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Abstract

Snakebite is a common problem especially in tropical areas all over the world including 
Iran. Echis carinatus as one of the most dangerous Iranian snakes is spreading in this country 
excluding central and northwest provinces. In this study gelatinase and fibrinogenolytic 
properties as two disintegrating matrix metalloproteinase enzymes were evaluated by a strong 
clear halo between 56-72 kDa in addition to another band located 76-102 kDa for gelatinase and 
one major band around 38 kDa for fibrinogenolytic enzyme respectively. The electrophorectc 
profile of our venom demonstrated at least one protein band between 24-31 kDa like previous 
reports and another two bands between 52-76 kDa and below 17 kDa stemmed probably due to 
the effect of natural selection in one species. According to our results Razi institute antivenin 
could neutralize in-vitro effects of gelatinase enzyme comprehensively. The electrophoretic 
profile of Iranian commercial antivenom as the main intravenous treatment of envenomed 
patients showed impurities in addition to F (abʹ)2 weighing 96 kDa in SDS-PAGE analysis. It 
proposes more efforts for refinement to avoid short and long unwanted effects in envenomed 
patients. 
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Introduction

Snake bite is a major cause of life-threatening 
conditions including terror, nausea, vomiting, 
syncope and tachycardia in human. Contrary 
to public opinion, only 15 percent of the 
approximately 3000 species of these ceatures 
are dangerous to humans (1) leading to 25,000-
125,000 deaths annually worldwide (2). Based 
on available facts, snake bite is an emergency and 
dangerous to human beings especially in tropical 
and subtropical areas like India and Iran (3, 4). 
Echis Carinatus (saw-scaled viper) is one of the 
most venomous snakes found in Africa and Middle 

east (5) causing hemorrhage, oliguria, anuria 
and in the most severe cases acute renal failure 
due to disseminated intravascular coagulation 
(6) in envenomed patients. Local and systemic 
bleeding induced by envenomation with this 
snake bite is directly related to metalloenzymes 
like gelatinase and sphingomyelinase in the 
vasculature (7). Antivenom injection obtained 
by immunization of horses is the recommended 
therapy for envenomed patients, but in severe 
cases factor replacement therapy could be used. 
According to few studies that have been done on 
the evaluation of Iranian Echis carinatus venom 
and its pathological enzymes, the purpose of our 
study was in-vitro investigation of gelatinase 
enzyme as one of the most potent metalloenzymes 
and the fibrinogenolytic property. In-vitro 
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neutralizing role of Razi Institute antivenom was 
assessed via zymographic method and its purity 
for avoiding unwanted effects in envenomed 
patients was evaluated.

Experimental
 
Reagents
Gelatin from porcine skin, fibrinogen from 

human plasma and molecular weight size 
marker for electrophoresis were purchased from 
Sigma Aldrich Co (St Louis Co, USA). All other 
reagents were analytical grades from commercial 
sources.

Venom and polyvalent antivenom preparation
Venoms were obtained from snakes collected 

in different parts of Iran and kept at the 
serpantarium of the Razi Institute of Vaccine and 
Serum production. Once milked, it was stored 
at -20 °C and freeze dried until reconstitution in 
our laboratory by normal saline. The antivenom 
used was the polyvalent against 6 different 
venoms (Naja naja oxiana,Vipera lebetina, 
Echis carinatus, Vipera albicurnata, Agkistrodn 
halys and Pseudoceratus) by immunization of 
horses. The protein concentrations of the venom 
and polyvalent antivenom were determined by 
Bradford method (8).

SDS-PAGE
The protein components of Echis carinatus 

venom (5, 10 and 15µg) and Razi Institute 
polyvalent antivenom (1 and 5 µg) were 
determined using SDS-PAGE 12.5% acryl amide 
gels under non reducing condition separated by 
the method of Laemlli (9). Gels were stained 
with Coomassie blue R-250 after electrophoresis 
for determination of protein bands. Molecular 
mass markers were included in all runs.

Gelatinase and Fibrinogenolytic assay
In order to study the gelatinase or 

fibrinogenolytic activity of this venom and 
neutralization property of Razi Institute 
antivenom, SDS-PAGE (12.5%) was prepared 
and polymerized with gelatin or fibrinogen (1%) 
for our experiment (10, 11). Electrophoresis was 
carried out using 15 mA in cold temperature. The 
gels were washed in Triton X-100 for 30 min and 

rinsed with purified water to remove SDS and 
incubated overnight at 37 °C in reaction buffer 
(Tris base: 1.2 g, Tris-HCl: 6.3 g, NaCl: 11.7 g, 
CaCl2: 0.74 g) dissolved in 1 liter of distilled 
water (12).

After incubation, the gels were stained with 
Coomassie blue solution and destained for 30 
minutes in 7.5% acetic acid and 5% methanol. 
The clear zone of substrate on blue background 
gels indicated the presence of gelatin and 
fibrinogen degrading activities dependent on the 
substrate used in the assay (13).

Results

SDS-PAGE analysis
The electrophoretic profiles of Echis carinatus 

venom with 12.5% acrylamide demonstrated at 
least three major protein bands below 17, 24-
31 and 52-76 kDa (Figure 1A). Moreover, Razi 
Institute snake antivenom was examined by 
12.5% acrylamide for characterizing its protein 
components (Figure 1B). The protein bands 
could be detected between 31-150 kDA.

Gelatinase and fibrinogenolytic results
Echis carinatus venom showed significant 

amounts of enzyme activities against gelatin and 
fibrinogen in different experiments (Figures 2 
and 3). In our zymographic technique for finding 
gelatinase property, we found one major band 
located between 52-76 kDa and another minor 
band at 76-102 kDa. Gelatinase activity was 
completely neutralized by incubation of venom 
and Razi institute antivenom as displayed in 
Figure 2B. Antivenom had no gelatinase activity 
in our experiment. Echis carinatus venom had 
a strong fibrinogenolytic activity at 38 kDa in 
our zymographic experiment with clear band on 
background gel (Figure 3).

Discussion

More than one hundred thousand species 
among all major phyla are known as venomous 
creatures that widely distributed in the world. 
Venom as a deadly cocktail of bioactive component 
is one of the most exciting technique of snake for 
capturing prey or defense (14). Determination of 
the actual annual amount of snakebites and its 
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death tolls in the world is impossible due to lack 
of statistics from some countries (15). The last 
discontinuous estimates reveals that venomous 
snakes cause around 5.4 million bites, about 
2.5 million envenoming and over 125,000 death 
annually (16, 17). There are 83 species of snakes 
in Iran, including nonvenomous (forty-five 
snakes), venomous (twenty-seven snakes) and 
semivenomous (eleven snakes) in addition to five 
sea snakes (eighteen snakes). Snakebite is one 
of the most important health issues especially 
in tropical areas like Middle East. Intravenous 
administration of Razi Institute antivenom in 

addition to reassuring and calming the patient is 
usually applied for envenomed patients. Echis 
carinatus (the capet or saw scaled viper) belongs 
to viperidea famioy as one of the most dangerous 
snakes is distributed in Iran excluding central and 
north west provinces (19). This venom which 
contains a cocktail of different fibrinigenolytic 
and hemorrhagic metalloproteinase enzymes 
causes mortality in humans more than other 
snakes in Iran (20). The electrophoretic profile 
of our venom revealed by SDS-PAGE (12.5%) 
showed one major band at 30 kDa similar to 
previous reports (21, 22) and three other bands 

Figure 1. Protein components of Echis carinatus venom and Razi Institute antivenom. (A) The protein ingredients of Vipera.lebetina 
venom were separated with SDS-PAGE (12.5%) and stained with coomassie blue dye. (LANE 1:1, lane 2:5 and lane 3:10 μg). (B) Razi 
Institute antisnake antivenin was run on a 12.5% SDS-PAGE and stained with coomassie blue dye (lane 1:5 and lane 2:1 μg). Numbers 
on the right indicate the molecular weight of size markers.
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Figure 3. Fibrinogenolytic activity of Echis carinatus venom. Zymographic experiment was performed to investigate this property. The 
venom (lane 1 :1 and lane 2 : 5 µg) was run on 12.5% containing fibrinogen as described before.

Figure 3. Fibrinogenolytic activity of Echis carinatus venom. Zymographic experiment was 

performed to investigate this property. The venom (lane 1 :1 and lane 2 : 5 µg) was run on 

12.5% containing fibrinogen as described before. 

Discussion 

More than one hundred thousand species among all major phyla are known as venomous 

creatures that widely distributed in the world. Venom as a deadly cocktail of bioactive 

component is one of the most exciting technique of snake for capturing prey or defense (14). 

Determination of the actual annual amount of snakebites and its death tolls in the world is 

impossible due to lack of statistics from some countries (15). The last discontinuous estimates 

reveals that venomous snakes cause around 5.4 million bites, about 2.5 million envenoming 

and over 125,000 death annually (16, 17). There are 83 species of snakes in Iran, including 

nonvenomous (forty-five snakes), venomous (twenty-seven snakes) and semivenomous 

(eleven snakes) in addition to five sea snakes (eighteen snakes). Snakebite is one of the most 

important health issues especially in tropical areas like Middle East. Intravenous 

administration of Razi Institute antivenom in addition to reassuring and calming the patient is 

usually applied for envenomed patients. Echis carinatus (the capet or saw scaled viper) 

Figure 1. Protein components of Echis carinatus venom and Razi Institute antivenom. (A)

The protein ingredients of Vipera.lebetina venom were separated with SDS-PAGE (12.5%)

and stained with coomassie blue dye. (LANE 1:1, lane 2:5 and lane 3:10 μg). (B) Razi 

Institute antisnake antivenin was run on a 12.5% SDS-PAGE and stained with coomassie 

blue dye (lane 1:5 and lane 2:1 μg). Numbers on the right indicate the molecular weight of 

size markers.

Gelatinase and fibrinogenolytic results

Echis carinatus venom showed significant amounts of enzyme activities against gelatin and 

fibrinogen in different experiments (Figures 2 and 3). In our zymographic technique for 

finding gelatinase property, we found one major band located between 52-76 kDa and 

another minor band at 76-102 kDa. Gelatinase activity was completely neutralized by 

incubation of venom and Razi institute antivenom as displayed in Figure 2B. Antivenom had 

no gelatinase activity in our experiment. Echis carinatus venom had a strong fibrinogenolytic 

activity at 38 kDa in our zymographic experiment with clear band on background gel (Figure

3).

Figure 2. Gelatinase activity of Echis carinatus venom. Zymographic studies were 

performed for gelatinase activity. (A) The venom (lane 1 : 5 and lane 2 : 1 µg) was run on 

12.5% containing gelatin as described in methods. (B) Neuralization of the gelatinase 

activity. (lane 1: venom alone, 1 µg, lane 2: venom 1 µg + antivenom, 5µL and lane 3:

antivenom, 5 µL). Numbers on the left indicate the molecular weight of size markers.

Figure 2. Gelatinase activity of Echis carinatus venom. Zymographic studies were performed for gelatinase activity. (A) The venom 
(lane 1 : 5 and lane 2 : 1 µg) was run on 12.5% containing gelatin as described in methods. (B) Neuralization of the gelatinase activity. 
(lane 1: venom alone, 1 µg, lane 2: venom 1 µg + antivenom, 5 µL and lane 3: antivenom, 5 µL). Numbers on the left indicate the 
molecular weight of size markers.
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below 17, 24-31 and 52-76 kDa (Figure 1A) 
that were not shown in Iranian records. Our 
SDS-PAGE result was comparatively similar 
to previous Pakistani report (23). It seems that 
natural selection in addition to time of venom 
collection have great roles in its composition in 
the same indivisual species (24, 25). Gelatinase 
and fibrinogenolytic properties related to 
matrix metalloproteinase family are known as 
deleterious enzymes in Echis carinatus leading 
to devastating effects in envenomed patients. 
According to Zymographic technique as a 
simple, favorable and reliable experiment, there 
was one major gelatinase band at 52-76 kDa 
and another minor componet at 76-102 kDa in 
addition to one major fibrinogenolytic band at 38 
kDa similar to the previous reports showing the 
relevant proteins specially in viperidae family 
(26, 27). 

It is noteworthy that where availabe, 
intravenous infusion of snake antivenom is the 
best effective treatment against snakebite while 
standard treatment for coagulopathies induced 
by envenomation, such as factor replacement and 
heparin are ineffective (28). According to Figure 
2B, it is presumed that the Iranian commercial 
antivenin produced by Razi Vaccine and serum 
research Institute neutralizes in-vitro Echis 
carinatus gelatinase activity as one of the greatest 
protease enzymes in a concentration-dependent 
manner similar to foreign antivenoms. In our 
study the purity of Iranian antivenom as a sterile 
preparation containing equine immunoglobulin 
fragments F(abʹ)2 was investigated. According 
to Figure 1B, the protein bands of polyvalent 
antivenin were distributed in a wide range from 
31 kDa to 220 kDa by resolving with SDS-
PAGE (12.5%). From our analysis, it seems 
that minority of this antivenin appears to be 
composed of F(abʹ)2 with molecular weight of 
96 kDa possibly leading to adverse short and 
late reactions in envenomed patients due to type 
III hyperreactivity. At the end, zymography as a 
reliable and effective technique could be further 
used for detection of matrix metalloproteinase 
enzymes degrading fibronectin, laminin, 
collagen IV and other substances of Echis 
carinatus venom as one of the poisonous snakes 
of Iran (29). Our findings on Razi institute 
polyvalent antivenin demonstrates its in-vitro 

Gold BS, Dart RC and Barish RA. Bites of venomous 
snakes. N. Eng. J. Med. (2002) 347: 347-56.
Gutierrez JM, Williams D, Fan HW and Warrell DA. 
Snakebite envenoming from a global perspective: 
towards an integrated approach. Toxicon. (2010) 56: 
1223-35.
Gutierrez JM, Warrell DA, Williams DJ, Jensen S, 
Brown N, Calvete JJ, Harrison RA and Initiative GS. 
The need for full integration of snakebite envenoming 
within a global strategy to combat the neglected 
tropical diseases: the way forward. PLoS Negl. Trop. 
Dis. (2013) 6: e2162.
Latifi M. Variation in yield and lethality of venoms 
from Iranian snakes. Toxicon. (1984) 22: 373-80.
Reid H and Theakston R. The management of snake 
bite. Bull. World Health Organ. (1983) 61: 885.
Ali G, Kak M, Kumar M, Bali S, Tak S, Hassan G 
and Wadhwa M. Acute renal failure following echis 
carinatus (saw-scaled viper) envenomation. Indian J. 
Nephrol. (2004) 14: 177-81.
Bjarnason JB and Fox JW. Hemorrhagic 
metalloproteinases from snake venoms. Pharmacol. 
Ther. (1994) 62: 325-72.
Bradford MM. A rapid and sensitive method for 
the quantitation of microgram quantities of protein 
utilizing the principle of protein-dye binding. 
Analytical biochemistry (1976) 72: 248-54.
Laemmli UK. Cleavage of structural proteins during 
the assembly of the head of bacteriophage T4. Nature 
(1970) 227: 680-5.
Leber TM and Balkwill F R. Zymography: a single-
step staining method for         quantitation of proteolytic 
activity on substrate gels. Anal. Biochem. (1997) 249: 
24-8.
Barbaro KC, Knysak I, Martins R, Hogan C and 
Winkel K. Enzymatic characterization, antigenic 
cross-reactivity and neutralization of dermonecrotic 
activity of five Loxosceles spider venoms of medical 
importance in the Americas. Toxicon (2005) 45: 489-
99.
Lee H, Jung ES, Kang C, Yoon WD, Kim JS and Kim 

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

neutralizing properties on gelatinase activity 
but it is suggested that more efforts must be 
carried out on the refinement and concentration 
processes for preparation of higher qualities of 
this antivenin in order to avoid unwanted effects 
in envenomed patients. 

Acknowledgement

The authors would like to thank Ali Jamshidi 
for his cooperation and the authorities of Persian 
Gulf research institute for providing facilities.

References



 Kamyab M et al. / IJPR (2017), 16 (3): 1155-1160

1160

E. Scyphozoan jellyfish venom metalloproteinases and 
their role in the cytotoxicity. Toxicon (2011) 58: 277-
84.
Feitosa L, Gremski W, Veiga SS, Elias MCQ, 
Graner E, Mangili OC and Brentani  RR Detection 
and characterization of metalloproteinases with 
gelatinolytic, fibronectinolytic and fibrinogenolytic 
activities in brown spider (Loxosceles intermedia) 
venom. Toxicon (1998) 36: 1039-51.
Fry BG, Scheib H, Van der weerd L, Young B, 
Mcnaughtan J, Ramjan SR, Vidal N, Poelmann RE 
and Norman JA. Evolution of an arsenal structural and 
functional diversification of the venom system in the 
advanced snakes (Caenophidia). Mol. Cell. Proteomics 
(2008) 7: 215-46.
Gutierrez JM, Theakston RDG and Warrell DA. 
Confronting the neglected problem of snake bite 
envenoming: the need for a global partnership. PLoS 
Med. (2006) 3: e150.
Kasturiratne A, Wickremasinghe AR, De silva N, 
Gunawardena NK, Pathmeswaran A, Premaratna R, 
Savioli L, Lalloo DG and De silva HJ. The global 
burden of snakebite: a literature analysis and modelling 
based on regional estimates of envenoming and deaths. 
PLos.Med (2008) 5: e218.
Chippaux JP. Snake-bites: appraisal of the global 
situation. Bull. World Health Organ. (1998) 76: 515.
Avery R, Alan E, Leviton, Steven C, Anderson, Kraig 
Adler and Sherman A. Minton. Handbook to Middle 
East Amphibians and Reptiles. (1993) 14: 199-200.
Dehghani R, Fathi B, Shahi MP and Jazayeri M. Ten 
years of snakebites in Iran. Toxicon (2014) 90: 291-8.
Salmanizadeh H, Babaie M and Zolfagharian H. 
In-vivo evaluation of homeostatic effects of Echis 
carinatus snake venom in Iran. J. Venom. Anim. Toxins 
Incl. Trop. Dis. (2013) 19: 3-8. 
Babaie M, Zolfagharian H, Salmanizadeh H, 
Mirakabadi AZ and Alizadeh H. Isolation and partial 

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

purification of anticoagulant fractions from the venom 
of the Iranian snake Echis carinatus. Acta Biochim. 
Pol. (2013) 60: 17-20.
Byoki EA and Mirakabadi AZ. Partial Purification 
and characterization of anticoagulant factor from the 
snake (Echis carinatus) Venom. Iran J. Basic Med. Sci.  
(2013) 16: 1139.
Shaikh HA. Pharmacological and biochemical studies 
on the venom of a clinically important viper snake 
(Echis carinatus) of Pakistan. Toxicon (2014) 30: 1-11.
Feroze A, Malik S and Qureshi J. Intraspecific variation 
in the venom electrophoretic profile of saw-scaled 
viper, Echis carinatus of Central Punjab, Pakistan. 
Internet J. Veterin. Med. (2009) 6: 2. 
Magro A, Silva RD, Ramos P, Cherubini A and Hatayde 
M. Intraspecific variation in the venom electrophoretic 
profile of recently captured Crotalus durissus terrificus 
(Laurenti, 1768) snakes. J. Venom. Anim. Toxins Incl. 
Trop. Dis (2001) 7: 276-301.
Hamza L, Gargioli C, Castelli S, Rufini S and Laraba-
Djebari F. Purification and characterization of a 
fibrinogenolytic and hemorrhagic metalloproteinase 
isolated from Vipera lebetina venom. Biochimie (2010) 
92: 797-805.
Abdel-Aty AM and Wahby AF. Purification and 
characterization of five snake venom metalloproteinases 
from Egyptian Echis pyramidum pyramidum venom. 
J. Toxicol. Sci. (2014) 39: 523-36.
Hasson S, Theakston R and Harrison R. Antibody 
zymography: a novel adaptation of zymography 
to determine the protease-neutralising potential of 
specific antibodies and snake antivenoms. J. Immunol. 
Methods (2004) 292: 131-9.
Wilkesman J and Kurz L. Protease analysis by 
Zymography: a review on techniques and patents. 
Recent Pat. Biotechnol. (2009) 3: 175-84. 

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

This article is available online at http://www.ijpr.ir


