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Viper snakebite is considered to be a serious and life-threatening medical problem due to its ability to cause various
types of coagulopathies. The current study aimed to investigate the effects of Vipera berus berus and Vipera berus
nikolskii venoms on hemostasis in rats. To determine the possible mechanisms of coagulopathy that occurred as a
post-bite complication, various hemostatic parameters were studied in experimental animals 24 hours after a single
intraperitoneal injection of V. b. berus or V. b. nikolskii venom. The obtained results were compared to those of the
control group, composed of the rats not-treated with viper venom. Our results revealed the state of hypocoagulability
in both groups of envenomed rats, which was accompanied by prolongation of plasma coagulation in the thrombin
time test, reduction in plasma fibrinogen level, increased fibrin/fibrinogen degradation products, as well as functionally
inactive prothrombin forms compared to the control. Both venoms also enhanced the heparin activity and inhibited
the antithrombin III activity. Furthermore, severe alterations in fibrinolysis were noticed after venom injection. An
increased level of plasmin activity was accompanied by a significant decrease in a-2-antiplasmin activity in the plasma
of envenomed rats. It is concluded that V. b. berus and V. b. nikolskii venom toxins have significant effects on plasma
coagulation and fibrinolysis and that viper snakebite could be an important risk factor for coagulopathy development.

INTRODUCTION

Snake venoms are complex mixtures of diverse bioactive

The two most relevant families of venomous snakes,
Elapidae (elapids) and Viperidae (viperids, commonly referred

compounds that aim to either kill or incapacitate the prey. Snake
venoms usually have hemolytic, proteolytic, and cytotoxic
properties, which facilitate the initiation of tissue digestion in
the vicinity of the bite site. Up to 90% of the toxins found in
snake venom are polypeptides, which include both enzymes and
non-enzymatic proteins [1]. Both the composition and mode of
action of venoms produced by snakes vary widely depending
on the genus, furthermore even within the same species venom
composition defers by the influence of such factors as age, sex,
environmental conditions, and the type of available prey [2].
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to as vipers), include almost all medically important species.
The major constituents of elapid venoms are phospholipases A2
(PLA2s) and three-finger toxins which play a dominant role in
the venom action [3], although there are some other important
toxins such as snake venom metalloproteinases (SVMPs), snake
venom serine proteases (SVSPs), and L-amino acid oxidases
(LAAOs), which together represent an average of 6% of elapid
venom [4]. The other minor constituent of elapid venom (an
average of ~5%) is a family of serine protease inhibitors, namely
Kunitz-type peptides, which are potent and selective K*-channel
blockers [1]. Viperid venoms are comprised mainly of PLA2s,
SVMPs, and SVSPs, which together represent an average of
~70% of the whole venom proteome, while LAAOs, Kunitz-
type peptides, C-type lectins, C-type lectin-like proteins, and
natriuretic peptides are present in smaller concentration (up to
7% of the whole toxins). Variations in the chemical composition
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of elapid and viperid venoms cause distinct clinical effects:
elapid venoms primarily trigger neurotoxic, cytotoxic, and
cardiotoxic symptoms, whereas viper envenomation typically
leads to myotoxic and hemotoxic effects [5].

Many toxins from the species belonging to the
Viperidae family can influence various targets within the
hemostatic system, causing coagulopathy and hemorrhage
[6]. These targets include clotting factor activators and
inhibitors, components of fibrinolytic cascade, platelets, and
endotheliocytes. Components affecting hemostasis are also
found among Elapidae, although they are uncommon. Since
snake venoms are rich sources of new molecules that can
affect hemostasis, they can be useful in the therapeutic area
as potential tools for drug discovery or applications in both
medicine and biotechnology.

A widely distributed venomous snake species within
the Viperidae family is Vipera berus, commonly referred to as
the common European adder. This species has an extensive
range, occurring across much of Europe and extending to
East Asia [7]. There are several recognized subspecies, two of
which, namely Vipera berus berus and Vipera berus nikolskii,
are the only venomous snakes that can be found on the
territory of Ukraine. Vipera berus venom displays proteolytic,
hemolytic, and cytotoxic properties, as well as fibrinolytic and
anticoagulant activities, causing disruption of homeostasis
[8]. Many efforts have been made to establish the nature of
the specific components responsible for the biological effects
of V. berus venom [8-11]. To date, the V. berus venom is
well characterized; however, viper V. b. nikolskii is less
studied. Furthermore, the primary characteristics of venom
in subspecies across different regions and populations remain
largely unexplored. Therefore, additional in vitro and in
vivo studies may enhance the understanding of snake venom
chemistry, thereby facilitating the development of novel
therapeutic agents. Therefore, this study aimed to compare the
in vivo hemostatic effects of V. b. berus and V. b. nikolskii
venoms.

MATERIALS AND METHODS

Venom

The venoms of V. b. berus and V. b. nikolskii were
obtained from the V.N. Karazin Kharkiv National University
(Kharkiv, Ukraine). Lyophilized crude venoms were kept
at —20°C. Before experiments, dried material was dissolved
in 0.9% saline solution, and then centrifuged at 10,000 g for
15 minutes. The obtained supernatant was used in further
experiments.

Experimental design

Thirty male white nonlinear rats (10 weeks old),
weighing 200-220 g, were used for this study. The animals
were housed in groups of up to five per cage under standard
laboratory conditions, including a 12/12-hour light/dark cycle, a
temperature of 22°C + 2 °C, and a humidity level of 55% + 5%.
They had ad libitum access to water and standard laboratory
rodent pellet food. After 5 days of acclimatization, the animals
were randomly assigned into three experimental groups: 1—

control group (n = 10): rats received a single intraperitoneal
injection of 0.9% saline solution (0.5 ml); 2—Vbb group (n
= 10): rats treated with a single intraperitoneal injection of V.
b. berus venom at a dose of 1.576 pg/g of animal weight (in
0.5 ml); and 3—Vbn group (n = 10): rats treated with a single
intraperitoneal injection of V. b. nikolskii venom at a dose of
0.972 ng/g of animal weight (in 0.5 ml). Rats were sacrificed 24
hours after venom injection, and blood samples were collected.
All procedures involving venom injection and euthanasia were
performed under ketamine—xylazine anesthesia (60 + 5 mg kg !,
i.p.) with basic monitoring.

The use of the laboratory animals was approved
by the Biomedical Ethics Committee of the ESC “Institute
of Biology and Medicine” of Taras Shevchenko National
University of Kyiv (protocol No. 9 dated September 4,
2023). All experiments were performed in accordance with
the “European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1986) and Article 26 of the Law of
Ukraine “On the Protection of Animals from Cruelty” (No.
3447-1V, 21.02.2006), as well as European Union Directive
of 22 September 2010 (2010/63/EU) for the protection of
animals used for scientific purposes.

Plasma sample preparation

Blood plasma was obtained using the standard protocol.
Whole blood was collected into plastic tubes containing 3.8%
(w/v) sodium citrate as an anticoagulant (9:1, vol/vol). The
tubes were centrifuged at 900 g for 30 minutes at 4°C and the
plasma was separated with plastic pipettes. All plasma samples
were stored at —20°C until assayed.

Thrombin time (TT) determination

The TT was measured using an RT-2201C coagulation
analyzer (Rayto, China) and a commercial TT assay kit
(RENAU, Ukraine). All procedures were conducted in strict
accordance with the manufacturer’s instructions. In brief, a 50
ul plasma sample was combined with 100 pl of thrombin (final
activity: 3 U/ml) in a coagulometric cuvette, and the clotting
time (in seconds) required for clot formation was recorded.

Fibrinogen concentration measurement

Fibrinogen concentration was determined
spectrophotometrically by the technique previously described
[12]. Briefly, the mixture of plasma (0.2 ml), thrombin (2 NIH
units in 0.1 ml), 0.1 M phosphate buffer (1.7 ml, pH 7), and 0.04
M monoiodoacetic acid (0.1 ml) was prepared and incubated
at +37°C for 30 minutes. The formed fibrin clot was removed,
washed several times with cooled 0.13 M NaCl, and dissolved
in 5 ml of 1.5% acetic acid.

The absorbance measurements were conducted at 280
and 320 nm for each sample. The concentration of fibrinogen
(g/1) was calculated by means of the formula: (A, — A,,) ’
255 / 1.506, where 255 represents the conversion factor for
determining fibrinogen concentration in plasma from the
sample volume, and 1.506 corresponds to the fibrin extinction
coefficient at 280 nm.
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Determination of plasma fibrin/fibrinogen degradation
products (FDPs)

To measure the plasma levels of fibrin/FDPs, we used
a method based on the ability of these molecules to prolong
the time necessary for monomer fibrin polymerization [13]. The
concentration of FDPs in plasma, which is directly proportional
to the polymerization time, was calculated by means of a
calibration curve prepared using the plasma samples with
known FDP concentration and the monomer fibrin solution.

Plasmin activity assay

Plasmin activity was assessed using a previously
described method [14]. In brief, plasma was diluted 1:50 in
0.05 M Tris-HCI buffer (pH 7.4). The reaction mixture, with a
final volume of 250 pl, contained 0.05 M Tris-HCI buffer (pH
7.4), and the diluted plasma sample was preincubated at +37°C
for 5 minutes. Subsequently, the chromogenic substrate S2251
(RENAU, Ukraine) was added to a final concentration of 3 mM.
The absorbance of the samples was measured at a wavelength
of 405 nm using a microplate spectrophotometer (BioTek
Instruments, Inc., USA). The amount of free p-nitroaniline
produced was directly proportional to plasmin activity.

a-2-Antiplasmin activity assay

The inhibitory potential of a-2-antiplasmin was
assessed using a previously described method [14]. In brief,
plasma was diluted 1:3 in 0.05 M Tris-HCI buffer (pH 7.4).
The reaction mixture, with a final volume of 250 ul, contained
0.05 M Tris-HCI buffer (pH 7.4), a diluted plasma sample,
and plasminogen. The mixture was preincubated at +37°C
for 5 minutes, after which the chromogenic substrate S2251
(RENAU, Ukraine) was added to a final concentration of 3 mM.
The absorbance of the samples was measured at a wavelength
of 405 nm using a microplate spectrophotometer (BioTek
Instruments, Inc., USA). The amount of free p-nitroaniline
generated was inversely proportional to a-2-antiplasmin
inhibitory activity.

Antithrombin III (AT III) activity assay

AT III activity was determined using a
spectrophotometric technique [15]. Briefly, plasma was diluted
1:30 in 0.05 M Tris-HCI buffer (pH 7.4). The reaction mixture,
with a final volume of 250 pl, contained 0.05 M Tris-HCl buffer
(pH 7.4), a diluted plasma sample, thrombin, and heparin at a
final concentration of 0.2 IU. The mixture was preincubated at
+37°C for 5 minutes, after which the chromogenic substrate
S2238 (RENAU, Ukraine) was added to a final concentration
of 3 mM. The absorbance of the samples was assayed at a
wavelength of 405 nm using a microplate spectrophotometer
(BioTek Instruments, Inc., USA). The AT III activity was
determined based on the amount of released p-nitroaniline,
which was inversely proportional to the AT III activity in the
plasma sample.

Heparin activity assay

Heparin activity was measured using a commercial
chromogenic analysis kit (RENAU, Ukraine), following the

manufacturer’s instructions. Plasma samples were diluted 1:5
in 0.05 M Tris-HCI buffer (pH 7.4) and mixed with an AT-III
solution and factor Xa solution, then incubated at +37°C for 5
minutes. Subsequently, a chromogenic substrate was added, and
the mixture was incubated for an additional 5 minutes at +37°C.
The reaction was terminated by the addition of 50% acetic acid.
The amount of p-nitroaniline released from the chromogenic
substrate molecules was quantified at a wavelength of 405
nm by means of a microplate spectrophotometer (BioTek
Instruments, USA). The amount of free p-nitroaniline generated
was inversely proportional to heparin activity. The heparin
activity in the control group was set at 100%, while the activity
levels in venom-treated groups were expressed as percentages
relative to the control.

Evaluation of functionally inactive prothrombin forms
(FIPFs) in plasma

To evaluate the relative levels of FIPFs, we used a
method based on the measurement of the difference between
ecamulin time (ET) and prothrombin time (PT) [13]. ET is
proportional to the levels of normal and FIPFs, while the
PT represents the levels of normal thrombin. Therefore, the
difference between ET and PT is proportional to the FIPFs in
the plasma samples. The level of FIPFs in the control group
of animals was set at 100%, while the FIPF levels in venom
treated groups were given as percentages of control.

Statistical analysis

Statistical analyses were performed using Statistica
software, version 12.0 (StatSoft Inc., USA). The Shapiro—Wilk
test was applied to assess the data distribution. Since all data
sets were determined to be distributed normally, means and
standard deviation (M + SD) were used as summary statistics.
Data comparisons between groups were conducted using the
Student’s #-test. A p-value of less than 0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

Toxins present in Viperidac venoms that target
hemostasis contribute to a wide range of clinical and biological
syndromes and may lead to severe complications, including
potential fatalities. There is a broad range of clinically
significant complications following viper envenoming,
including incoagulability and local or systemic bleeding, which
are among the major lethal factors. Thus, understanding the
mechanisms of toxin-induced hemostasis alterations may shed
light on fundamental biological processes associated with
snakebite envenoming, which is important as a prerequisite to
optimize current management strategies and search for novel
therapeutic options.

The TT is a commonly employed screening test
for assessing fibrinogen abnormalities and detecting the
presence of inhibitors that affect thrombin activity, fibrin
formation, and its polymerization [16]. Thus, to investigate
the pro- and anticoagulant potential of viper toxins, we
measured the TT in rats after the V. b. berus or V. b. nikolskii
venoms injection. As can be seen from the obtained results
(Fig. 1), the normal reference range of the TT test was from
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17.1 to 19.3 seconds. Our preliminary study revealed the
state of hypocoagulability in both groups of rats 24 hours
after venom injection. Thus, the average TT values were 23.1
s in rats of the Vbb group (p = 0.033 vs. control) and 26.5
seconds in rats of the Vbn group (p < 0.001 vs. control).
Since TT level reflects the conversion of fibrinogen to fibrin
after the addition of thrombin reagent, our results could be
associated with impairment of fibrinogen function caused
by the presence of thrombin inhibitors or effectors of fibrin
formation and polymerization. Increased clotting time in the
TT test may be a risk factor for hemorrhage in experimental
rats after venom injection.

Table 1 shows the key parameters of the hemostatic
system in blood plasma samples of the studied groups. No
significant difference was observed in the mean fibrinogen
concentration between the Vbb group and the control group (p
= 0.813). In contrast, the mean fibrinogen concentration in the
Vbn group was significantly lower compared to the control (p =
0.023). Furthermore, the mean levels of FDPs were significantly
elevated in both venom-injected groups compared to the control
(p <0.05).

The findings of the present study are supported by
Dang et al. [17] who reported that Viperidae envenomation
is accompanied by changes in coagulation status, decreased
fibrinogen concentration, and increased D-dimer level.
Similarly, another study reported coagulopathy following viper
envenomation, characterized by prolonged activated partial
thromboplastin time, reduced fibrinogen levels, and decreased
activity of coagulation factors V, VIII, and X, with recovery
occurring within 48 hours [18]. Additionally, Isbister ef al. [18]
have shown that the severity of clotting abnormalities correlates
with venom concentrations.

FIPFs accumulation may serve as a biological
marker of thrombophilia [19] since the plasma level of FIPFs
increases during thrombotic processes, when thrombin cleaves
prothrombin to form inactive fragments of prothrombin
molecules. As can be seen from the results (Table 1), plasma
FIPF levels were elevated in rats treated with either V. b. berus
venom or V. b. nicolskii venom compared to controls. Such data
may indicate an early stage of coagulation cascade activation.
The study by Dineshkumar ef al. [20] showed similar findings,
reporting that thrombotic microangiopathy may occur due to
Viperidae envenomation. However, it should be emphasized
that thrombotic microangiopathy is a rare complication of
snake envenoming [21]. The existence of such contradictory
data further emphasizes the importance of venom composition
variability across different subspecies and geographic regions,
which may contribute to inconsistencies in reported results
regarding the biological effects of Viperidae venom.

Among the serine proteinases that are present in snake
venom, thrombin-like enzymes exist; they can affect fibrinogen
molecules, making blood plasma unclottable. They are widely
distributed within several species in the Viperidae family and
show more than 67% of sequence similarity among themselves
[22]. The other interesting fact about such snake thrombin-like
enzymes is that most of them cannot be inhibited by thrombin
inhibitors such as AT III and hirudin [6,23].

Antithrombin is one of the principal anticoagulant
agents, which inhibits several key enzymes of the coagulation
cascade (namely, factor II or thrombin, factor IXa, and factor
Xa), thereby providing a counter mechanism to clot formation.
According to the results obtained (Table 1), there were slight
differences between both the venom-treated groups of rats and
the control group regarding the mean of antithrombin activity
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Figure 1. Average values of TT in control rats and rats after 24 hours of intraperitoneal injection of V.
b. berus (Vbb group) or V. b. nikolskii (Vbn group) venoms.
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Table 1. Basic characteristics of the hemostatic system in the studied

groups.
Groups
Parameter Control Vbb Vbn
(n=10) (n=10) (n=10)
Fibrinogen (mg/ml) 32+0.1 29+0.2 24+0.1%
Fibrin/ FDPs (ug/ml) 19.8+1.3 283+ 1.6* 32.7+£2.2%
FIPFs (%) 100 +4 112 + 3* 117 + 5%
AT III activity (%) 100+5 91 + 2% 89 + 4*
Heparin activity (%) 100+ 4 112 + 4% 117 £2%
Plasmin activity (%) 100+ 5 116 + 5% 124 + 6*
a-2-Antiplasmin activity 100+ 5 81 £3* 75+ 8*

* p < 0.05 versus control group.
Values are reported as Mean = SD.

(p < 0.05). On the other hand, the activity of heparin was
significantly elevated in both venom-injected groups compared
to control (p < 0.05).

It is important to consider several possible
mechanisms for the appearance of FDPs in the plasma of rats
following Viperidae venom injection. First, among the venom
components might be active proteases, which can directly
cleave the fibrinogen molecule into low-molecular fragments.
Second, FDPs could be released into the bloodstream due to
the lysis of fibrin clots by components of the fibrinolytic system
in venom-treated animals. Therefore, investigating the state of
the fibrinolytic system in rats under the influence of Viperidae
venom was deemed necessary.

The key component of the fibrinolytic system is
plasminogen, an inactive proenzyme that can be converted into
the active enzyme plasmin, which facilitates the degradation
of fibrin into soluble FDPs. The regulation and control of
the fibrinolytic system are mediated by specific molecules,
including plasminogen activators and inhibitors [24]. The
results of our study indicated that plasmin activity was slightly
higher in the Vbb group compared to the control values (p =
0.042), whereas in the rats of the Vbn group, this parameter was
increased by 25% (p = 0.005). These findings may be attributed
to the presence of plasminogen activators in Viperidae venom,
which have also been identified among other snake toxins [25].
These plasminogen activators may convert plasminogen to
active enzyme plasmin, facilitating clot lysis.

Since o2-antiplasmin (also known as a2-plasmin
inhibitor) is the main physiological inhibitor of the fibrinolytic
enzyme plasmin, we also studied its activity in venom-treated
rats. Our results showed that in the period of 24 hours after
venom injection, the activity of a2-antiplasmin was reduced by
20% in rats of the Vbb group (p = 0.023) and by 25% in the
Vbn group (p = 0.015) when compared to control values. Thus,
our study’s findings revealed that Viperidae envenoming may
activate fibrinolysis. Such an effect could be associated with
enhanced plasma profibrinolytic potential due to both increased
plasmin activity and decreased a-2-antiplasmin activity. We
think direct effectors of a-2-antiplasmin may exist among the
viper toxins; they can be the reason for a low level of a-2-
antiplasmin activity, making plasmin activity grow up.

Our findings align with previous reports highlighting
the complex effects of Viperidae venom on hemostasis system,
which may be attributed to differences in venom composition
between subspecies, geographic populations, and experimental
conditions [8,26]. Different studies revealed that certain
venom components frequently have contradictory effects
on the hemostatic parameters, influencing both coagulation
and fibrinolysis in different ways, leading to varied clinical
presentations [1]. Indeed, specific venom proteases (e.g., serine
proteases and metalloproteinases) that may either activate or
degrade fibrinolytic factors may be a reason for a venom pro-
fibrinolytic effect as well as an inhibitory effect on fibrinolysis
[27,28]. Our results further support the need for additional
investigations into the interplay between venom-induced
fibrinolysis and potential pro-thrombotic effects, particularly in
envenomed individuals with pre-existing coagulopathies.

The present study has some limitations, which
should be acknowledged. Only a single dose of each venom
was tested. Specifically, rats received a single intraperitoneal
injection of V. b. berus venom at a dose of 1.576 pug/g of animal
weight and V. b. nikolskii venom at a dose of 0.972 ng/g of
animal weight. These doses were previously documented as
LD50 [29] and have been widely tested on various biological
effects [11,30,31]. The use of an acute LD50 for each venom
allowed us to standardize the comparison between the two
venoms. On the other hand, a dose-response study would
provide deeper insights into the severity and progression of
venom-induced coagulation disturbances. Thus, in the further
research, we are going to explore a broader range of venom
concentrations to better understand the dose-dependent
effects and refine our understanding of venom toxicity and
its systemic consequences. The other limitation, which
should be mentioned is a single time-point measurement.
All measurements were taken only at 24 hours post-
injection, which may have missed potential early-phase (e.g.,
immediate coagulation changes) or late-phase (e.g., delayed
fibrinolytic responses) effects. A time-course study, with
multiple sampling points, would help elucidate the dynamics
of venom-induced alterations in hemostasis. Finally, while we
evaluated biochemical coagulation parameters, this study did
not include direct in vivo assessments of bleeding tendency
or thrombotic events, such as bleeding time, clot formation
assays, or histopathological examination of microthrombi in
organs. These analyses would provide more comprehensive
insights into the pathophysiological consequences of
envenomation. To summarize, future studies should address
these limitations by incorporating a broader range of venom
doses, multiple time points, and additional in vivo functional
assays to provide a more complete understanding of venom-
induced coagulation disorders.

CONCLUSION

Thus, the alterations in rats’ hemostasis system under
either V. b. berus or V. b. nikolskii envenomation were characterized
by declining the content of fibrinogen and rising the levels of
fibrin/FDPs as well as FIPFs. In addition, plasmin activity, which
is considered to be the key regulator of fibrinolytic process,
was increased in rats of both venom-treated groups, while o-2-
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antiplasmin activity was decreased after envenomation. It should
be noted that the detected changes were maximally pronounced
in rats after V. b. nikolskii venom injection.

Our study demonstrated that there were no strong
differences between the effects of both venoms on the
hemostasis in experimental rats. Thus, V. b. berus and V.
b. nikolskii venom toxins can interfere with normal blood
coagulation by similar mechanisms. The relatively similar
composition of different Viperidae venoms suggests that
hypocoagulation and enhanced fibrinolysis should not be
considered distinct pathologies but rather two interconnected
aspects of the same pathophysiological process. Unfortunately,
the exact mechanisms underlying coagulopathy induced by viper
envenomation remain incompletely understood. Identifying
these mechanisms would provide a deeper understanding of the
hemostatic disturbances caused by viper venoms and contribute
to the development of improved guidelines for the management
and treatment of patients suffering from viper bites.
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