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ABSTRACT
Vipoxin is the main toxic component isolated from the venom of long-nosed viper Vipera ammodytes meridionalis, which population 

is widely distributed on the Bulgarian area. The neurotoxin consists of two subunits – unstable and toxic phospholipase A2 (PLA2) and 

non-toxic acidic component without enzymatic activity (Vipoxin’s acidic components, VAC). In the current study, the action of neuro-

toxic complex was examined by neurophysiological in vivo experimental model on anaesthetized rats. Vipoxin produces neuromuscular 

blockade in a dose-dependent manner with non-depolarizing post-junctional site of action. It was found that isolated PLA2 displays 

significantly lower blocking activity in comparison with Vipoxin when both have been applied in equimolar concentration. That implies 

the stabilizing role of VAC and its significance for the toxicity of the whole complex. The Vipoxin-induced neuromuscular blockade is 

completely reversed when antivenom is administrated.
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2004). Pre-synaptic neurotoxins with varying phospho-

lipase A2 activities were identified in the venoms of the 

four major families of venomous snakes – Crotalidae, 

Elapidae, Hydrophiidae and Viperidae (Harris, 1997, 

Kuruppu et al., 2008). A triphasic effect on acetylcholine 

release could be seen when the blockade of transmis-

sion is produced by these toxins (Su & Chang, 1984). 

Post-synaptic neurotoxins are known to be antagonists 

of the nicotinic receptor in the skeletal muscle (Gong et 

al., 1999). Depending on their sequence, post-synaptic 

toxins are subdivided into short- and long-chain toxins 

(Phui Yee et al., 2004). These toxins display different 

binding kinetics and different affinity for subtypes of 

nicotinic receptors. Post-synaptic neurotoxins are identi-

fied only in venoms of snakes from the families Elapidae 

and Hydrophiidae. (Hodgson & Wickramaratna, 2002). 

Effects of neurotoxins are manifested as interference of 

neuromuscular signal transmission and can vary from 

subtle alteration of neurotransmitter release to complete 

neuromuscular block. The activity of neurotoxins can be 

exerted at the pre-synaptic elements, post-synaptic or both 

(Harris, 1984). There are different kinds of venom, which 

contain both pre- and post-synaptically active toxins. 
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ORIGINAL ARTICLE

Introduction

Snake venoms are a cocktail of different compounds such 

as proteins with enzymatic and non-enzymatic activity, 

polypeptides and inorganic components that have evolved 

to assist in the capture and digestion of prey, as well as 

for use in defense against potential enemy. Each of these 

compounds may possess one or more different function as 

anticoagulant, hemolytic and cytolytic activities, necro-, 

myo-, nephro-, cardio- or neurotoxicity that could not be 

directly correlated with the enzymatic activity (Kini & 

Evans, 1989, Joseph et al., 2011). 

Skeletal neuromuscular junction is one of the major 

targets of snake venom in the somatic nervous system 

(Utkin & Krivoshein, 2016). Particularly, attention needs 

to be paid to neurotoxins, which can be classified accord-

ing to their site of action as pre- or post-synaptic (Gawade, 
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For example, a post-synaptic toxin Daboia Neurotoxin 

isolated from the venom of Russell’s viper Daboia rus-

selii contains phospholipase A2 with pre-synaptic site 

of action. Venom of kraits (Bungarus spp.) consists of 

several different types of neurotoxins (Kini, 2003), in 

addition to the alpha-bungarotoxin (post-synaptic) and 

beta-bungarotoxin (pre-synaptic) already described (Lee 

et al., 1977, Rugulo et al, 1986). Venom of kraits also 

contains kappa-bungarotoxin that binds to the neuronal 

nicotinic acetylcholine receptors at the post-synaptic 

level in central cholinergic synapses in autonomic ganglia 

(Ranawaka et al., 2013). The main toxic component of 

the South American rattlesnake – the β-neurotoxin cro-

toxin (Crotalus durissus terrificus) may cause blockade 

via a post-synaptic action involving stabilization of the 

desensitized form of the nicotinic acetylcholine receptor 

(Sampaio et al., 2010).

The family Viperidae is the most diverse family of 

venomous snakes (Tasoulis & Isbister, 2017). Most vipers 

have numerous heavily keeled scales and possess a large, 

flattened triangular head. The venom fangs are large, 

which permit deep penetration during envenomation of 

prey. They are found throughout Europe, Africa, Asia and 

America (Lewis & Gutmann, 2004).

Vipoxin is the main toxic component isolated from the 

venom of long-nosed Bulgarian viper – Vipera ammodytes 

meridionalis (Tomovic, 2006). It is a complex of two sub-

units – a basic and toxic phospholipase A2 enzyme (EC 

3.1.1.4, sPLA2) and an acidic non-enzymatic component 

(Vipoxin’s acidic components, VAC) with 62% amino-acid 

sequence identity (Mancheva et al., 1987). This toxin is 

the first reported example of a high structural similarity 

between an enzymatic and non-enzymatic subunit and 

it is a unique example of regulation of toxic function 

generated by molecular evolution that is of great pharma-

cological interest. The complex formation between the 

two subunits is necessary for the physiological function of 

Vipoxin (Noetzel et al., 2002). The function of VAC is to 

stabilize the neurotoxin’s quaternary structure, required 

for Vipoxin’s toxic and enzymatic activities, similarly to 

the role of the acidic component of crotoxin (Atanasov 

et al. 2012). According to the published preliminary data, 

the neurotoxic complex of Vipoxin appeared able to block 

the post-synaptic membrane, whereas phospholipase A2 

manifested a pre-synaptic action that was possibly due 

to its enzymatic activity (Tchorbanov et al., 1978). In the 

present study, we are trying to investigate the mechanism 

of neuromuscular blockage in vivo as well as to answer 

the question about the difference in the toxic action of 

Vipoxin and its PLA2.

Material and methods

Animals and surgical procedures, in vivo experiments
Experiments were carried out on 18 male albino “Wistar” 

rats (180–220 g) obtained from the Laboratory Animal 

Farm of Military Medical Academy (Sofia, Bulgaria). Prior 

to the experiments they have been housed with 6 animals 

per cage. Temperature was kept at 18–22 °C, humidity 

was maintained at 50–65% and 12 h light-dark cycle was 

available. Rats were allowed to standard rodent food and 

tap water ad libitum. The animals were anaesthetized by 

intraperitoneal injection of 1.5 g/kg 20% urethane applied 

45 min before the beginning of experiment to minimize 

any pain and discomfort caused.

Experimental surgical protocol for cannulation of 

femoral vein and intravenous administration of the test-

ing compounds was used (Goranova et al., 2018). This 

provides prolonged monitoring within the framework of 

60–120 min and toxicological evaluation of the testing 

compounds and observation. The trachea was can-

nulated with an endotracheal tube connected to rodent 

ventilator with artificial ventilation. Tetanic responses 

of the m. extensor digitorum longus (EDL) evoked by n. 

ischiadicus stimulation.

Experiments were carried out in accordance with the 

Regulation № 20/2012 “Minimal requirements for protec-

tion and humanely attitude to the experimental animals, 

Bulgarian Food Safety Agency, Animal Health and 

Welfare and Feed Control Directorate, Animal Welfare 

Unit (Member State authorities for Directive 2010/63/EU).

The scientific examination in vivo of experimental 

animals, has been conducted in accordance with the 

principles of ICLAS/FELASA and the Ordinance for a 

humanely attitude towards the experimental animals, 

with regard to which Military Medical Academy (Sofia, 

Bulgaria) has received the necessary license-permit 

received by the National Commission. /License-permit 

from the National Commission 13/06.02.2013/ Standpoint 

№ 6/ expiration date: 06.02.2018/

Toxins
Vipoxin was isolated from crude air-dried venom from 

Bulgarian long-nosed viper Vipera ammodytes meridiona-

lis (purchased from the Thracian Herpetological Society, 

Stara Zagora, Bulgaria) by ion-exchange chromatography 

on SP-Sephades C-50 (Pharmacia, Sweden) using linear 

gradient from 0.05 M up to 0.4 M Tris-citrate buffer, pH 7.3 

(Tchorbanov & Aleksiev, 1981; Atanasov et al., 2009). 

It was dialyzed and lyophilized before separation of its 

component using charged chromatography with carboxy-

methylcellulose. The homogeneity of the basic and acidic 

subunits was verified by SDS-PAGE (Laemmli, 1970). 

Total protein content was determined according to Smith 

et al. (1985). Enzymatic activity was assayed as described 

by Cho et al. (1988) and Holzer & Mackessy (1996). 

Doses, in vivo experiments
Vipoxin was administered intravenously in three dif-

ferent doses – 1/5, 1/10, and 1/20 of LD50 (7.8 mg/kg 

b.w.). LD50 (rats) of the neurotoxin was calculated using 

conversion factor between animals (Nair & Jacob, 2016) 

based on previously published LD50 (mice) (Atanasov et 

al., 2012). PLA2 and VAC were also applied intravenously 

in the dose equimolar to 1/5 LD50 of Vipoxin and 1/10 

LD50 (rats) of Vipoxin, respectively (the number of repeti-

tions is 3 for each dose administered). To reconstitute the 
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Vipoxin complex, the PLA2 subunit was incubated with 

the same molar concentration of VAC (1:1 molar ratio 

as in the native Vipoxin) for 30 min at 4 °C (Atanasov 

et al., 2012). To analyze the effect of аntivenom (100AE, 

1:100, Bul Bio, Bulgaria), it was injected intravenously 

without further dilution.

Devices
Measuring system for investigation of neuromuscular 

conduction and contractile function on rat skeletal 

muscle was used (Experimetria, Ltd., Hungary). The sys-

tem is designed to study on neuromuscular connection 

in in vivo condition on small laboratory animals (rats and 

guinea pigs). It mainly consists of microprocessor control-

ling modular square wave stimulator. SPEL Advanced 

Haemosys Software is an integral part of the compact 

research system and has been developed to monitor, save 

and analyze all measuring online and offline data. The 

contractile response is measured following either direct 

muscle stimulation, or by nerve stimulation. Parameters 

of the electrical stimulus were: PP (pulse period) – 45 s, 

PW (pulse width) – 1 ms, TD (train delay) – 0, TN 

(train numbers) – 0, DE (delay) – 5 ms, pressure – 3 V. 

Tetanic responses were elicited by 50 Hz trains of stim-

uli for five seconds.

Red blood cells (RBC) morphology and complete blood count 
The effect of Vipoxin and its components to RBC mor-

phology was assessed by examination of stained blood 

smears. To make a visual evaluation of RBC, 50 μl whole 

blood (К2EDTA) was collected from the treated animal 

in the end of the neuromuscular transmission experi-

ment. The staining of blood smears was accomplished 

according to the Pappenheim procedure using Giemsa 

and May-Grünwald dyes (Penev & Dukova-Peneva, 2007). 

Visualization of RBC morphology was performed using 

light microscope Motik 1820 (Motik, China, 1000×, oil 

immersion). Complete blood count was measured using 

analyzer “Erma Inc”.

Results and discussion

Neuromuscular transmission
Neuromuscular synaptic transmission involves sequence 

of events, in which every single step is a possible target 

for neurotoxic activity. Acetylcholine is neurotransmitter 

synthesized from inactive precursors within the pre-syn-

aptic nerve terminal (Bowman, 1995). Arrival of action 

potential in pre-synaptic motor axon terminals cause 

to open of voltage gated Ca2+ channels and Ca2+ moves 

down its electrochemical gradient into the nerve termi-

nal. The elevation of unbound Ca2+ leads to fusion of the 

vesicles with the pre-synaptic membrane. Acetylcholine 

is released into the synaptic cleft as a response to an 

action potential and bounds to the acetylcholine recep-

tors on the post-synaptic membrane (Sakmann, 1992). 

This opens ion channels in the post-synaptic membrane 

that allow the flow of positive-charged ions down the 

concentration gradient and consequently depolarization 

of the post-synaptic membrane occurs. If the response 

reaches threshold, a regenerative action potential is gen-

erated on the post-synaptic membrane, which ultimately 

results in muscle contraction. The action of acetylcholine 

is terminated rapidly by the enzyme acetylcholinesterase 

and the process repeats (Lewis & Gutmann, 2004).

Snake venoms contain potent toxins that are capable of 

inhibiting neuromuscular transmissions on pre-synaptic 

(β-neurotoxins) and post-synaptic (α-neurotoxins) sites. 

The pre-synaptic neurotoxicity is associated with PLA2 

activity found in the venoms. Finding that after a rela-

tively short time period (i.e. approximately 30 min) the 

inhibitory effects of the β-neurotoxins cannot be reversed 

by the addition of antivenom is of clinical interest 

(Hodgson & Wickramaratna, 2002). It is known that some 

β-neurotoxins (taipoxin, notexin) cause irreversible pre-

synaptic damage and depletion of pre-synaptic vesicles 

one hour after injection of venoms (Bowman, 2006, Cull-

Candy et al., 1976). 

Vipoxin is one of the few known multichain neuro-

toxins with post-synaptic toxicity. The results obtained 

in previously in vitro experiment in 1978 showed that the 

toxin isolated from Vipera ammodytes meridionalis is an 

α-neurotoxin that acts on the postsynaptic membranes 

preventing the binding of acetylcholine to its receptor 

and blocking the neuromuscular transmission of skeletal 

muscles (Tchorbanov et al., 1978). In this way, the toxin 

exerts its lethal action similar to another multimeric 

post-synaptic snake venom α-bungarotoxin. When 

isolated from the complex, the vipoxin’s PLA2 manifests 

a presynaptic action. Evidently, the complex formation 

changes the target of the pharmacological action of the 

neurotoxin and Vipoxin is “targeted” to the post-synaptic 

site (Banumathi et al., 2001).

In the current study, we assessed in vivo effects on the 

neuromuscular transmission of native Vipoxin in rats, 

isolated from the venom of Bulgarian long-nosed viper 

Vipera ammodytes meridionalis, and its subunits – PLA2 

and VAC, each applied alone as well as reconstituted com-

plex Vipoxin (a mixture of preliminary separated PLA2 

and VAC in 1:1 molar ratio, incubated for 30 min at 4 °C). 

In blank experiment (control), the tetanic responses 

of EDL after nerve stimulation were 95±5% of control 

group (n=3) after 60 min of n. ischiadicus stimu-

lation were induced.

In our experiments Vipoxin produces a dose-depended 

blockade of the tetanic responses of the EDL to nerve 

stimulation. 75% inhibition of neuromuscular transmis-

sion was recorded at higher dose of Vipoxin 1/5 LD50 

(rats) (Figures 1A, B). In contrast, when PLA2 was applied 

in equimolar dose of 1/5 LD50 (rats) Vipoxin, causes 

only 15% depression of neuromuscular transmission 

(Figures 1A, B). The reconstituted Vipoxin demonstrates 

40% depression of neuromuscular transmission, that is 

practically the same effect as native Vipoxin in the same 

dose used, which means that the Vipoxin complex is 

completely restored (Figure 1A). These findings support 

the presumption that the integrity of the neurotoxin is 
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important for its toxic activity and raise questions about 

the VAC role on the whole complex.

The onset of neuromuscular block was gradual in all of 

the doses and testing compounds used. The depressions 

in the tetanic responses became detectable approximately 

14 min (8–20 min) after intravenous injection of the test-

ing compounds. The presence of a fade response during 

the blockade of nerve-evoked tetanic responses of the 

EDL has been observed for all Vipoxin and reconstituted 

complex doses applied.

The muscle response to tetanic stimulation is sus-

tained during normal neuromuscular transmission 

and a pure depolarizing block, whereas during a non-

depolarizing block fade occurs and the response is not 

sustained. A possible explanation for the fade response is 

that under tetanic stimulation the acetylcholine, available 

in pre-synaptic stores, bursts into synaptic cleft and starts 

to stimulate post-synaptic cholinergic receptors. The pro-

cess continues until a depletion of stores occurs followed 

by a period of equilibrium, meanwhile mobilization and 

synthesis of acetylcholine is achieved. However, even in 

condition of this equilibrium a tetanic stimulation of the 

nerve (50 Hz) maintain muscle response due to incongru-

ity between the release of acetylcholine (much higher) and 

 

 

A

B

Figure 1. A) Evaluation of inhibitory eff ect of Vipoxin, PLA2 and reconstituted Vipoxin complex (PLA2 and VAC in ratio 1:1) on neuromuscular 
transmission at 60 min. All compounds tested were used at doses equimolar to 1/5, 1/10 and 1/20 LD50 Vipoxin. Each experiment was performed 
in triplicate (three independent analysis). B) Representative mechanograms of neuromuscular transmission following application of neurotoxin 
Vipoxin at doses to 1/5, 1/10 and 1/20 LD50. Administration of compound tested was labeled and indicated by a bent arrow.
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its amount necessary to evoke a response. When a non-

depolarizing neuromuscular blocking agent provokes 

reduction of the “margin of safety” of the post-synaptic 

membrane the decrease in release of acetylcholine during 

tetanic stimulation produces fade (Miller, 2010).

The results obtained from this study well correlate 

to the data about acute toxicity of Vipoxin and its 

PLA2 confirming that native Vipoxin is more toxic in 

comparison to PLA2 and the VAC is of importance for 

toxicity of the whole complex (Atanasov et al., 2012). It 

can be concluded that Vipoxin is the carrier of the toxic 

effects on the skeletal muscles and neuromuscular trans-

mission particularly.

There is a dose-response relationship between the 

amount of Vipoxin and the reducing of the neuromus-

cular transmission. This finding explains the clinical 

signs followed envenoming by Bulgarian viper and the 

corresponding effects on the skeletal muscles.

Here, for the first time, we have tested the effect of 

the antivenom (commercial product; fraction from 

horse  hyperimmune  plasma) on the neuromuscular 

transmission after Vipoxin-induced inhibition. It was 

found that the neuromuscular activity is successfully 

recovered when the antivenom have been applied 

(Figure 2). In our experimental protocol, the specific 

treatment started immediately when the neuromuscular 

block was registered. In the future project, the antidote 

effects of the same antivenom will be assessed after 

postpone application. 

Figure 2. Representative mechanogram of eff ect of antivenom (appli-
cated 30 min after neurotoxin) on neuromuscular blockade caused by 
1/5LD50 Vipoxin (administered at 15 min).

Figure 3. Representative images of eff ect of Vipoxin at doses of 1/5, 1/10 and 1/20 LD50 on morphology of RBC (blood smears): (a) normal erythro-
cytes control; (b) RBC treated with Vipoxin at dose 1/20 LD50 where no morphology deviation was observed; (c) RBC treated with 1/10 LD50 Vipoxin 
– an increased number of microcytic cells suggesting initial membrane lysis can be observed; (d) RBC treated with Vipoxin at dose 1/5 LD50 – reg-
istration of numerous echinocyte formation.
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Red blood cells morphology and complete blood count
Normocytic RBCs are biconcave, disc-shaped, anuclear 

cells. Their morphology has five important param-

eters: shape, size, color, inclusions and arrangement. The 

abnormalities of RBC morphology are source of the key 

information in establishing a differential diagnosis. In 

our experiment, no deviation in RBC morphology was 

observed in the control sample (Figure 3a) and at the 

lowest dose of Vipoxin 1/20 LD50 (rats) used (Figure 3b). 

When the dose of 1/10 LD50 (rats) Vipoxin was applied 

(Figure 3c) an increased number of macrocytic cells was 

observed, whereas when the highest dose of 1/5 LD50 

(rats) Vipoxin was applied numerous echinocyte forma-

tions were found (Figure 3d). It should be mentioned 

that macrocytosis supposes an initial membrane lysis. 

The presence of echinocytes in this case may be used as 

a diagnostic and hemolytic prognostic factor. The effect 

on RBC morphology due to Vipoxin’s PLA2 subunit have 

been studied (Stoykova et al., 2013) and apparently, it 

was found that echinocytes formation is a main result of 

PLA2 enzymatic activity.

Conclusion

The effect of Vipoxin (the main toxin isolated from the 

long-nosed Bulgarian viper – Vipera ammodytes meridi-

onalis) on the neuromuscular transmission and its ability 

to cause disturbance in physiological functions of the 

neuromuscular synapse was studied for the first time 

using neurophysiological in vivo experiment. A relation 

between the doses of the neurotoxin Vipoxin and the 

extent of reduction of neuromuscular transmission 

was registered. The comparison between the effects of 

PLA2 and recombinant Vipoxin (complex of PLA2 and 

VAC) on the neuromuscular transmission showed that 

recombinant Vipoxin possesses the same potential as the 

native Vipoxin. Vipoxin induces neuromuscular block 

with non-depolarizing post-junctional site of action. 

Applying of antivenom reverses the neuromuscular 

transmission when the Vipoxin-induced blockade is real-

ized. The dose-responded changes on RBC’s morphology 

was observed during the experiments displaying in vivo 

hemolysis of the cells.

Cho W, Markowitz MA, Kézdy FJ. (1988). A new class of phospholipase A2 
substrates: kinetics of the phospholipase A2 catalyzed hydrolysis of 
3-(acyloxy)-4-nitrobenzoic acids. J Am Chem Soc 110: 5166–5171.

Cull-Candy GS, Fohlman J, Gustavsson D, Lüllmann-Rauch R, Thesleff  S. 
(1976). The eff ects of Taipoxin and Notexin on the function and fi ne struc-
ture of the murine neuromuscular junction. Neuroscience 1: 175–180.

Gawade PS. (2004). Snake venom neurotoxins: Pharmacological classifi ca-
tion. J Toxicol Toxin Rev 23 (1): 37–96.

Gong N, Armugam A, Jeyaseelan K. (1999). Postsynaptic short-chain neuro-
toxins from Pseudonaja textilis, cDNA cloning, expression and protein char-
acterization. Eur J Biochem 265: 982–989.

Goranova Y, Samnaliev I, Nikolov S, Zlatev O, Kesov G, Iordanov V, Atanasov 
V. (2019). Experimental surgical protocol for continuous femoral venous ac-
cess in the rat. BJVM 22(3): 322–329.

Harris JB, Grubb BD, Maltin CA, Dixon R. (1984). The neurotoxicity of the 
venom phospholipases A2, notexin and taipoxin. Exp Neurol 161: 517–526.

Harris JB. (1997). Toxic phospholipases in snake venom: An introductory re-
view. Symp Zool Soc Lond 70: 235–250.

Hodgson CW, Wickramaratna CJ. (2002). In vitro neuromuscular activity of 
snake venoms. Clin and Exp Pharm and Phys 29: 807–814.

Holzer M, Mackessy SP. (1996). An aqueous endpoint assay of snake venom 
phospholipase A2. Toxicon 34: 1149–1155.

Joseph B, Raj SJ, Edwin T, Sankarganesh P. (2011). Pharmacognostic and bio-
chemical properties of certain biomarkers in snake venoms. Asian J Biol Sci 
4: 317–324.

Kini RM, Evans HJ. (1989). A model to explain the pharmacological eff ects of 
snake venom phospholipase A2. Toxicon 27: 613–635.

Kini RM. (2003). Excitement ahead: structure, function and mechanism of 
snake venom phospholipase A2 enzymes. Toxicon 42 (8): 827–840.

Kuruppu S, Ian Smith A, Isbister GK, Hodgson WC. (2008). Neurotoxins from 
australo-papuan elapids: a biochemical and pharmacological perspective. 
Crit Rev Toxicol 38: 73–86.

Laemmli UK. (1970). Cleavage of Structural Proteins during the Assembly of 
the Head of Bacteriophage T4. Nature 227: 680–685.

Lee Ch, Dennis Ch, Katz LR. (1977). Characteristics of nondepolarizing neu-
romuscular block: (I) Post-junctional block by alpha-bungarotoxin. Canad 
Anaesth Soc J 24 (2): 212–219.

Lewis RL, Gutmann L. (2004). Snake venoms and the neuromuscular junction, 
Disorders of neuromuscular transmission. Semin Neurol 24 (2): 175–179.

Mancheva I, Kleinschmidt T, Aleksiev B, Braunitzer G. (1987). Sequence ho-
mology between phospholipase and its inhibitor in snake venom. The 
primary structure of phospholipase A2 of vipoxin from the venom of the 
Bulgarian viper (Vipera ammodytes ammodytes, Serpentes). Biol Chem 
Hoppe-Seyler 368: 343–352.

Miller RD. (2010). Miller’s Anesthesia (7th ed.). Churchill Livingstone, Philadel-
phia.

Nair AB, Jacob S. (2016). A simple practice guide for dose conversation be-
tween animals and human. J Basic Clin Pharma 7: 27–31.

Noetzel C, Chandra V, Perbandt M, Rajashankar K, Singh T, Aleksiev B, Kalkura 
N, Genov N, Betzel Ch. (2002). Enzymatic activity and inhibition of the neu-
rotoxic complex vipoxin from the venom of Vipera ammodytes meridionalis. 
Z Naturforsch 57: 1078–1083.

Penev M, Dukova-Peneva P. (2007). Laboratory Hematology. Artik-2001, Sofi a.
Phui Yee JS. Nanling G, Afi fi yan F, Donghui M, Lay PS, Armugam A and Jey-

aseelan K. (2004). Snake postsynaptic neurotoxins: gene structure, Phylog-
eny and applications in research and therapy. Biochimie 86: 137–149.

Ranawaka KU, Lalloo GD, de Silva HJ. (2013). Neurotoxicity in snakebite-the 
limits of our knowledge. PLOS Negl Trop Dis 7(10): e2302.

Rugulo MJ, Dolly O, Nicholis DG. (1986). The mechanism of action of 
β-bungarotoxin at the presynaptic plasma membrane. Biochem J 233: 519–
523.

Sakmann B. (1992). Elementary steps in synaptic transmission revealed by 
currents through single ion channels. The EMBO Journal 11(6): 2003–2016.

Sampaio CS, Hyslop S, Fontes RM, Prado-Franceschi J, Zambelli OV, Magro JA, 
Brigatte P, Gutierrez PV, Cury Y. (2010). Crotoxin: Novel activities for a classic 
β-neurotoxin. Toxicon 55: 1045–1066.

Smith PK, Krohn RI, Hermanson GT, Mallia AK, Gartner FH, Provenzano MD, 
Fujimoto EK, Goeke NM, Olson BJ, Klenk DC. (1985). Measurement of pro-
tein using bicinchoninic acid. Anal Biochem 150: 76–85.

REFERENCES

Atanasov VN, Danchev D, Mitewa M, Petrova S. (2009). Hemolytic and antico-
agulant study of the neurotoxin Vipoxin and its components – basic phos-
pholipase A2 and an acidic inhibitor Biochemistry (Moscow) 74(3): 276–280.

Atanasov VN, Stoykova S, Goranova Y, Mitewa M, Petrova S. (2012) Acute tox-
icity of vipoxin and its components: is the acidic component an “inhibitor” 
of PLA2 toxicity? Interdiscip. Toxicol. 5 (4): 169–172.

Banumathi S, Rajashankar RK, Nötzel C, Aleksiev B, Singh PT, Genov N, Bet-
zel Ch. (2001). Structure of neurotoxic complex Vipoxin at 1.4 Å resolution. 
Acta Cryst D57, 1552–1559.

Bowman CW. (1995). Physiology of the Neuromuscular Junction, in Muscle Re-
laxants (Fukushima K and Ochiai R eds) pp. 117–127, Springer, Tokyo.

Bowman CW. (2006). Neuromuscular block. Br J Pharmacol 147: S277–S286.



27
Full-text also available online on PubMed Central

Interdiscip Toxicol. 2020; Vol. 13(1): 21–27

Copyright © 2020 SETOX & Institute of Experimental Pharmacology and Toxicology, CEM SASc.

Stoykova S, Goranova Y, Pantcheva Iv, Atanasov V, Danchev D, Petrova S. 
(2013). Hemolytic activity and platelet aggregation inhibitory eff ect of vi-
poxin’s basic sPLA2 subunit. Interdiscip Toxicol 6(3): 136–140.

Su MJ, Chang CC. (1984). Presynaptic eff ects of snake venom toxins which 
have phospholipase A2 activity (β-bungarotoxin, taipoxin, crotoxin). Toxi-
con 22(4): 631–640.

Tasoulis T, Isbister GK. (2017). A review and database of snake venom pro-
teomes. Toxins (Basel) 9: 290.

Tchorbanov B, Aleksiev B. (1981). A simple procedure for the isolation of Vi-
poxin – a neurotoxin with phospholipase A2 activity from the venom of the 
Bulgarian viper (Vipera ammodytes). J App Biochem 3: 558–561.

Tchorbanov B, Grishin E, Aleksiev B, Ovchinnikov Yu. (1978). A neurotoxic 
complex from the venom of the Bulgarian viper (Vipera ammodytes am-
modytes) and a partial amino acid sequence of the toxic phospholipase A2. 
Toxicon 16: 37–44.

Tomovic L. (2006). Systematics of the nose-horned viper (Vipera ammodytes 
Linnaeus, 1758). Herpetol J 16: 191–201.

Utkin YN, Krivoshein AV. (2016). Snake venoms and envenomation, modern 
trends and future prospects. Nova Science Publishers.


