
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Biochemical impact of Vipera berus berus and Vipera berus 
nikolskii venom on muscular tissue: A comparative study  
on protein profiles and proteolytic activities 

ABSTRACT 
In Europe, two subspecies of Vipera berus, V. b. 
berus and V. b. nikolskii, cause most accidents 
of snakebites. Myonecrosis is a common local 
manifestation of envenomation by vipers, and 
both toxins with direct cytotoxicity and hydrolytic 
enzymes breaking down the extracellular matrix 
are involved in its development. Destruction of 
extracellular matrix results in the formation of 
peptides that may increase tissue damage and 
inflammation, contributing to endogenous
intoxication, or participate in muscles regeneration. 
Thus, this study was aimed at analyzing the 
features of protein profile and proteolytic 
processes, as well as at evaluating the level of 
generation of medium and low molecular weight 
substances in muscle tissue after administration
of V. b. berus and V. b. nikolskii venoms. We 
revealed a decrease in total protein content in 
combination with a redistribution of protein 
fractions towards low and very high molecular 
 

weight proteins (V. b. berus) or peptides (V. b. 
nikolskii), an increase in total proteolytic activity, 
changes in the profile of gelatinolytic enzymes 
and a rise in the generation of medium and low 
molecular weight substances, all of which may 
indicate the intensification of proteolysis in rat 
muscles after injection of the studied venoms. 
Significant differences in the effects of studied 
venoms were also established.  
 
KEYWORDS: Vipera berus, muscle tissue, 
envenomation, protein profile, proteolytic activity, 
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ABBREVIATIONS  
sv, snake venom; PLA2s, phospholipases A2;
SPs, serine proteases; MPs, metalloproteinases;
LAAOs, L-amino acid oxidases; ECM, extracellular
matrix; MMPs, matrix metalloproteinases; 
MLMWS, medium and low molecular weight 
substances; i.p., intraperitoneal injection; LD50, 
semi-lethal dose; SDS-PAGE, sodium dodecyl 
sulfate polyacrylamide gel electrophoresis; MW, 
molecular weights; TBS, Tris-buffered saline; 
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EDTA, ethylenediaminetetraacetic acid; PMSF, 
phenylmethylsulfonyl fluoride; ROS, reactive 
oxygen species. 
 
INTRODUCTION 
Snake envenomation is a global health care 
problem and one of the neglected tropical diseases 
of category A. Up to 5.5 million snakebites and 
about 2.5 million accidents of envenomation 
including 81,000-138,000 lethal cases occur 
annually in the world [1-3]. Most cases are 
associated with “dry” bites and a mild form of 
envenomation characterized by spontaneous 
resolution of general symptoms, while moderate, 
prolonged and severe life-threatening symptoms 
are observed in 10-30% of cases [4, 5]. Although 
snakebites are more common (81-95%) in 
southern regions, they are also not excluded in 
mid-latitude climates [6-8]. 
The only venomous snakes in Europe belong to 
the genus Vipera of the subfamily Viperinae
(“true vipers”) within the family Viperidae [8, 9]. 
The European viper Vipera berus (Linnaeus, 
1758) is the most common viper in Europe, and
its two subspecies, V. b. berus and V. b. nikolskii,
cause more accidents than any other species of 
the genus [10-12]. Most reported V. berus bites 
cause no or very mild consequences in humans.
In moderate and severe cases, snake venom (sv) 
phospholipases A2 (svPLA2s), serine proteases 
(svSPs), metalloproteinases (svMPs), L-amino 
acid oxidases (LAAOs), hyaluronidase and other 
venom toxins affect cell membrane and vessel 
wall integrity, impact on platelet aggregation, 
blood coagulation and fibrinolysis, resulting in 
the specific manifestations of envenomation [13]. 
The latter include both local tissue damage 
(myonecrosis, local hemorrhages, blistering, edema,
pain) and systemic changes (mainly gastrointestinal
disorders with intermittent vomiting, rarely 
thrombosis and bleeding due to consumption 
coagulopathy leading to hypovolemic shock 
with subsequent cardiovascular and respiratory 
failure and death) [7]. However, rare cases of 
rhabdomyolysis and the signs of neuro-, 
hepatotoxicity and anaphylactic shock in bite 
victims have also been reported [14-17]. 
Tissue damage in myonecrosis involves the action 
of both toxins with direct cytotoxicity (svPLA2s
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and LAAOs) and enzymes destroying
extracellular matrix (ECM) – svMPs, svSPs and 
hyaluronidase [5, 14]. svMPs also exhibit indirect 
cytotoxicity through destruction of microvessels 
leading to ischemia affecting cell viability [13,
14]. ECM hydrolysis induces the release of 
growth factors and cytokines, promoting an 
inflammatory response with overexpression of 
endogenous proinflammatory proteases, including 
matrix metalloproteinases (MMPs), which are 
involved in further ECM degradation [13].  
Usually, muscle tissue regenerates after myonecrosis,
and ECM remodeling by endogenous proteases 
creates an environment favorable for myoblast 
proliferation and differentiation [13]. Peptides 
formed during ECM hydrolysis are involved in 
muscle damage and regeneration, as well as in 
the inflammatory response, contributing to the 
occurrence of endogenous intoxication [2]. 
Although myonecrosis is a common local 
symptom of viper bites, the mechanisms 
underlying skeletal muscle damage under 
envenoming by V. b. berus and V. b. nikolskii are 
currently not sufficiently elucidated. Numerous 
data indicate a direct and/or indirect effect of 
snake venoms on proteolytic system components;
however little is known about the role of 
proteolysis and the peculiarities of the 
involvement of different types of proteases in 
muscle damage caused by these venoms. There is 
also a lack of data on the protein profile of muscle
tissue under the action of the studied venoms and
the level of medium and low molecular weight 
substances (MLMWS) in the muscles, which are 
important markers of endogenous intoxication. 
Thus, this study was aimed at analyzing the 
features of protein profile and proteolytic 
processes, as well as at evaluating the level of 
MLMWS in muscle tissue after injection of 
V. b. berus and V. b. nikolskii venoms.  
 
MATERIALS AND METHODS 

Snake venoms 
Lyophilized venoms of V. b. berus and V. b. 
nikolskii snakes were obtained from V. N. Karazin 
Kharkiv National University, Kharkiv, Ukraine, 
and stored at −20 °C. Just prior to the experiments 
venoms were reconstituted in saline, followed by
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Polyacrylamide gel electrophoresis with 
sodium dodecyl sulfate and enzyme 
zymography 
Sample preparation involved mixing with sample 
buffer (0.005 M Tris, pH 8.8; 2% SDS; 5% 
sucrose; 0.02% bromophenol blue) in 1:1 (v/v) 
proportion. Prior to loading onto the gel, samples 
were warmed at 95 ºC for 1 min, but zymography 
samples were not subjected to heating in order to 
preserve enzymatic activity of the proteins. 
Sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) was carried out with 
use of 4% (w/v) stacking gel and 10% (w/v) 
separating gel according to [20]. Electrophoretic 
separation procedure was performed with Mini-
Protean Tetra System (Bio Rad, USA) at currents 
of 19 mA (stacking gel) and 36 mA (separating 
gel). The amount of sample contained in each well 
corresponded to 20 μg of protein. For staining, 
gels were incubated with 2.5% solution of 
Coomassie brilliant blue R-250 in 10% (v/v) 
ethanol, 10% (v/v) acetic acid, and 15% (v/v) 
isopropanol within 30 min. To remove excess dye, 
gels were placed in boiling water containing 5% 
(v/v) acetic acid. The gels were then photographed 
followed by analysis of the resulting 
electrophoregrams and automatic calculation of 
the molecular weights (MW) of proteins and the 
number of fractions with TotalLab 2.04 (TotalLab 
Ltd., UK). To determine the MW of proteins, a 
protein calibration mix (Bio Rad, USA) was used.
Zymography was carried out according to the 
method of Ostapchenko et al. [21]. To detect the 
activities of the proteolytic enzymes, 12% (w/v) 
separating gel co-polymerized with substrate 
(collagen, gelatin or fibrinogen, 1 mg⋅mL-1) was 
used. After the completion of electrophoresis, the 
gels were washed with 2.5% Triton X-100 
solution with gentle shaking (30 min, 25 °C) to 
eliminate SDS and renature the proteins. Then 
gels were washed with distilled water (5 min) to 
remove Triton X-100 followed by placing in TBS 
(37 °C, 12 h). The gels were fixed and stained 
using the standard electrophoresis protocol. The 
presence of active proteases with colageno-, 
zhelatino- and fibrinogenolytic activities, and 
their distribution by MW was determined using 
the TotalLab 2.04 software (TotalLab Ltd., UK). 
To calculate the MW of active enzymes, enzymes

centrifugation (10,000 g, 15 min), and the resulting
supernatant was employed for the subsequent 
procedures. 

Experimental animals and their habitat 
conditions 
In this study, 30 male non-linear albino rats 
weighing 200-220 g were used. The rats were 
kept in the animal facility of Taras Shevchenko 
National University of Kyiv in polypropylene 
boxes under stable vivarium parameters 
(temperature 20-24 °C, relative humidity 30-70%, 
12:12-h light:dark cycle) with free access to water 
and standard rodent food. All animal experiments 
were performed in accordance with the National 
Institute of Health Guidelines for the care and use 
of laboratory animals and the European Council 
Directive of 24 November 1986 for the Care and 
Use of Laboratory Animals (86/609/EEC). The 
study was approved by the Ethical Committee of 
Taras Shevchenko National University of Kyiv 
(protocol № 2 approved on 19.08.2021). After 
7 days of acclimatization, animals were randomly 
divided into three groups (n=10 in each). The 
control rats were administered intraperitoneally 
(i.p.) by 0.5 ml of 0.9% saline solution. The 
experimental rats were injected i.p. with semi-
lethal dose (LD50) of V. b. berus and V. b. 
nikolskii venoms (1.576 and 0.972 µg⋅g−1 of body 
weight, respectively). The values of LD50 were 
consistent with those in the findings of Shitikov 
et al. [18]. Rats were euthanized by cervical 
dislocation 24 h post venom injection. 

Muscle homogenate preparation 
To obtain a muscle tissue homogenate, rat 
muscles were collected immediately after the 
animals have been sacrificed. Then, 1 g of tissue 
was homogenized in 9 mL of icecold Tris-
buffered saline (TBS; 50 mM Tris-HCl, 130 mM 
NaCl; pH 7.4), and buffer amount (in grams) was 
5 times greater than the mass of isolated tissue. 
After that, the resulting crude homogenate was 
centrifuged (600 g, 15 min, 4 °C), followed by 
supernatant collection and recentrifugation 
(15,000 g, 30 min, 4 °C). The supernatant was 
collected again and immediately used for 
measurements. Protein content was determined 
according to the Bradford method [19]. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

with 5 M KOH to a pH of 7.0. Then the mixtures 
were recentrifuged (2500 g, 20 min), supernatants 
were transferred into microtubes with addition of 
ethanol to the final concentration of 80% and kept 
for 30 min at 4 °C with subsequent centrifugation. 
The optical density of the obtained supernatants 
was measured by Smart SpecTMPlus 
spectrophotometer (BioRad, Hercules, California, 
USA) at 210 nm (detecting peptides), 238 nm 
(detecting non-aromatic peptides) and 254 nm 
(detecting non-aromatic sulfur-containing peptides,
purine bases, some nucleotides). Results were 
expressed as rel. units·g−1 of muscle tissue [23].  

Statistical analysis 
Statistical analysis was carried out using MS 
Excel software (MS Office) and StatSoft Statistica 
ver. 8.0 for Windows. Verification of the normal 
distribution of results was performed by 
Kolmogorov-Smirnov test, and the significance of 
differences between the studied groups was 
evaluated by one-way analysis of variance 
(ANOVA). Biochemical analysis data were 
reported as mean ± SEM (n=10 for each group). 
The difference between the studied groups was 
considered to be statistically significant at a 
p-value of <0.05.  
 
RESULTS 

Determination of the total protein content  
According to our results, total protein content in 
the muscles of rats injected with V. b. berus and 
V. b. nikolskii venoms was lower compared to the 
control values by 14% and 20%, respectively, 
without significant difference in the effects of the 
studied venoms (Figure 1). 

Protein profile analysis 
Analysis of electrophoregrams obtained by SDS-
PAGE showed that muscle protein profile of 
control rats was characterized by the presence of 
12 protein fractions; 9 fractions were found in the 
protein profile of rats injected with V. b. berus
venom and 10 fractions under V. b. nikolskii
venom administration (Figure 2). 
For the convenience of further analysis, individual 
fractions were grouped according to their MW: 
very high-MW-proteins (≥150 kDa); high-MW-
proteins (150-100 kDa); medium-MW-proteins
  

with known MW (trypsin (23 kDa), mini-plasmin 
(36 kDa), plasmin (84 kDa)) were used as marker 
proteins.  

Evaluation of overall proteolytic activity 
Total proteolytic activity was determined using 
the caseinolytic activity test according to the 
method of Munilla-Moran and Stark [22]. To 
prepare 4% casein solution, 4 g of casein was 
mixed with 80 mL of 50 mM phosphate buffer, 
pH 7.4, and 1.6 mL of 1 M NaOH. The resulting 
mixture was kept at room temperature (40 min) 
followed by its boiling in a water bath. Once 
cooled, pH of the obtained casein solution was 
adjusted to 7.4 with 1 M NaOH, and its volume 
was made up to 100 mL using phosphate buffer. 
Next, 500 μL of muscle tissue homogenate was 
brought to a volume of 1 mL with phosphate 
buffer, mixed, and then 1 mL of 4% casein 
solution was added followed by incubation in a 
thermostat (37 °C, 30 min). Enzymatic reaction 
was stopped by adding 3 mL of 15% 
trichloroacetic acid to the reaction mixture with 
subsequent centrifugation (15000 g, 30 min). The 
absorbance of the supernatant was read by a 
spectrophotometer (SmartSpecPlus, Bio-Rad, 
Hercules, California, USA) at 280 nm against the 
blank, containing an equal volume of phosphate 
buffer instead of muscle homogenate. To estimate 
the activities of metal-dependent and serine 
proteases, metal-dependent enzyme inhibitor 
(ethylenediaminetetraacetic acid, EDTA) and 
serine protease inhibitor (phenylmethylsulfonyl 
fluoride, PMSF) were used at the final 
concentrations of 5 mM (EDTA) and 2 mM 
(PMSF); the residual proteolytic activity was 
determined using casein as a substrate after pre-
incubation of the studied samples with the 
corresponding inhibitor (30 min, 4 °C). Results 
were expressed as rel.units⋅g−1 of muscle tissue. 

Determination of the content of medium and 
low molecular weight substances  
MLMWS fraction was isolated according to the 
method described in [9]. First, proteins were 
precipitated from the muscle tissue homogenates 
by addition of 1.2 M HClO4 in a 1:1 (v/v) ratio. 
Obtained solutions were centrifuged (5000 g, 20 
min, 4 °C) followed by supernatant neutralization 
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Figure 1. Total protein concentration in the muscles of rats injected with V. b. berus and V. b. nikolskii venoms. 
Results are presented as mean ± SEM (n=10), * p < 0.05 vs. Control. 

Figure 2. Protein distribution in the muscles of rats injected with V. b. berus and V. b. nikolskii venoms. 
Numerals in brackets indicate the number of fractions within each protein group. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

12 Sogujko Yuriy et al.

3 fractions – thus, the studied venoms caused 
a decrease in both the content of 67-35 kDa 
medium-MW-proteins and the amount of their 
fractions (−1 fraction). A pronounced rise in 
peptide content and the number of their fractions 
(57.13%, +3 fractions) was also typical of V. b. 
nikolskii venom action. 

Proteolytic activity determination  
It was established that the total proteolytic activity 
in the muscles of both control and experimental 
rats is mainly related to metal-dependent proteases
(Figure 3). 
A rise in the total proteolytic activity in rat 
muscles after injection of both studied venoms 
was revealed: this parameter value was 1.4 times 
(V. b. berus) and 1.6 times (V. b. nikolskii) higher 
compared to the control values. Venoms had a 
stronger effect on serine proteases, whose activity 
exceeded that in the control by 1.6 (V. b. berus) 
and 1.9 times (V. b. nikolskii), while
metalloproteinase activity was 1.2 and 1.5 times 
higher, respectively, compared to the control. The 
values of all studied parameters of proteolytic 
activity under V. b. nikolskii venom action 
significantly exceeded those under the influence 
of V. b. berus venom - by 13% (total proteolytic 
 

(100-67 and 67-35 kDa); low-MW-proteins (35-
10 kDa); peptides (≤ 10 kDa). According to this 
distribution, high- (10.17%, 2 fractions), medium-
(100-67 kDa – 19.98%, 2 fractions; 67-35 kDa –
35.85%, 4 fractions) and low-MW-proteins 
(26.37%, 3 fractions) and peptides (7.63%, 1 
fraction) were found in the control group. Muscle 
protein profiles of experimental rats differed 
significantly both from the control and from each 
other. That is, fractions of high- and medium-
MW-proteins of 100-67 kDa, as well as peptides, 
disappeared under the influence of V. b. berus
venom; instead of them, two fractions of very 
high-MW-proteins appeared, which together 
amounted to 18.48%. The proportion of 67-35 
kDa medium-MW-proteins decreased, as well as 
the amount of protein fractions in this group 
(22.89%, −1 fraction), while the percentage of 
low-MW-proteins, on the contrary, increased 
(58.63%, + 1 fraction). 
Very high-, high- and low-MW-proteins were not 
detected under the influence of V. b. nikolskii
venom, and 100-67 kDa medium-MW-protein 
content was lower than that in the control, but the 
number of their fractions was greater (15.93%, +1 
fraction). The proportion of 67-35 kDa proteins 
was 26.94%, and they were divided into 
 

 

 
Figure 3. Peculiarities of proteolytic activity in the muscles of rats injected with V. b. berus and V. b. nikolskii
venoms. Results are presented as mean ± SEM (n=10), * p < 0.05 vs. control, # p < 0.05 vs. V. b. berus. 
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did not cause significant alterations in the 
profile of collagenolytic enzymes, although 
certain changes were noticeable under V. b. berus
venom action, which indicate the peculiarities in 
the effects of the studied venoms.  
Similarly, when gelatin was used as a substrate, 
enzymes with gelatinolytic activity were also 
represented exclusively by medium-MW-proteins, 
with the prevalence of 70-50 kDa proteins 
(Figure 5).  
Indeed, in the control muscles, 68.21% of 
gelatinolytic enzymes were represented by proteins
of 70-50 kDa and 31.79% - 50-30 kDa. Moreover, 
under the action of both studied venoms, there was
 

activity), 15% (serine protease activity) and 30% 
(metalloproteinase activity). 

Identification of active proteolytic enzymes in 
the rat muscles 
Analysis of zymograms obtained by enzyme 
electrophoresis revealed that when using collagen 
as a substrate, enzymes with collagenolytic activity
were represented exclusively by medium-MW-
proteins both in control muscles and in muscles 
of experimental rats. Among them, 50-30 kDa 
proteins prevailed (91.64% - control, 84.89% -
V. b. berus, 90.29% - V. b. nikolskii), whereas 
70-50 kDa proteins accounted for 8.36%, 15.11% 
and 9.71% (Figure 4). Thus, injected venoms 
 
 

Figure 4. Distribution of active proteases with collagenolytic activity in the muscles of rats injected 
with V. b. berus and V. b. nikolskii venoms.  

Figure 5. Distribution of active proteases with gelatinolytic activity in the muscles of rats injected 
with V. b. berus and V. b. nikolskii venoms. 
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MLMWS210 - by 25% and 48%, respectively.
An interesting feature of the changes we revealed 
was the more noticeable changes in MLMWS238 
and MLMWS254 content under the action of 
V. b. berus venom, while MLMWS210 level
increased more strongly under the influence of
V. b. nikolskii venom. 
 
DISCUSSION 
Signs of viper envenomation are the result of the 
simultaneous action of different venom toxins 
[24]. Myotoxic svPLA2s are the main factors 
provoking muscle damage through phospholipid 
hydrolysis and/or impact on hydrophobic 
interactions, membrane fluidity and permeability 
[6]. svSPs cleave fibrinogen, stimulate platelet 
aggregation, blood coagulation and fibrinolysis, 
participating in the development of consumption 
coagulopathy, systemic bleeding and ischemic 
damage of muscles [6, 24-27]. Hemorrhagic 
svMPs contribute to splitting of type IV collagen 
in vessel walls, leading to local bleeding, 
blistering, edema, ischemia and progression of 
muscle damage. Local bleeding is accompanied 
by extravasation of erythrocytes and release of 
iron, which, along with generation of ROS by 
 

a significant and equal redistribution of proteins 
between these fractions, that is, gelatinolytic 
enzymes were almost completely represented by 
70-50 kDa proteins (95.5% when V. b. berus
venom was injected, and 95.59% after injection of 
V. b. nikolskii venom), while 50-30 kDa proteins 
accounted for less than 5%. Thus, the obtained 
data indicate the similarity of the effects of 
studied venoms on gelatinolytic activity in rat 
muscles. 
Our results did not reveal fibrinogenolytic activity 
in the muscles of either control or experimental 
rats when fibrinogen was used as a substrate (data 
not shown). 

Determination of medium and low molecular 
weight substances 
It was established that MLMWS210 fraction 
generally prevailed in the muscles of both control 
and experimental animals, but the biggest changes 
under the action of studied venoms were observed 
in the content of the other two fractions 
(Figure 6). That is, the level of MLMWS254 
exceeded control value by 2.3 (V. b. berus venom 
injection) and 1.9 (V. b. nikolskii venom) times, 
MLMWS238 – by 2.2 times and twice, 
 
 

Figure 6. Content of medium and low molecular weight substances in the muscles of rats injected with 
V. b. berus and V. b. nikolskii venoms. Results are presented as mean ± SEM (n=10), * p < 0.05 vs. 
control, # p < 0.05 vs. V. b. berus. 
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powerful effect of V. b. nikolskii venom on 
muscle total protein rate may be a result of 
differences in the biochemical composition of 
studied venoms. 
The key constituents of V. b. berus venom are 
svPLA2s (25-60% - such quite significant 
difference is due to variations in the geographical 
origin of the studied snakes, their sex and age, 
as well as methodological inconsistencies), svSPs 
(15-16%), svMPs (0.5%-17%), LAAOs (7-9%) 
and cysteine-rich secretory proteins (CRISPs, 6-
8%) – they determine hemolytic, proteolytic and 
cytotoxic properties of the venom. Bradykinin 
potentiating peptides (BPPs, 9.5%), C-type 
natriuretic peptides (C-NAPs, 7.8%), CTLs/Snaclecs
(5.5%), aspartic proteases, disintegrins (DIs) and 
Kunitz-type protease inhibitors (KUNs) also 
contribute to envenomation signs [9, 10, 25, 29, 
30]. In contrast to V. b. berus venom, V. b. 
nikolskii venom has a higher content of svPLA2s 
(65%) and svSPs (19%). This venom also 
contains svMPs (less than 1%), LAAOs, CRISPs, 
CTLs/Snaclecs and KUNs. But the levels of 
LAAOs (0.1%) and CRISPs (0.66%) are much 
lower compared to V. b. berus venom, and DIs, 
BPPs and C-NAPs are absent [25, 29]. The ability 
of V. b. nikolskii venom to induce more noticeable 
effect is consistent with data on its greater toxicity 
for mice and frogs compared to V. b. berus venom 
when administered i.p. [8, 29]. Our previous data 
also revealed that V. b. nikolskii venom impact on 
proteolysis parameters in the heart, spleen, 
kidney, liver and small intestine of rats is much 
more notable compared to V. b. berus [9, 23].  
The next step of our research was aimed at 
analysis of muscle protein profile using SDS-
PAGE. The appearance of new fraction of 100-
150 kDa proteins under the action of V. b. berus
venom can be considered as a consequence of 
the formation of covalent complexes between 
modified and/or degraded proteins as well as 
between tissue enzymes and their inhibitors 
in response to the action of snake venom 
components. The changes in the protein profile 
we found can also partially occur due to the 
synthesis of new proteins and peptides with the 
appropriate MW, involved in inflammatory 
response, protective mechanisms and/or regeneration
of damaged tissue. A significant redistribution of 
 
 

venom LAAOs, leads to oxidative stress [7, 25, 
27]. Some of svMPs are also involved in the 
development of consumption coagulopathy, 
systemic bleeding, hypovolemia, hypotension and 
cardiovascular shock [6]. By promoting the 
release of chemokines, cytokines and activation of 
endogenous matrix metalloproteinases (MMPs), 
svMPs are also involved in the inflammatory 
response typical of viper envenomation [2, 28]. 
However, MMPs’ activation and ECM 
remodeling may also play a role in the recovery of 
damaged tissues.  
Proteolysis activation is associated with degradation
of proteins and is usually accompanied by a 
decrease in their content. Thus, considering the 
role of venom proteolytic enzymes and activated 
endogenous proteases in local tissue injury under 
snake envenomation, the first step of this study 
was to evaluate total protein content in rat 
muscles after injection of V. b. berus and V. b. 
nikolskii venoms. A decrease in total protein 
content in the muscles of rats was established 
after administration of both venoms. Previously, 
similar changes have been detected in the spleen, 
heart, liver, kidney, and small intestine, which 
suggests that a decrease in this parameter value in 
rat tissues is a general phenomenon characteristic 
of the action of studied venoms [9, 23]. Taking 
into account these previous results, the greatest 
decline in total protein content compared to the 
control under action of V. b. berus venom was 
found in the liver (30%) with further decline in 
the following order: spleen (17%), muscles 
(14%), and small intestine (11%) without 
significant changes in the heart and kidneys. 
Under the influence of V. b. nikolskii venom, the 
biggest decline in this parameter value was 
revealed in the spleen (59%), and in other organs 
it amounted to 55% (liver), 37% (kidneys), 29% 
(small intestine), 24% (heart) and 20% (muscles). 
The changes we found may be related to muscle 
protein destruction by venom proteases. Futhermore,
venom toxins, inflammatory mediators and 
reactive oxygen species (ROS), by modulating 
cell signaling and/or directly modifying protein 
molecules, can impact on protein synthesis and 
degradation. These factors can also impair blood 
supply of muscles causing ischemia that further 
disrupts protein balance in muscle. And more 
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profile, but caused a pronounced and almost 
identical redistribution of gelatinolytic enzymes 
toward 70-50 kDa proteins.  
Our previous studies have also showed the 
absence of fibrinogenolytic activity in the spleen 
and heart of control rats, but it was detected in 
these tissues after venom injection [9]. Also, a 
significant amount (about 20%) of collagenolytic 
enzymes with a MW of 100-67 kDa was revealed 
in the spleen and heart of the control animals, and 
injection of both studied venoms led to a rise in 
the percentage of these proteins. The content of 
67-35 kDa enzymes in the spleen hardly changed 
after injection of V. b. berus venom compared to 
the control, and the amount of 35-10 kDa proteins 
significantly decreased, whereas V. b. nikolskii
venom action contributed to a decrease in the 
content of 67-35 kDa enzymes with a simultaneous
increase in the percentage of 35-10 kDa proteins. 
In the heart, unidirectional changes were observed 
after administration of both venoms – that is, a 
significant decline in the content of 67-35 kDa 
enzymes and some increase in the percentage of 
35-10 kDa enzymes [9].   
Similar to collagenases, the results of the above 
studies also indicate the presence of gelatinolytic 
enzymes with a MW of 100-67 kDa in the spleen 
(27.98%) and heart (19.56%) of control rats. After 
injection of studied venoms, their content 
decreased in the spleen and increased in the heart, 
and more pronounced changes were observed 
under the influence of V. b. nikolskii venom. The 
level of 67-35 kDa gelatinolytic enzymes in the 
spleen under the influence of both venoms 
significantly exceeded the control values; under 
V. b. nikolskii venom influence, the level of 35-
10 kDa enzymes also increased, and under V. b. 
berus venom action, on the contrary, it was 
significantly lower. In the heart, unidirectional 
changes were observed after administration of 
both venoms – that is, a significant decrease in the 
content of 67-35 kDa and 35-10 kDa enzymes 
due to a strong rise in the level of 100-67 kDa 
proteins [9]. Thus, our results, in conjunction with 
previously obtained data, may indicate the 
features of muscle tissue enzymatic profile, 
differences in venom influence on proteolytic 
processes in various organs, and distinction in the 
action of V. b. berus and V. b. nikolskii venoms. 

proteins towards low-MW-fractions (V. b. berus
venom action) or peptides (V. b. nikolskii venom 
influence), along with a decline in total protein 
content, may indicate the active degradation of 
larger muscle proteins. Thus, the next step of this 
study was to evaluate the proteolytic activity of 
rat muscle homogenates after injection of studied 
venoms. 
An increase in both total proteolytic activity and 
activities of metal-dependent and serine proteases 
compared to the control in rat muscles after 
injection of both studied venoms may be 
attributable to the action of svMPs and svSPs. 
Indeed, these enzymes destroy ECM proteins, 
facilitating diffusion of venom toxins through the 
tissue, and also contribute to the local degradation 
of muscle tissue. Both studied venoms have a low 
content of svMPs and a higher svSPs level, and 
this may be one of the explanations for a stronger 
increase in serine proteases activity. However, the 
amount of venom components remaining in the 
damaged tissue decreases over time [13]. At the 
same time, venom toxins, inflammation and 
oxidative stress can activate endogenous proteases 
and/or promote the emergence of new enzymes in 
muscles. Moreover, resident immune cells and the 
cells of inflammatory infiltrate can additionally 
secrete proteases involved in muscle protein 
degradation. 
ECM proteins are one of the main targets of 
both endogenous proteases and snake venom 
ones. These enzymes, exhibiting collagenolytic, 
gelatinolytic and/or fibrinogenolytic activity, may 
act as key factors in ECM remodeling, promoting 
damage propagation or participating in muscle 
repair. Thus, the next step of our research was to 
analyze the features of proteolytic activity in rat 
muscles after injection of V. b. berus and V. b. 
nikolskii venoms through enzyme electrophoresis 
method using type I collagen, gelatin and fibrinogen
as substrates. 
No signs of fibrinogenolytic activity were 
detected in the muscles of both control and 
experimental rats. Collagenase and gelatinase 
activities were related to enzymes with medium 
MW: proteins of 50-30 kDa prevailed among 
collagenases and of 70-50 kDa – among 
gelatinases. Studied venoms’ action did not lead 
to significant changes in collagenolytic enzymes
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

study inflammatory processes), cytological and 
histochemical studies (aimed at studying the 
cellular infiltrate of the damaged muscle and 
identifying the signs of the beginning of muscle 
tissue regeneration in the specified time intervals). 
Evaluation of the processes taking place in rat 
muscles during the 1st day after venom injection 
can also help to reveal the features of muscle 
damage caused by the direct action of venom 
toxins [36]. It should be noted that collagenase 
and gelatinase activities are also possessed by 
other enzymes. And clarifying the role of these 
potential components in the changes we revealed 
requires additional researches. In particular, both 
activities are characteristic of membrane-type 
MMP (MT1-MMP). As this enzyme activates pre-
MMP-2, -8 and -13, specific modifications of 
enzyme electrophoresis or enzyme immunoassay 
are usually used for its detection. Thus, we cannot 
claim the participation of MT1-MMP in collageno-
and gelatinolytic processes in rat muscles in our 
study [37-39].  
Endogenous serine proteases also participate in 
the remodeling and degradation of ECM [40]. 
Since the studied venoms are known to have pro-
inflammatory properties, serine proteases of 
immune cells can be involved in proteolytic 
processes in the damaged muscle. Some of them 
can also activate MMP-2, which is consistent with 
a rise in gelatinolytic activity in the muscles [41]. 
For instance, neutrophilia is often found both in 
patients affected by snakebites and in animal 
models. And the ability of some snake venoms to 
induce netosis with extrusion of proteolytically 
active neutrophil extracellular traps has also been 
shown [42, 43]. Neutrophil elastase released 
during netosis, in turn, activates a number of 
endogenously synthesized growth factors, 
cytokines and pro-MMPs, being involved in 
both the inflammatory response and muscle 
regeneration. Resident mast cells are also found in 
muscles, and their number increases markedly 
under inflammation. When stimulated, they 
release cytokines, chemokines and proteases, 
participating in inflammatory response and tissue 
remodeling [44]. β-tryptase and chymase of mast 
cells degrade ECM components and reduce 
animal venoms’ toxicity by splitting their toxins 
such as svMPs and LAAOs [45].  

The ability of svSPs and svMPs to destroy ECM 
is known and proven [31-33]. Thus, the changes 
we found may be partially related to the entry of 
these enzymes into rat muscles. But due to a low 
content of svMPs in studied venoms and fast 
diffusion of venom toxins from the muscles, it is 
more likely that the involvement of venom 
proteases in proteolytic processes in muscles boils 
down to activation of endogenous enzymes, 
primarily MMPs. In addition, venom components 
can affect cell signaling, changing the expression 
of genes encoding endogenous proteases. 
Moreover, viper venom has pro-inflammatory 
properties and changes tissue cytokine profile –
and cytokines are known to be regulators of MMP 
gene expression. Growth factors produced during 
inflammatory response by neutrophils, M1- and 
M2-macrophages can have additional impact on 
MMP gene expression. Injection of studied 
venoms can also cause oxidative stress in the 
damaged muscle, resulting in oxidative modification
of macromolecules, modulations of cell signaling 
and gene expression. 
Collageno- and gelatinolytic activities of rat 
muscle homogenates can be primarily related to 
the action of classical collagenases (MMP-1, -8 
and -13) and gelatinases (MMP-2 and MMP-9) 
[34]. In particular, a significant redistribution of 
enzymes with gelatinase activity 24 h after venom 
injection with increase in the content of 70-50 
kDa proteins that we found may be related to 
activation and/or increased synthesis of MMP-2 
(MW 66 kDa). MMP-2 is involved in tissue 
damage, but is also important for successful 
muscle regeneration, participating in the 
activation of satellite cells, maturation of muscle 
fibers and angiogenesis [35]. An early onset of 
muscle recovery under the action of studied 
venoms may be expected due to the fact that these 
venoms are rich in svPLA2s and poor in svMPs, 
and thus exhibit mainly myotoxic effects without 
significant violations of innervation and vascular 
system integrity [13, 24, 25, 29]. However, 
additional studies should be carried out in order to 
find out the mechanisms of the changes we found. 
They may include immunochemical analysis of 
the individual MMP content, the levels of pro-
and anti-inflammatory cytokines, growth and 
transcriptional factors in the muscle during the 
1st day and 24 h after venom injection (in order to
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due to a rise in serine proteases activity), changes 
in the profile of gelatinolytic enzymes as well as 
an increase in MLMWS generation. The changes 
we detected can be a consequence of the action of 
both venom proteolytic enzymes and endogenously
synthesized proteases. In addition, significant 
differences in the effects of the studied venoms 
were also established. However, in order to 
establish the mechanisms of action of V. b. berus
and V. b. nikolskii venom on proteolytic processes 
in the muscles, additional studies should be 
performed. 
 
ACKNOWLEDGEMENTS  
The research team extends their heartfelt thanks to 
Oleksandr Zinenko for supplying the venoms of 
V. b. berus and V. b. nikolskii, which were integral 
to this study. 
 
CONFLICT OF INTEREST STATEMENT  
There are no conflicts of interest.  
 
REFERENCES 
1. Kumar, N. D., Devakirubai, E. and Andal, P. 

2023, IJNER, 1(3), 269-272. 
2. Seifert, S. A., Armitage, J. O. and Sanchez, 

E. E. 2022, N. Engl. J. Med., 386(1), 68-78. 
3. Bittenbinder, M. A., van Thiel, J., Cardoso, 

F. C., Casewell, N. R., Gutiérrez, J. M., 
Kool, J. and Vonk, F. G. 2024, Commun. 
Biol., 7(1), 358. 

4. Garkowski, A., Czupryna, P., Zajkowska, 
A., Pancewicz, S., Moniuszko, A., Kondrusik,
M., Grygorczuk, S., Golebicki, P., 
Letmanowski, M. and Zajkowska, J. 2012, 
Ann. Agric. Environ. Med., 19(4), 793-797. 

5. Czajka, U., Wiatrzyk, A. and Lutyńska, A. 
2013, Przegl Epidemiol, 67(4), 641-733. 

6. Gutiérrez, J. M., Calvete, J. J., Habib, A. G., 
Harrison, R. A., Williams, D. J. and Warrell, 
D. A. 2017, Nat. Rev. Dis. Primers, 3, 
17079. 

7. Resiere, D., Mehdaoui, H. and Neviere, R. 
2022, Toxins (Basel), 14(11), 802. 

8. Di Nicola, M. R., Pontara, A., Kass, G. E. 
N., Kramer, N. I., Avella, I., Pampena, R., 
Mercuri, S. R., Dorne, J. L. C. M. and 
Paolino, G. 2021, Toxicology, 453, 152724. 

Proteomic studies of exudates collected from the 
tissues injected with snake venoms identified 
fragments of many ECM proteins that may cause 
additional tissue destruction or participate in 
regenerative processes [2, 13]. These fragments 
can be the part of MLMWS, whose accumulation 
contributes to endogenous intoxication development.
Thus, the last step of our research was to evaluate 
MLMWS levels in rat muscles after injection of 
studied venoms. The obtained data are generally 
consistent with the results of the study of 
MLMWS content in other organs of rats. In 
particular, the spleen and heart showed a slight 
increase in MLMWS210 content compared to the 
control, whereas MLMWS238 and MLMWS254 
levels increased more strongly, and a larger effect 
was almost always observed after V. b. berus
venom injection. But the main feature was a much 
greater increase in the content of these molecules 
– by 8-14 times in the spleen and heart 
(MLMWS254, under both studied venoms’ 
action), as well as by 47.9 (V. b. berus) and 37 
(V. b. nikolskii) times (MLMWS238, spleen) [9]. 
On the contrary, a greater effect of V. b. nikolskii 
venom was found on the liver, kidneys and small 
intestine. In this case, MLMWS210, MLMWS238 
and MLMWS254 levels increased by 1.65, 16.71, 
and 2.64 times (liver), 1.24, 3.64, and 3.13 times 
(kidney), and by 1.41, 4.18, and 5 times (small 
intestine) compared to the corresponding control. 
Thus, our results indicate the presence of certain 
intoxication in the damaged muscle, but it is much 
lower than in other organs, perhaps due to easier 
detoxification and /or removal of MLMWS, and 
may subsequently contribute to successful 
recovering of muscle tissue.  
 
CONCLUSION 
Therefore, our results indicate the intensification 
of proteolytic processes in the rat muscles after 
administration of V. b. berus and V. b. nikolskii
venoms. This is confirmed by the decrease in total 
protein content in the rat muscles in combination 
with a redistribution of protein fractions towards 
low molecular weight proteins and protein 
aggregates with a very high molecular weight 
(V. b. berus venom) or peptides (venom of V. b. 
nikolskii). Enhanced proteolysis is also evidenced 
by an increase in total proteolytic activity (mainly
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9. Palamarchuk, M., Bobr, A., Mudrak, A., 
Gunas, I., Maievskyi, O., Samborska, I., 
Vovk, T., Halenova, T., Raksha, N., 
Savchuk, O. and Ostapchenko, L. 2023, 
Curr. Appl. Sci. Technol., 23(6), 1-13. 

10. Siigur, J. and Siigur, E. 2022, Toxicon X, 
15, 100131. 

11. Tasoulis, T. and Isbister, G. K. 2017, Toxins 
(Basel), 9(9), 290. 

12. Damm, M., Hempel, B. F. and Süssmuth, R. 
D. 2021, Toxins (Basel), 13(6), 427. 

13. Gutiérrez, J. M., Escalante, T., Hernández, 
R., Gastaldello, S., Saravia-Otten, P. and 
Rucavado, A. 2018, Toxins (Basel), 10(5), 
182. 

14. Bittenbinder, M. A., Bergkamp, N. D., 
Slagboom, J., Bebelman, J. P. M., Casewell, 
N. R., Siderius, M. H., Smit, M. J., Kool, J. 
and Vonk, F. G. 2023, Biology (Basel), 
12(6), 765. 

15. Pałgan, K., Kuźmiński, A., Janik, A., Gotz-
Żbikowska, M. and Bartuzi, Z. 2015, Int. J.
Immunopathol. Pharmacol., 28(1), 119-121. 

16. Lamb, T., Stewart, D., Warrell, D. A., 
Lalloo, D. G., Jagpal, P., Jones, D., 
Thanacoody, R., Gray, L. A. and Eddleston, 
M. 2021, Clin Toxicol (Phila), 59(11), 992-
1001. 

17. Nițescu, G. V., Ulmeanu, C. E., Crăciun, M. 
D., Ciucă, A. M., Ulici, A., Ghira, I. and 
Lonati, D. 2022, Toxins (Basel), 14(7), 500. 

18. Shitikov, V. K., Malenyov, A. L., Gorelov, 
R. A. and Bakiev, A. G. 2018, Principy 
Èkologii, 2, 150-160. 

19. Bradford, M. M. 1976, Anal. Biochem., 72, 
248-254. 

20. Laemmli, U. 1970, Nature, 227, 680-685. 
21. Ostapchenko, L., Savchuk, O. and Burlova-

Vasilieva, N. 2011, Adv. Biosci. Biotechnol.,
2, 20-26. 

22. Munilla-Moran, R. and Stark, J. R. 1989, 
Aquaculture, 8, 315-327. 

23. Raksha, N., Vovk, T., Halenova, T., 
Mudrak, O., Slyeptsova, I., Mudrak, H., 
Turbal, L., Yaremenko, L., Yanchyshyn, A., 
Maievskyi, O. and Savchuk, O. 2022, Curr. 
Top. Pept. Prot. Res., 23, 63-72. 

24. Oliveira, A. L., Viegas, M. F., da Silva, 
S. L., Soares, A. M., Ramos, M. J. and 
Fernandes, P. A. 2022, Nat. Rev. Chem., 
6(7), 451-469. 

25. Bocian, A., Urbanik, M., Hus, K., 
Łyskowski, A., Petrilla, V., Andrejčáková, 
Z., Petrillova, M. and Legath, J. 2016, 
Molecules, 21(10), 1398. 

26. Vilca-Quispe, A., Alvarez-Risco, A., Gomes 
Heleno, M. A., Ponce-Fuentes, E. A., Vera-
Gonzales, C., Zegarra-Aragon, H. F. E., 
Aquino-Puma, J. L., Talavera-Núñez, M. E., 
Del-Aguila-Arcentales, S., Yáñez, J. A. and 
Ponce-Soto, L. A. 2023, Front. Chem., 11, 
1217329.  

27. Teixeira, C., Fernandes, C. M., Leiguez, E. 
and Chudzinski-Tavassi, A. M. 2019, Front. 
Immunol., 10, 2082. 

28. Costet, J. 2016, Inflammatory response to 
naturally occuring tiger snake envenomation 
in dogs, with a special emphasis on IL-6, 
Thèse d’exercice, Médecine vétérinaire, 
Ecole Nationale Vétérinaire de Toulouse, 
France. 

29. Kovalchuk, S. I., Ziganshin, R. H., Starkov,
V. G., Tsetlin, V. I. and Utkin, Y. N. 2016, 
Toxins (Basel), 8(4), 105. 

30. Al-Shekhadat, R. I., Lopushanskaya, K. S., 
Segura, Á., Gutiérrez, J. M., Calvete, J. J.
and Pla, D. 2019, Toxins (Basel), 11(2), 90. 

31. Bhat, S. K., Joshi, M. B., Ullah, A., Masood, 
R., Biligiri, S. G, Arni, R. K. and 
Satyamoorthy, K. 2016, Toxicon, 124, 63-72.

32. Serrano, S. M. T. 2004, Basic endopeptidases
of Bothrops moojeni venom, A. J. Barrett, 
N. D. Rawlings and J. F. Woessner (Eds.), 
Handbook of Proteolytic Enzymes, Elsevier 
Academic Press, London, 662.  

33. Olaoba, O. T., Karina Dos Santos, P., 
Selistre-de-Araujo, H. S. and Ferreira de 
Souza, D. H. 2020, Toxicon X., 7, 100052.  

34. Slapak, E. J., Duitman, J., Tekin, C., 
Bijlsma, M. F. and Spek, C. A. 2020, 
Biology (Basel), 9(4), 80.  

35. Alameddine, H. S. and Morgan, J. E. 2016, 
J. Neuromuscul. Dis., 3(4), 455-473. 

36. Herrera, C., Macêdo, J. K. A., Feoli, A., 
Escalante, T., Rucavado, A., Gutiérrez, J. M. 
and Fox, J. W. 2016, PLoS Negl. Trop. Dis., 
10(4), e0004599. 

37. Rozanov, D. V., Deryugina, E. I., Ratnikov, 
B. I., Monosov, E. Z., Marchenko, G. N., 
Quigley, J. P. and Strongin, A. Y. 2001, 
JBC, 276(28), 25705-25714. 

Impact of Vipera berus venom on muscle proteolytic balance                                                                   19



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

38. Lee, H., Ibrahimi, L., Azar, D. T. and Han, 
K. Y. 2023, Int. J. Mol. Sci., 24(3), 2183. 

39. Evans, R. D. and Itoh, Y. 2007, Methods 
Mol. Med., 135, 239-249. 

40. Synelnyk, T. B., Kravchenko, O. O., 
Kostiuk, O. S., Savchuk, O. M., Sukhodolia, 
S. A. and Ostapchenko, L. I. 2022, Fiziol. 
Zh., 68(6), 31-43. 

41. Song, F., Wisithphrom, K., Zhou, J. and 
Windsor, L. J. 2006, Front. Biosci., 11, 
3100-3120. 

42. Zuliani, J. P. 2023, Toxicon, 226, 107088. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

43. Synelnyk, T., Vovk, T., Halenova, T., 
Tytarenko, V., Raksha, N., Savchuk, O., 
Falalyeyeva, T., Ostapchenko, L., Yakovlev, 
P., Kozyk, M., Thorley, D. and Strubchevska,
K.  2023, Front. Med. (Lausanne), 10, 
1276882. 

44. Beghdadi, W., Madjene, L. C., Benhamou, 
M., Charles, N., Gautier, G., Launay, P. and 
Blank, U. 2011, Front. Immun., 2, 37. 

45. Anderson, E., Stavenhagen, K., Kolarich, 
D., Sommerhoff, C. P., Maurer, M. and 
Metz, M. 2018, Front. Immunol., 9, 1532. 

 

20 Sogujko Yuriy et al.


