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ABSTRACT 

Snake bite was known as one of the most important public health concerns world wild. Respiratory 

and cardiac problems and destruction of endothelium system occurs as a result of snake bite. Some 

proteins and peptides in snake venom have potential for drug discovery studies. According to the 

important role of cell adhesion and angiogenesis in cancer development, identification of new 

therapeutics that targets this process seems indispensable. Evaluation of cytotoxicity, anti-adhesive 

and anti-angiogenic effects of Caspian Cobra snake (Naja oxiana) venom on human endothelial cell 

was the main aim of current study. Methods: Crude Cobra snake venom was fractionated by fast 

protein liquid chromatography (FPLC) using S-200 column. Purity of crude venom and each fraction 

was monitored by SDS-PAGE. Cytotoxicity of Caspian Cobra snake (Naja oxiana) crude venom and 

fractions on human endothelial cells was evaluated by MTT assay Adhesion and tube formation 
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assay was performed to evaluate anti-adhesive and anti-angiogenic activities of snake venom. 

Results of FPLC revealed eight individual fractions. Cobra crude venom and fractions showed dose-

dependent cytotoxic effect on human endothelial cell. Fraction 6 (IC50=5.7 µg/ml) and fraction 7 

(IC50=5 µg/ml) showed higher cytotoxic effects on human endothelial cells. Therefore, further 

assays carried out with fraction 6 (F6) and 7 (F7) and results showed that both of fractions inhibited 

in vitro adhesion and tube formation of human endothelial cellsResults evaluated cytotoxicity, anti-

adhesive and anti-angiogenic effects of Caspian Cobra snake (Naja oxiana) venom on human 

endothelial cell and represents promising tool for drug discovery and development. 
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INTRODUCTION 

Snake venom contains various proteins, 

enzymes and peptides that have physiological 

and pharmacological effect to mammalian [1]. 

Unique properties of component, makes snake 

venom as potential for drug development. 

Captopril is the first successful example of 

venom derivations [2]. Many therapeutics from 

snake venom have been developed for treatment 

of different disease like hypertension, 

thrombosis, and cancer [2, 3]. Many other 

venom derivative  molecules are to characterize 

for drug discovery [4]. In fact venom 

component have been considered in many 

biopharmaceutical companies because they can 

directly use as therapeutic agent and serve as 

potent leads [5]. Venoms of Crotalidae and 

Viperidae family affect human endothelium 

cells and causes hydrolysis of vessel and 

bleeding. Snake venom proteins including: 

metalloproteinase, disintegrins, phospholipases 

and C-type lectins [6, 7]. Metalloproteinases 

(MPs) are most abundant toxin in the venom of 

Viperidae family. They play important role in 

hemorrhage through disturbing interactions of 

endothelial cells and basement membrane. 

There are several reports describing inhibitory, 

anti-adhesive and apoptotic effects of snake 

venom metalloproteinase on human HUVEC 

endothelial cells. Disintegrins are non-

enzymatic proteins in snake venom and play 

crucial role in inhibition of platelet aggregation 

and angiogenesis of cancer cells. 

Phospholipases are proteins with enzymatic 

activity and have been shown anti-tumoral and 

anti-angiogenesis activities [9]. Cytotoxic and 

pathophysiological effect of different snake 

venoms on human endothelial cells has been 

determined in various studies [10]. However 

further studies are need to evaluate the 
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cytotoxicity of all venomous snake on 

endothelial cells. Here, for the first time we 

evaluated the cytotoxic, anti-adhesive and anti-

angiogenic effect of Iranian Cobra crude venom 

and fractions on human endothelial cell 

 

MATERIALS AND METHODS 

Lyophilized Caspian Cobra crude venom 

prepared in Pasteur Institute of Iran, Tehran, 

Iran. BCA protein concentration kit was from 

Pierce Rochford, USA. DMEM medium, FBS 

(fetal bovine serum), trypsin/EDTA and 

pen/strep (penicillin/ streptomycin) were bought 

from Invitrogen. Hamʹs F12 medium was 

purchased from Lonza. MTT powder (3, 4, 5-

dimethylthiazol-2-yl)-2-5-diphenyltetrazolium 

bromide) was bought from Sigma, USA. DMSO 

(dimethylsulfoxide) was purchased from 

Sinaclon, Bioscience. Human umbilical vein 

endothelial cells (HUVEC) isolated from human 

umbilical cord according to our previous study 

[9]. HUVEC cells culture in DMEM- Hamʹ s 

F12 medium (1:1) supplemented by 10 % FBS 

and 1% pen/strep at 37 oC in 5 % Co2 incubator. 

 

Venom preparation and fractionating 

Lyophilized Venom of Iranian Cobra snake was 

dissolved in distillated water, homogenized and 

centrifuged at 1000mm for 10 min. pure venom 

in the supernatant was collected and kept at -70 

oC. Pure venom was fractionated using FPLC 

with S-200 column (GE Healthcare, Bio-

Sciences). Briefly, Cobra venom was dissolved 

in FPLC buffer containing 20 mM ammonium 

acetate, pH=6.8 (50 mg of venom /500 µl of 

buffer). Each fraction was collected with flow 

rate of 1 mg/ml and fractions lyophilized in 

freeze drier (Christ, 2 alpha , Germany) at -55 

°C and kept at -20 oC. Protein concentration in 

each fraction was evaluated using BCA protein 

concentration Kit (Pierce Rochford, USA). 

Crude venom and each fraction were analyzed 

by Coomassie brilliant blue staining 15% SDS-

PAGE under reduction condition. 

 

Cytotoxicity of Cobra venom on human 

endothelial cell  

HUVECs (104 cells) were isolated in this study 

from umbilical cord according to the Baudin B 

et.al protocol [10] and were cultured in 200 µl 

of DMEM Hamʹ s F12 medium supplemented 

by FBS 10 % and 1 % pen/strep and incubated 

at 37 oC for 24 h. HUVEC cells were treated 

with fresh medium containing various 

concentrations (up to 200 µg/ml) of each 

fraction as well as crude venom and incubated 

for 24 h at 37 oC. About 20 µl of MTT (5mg/ml 

of PBS 1X) was added to each well and 

incubated for 4 h. Then MTT solution was 

removed and wells incubated with 100 µl of 

DMSO for 15 min at RT. Absorbance of 

formazan crystal was measured at 570 nm using 
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ELISA plate reader (Epoch, Bio-Tek, USA). 

IC50 referred as concentration which show 50% 

inhibitory effect on cell proliferation according 

to the control  

 

Adhesion assay 

About 2×104 HUVEC cells with DMEM Hamʹ s 

F12 medium supplemented by 10% FBS were 

cultured in 96-well plate with different 

concentration of fraction 6 and 7 (up to 200 

µg/ml) and incubated for 1 h at 37 oC, 5% CO2. 

Then, the cells in the supernatant were collected, 

centrifuged at 900mm for 1 min, counted and 

defined as non-adhesive cells. The adhesive 

cells also were trypsinized, counted and defined 

as adhesive cells. The assay was performed in 

triplicate.  

 

Angiogenesis assay 

Geltrex matrix (Gibco, Invitrogen) was thawed 

at 4 oC and 50 µl of it transferred to 96-well 

plate. Subsequently, the plate was incubated at 

37 oC for 1 h to solidify Geltrex. About 104 

HUVEC cells resuspended in 100 µl of DMEM- 

Hamʹ s F12 medium and transferred into 96-well 

plate containing 50µl solid Geltrex matrix. 

Various concentrations of fraction 6 and 7 (up to 

200 µg/ml) added to the wells and then the plate 

incubated for 6 h at 37 oC. Formation of tube-

like structures and HUVEC cells conditions 

monitored by invert microscope (INV100-FL, 

BEL- Italy).  

 

RESULTS 

Fractionating 

Eight individual fractions of Cobra snake crude 

venom were detected in fast protein liquid 

chromatography (FPLC) diagram (Fig. 1). 

Isolation of fractions in FPLC was performed by 

S-200 column. Purity of isolated fractions was 

evaluated by SDS-PAGE analysis and results 

are shown in Fig. 2. According to SDS-PAGE 

results, Cobra crude venom successfully 

fractionated with S-200 column and the venom 

contains protein and peptides with various 

molecular weights. 

 

MTT assay  

MTT assay revealed the cytotoxicity effect of 

Cobra venom on HUVEC cells. Treatment of 

HUVECs with various concentrations of Cobra 

crude venom and fractions resulted in 

morphological change of cells. Cobra crude 

venom and all fractions showed dose-dependent 

cytotoxicity activity on HUVEC cells. 

According to IC50 results, the highest inhibitory 

effect on HUVEC proliferation was determined 

for fraction 6 (IC50=5.7 µg/ml), and 7 (IC50=5 

µg/ml). Therefore, fraction 6 and 7 were chosen 

for further functional analysis. IC50 of crude 

venom was 15 µg/ml (Fig. 3). 
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Figure 1. FPLC results. Eight fractions isolated by fast protein liquid chromatography and S-200 column. 

 

 

 

 

 

 

 

 

Figure 2. SDS-PAGE 15% results. Cobra crude venom and fractions evaluated by coomassie brilliant blue SDS-PAGE 

analysis. M; Protein marker, F: fraction. 
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Figure 3. MTT assay results. Cytotoxic activity of Cobra snake crude venom, fraction 6 and 7 was evaluated on HUVEC 

cells through MTT assay. Graphs represents triplicate of each assay±SD.  
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Adhesion assay 

It has been demonstrated that in snake venom 

there are potential anticancer agents with anti-

adhesion activity. In this study, we used fraction 

6 and 7 (according to their high cytotoxicity 

effect) to evaluate their effect on adhesion of 

HUVEC cells to the wells. Our results revealed 

that both fraction 6 and 7 had dose-dependent 

effect on HUVEC adhesion. However, this 

effect was different among fractions 6 and 7 

(Fig. 4). As shown with increasing the 

concentration of fraction 6 and 7 more cells 

observed in supernatant, indicates in higher 

concentration the adhesion of cells on plate were 

not happened. In low concentration of fraction 6 

and 7 most of the cells were adherent and low 

number of cells detected in supernatant (non-

adhesive cells). 

 

Angiogenesis assay 

It has been demonstrated that HUVEC cells 

forms tube-like structures using existing growth 

factors of Geltrex matrix. Thus, tube formation 

assay was performed to evaluate anti-angiogenic 

activity of fraction 6 and fraction 7 of Cobra 

snake venom. According to the achieved results, 

fraction 6 and 7 significantly inhibited tube 

formation of HUVEC cells on Geltrex matrix. 

However, HUVEC cells formed complete tube-

like structures on Geltrex matrix in absence of 

fraction 6 or 7 (Fig. 5). 

DISCUSSION 

Snake venom contains mixture of various 

components like enzyme, protein and peptides 

with different molecular weight and biological 

activity against mammalian cells [8]. However 

snake venom contains several molecules with 

neurotoxicity, cytotoxicity, cardiotoxicity and 

other effects, but it has been demonstrated that 

they can be used for treatment of many diseases 

like cancer [11]. Here, for the first time 

cytotoxicity, anti-adhesion and anti-

angiogenicity of Iranian Cobra snake venom on 

HUVEC cells were evaluated. Using S-200 

column, eight fractions were observed by FPLC. 

The highest cytotoxicity effect of snake venom 

on HUVEC was related to fraction 6 and 7. The 

cytotoxicity effect of crude venom and fractions 

was dose-dependent and in higher 

concentrations, the highest cytotoxicity on 

HUVEC cells was observed. Our cytotoxicity 

results are in consistent with the study of Kakanj 

et. al which showed cytotoxicity of Vipera 

lebetina crude venom on HUVEC cells [8]. In 

Kakanj study, Vipera lebetina crude venom 

showed cytotoxicity to HUVECs in dose 

dependent manner. They also showed that 

exposure of cells with Vipera lebetina crude 

venom resulted in morphological change which 

our study confirmed their results. The MTT 

assay demonstrated as standard test for in vitro 

cytotoxicity [12, 13]. In many studies, were 
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evaluated that snake venom contains 

components like metalloproteinase, and 

phospholipases A2 which effect on endothelial 

cells and causes hemorrhage [14, 15]. 
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Figure 4. Adhesion assay results. (A) Adhesion assay results for fraction 6. As shown with increasing fraction 

concentration more cells were in supernatant (F6 S) (non-adhesive cells) and low number of cells were observed in pellet 

(F6 P) (adhesive cells). (B) Adhesion assay results for fraction 7. According to graph in lower fraction 7 concentrations 

more cells were in pellet (F7 P) and low number of cells was in supernatant (F7 S). 

 

 

 

 

 

 

 

 

Figure 5. Angiogenesis assay. A) Control well (absence of snake venom fractions), B) Fraction 6, C) Fraction 7. As it 

can be seen HUVEC cells formed tube-like structures in absence of venom fractions. Fraction 6 and 7 completely 

inhibited tube formation of HUVEC cells.  

According to the cytotoxicity results, fraction 6 

and 7 were chosen for adhesion and tube 

formation assay. Our results showed that 

fraction 6 and 7 of Cobra snake venom inhibited 

in vitro adhesion of HUVEC cells. Anti-

adhesive effect of fraction 6 and 7 was dose 

dependent and in higher concentration of 

fractions, more cells detected as non-adhesive. 

Our results were in agreement with some related 

studies which evaluated anti-proliferative and 

anti-adhesive activity of snake venom on cancer 

cells [16, 17]. It has been discussed that such 
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effect on cancer cells was related to C-type 

lectin proteins [17, 18]. Ebrahimi et. al 

evaluated anti-cancer effect of Cobra snake 

venom on HepG2, MCF7and DU145 cell lines. 

The observed anti-cancer effect in Ebrahimi et. 

al study, was related to induction of apoptosis in 

cancer cell lines [19]. Recently, anti-angiogenic 

effect of Cysteine-rich secretory protein 

(CRISP) which isolated from snake venom of 

Echis carinatus sochureki, was evaluated on 

endothelial cells [20]. It has been determined 

that all venoms don’t show cytotoxic effect on 

endothelial cell even in long time exposure [21]. 

However we showed that Iranian Cobra venom 

significantly decreased in vitro proliferation, 

adhesion and tube formation of human 

endothelial cells in dose dependent manner. 

 

CONCLUSION 

In this study, by using FPLC and S-200 column 

we fractionated Cobra crude venom. Eight 

fractions were eluted and evaluated by SDS-

PAGE analysis. Cytotoxic, anti-adhesive as well 

as anti-angiogenic effect of crude venom and 

fractions was determined by MTT, adhesion and 

tube formation assay. Results indicated the 

significant cytotoxic, anti-adhesive and anti-

angiogenic effects of Cobra crude venom and 

fractions (fraction 6 and 7) on human 

endothelial cells. These results indicate the 

potential of Cobra venom fractions (fraction 6 

and 7) as novel therapeutic of cancer. 
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