45-50 mg (dry) of poison. A mean dry venom amount
of 48 mg per snake and intravenous LD50 of 12-18g/18 g mouse body weight have been reported [7,8]. The
key toxic influences of M. |. obtusa venom are lethality, defibrinogenetic, hemorrhagic, phospholipase A2
activity, proteolytic, and coagulant effects. The venom of M.I. obtusa contains complex mixtures of proteins,
which target the hemostatic system, preventing blood coagulation/platelet aggregation (disintegrin, C-type
lectin-like proteins; L-amino acid oxidase -LAQ), degrading fibrinogen (serine proteinases), disrupting the
extracellular matrix of the vascular subendothelium (Zn2+- metalloproteinases), increasing the permeability
of blood capillaries (VEGF) and promoting hypotension (natriuretic peptides), and exerting haemolytic and
myotoxic effects (PLA2). The complex protein composition of the venom of M.l. obtusa may relate to her
adaptation to rocky mountain ecosystems in order to act quickly. Particularly, the venom from M.I. obtusa
contains large amounts of bradykinin-potentiating peptides (BPPs), C-type natriuretic peptides (C-NAP),
proteins from dimeric disintegrin, disintegrin/ cysteine-rich fragment (DC-fragment), cysteine-rich secretory
protein (CRISP), the short disintegrin obtustostatin [10,12-14).

Material and Methods. The study was carried out on nonlinear gray mice weighing 20-25 grams
divided into three groups: a) healthy; b) mice, which were injected intraperitoneally with freshly diluted
MLO venom at a two Median Lethal Dose - 2LD50 (2x 18,4 pg); and, c) at a dose of 4LD50 (4x 18,4 pg).
Animals were killed 60 minutes after venom injection, in compliance with ethical standards. Pieces of vital
organs: from liver, heart, kidneys, and brain were cut and embedded in paraffin and epoxy resins. Paraffin
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sections were stained with hematoxylin-eosin, according to Van Gieson, by Mac-Manus (PAS) on glycogen.
Morphometrical measurement of hepatocytic nuclei with computer program «Image J» was done. The
methods of variation statistic were used to process the area and perimeter data of hepatocyte nuclei. The high
dose venom testing allowed us, from one hand, to limit ourselves to a significantly small number of animals.
From other hand, high doses of the venom ensure an unambiguous picture of the lesion, where we could trace
the dynamics and depth of the lesion at different levels of the organ structural organization.

Results. When looking at the histological preparations, it became obvious that all the above
mentioned organs were affected, and that the most profound structural abnormalities took place in the liver.
Therefore, illumination and analysis of the dynamics of liver damage became the purpose of this study. The
assessment of the depth of the liver lesion was made through comparison with the microscopic picture of
healthy mice liver.

Microscopic Characterization of the Liver of Healthy Mice as a Control. The mouse liver has a
moderately pronounced lobular structure. The contours of the sections of the lobules are mostly hexagonal or
polyhedral. At the borders of the lobules, there is no perilobular connective tissue septum, characteristic for
pig’s liver. The lobule of the liver is preserved and clearly visible. The connective tissue structures of the
liver are unremarkable, only around the portal triads and large veins are colored pink. The hepatic plates are
quite clearly visible (Figure 2).

T T

(Healthy) Mice

The plates of hepatocytes have clear contours. The capillaries in the interplate space are moderately
expanded. It is possible to distinguish the transverse boundaries of the capillaries. The cytoplasm of
hepatocytes contains moderate number of small and medium size vacuoles. The nuclei of hepatocytes vary in
sizes; they are mostly of medium size. There are some binucleated hepatocytes. In the nuclei, there is a
relatively uniform distribution of chromatin in the form of small accumulations of chromatin —
heterochromatin, and in the form of moderately colored euchromatin.

Glycogen in the liver cells is unevenly distributed. Only in few hepatocytes is possible to detect a
noticeable presence of glycogen. These hepatocytes are distinguished by their darker, uniform purple
coloration. At low and medium magnifications of the light microscope, it is not possible to detect any
graininess, which apparently indicates that glycogen is in a protein-bound state, in the form of glycoproteins.
In general, a healthy mouse has a picture of a normal liver, which in mice differs to a certain extent from both
the human liver and the liver of rats, and to a large extent from the liver of pigs.
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The Liver Histology of Mice with Envenomation in Dose 2LD50. There is a certain loss of the
lobular structure pattern of the liver. The lobular structure is moderately preserved, but the boundaries of the
lobules are less distinct. There is an increase in vacuolization of the cytoplasm of hepatocytes, an increase in
the size of cytoplasmic vacuoles. The narrowing of the lumen of the capillaries between the hepatic
trabeculae-plates is noticeable. The trabeculae are thickened in size with some abrasion of the contours. On
the background of some blurring boundaries between hepatocytes, there is an enlargement of nuclei. The
inner of nuclei is clarified, the contrast between the chromatin accumulations - condensed heterochromatin
and the clarified regions of the nucleoplasm - is enhanced (Figure 3).
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Fig. 3. Microscopic pattern of mice liver under envenomation with doses 2LD50. Intracytoplasmic glycogen
distribution pattern in hepatocytes of mice with envenomation in Dose 2L D50

In preparations stained with PAS reaction, hepatocytes appear in some areas of liver parenchyma,
where on the background of edema, cytoplasm clearing, large grains of glycogen are accumulated on one
edge of the cell, near the cell membrane, resembling demilunes. The presence of a moderate number of small
sizes necrotic foci in the parenchyma is noted. These foci of necrosis are often subcapsularly located. In
general, the picture corresponds to moderate - severe liver damage, both in the form of damage of nuclei and
damage of cytoplasm. The advancing changes in the liver in animals of the 2LD50 group reached their
climax in the animals of the 4LD50 group.

The Liver Histology of Mice with Envenomation in Dose 4LD50. In animals of the 4LD50 group,
there is a complete loss of the picture of the lobular and plate structure of the liver. The picture of strong
vacuolisation - balloon dystrophy prevalence in the cytoplasm of hepatocytes. There are no clear boundaries
of the cytoplasm of cells. Even the lumen and contours of the capillaries are not discernible. They are
compressed by swollen, sharply enlarged hepatocytes. There are many large foci of colliquation necrosis in
the liver. Some nuclei are greatly enlarged, along with a picture of kariopiknosis, karyorrhexis and
karyolysis. There is a pronounced clearing of chromatin on the one hand and lumpy condensation of
heterochromatin on the other. In the slides stained by PAS reaction, the number of hepatocytes with
semilunar form accumulations of glycogen grains near the cell membrane is significantly increased (Figure
4). The capillaries are not detected at all, even the contours of the capillaries are not distinguishable. All
capillaries are compressed by swollen and sharply enlarged hepatocytes. In the liver, there are many large
foci of colliquation necrosis of rather large sizes, without signs of the presence of intact nuclei or their
fragments.
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Fig. 4. Microscopic pattern of mice liver under envenomation with doses 4LD50. Intracytoplasmatic glycogen
distribution pattern in hepatocytes of mice with envenomation in Dose 4L D50

In the preparations stained by the PAS reaction, the number of hepatocytes with “crescents” of
glycogen grains accumulations near the cell membrane is significantly increased. Here, as in animals of the
2L.D50 group, crescents have a certain one-sided orientation in all cells. In general, the picture corresponds to
the most severe liver damage by the type of total damage with extensive necrosis of the liver parenchyma,
which is incompatible with life. Recall that the mouse was hammered during its lifetime.

The morphometric parameters of both hepatic lobules and hepatocytes and their nuclei undergo
certain changes under the influence of Gyurza venom. For example: the area of the hepatocytes nuclei
increase by more than 37%, and, the perimeter of hepatocytes nuclei increases by 22% (Figure 5). The
preliminary estimation of parameters of other structures and other features shows, that they can serve as
indicators of liver functional condition and liver compensatory reserve.
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Fig. 5. Dynamics of area (left graphics) and perimeter (right graphics) changes of the hepatocytes nuclei

Discussion. The damage of cytoplasmic structures of hepatocytes caused by venom proteases are
developed most rapidly, in less than 50-60 minutes. Swelling and colliquation necrosis of the cytoplasm lead

184



A.H. Acmawonoxk, H.H. Ilonewyx

to an increase in the size of hepatocytes. They squeeze the sinusoids, the endothelium of which was the first
to experience the attack of venom. Then the nucleoplasm coagulates and the genetic apparatus of the cell
turns into detritus. Cell and nuclear membranes withstand the attack of venom phospholipases for a relatively
long time. The nuclei of Kupffer's cells are somewhat more stable. The picture of "half moon" from the
grains of glycogen is due to the cleavage of intracytoplasmic glycoprotein complexes. The withstand of
glycogen may be explained by probable absent low content of amylase enzymes in venom.

At least the following structures and phenomena in the liver may become the object of morphometric
measurements: changes in the nuclei, cytoplasmic vacuoles, capillary sinuses, lobular and plate structure of
the liver. In the future, if there is a database of these parameters for healthy liver, these data may serve as an
objective basis, a criterion for assessing the degree or depth of liver damage, accurately calculating the
volume of the compensatory reserve of the liver, as well as the degree of effectiveness of the used
hepatoprotectors or other drugs, antivenomics or antidotes. This statement gets significance in our institute
where large scale proteomic investigations are carried out in field of MLO monoclonal antivenom
development and anti-neoplastic effect investigations of the MLO venom [6,13]. Assessment of the degree of
liver damage, or even a summarizing assessment of the damage degree of the liver with several other organs,
may become an additional method to determination of antivenom efficiency in vivo and in vitro conditions.

Conclusion. In severe liver damage, the parenchymal nature of the organ and the intraperitoneal
route of venom administration, in which the liver becomes the first target, play an important role. The data
obtained also indicate the existence of a direct damaging influence of snake venom on the liver parenchyma,
which is aggravated by the onset of hemostasis disorders, squeezing of sinusoids. In the coming vicious
circle, the liver acts as both a starting and a closing link, turning into a trigger for developing of multiorgan
failure. Of course, the treatment of envenomations by snakebite is critically dependent on the availability of
effective antivenoms. At the same time the likelihood of complete or partial shutdown of the liver should be
taken into account in patients with severe intoxication, and, in the clinic, steps should be taken to protection
and to “short-term replacement” of at least some liver functions.
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HATOMOP®OJIOT A TEYEHU ITPH OTPABJIEHUHA S1IOM KABKA3CKOM
I'f'OP3bL.OKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE

YWnemumym gusuonoauu umenu Opbenu HAH Pecny6nuxu Apmenus, Epesan, Pecny6nuxka Apmenus
2HHcmumym ouoxumuu umenu bynuamsna HAH Pecnybauxu Apmenus, Epeean, Pecnybonuxa
Apmenus

Pe3iome

[IpoBeneHO  MATOTHCTONIOTMYECKOE  HCCIEAOBAaHWE TI€UeHH HETMHEMHBIX MBIIIEH  1mocne
BHYTPHOPIOIIMHHOTO BBeAeHHs siaa ApmsHckoit ['top3sl (Macrovipera lebetina obtusa). ITopexnenue
MEYeHN OTMEUaeTCs y JKMBOTHBIX C MHTOKcHMKammed no3or 2L.D50, xotopoe HOXOMUT A0 MakCHMyMma Y
JKUBOTHBIX TONy4YHBIIUX 103y sga 4LD50. Ilom BausHMeM sfa HapyliaeTcs JOJBKOBOE M OaJo4HOE
CTPOCHUEC NICUCHU, PACIHHUPAIOTCA MeK0aTOUHbIE ey, CAaBJIMBAOTCA CUHYCBI, B IUTOINIa3ME I'€IIaTOIIUTOB
pasBuBaercs O6ayutoHHas auctpodus. [Iporcxoaut yBennueHne pa3MepoB saep relaToUTOB C HapacTaHHUEM
JEe3UHTErpallii HYKJICOIUIa3Mbl CO CKOIUICHHEM TpyObIX IMbl0 rerepoxpomarusa. [Ipomecc 3aBepuaercs
KapruoJIM3MCOM M KOJUIMKBAIIMOHHBIM HCKPO30OM IHNAPCHXHUMBI IICUCHH, Yyactku HCKPO30B BHA4YaJIC UMCIOT
OYaroBBII XapakTep, 3aTeM OHHU CIUBAIOTCA. BHyTpuUIHMTOMIa3MaTU4eCKUH TIIMKOTE€H ocenaeT B (opme
NOJTYTyHUH Ha BHYTPEHHEH MOBEPXHOCTH KJIETOYHOM MeMOpaHbl remaTouuTOB. Pe3yibpTaTsl UCCaenoBaHUs
YKa3bIBarOT Ha HGOGXOI[I/IMOCTL OIICHKKN COCTOSAHHA TICUCHHU Y IMOPaA)XCHHOI'0O YKYCOM TIOpP3bl M Ha
paccMoTpeHue 11eneco00pa3HOCTH TPUMEHEHHS TelaTONPOTEKTUBHBIX CPEJICTB.

Knioueswie cnosa: sia I'top3bl, HHTOKCHKAIUS MBILIEH, TUCTOJIOTHS II€YEHHU.
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