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Abstract:

The article presents experimental data and studies of the dynamics of changes in the activity of phospholipase
A2 from the venom of vipers (Macrovipera lebetina obtusa Linnaeus, 1758) with different storage periods. A
decrease in the enzymatic activity of viper venom was revealed during long-term storage in the period from
1989 to 2015 from 42 1U/mg to 30.5 1U/mg. In all likelihood, as a result of biochemical changes, there is a
decrease in enzyme activity from 100% to 72.61, 77.38, 82.38, 95.24%, respectively, which must be taken
into account when producing and storing preparations based on snake venom. Thus, the obtained results of
experimental studies can be used in storing, identifying, standardizing and determining the biological activity
of both whole venom of the Transcaucasian viper and preparations based on viper venom.
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Introduction

Snake venoms are a complex complex of biologically active substances
that have extremely diverse properties and the ability to affect the main
integrating systems of the body: the blood and the nervous system. Their
toxic and medicinal properties have been known to man since ancient
times. However, only in the twentieth century did their scientifically
based use for therapeutic and diagnostic purposes begin [1-4]. Currently,
due to the intensive development of pharmacology and pharmacy, a
colossal amount of medicines has been created for the treatment of human
diseases. There is no doubt that the poison of the Transcaucasian viper
can be classified as a group of natural biologically active substances.
Snake venoms contain compounds that act on various cellular targets.
Thus, the venoms of snakes of the Elapidae family contain well-known a-
neurotoxins that have a high affinity for nicotinic cholinergic receptors
(nAChRs) and a small group of toxins that block Ca2+ and K+ channels.
Very little is known about the presence of nAChR antagonists andvoltage-
activated Ca?+ channel blockers in venoms of snakes of the family
Viperidae. It has been established that venoms from snakes of the
Viperidae family have the ability to block nAChRs and voltage-activated
Ca2+ channels. The efficiency of nAChR blocking is significantly lower
than that of the cobra venom N. kaouthia, which has a high content of -
neurotoxins (classical nAChR blockers), but the blocking of Ca2+
channels by Viperidae and cobra venoms is similar. The data obtained
suggest that the studied venoms of Viperidae contain toxins that block
targets of both types [5-8]. Modern methods of fractionation of mixtures
of organic compounds (electrophoresis, ultracentrifugation,
ultrafiltration, fixation on ion-exchange resins, etc.) have made it possible
to separate the proteins that make up snake venoms and determine their
biochemical properties and toxicity. It turned out that snake venoms

contain from 5 to 11 different protein fractions. Snake venom proteins
have the properties of either enzymes or enzymatic poisons. On this basis,
a currently generally accepted view has emerged, according to which the
main active principles of snake venoms are simple or complex proteins
that have the properties of enzymes or enzymatic poisons [9]. The authors
analyzed the properties of the poisonous secretion using the activity of
proteolytic enzymes and L amino acid oxidase. Determination of protein
concentration in venom solutions was carried out using the Lowry
method. As is the case with proteolytic activity, the largest range is
observed in representative samples. According to the authors, for the
Middle Volga region the minimum variant of amino acid L oxidase
activity is 1.2, and the maximum is 47.1, and the range of variation was
45.9 U/mg protein min [10]. It has been shown that in common vipers
Vipera berus from Samara, venom output increases after wintering in May
and decreases in September before leaving for the winter. A statistically
significant summer increase in the activities of proteases (in June) and L-
amino acid oxidase (in July) in venom was revealed [11]. The LD values
of the poisonous secretions of common and eastern steppe vipers were
determined using various experimental animals. At the same time,
statistically significant differences in the LD values determined in animals
of the same species of different masses could not be identified [12]. As
studies of the proteome of venoms of 85 species of snakes of the viper
family have shown, the bulk of the venoms were representatives of three
groups of proteins (all of them are enzymes): 1) phospholipase A, 2)
serine proteinases, 3) metalloproteinases [13]. Phospholipase A: is the
most important “biochemical weapon” not only of vipers, but also of other
higher snakes, as well as some poisonous animals of other classes (wasps,
bees, scorpions, cone snails). The content of phospholipase A2 in the
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venoms of snakes of the Viperidae subfamily (data on 20 species) varied
from 5 to 64%, and from the Crotalinae family (data on 53 species) —from
0.5 t0 91% [14-17]. The maximum enzyme content was described for the
representative of viperids (true vipers) Vipera nicolskii (65%) [18] and
for the representative of crotalids (rattlesnakes) Crotalus durissus
cascavella (90.9%) [19]. In a particular species of snake, the enzyme
concentration did not change very significantly depending on activity and
age [20-22]. Phospholipases Az (PLA2) catalyze the hydrolysis of fatty
acid esters in the 2-position of 3- sn phospholipids and are found in
intracellular and secreted forms. Within the same snake venom, several
PLA: can be found, which present differences in their ability to hydrolyze
phospholipids in biological bilayers. In this study, Chinese cobra, Naja
naja atra (N. n. atra) venom was purified by Size Exclusion
Chromatography using a Superdex 75 and cation exchange using a
column packed with Carboxymethyl Cellulose (CM-Cellulose) to pre-
separate protein components from the venom. PLA: activity was assayed
against human erythrocytes and monomeric substrate to determine
differences in hydrolytic activity. Primary sequence alignment shows
94% homology, however Band E presented 40% less activity against
human erythrocytes, despite having 100% active site homology.
Molecular modeling of both sPLA2s revealed differences at the Cys-19
and Trp-19 position and spatial orientation differences at the Trp-61, Tyr-
63 Phe-64, and Lys-65 positions. Due to amino acid differences at the
BRS, differences in hydrolytic activity may be linked to the anchorage of
sPLA: to the erythrocyte surface [23]. The extensive protein superfamily
of phospholipases A2 consists of six types of enzymes, 15 groups and
numerous subgroups [24]. Phospholipase A2, snake venoms belong to the
type of small secretory PLA2. Enzymes of this group, as a rule, are single-
chain proteins consisting of 115-125 amino acid residues with a mass of
13-15 kDa. Phospholipases Az from snake venoms are one of the
aggressive toxic proteins, often playing a major role in immobilizing and
killing the victim of a snake bite [25-27]. Snake venom phospholipase A2
enzymes have a wide range of pharmacological effects, but there is no
direct relationship between these pharmacological effects and
phospholipase activity. According to literature data, the molecular weight
of PLA:z is approximately 13-15 kDa. There are several group A
phospholipases; most often they are an integral part of many tissues and
secretions of living organisms. Phospholipase A: is the active component
of snake venom with hemolytic action [28] Based on the above, the
purpose of this work is to study the dynamics of changes in the activity of
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phospholipase Az in the venom of viper (Macrovipera lebetina obtusa
Linnaeus, 1758) with different storage periods.

Material and research methods

The research material was the whole venom of the Transcaucasian viper
(Macrovipera lebetina obtusa), dried in a desiccator over calcium chloride
vapor, and venom samples with different shelf life for the periods when
venom samples were collected in 1989, 1991, 1993, 2010, 2015. The
poisonous secretion of the Transcaucasian viper was dried under standard
conditions in a desiccator over calcium chloride at room temperature for
at least 10-12 days. Next, the crystalline poison was collected and
analyzed. Samples of viper venom were stored in glass containers in the
refrigerator at a temperature of +5-6° C. With this method of drying and
storage, the poison retained its biological activity for at least 3 years.
Determination of phospholipase A: activity in the venom of the
Transcaucasian viper was carried out using the titrimetric method.

Research results and discussion

Research results We studied the enzymatic activity of phospholipase A2
in standard samples of viper venom collected in 1989, 1991, 1993, 2010
and 2015. The activity of the phospholipase A2 enzyme in the venom of
the Transcaucasian viper was determined by the titrimetric method. To do
this, 1 ml of the drug (0.05 g of poison + 0.9% potassium chloride solution
+ water), 1 ml of reagent 1 (0.1 g of albumin + 80 mg of 0.05 mol of Tris
buffer solution pH 8.0 + 2 ml of a 0.05 mol solution of Trilon B + 0.4 ml
of a 50% solution of calcium chloride and the volume of the solution was
adjusted to 100 ml with a 0.05 molar solution of Tris buffer and 1 ml of
a solution of Z-alphalecithin in absolute alcohol. The tubes were kept in
a thermostat at a temperature of 37C for 30 minutes. Then 7 ml of the
extraction mixture was added to all test tubes, shaken and kept at a
temperature of 20C for 1 hour. Next, from this mixture, 3 ml of the
solution of the upper layer was taken from each test tube and placed in
conical flasks with a capacity of 25 ml, 5 drops of 0.2% solution of thymol
blue in 95% alcohol were added and titrated from a microburette with
0.01 molar solution of potassium hydroxide to transition of yellow color
to blue. At the same time, a control experiment was carried out, where
instead of viper poison they took water and proceeded as described above,
table 1.

Statistical processing of experimental data was carried out using Student's
test. Table 1.

Year of venom collection Enzyme activity (IU/mg)
1989 30,5+1,8
1991 32,515
1993 34,6+0,9
2010 40,0+2.2
2015 42,0+1,8

Phospholipase A2 activity in samples of viper venom (1U/mg)

As can be seen from Table 1, the activity of phospholipase Az during the
storage period since 1989, with an extension of the storage period,
decreased by 11.5 IU/mg compared to the poison sample collected in
2015. In all likelihood, as a result of biochemical changes, there is a
decrease in enzyme activity from 100% to 72.61, 77.38, 82.38, 95.24%,
respectively, which must be taken into account when producing and
storing preparations based on snake venom. Thus, from the above it
follows that the duration of storage of snake venom has a significant
impact on the enzymatic, namely phospholipase activity of zootoxin.
During long-term storage of viper venom samples from the storage period
from 1989, 1991, 1993 to 2010, a significant decrease in the activity of
the phospholipase A2 enzyme is noted and amounts to 72.61, 77.38, 82.38,
95.24%, respectively. The results of experimental data can be used in the
identification, standardization and determination of the biological activity
of the venom of the Transcaucasian viper.

Conclusions

1. Experimentally revealed a decrease in the enzymatic activity of viper
venom during long-term storage in the period from 1989 to 2015 from 42
1U/mg to 30.5 1U/mg.

2. A decrease in phospholipase Az activity was detected at 1.38. 1.29,
1.21 and 1.05 times, respectively, compared to samples collected in 2015,
which is associated with biochemical processes in samples of viper
venom, depending on the conditions and storage period.

References

1. Dubinny M.A., Dubovsky P.V., Utkin Y.N (2001). and others
Study by EPR method of interaction of cytotoxin 11 from cobra
Naja oxiana with phospholipid membranes. Bioorgan.
Chemistry, Vol. 27, Ne. 2, pp. 102-113.



Clinical Trials and Case Studies

2.

10.

11.

12.

13.

14.

15.

Dubinny M.A., Dubovsky P.V., Utkin Yu.N. et al (2002).
Analysis of the structure of the protein-micelle complex using
the lipid spin label method: a new quantitative approach using
the example of cytotoxin Il. VI readings dedicated to the
memory of Academician Yu.A. Ovchinnikov, Moscow-
Pushchino, Russia, pp. 54-55.

Dunaev V. N (2007). “Electromagnetic radiation and the risk
to public health when using cellular communications”.
Hygiene and Sanitation, Ne. 6, pp. 56-57

Osthoff G (1990). Di ffering stabilities of snake venom
cardiotoxins acidic aqueons acetonitrile. Int. J. Biochem., v.
22,No 1, p. 7-9.

Gorbacheva E.V., Vulfius C.A., Kasheverov |.E., Zhmak
M.N., Utkin Yu.N., et.al (2006). Characterization of nicotinic
acetylcholine receptors in Lymnaea stagnalis neurons by ionic
selectivity and sensitivity to specifig¥-conotoxins. Int. Cong.
“Neuroscience for medicine and psychology”, Sudak, p. 81.
van Nierop P., Bertrand S., Munno D.W., Gouwenberg Y., van
Minnen J., Spafford J.D., et.al (2006). Identification and
functional expression of a family of nicotinic acetylcholine
receptor subunits in the central nervous system of the mollusc
Lymnaea stagnalis // J. Biol. Chem. V. 281, pp. 1680-1691.
Imanishi T., Matsushima K., Kawaguchi A., Wada T., Yoshida
S., Ichida S (2006). Increased response to high KCl-induced
elevation in the intracellular Ca?* concentration in
differentiated NG108-15 cell and the inhibitory effect of the
L-type Ca2* channel blocker, calciseptine // Neurochem. Res.
2006. V. 31, pp. 33-40.

Doorty K.B., Bevan S., Wadsworth J.D.F., Strong P.N (1997).
A novel small conductance Ca?* activated K* channel blocker
from Oxyuranus scutellatus taipan venom. Reevaluation of
taicatoxin as a selective Ca* channel probe . J. Biol. Chem. V.
272. P. 19925-19930.
http://myreptile.ru/forum/index.php?topic=1209.0;wap2
Zaitseva O.V., Malenev A.L., Bakiev A.G (2011). Established
limits for the activity of proteases and L-amino acid oxidase in
the venom of the common viper Vipera berus from populations
of the Middle Volga region. Issue 1X, Saransk, Pushta, 2011.
Gorelov R. A, Atyasheva T. N., Malenev A. L., Bakiev A. G
(2017). Venom release and properties of the poisonous
secretion of the common viper Vipera berus at different times
of seasonal activity Text of a scientific article in the specialty
“Biological Sciences”. News of the Sasmara Scientific Center
of the Russian Academy of Sciences, vol. 19, Ne. 2, pp. 11-16.
Malenev A. L., Gorelov R. A., Atyasheva T. N . Average lethal
doses LD50 of the poisonous secretion of vipers and the mass
of experimental animals Text of a scientific article in the
specialty “Biological Sciences”. Samara Luka: problems of
regional and global ecology, v. 28, Ne. 1, Ne. 1/4., pp.8-15.
Galebskaya L.V., Vasina L.V., Galkin M.A., Tarasova Yu.V
(2021). Phospholipase A2 of viper venom. biochemical targets
for protein action in the human bloodstream. part 1 (literature
review). Scientific notes of St. Petersburg Medical University
named after I.P. Pavlov The Scientific Notes of Pavlov
University.vol.28, Ne.4, pp.22-25.

Tasoulis T., Ishister G.K (2017). Review and Database of
Snake Venom Proteomes. Toxins (Basel), vol.9, Ne9, p.290.
Chen P.C., Huang M.N., Chang J.F et al (2019). Snake venom
proteome and immune-profiling of the hundred-pace viper,

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Page 3 of 4
Deinagkistrodon acutus, in Tayvan. Acta trop, vol.189,

pp.137-144

Segura A., Herrera M., Reta Mares F. et al (2017). Proteomic,
toxicological and immunogenetic characterization of Mexican
west-coast rattlesnake (crotalis basiliscus) venom and its
immunijljgical relatedness with the venom of Central American
rattlesnake (Crotalus simus). J.Proteom.,vol.158, pp.62-72.
Durban J, Sanz L., Trevisan-Silva D. et al (2017). Integrated
Venomics and Venom Gland Transcriptome Analysis of
Juvenile and Adilt Mexican Rattlesnakes Crotalus Simus,
C.tzabcan and C. culminates Revealed miRNA-modulated
Ontogenetic Shifts. J. Proteome Res, vol.16, pp.3370-3390.
Kovalchuk S.I., Ziganshin R.H., Starkov V.G. et al (2016).
Quantotiative Proteomic Analysis of Venoms from Russians
Vipers of Pelias Group:Phospholipases A2 are the Main
Venom Components. J.Toxins, vol. 8, Ne4, p.105.
Boldrini-Franca J.,Corea-Netto C.,Silva M.M et al (2010).
Snake venomics and antivenomics of Crotalus durrisus
subspecies from Brazil: Assessment of geographic variation
and its implication on snakebite management. J.Proteom,
vol.73, pp.1758-1776.

Gao J.F.,Wang J.He Y. et al (2015).Proteomic and
biochemical analyses of short-tailed pit viper (Gloydius
brevicaudus) venom:Age-related variation and composition-
activity correlation. J Proteom, vol.105, pp.307-322.
Kryukova E., Ziganshin R., Andreeva T., Kudryavtsev D. et al
(2021). Novel Three-Finger Neurotoxins from Naja
melanoleuca Cobra Venom Interact with GABAA and
Nicotinic Acetylcholine Receptors Son Lina, Toxins (Basel),
vol.13, Ne 2, p.164

Kryukova E., Ziganshin R., Andreeva T., Kudryavtsev D., et
al (2021). Novel Three-Finger Neurotoxins from Naja
melanoleuca Cobra Venom Interact with GABAA and
Nicotinic Acetylcholine Receptors Son Lina, Toxins (Basel),
vol.13, Ne 2, p. 164 DOI

Herndndez L.O., Mascarell J.B., Herndndez R.M (2022).
Homologues Phospholipases Az isolated from Naja naja atra
snake venom exhibit different activity against intact human
erythrocytes May 2022.The FASEB Journal 36(S1) Follow
journal.

Scholoske R.H., Dennis E.A (2006). The phospholipasae Az
superfamily and its group numbering system. Biochim.
Biophys Acta. Molecular and Gell Biology of Lipids,
Vol.1761, 11, p.1246-1259.

Burke J.E., Dennis E.A (2008). Phospholipase A2
structure/function, mechanism and signaling. J.Lipid Res.
Vol.50, p. 237-242.

Murakami M., Takenomi Y., Sato H., Yamamoto K (2011).
Secreted phospholipasae A2 revisited. J. Biochem. vol.150,
Ne3, p.233-255.

Colebakaya L.V., Vasina L.V., Galkin N.A., Tarasova Y
(2021). VPhospholipase A2 of viper venom. Biochemical
targets for protein action in the human bloodstream. The
Scientific Notes of Pavlov University, Vol XXVIII, Ne4, p.22-
28.

Atanasov V.N (2009). Study of the hemolytic and
anticoagulant properties of the neurotoxin vipoxin and its
components - positively charged phospholipase A2 and its


http://myreptile.ru/forum/index.php?topic=1209.0%3Bwap2

Clinical Trials and Case Studies

Page 4 of 4

negatively charged inhibitor. Biochemistry, v. 74, no. 3, p.

339-345.

& ClinicSearch

Ready to submit your research? Choose ClinicSearch and benefit from:

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

YV V V V

A%

v

At ClinicSearch, research is always in progress.

Learn more https://clinicsearchonline.org/journals/clinical-trials-and-case-studies

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless
otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://clinicsearchonline.org/journals/clinical-trials-and-case-studies

