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Abstract

Background: The venom of Echis carinatus contains both procoagulant and anticoagulant components that can either promote or
block the blood coagulation cascade, and some of these components affect platelet function in different ways.
Objectives: The present study focuses on setting up a procedure for the purification of crude venom and designing appropriate
clotting tests in order to characterize the procoagulant and anticoagulant fractions of E. carinatus venom.
Methods: Chromatographic methods, including gel filtration, ion-exchange chromatography, and reverse-phase high-
performance liquid chromatography (HPLC), were applied for purifying these fractions. Coagulant activity testing, prothrombin
time (PT), and activated partial thromboplastin time (APTT) were used to determine procoagulant and anticoagulant properties.
For measuring molecular weight, 15% SDS-PAGE electrophoresis with a molecular weight standard ranging from 6.5 to 200 kDa was
used.
Results: We obtained five fractions named F1, F2, F3, F4, and F5. The F1 and F2 fractions showed procoagulant activity, and the F5

fraction had anticoagulant activity. The molecular weight of F2.4.2 from fraction F2 and F5.1 from fraction F5 were analyzed by SDS-PAGE
electrophoresis under the reducing condition. These factors were identified as a single protein band at the end of purification. The
molecular weights of these purified fractions were estimated to be 7.5 kDa and 38 kDa for F5.1(b) and F2.4.2(b), respectively.
Conclusions: Our findings suggest an efficient and suitable procedure for the identification and purification of the procoagulant
and anticoagulant factors of the venom of Iranian E. carinatus using the PT and APTT assays.
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1. Background

Among the most important and main components of

snake venom are proteins (70 - 90%). The chemical con-

stituents of snake venom could be classified into two non-

protein and protein components. The protein component

is further subdivided into enzymatic and non-enzymatic

proteins. The non-enzymatic proteins of snake venoms in-

clude neurotoxin, cardiotoxin, myotoxin, cytotoxin, 3FTXs,

cysteine-rich secretory protein (CRISP), Kunitz-type serine

protease inhibitors, sarafotoxins, disintegrins, waprins, C-

type lectins, veficolins, and vespryns (1-4). Enzymatic pro-

teins include phospholipase A2, phosphodiesterase, acetyl-

cholinesterase, hyaluronidase, hemorrhagic metallopro-

teinases, proteolytic enzymes, heparinase, arginine ester

hydrolase, RNase, 5-nucleotidase, lactate dehydrogenase,

phosphomonoesterase, thrombin-like enzyme, phospho-

lipase B, phospholipase C, phosphodiesterase, L-amino

acid oxidase, and proteolytic enzymes such as serine pro-

teases and metalloproteinases (4-7). The venom compo-

sition of snakes varies from species to species, their geo-

graphical distribution, living conditions, and season, con-

tributing to the clinical variations and unpredictability

of snakebites and envenomation. Venomous snake fam-

ilies are classified into four categories: Atractaspididae,

Elapidae, Colubridae, and Viperidae, whose venoms contain

shared protein families. Although the venom of these

families contains some homologous enzymes, the venom
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of each family has distinct and exclusive biological and

biochemical properties caused by differences in amino

acid sequences and relative abundance of related proteins

(8-10). The venoms of Viperidae snakes are rich in pro-

teins that target the hemostatic system and blood coagu-

lation cascade via either promoting or inhibiting one of

the three mutually exclusive functional processes: Platelet

aggregation, blood coagulation (anticoagulation or pro-

coagulation), and fibrinolysis (11-15).

The venom of Iranian Echis carinatus (IEc), belonging to

the Viperidae family, is rich in proteins and peptides that

are effective in the hemostatic system. These proteins and

peptides include procoagulant, anticoagulant, and fibri-

nolytic factors affecting the intrinsic, common, and extrin-

sic paths of the coagulation cascade (15-17).

2. Objectives

In the present study, both the procoagulant and anti-

coagulant properties of endemic IEc’s venom and its frac-

tions were investigated to identify fractions with procoag-

ulant and anticoagulant activities.

3. Methods

3.1. Biological Material and Venom Extraction

Iranian IEc’s lyophilized crude venom was obtained

from Venomous Animals and Antivenom Production De-

partment, Razi Vaccine and Serum Research Institute,

Karaj, Iran.

3.2. Chemicals

Tris-buffer, bovine serum albumin (BSA), acetonitrile

(high-performance liquid chromatography (HPLC) grade),

water (HPLC grade), calcium chloride (CaCl2), Sephadex

G-50, cepharose, ammonium acetate, TFA, foline, DEAE-

sepharose, CM-cepharose and all other chemicals and

reagents used in this study were of analytical grade and

purchased from Merck (Darmstadt, Germany). CaCl2, pro-

thrombin time (PT) reagent, and PTT reagent were pur-

chased from Fisher Diagnostics (USA).

3.3. Protein Determination

Lowry et al.’s method was used to determine protein

concentration. BSA was used as a standard (18).

3.4. LD50

The LD50 was calculated by the Reed & Munch method

according to WHO guidelines (Iran National Committee

for Ethics in biomedical research, Shahid Beheshti Univer-

sity of Medical Sciences) (19, 20).

3.5. Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophore-

sis

The molecular weight and homogeneity of purified

venom fractions and crude venom were examined by 20%

and 15% SDS-PAGE electrophoresis, based on the method

described by Laemmli (21).

3.6. Preparation of Citrated Human Plasma

Blood samples were obtained from healthy human vol-

unteers (20 - 30 years old) and were immediately mixed

with anticoagulant tri-sodium citrate 3.2% (9:1 v/v). Then it

was centrifuged at 3000 g for 20 min at 4°C to obtain poor-

platelet plasma (PPP) for coagulation studies: PT, PTT, and

coagulant activity.

3.7. Hemostatic Assays

3.7.1. Coagulant Activity

Briefly, normal plasma (PPP) was incubated at 37°C for

one min; then, sample aliquots containing specified con-

centrations of crude venom/fractions/subfractions were

added, mixed, and shaken. The time elapsed to the appear-

ance of the first clot was recorded.

3.7.2. PT and Activated Partial Thromboplastin Time Tests

The hemostatic effects of IEc venom and its purified

fractions on the blood coagulation cascade were evalu-

ated using the hemostatic tests of PT and activated par-

tial thromboplastin time (APTT) according to the manu-

facturer’s instructions (Catalog No. 17-609-9 and 02-292-

7.79718D0395, respectively) (Fisher Diagnostics, USA) (22,

23).

3.8. Purification Protocol

3.8.1. Crude Venom Fractionation

Lyophilized crude venom of IEc (100 mg) was dissolved

in 3 mL of 0.05 M ammonium acetate buffer (pH 7.4) and

then centrifuged at 14,000 g for 20 min at four °C and

filtered through 0.2 a nylon syringe microfilter to wash

out all insoluble materials (Sigma laboratory centrifuges

6k15,10680). The cleared venom filtrate was loaded onto
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a gel chromatographic column (150 x 2 cm, Sephadex G-

50) pre-equilibrated with ammonium acetate buffer (0.05

M, pH 7.4) and then eluted with the same buffer. Frac-

tions (5 mL/tube) were collected at a flow rate of 30 mL/hr

at four °C using a Fraction Collector (Pharmacia Biotech,

RediFrac Fraction Collector). The elution profile was mon-

itored at 280 nm by a spectrophotometer (Biochrom Libra

S22 UV/Vis Spectrophotometer 60-2115-20). The E. carinatus

fractions obtained were denominated as F1 to F5 and as-

sayed for clotting activity, as well as anticoagulant and pro-

coagulant capacities.

3.9. Ion-Exchange Chromatography

3.9.1. Anion -Exchange Chromatography

Specific amounts of fraction F2 and F5 (7.5 mL of F2 and

5 mL of F5) were concentrated by ultrafiltration (UF) and

dissolved in 7.5 and 5mL of 20 mM Tris-base buffer (pH 8.2),

respectively. The solutions were loaded continually onto

a DEAE-sepharose column (20 * 1.6 cm) at a flow rate of

30 mL/h equilibrated in 20 mM Tris-base buffer (pH 8.2)

and washed with the same buffer containing 0.2 M NaCl.

The output solution of anion exchange chromatography (5

mL/tube) was collected by an automatic collector (Pharma-

cia Biotech RediFrac Fraction Collector) at the flow rate of

30 mL/h for 24 h at a linear gradient of 0 - 1 M of NaCl. The

effluent was monitored at 280 nm by a spectrophotometer

(Biochrom Libra S22 UV/Vis Spectrophotometer 60-2115-20)

(24, 25). The fractions obtained from F2 (F2.1, F2.2, F2.3, and

F2.4) and F5 (F5.1) were analyzed for clotting time and proco-

agulant and anticoagulant activity with regard to human

plasma.

3.9.2. Cation Exchange Chromatography

The sub-fractions F2.4 (from F2) and F5.1 (from F5) were

selected for further purification. A specified amount (3.5

mL of F2.4) of fraction F2.4 was dissolved in 3.5 mL of 20 mM

sodium acetate buffer (pH 5.7) after concentration by ultra-

filtration, loaded continually onto a CM-sepharose column

(20 * 1 cm) at a flow rate of 15 mL/h equilibrated in 20 mM

sodium acetate buffer (pH 5.7), and washed with the same

buffer containing 0.2 M NaCl. The output solution of cation

exchange chromatography (3.5 mL/tube) was collected by

an automatic collector at a flow rate of 15 mL/h for 24 h at a

linear gradient of 0 - 0.8 M of NaCl. The effluent was moni-

tored at 280 nm by a spectrophotometer.

3.9.3. Reversed-Phase High-Performance Liquid Chromatogra-

phy

The fractions exhibiting procoagulant (F2.4.2) and anti-

coagulant (F5.1) activities in the previous step were pooled

and cconcentrated by ultrafiltration. The supernatant was

filtered on a 0.02 microfilter and then was applied into a

reversed-phase high-performance liquid chromatography

(RP-HPLC) column (HPLC, Shimadzu high-performance liq-

uid chromatography) (C4 for F2.4.2 and C18 for F5.1, five µm,

9.4 × 250 mm Column, Agilent Inc., USA). Elution was car-

ried out at a linear gradient of H2O containing 0.1% (v/v)

trifluoroacetic acid (solvent A) and acetonitrile containing

0.1% trifluoroacetic acid (solvent B) at a flow rate of 0.5

mL/minute. The peaks were monitored at 280 and 215 nm.

4. Results

Table 1 and Table 2 show the biological and hematolog-

ical properties of the crude venom.

Table 1. Biological Properties of the Crude Venom of Echis carinatus

Sample Concentration of Proteins LD50

Venom 94% 11.311 µg/mice

Table 2. Hematological Properties of Different Concentrations of Echis carinatus
Venom

Sample Concentration (mg/mL) PT (s) PTT (s)

Venom 1 7 12

Venom 0.1 10 23.70

Venom 0.01 12 34

Control - 10.11 31.9

4.1. Isolation and Purification

In the Sephadex G-50 fractionation of the crude venom,

five peaks were identified (Figure 1). The obtained fractions

were denominated as F1 to F5, indicating E. carinatus frac-

tions 1 to 5, respectively. The fractions and subfractions

were assayed for clotting time, as well as anticoagulant and

procoagulant capacities with regard to human plasma (Ta-

ble 3 and Figure 2). Further purification was carried out

by ion-exchange chromatography on DEAE-sepharose and

CM-sepharose following HPLC chromatography (Figures 3,

4, 5, 6, and 7).

In size-exclusion chromatography for purification, a

92% recovery rate was obtained.
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Figure 1. Sephadex G-50 chromatography of the venom of Iranian snake, Echis carinatus.

Figure 8 shows the molecular weight pattern of the

fractions extracted from the gel filtration column.

Fractions F2 and F5 were selected as procoagulant

and anticoagulant fractions, respectively, and subjected to

more purification.

5. Discussion

Studies have shown that toxins from snake venoms, es-

pecially the Viperidae family, affect different targets in the

hemostatic system, inducing coagulopathy and hemor-

rhage because of the actions of toxins such as clotting fac-

tor inhibitors and activators, toxins affecting platelets and

fibrinolysis, and hemorrhage that disrupts the endothe-

lium. A number of these factors interact with the compo-

nents of the human blood coagulation system. The fac-

tors that demonstrate coagulative effects are classified into

two separate groups: Anticoagulants and procoagulants.

The members of the recent group act as agonists and be-

have similar to a natural factor or activator, whereas oth-

ers act as antagonists and interfere with the function of

a natural factor or with the progression of a specific step

of the coagulation cascade (26-29). Research on snake ven-

oms that affect blood coagulation is important in under-

standing the mechanisms of activation and inhibition of

blood clotting factors. Moreover, snake venoms with such

activities can be beneficial as therapeutic agents. A num-

ber of procoagulant toxins from snake venoms, especially

from the Viperidae family, have been used as diagnostic

tools and therapeutic agents for disorders that involve un-

balanced hemostasis, such as myocardial infarction, deep

vein thrombosis, priapism, stroke, and sickle cell crises

(30). Viprinex and Defibrase are two valuable examples of

SVSP-based medical products. Defibrase® (a commercial

name), also known as batroxobin, is a thrombin-like en-

zyme used for measuring fibrinogen levels to detect defi-

ciencies or abnormalities in fibrinogen. Therefore, these

products can help inhibit thrombogenesis and prevent

thrombotic diseases. In an assay known as Reptilase™ time,

a procoagulant SVSP-based agent is derived from Bothrops

4 Iran J Pharm Res. 2022; 21(1):e127240.
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Table 3. Hematologic Properties of the Crude Venom and Venom Fractions of IEc Obtained from Gel Filtration a

Sample Protein, (µg/mL) Clotting Time (s) PT (s) PTT (s)

Venom, 1 (mg/mL) 1 (mg/mL) 6.20b 7c 12d

F1 933 4.52 6.74 11

F2 470 14 9 28

F3 313 33.95 10.24 26.9

F4 28 80 9.925 30.7

F5 338 No clot 20 80

Control - No clote 10.11f 31.9g

F2.1 13 39 14 34

F2.2 15 39 13 35

F2.3 14 40 12 34

F2.4 55 25 8 28

F5.1 112 No clot 23 80

Control No clot 10.11 31.9

F2.4.1 12 No clot 15 40

F2.4.2 45 25 9 28

F2.4.3 12 40 15 40

F2.4.4 8 No clot 15 40

F2.4.5 9 No clot 20 40

Control No clot 10.11 31.9

F2.4.2(a) 15 No clot 12 34

F2.4.2(b) 40 25 9 28

F2.4.2(c) 10 No clot 13 35

F5.1(a) 8 No clot 16 60

F5.1(b) 52 No clot 26 60

Control No clot 10.11 31.9

a The F2 and F5 subfractions of IEc venom were obtained from ion-exchange chromatography. The F2.4 subfraction of IEc venom was obtained from ion-exchange chro-
matography. The F2.4.2 and F5.1 subfractions of IEc venom were obtained from HPLC chromatography.
b Test (Clotting Activity): Plasma (PPP) + (Venom/Purified Fractions)
c Test (PT): Plasma (PPP) + Thromboplastin-D + (Venom/Purified Fractions)
d Test (PTT): Plasma (PPP) + PTT reagent+ CaCl2 (Venom / Purified Fractions)
e Control (Clotting Activity): Plasma (PPP) + (Ammonium acetate) or (Tris-base buffer) or (sodium acetate buffer)
f Control (PT): Plasma (PPP) + Thromboplastin-D + (Ammonium acetate) or (Tris-base buffer ) or (sodium acetate buffer)
g Control (PTT): Plasma (PPP) + PTT reagent+ CaCl2 + (Ammonium acetate) or (Tris-base buffer) or (sodium acetate buffer)

atrox moojeni venom (31-33). Viprinex® (also called Ancrod

or commercially named Arvin) with de-fibrinogenating ac-

tivity has been assayed for treating acute ischemic stroke.

This thrombin-like serine protease is isolated from the

venom of Malayan pit viper snake (Agkistrodon rhodostoma

or Calloselasma rhodostoma) (32, 33). It is used to treat pa-

tients suffering from stroke, deep vein thrombosis, my-

ocardial infarction, peripheral arterial thrombosis, pri-

apism, and sickle cell crises (32-34). RVV-X (from D. rus-

selli (Russell’s viper (Daboia russelii)) venom) is beneficial

for measuring lupus anticoagulants (35). Identification

of new factors surely could open new perspectives in the

development of various new therapeutic agents for treat-

ing cardiovascular, hematological, thrombosis, and hemo-

static disorders. On the other hand, envenomation by

snake bites, especially by Echis family snake vipers (E. car-

inatus, E. coloratus, E. ocellatus, and E. pyramidum) can

cause severe coagulopathy with hard-to-manage signs and

symptoms. Further, thrombin-like enzymes, unlike hu-

man thrombin, cannot be inhibited by heparin, the tradi-

tional treatment for thrombotic coagulopathies. Due to

the widespread geographic distribution of IEc (Saw scaled

Iran J Pharm Res. 2022; 21(1):e127240. 5
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Figure 2. The clotting activity of fraction F2 . The results of the clotting time for different concentrations of fraction F2 (Spt.d)

viper), possessing a potentially fatal venom, the present

study aimed to evaluate this crude venom and the effects

of its fractions on hematological parameters (24).

Choudhury et al. isolated and characterized EC-PIII,

a dimeric procoagulant protein (110 kDa), and a novel

p-III class of non-hemorrhagic procoagulant SVMP met-

alloproteinases extracted from Indian Ec venom using a

combination of gel-filtration column and anion-exchange

(sepharose Q column) chromatography. They evaluated its

blood coagulant activity using the re-calcification time as-

say. Peptide mass fingerprinting confirmed that the frac-

tion obtained had high homology with the other members

of the SVMP family (25). Mehdizadeh Kashani et al. inves-

tigated the anti-platelet activity of venoms from two Ira-

nian vipers, Ec and Cerastes persicus Fieldi. They isolated

two potent platelet aggregation inhibitors from C. persi-

cus fieldi by gel filtration using Sephadex G-100 column

chromatography but suggested further studies to under-

stand the mechanistic actions of these factors and deci-

pher their diverse clinical and hematological manifesta-

tions (36). Babaie et al. isolated a procoagulant factor

(prothrombin activator) from the venom of IEc using gel

filtration (Sephadex G-75), ion-exchange chromatography

(DEAE-sepharose), and reverse-phase HPLC and confirmed

its procoagulant activity by the PT test and coagulant activ-

ity assay (37). In another study, three fractions were iden-

tified by gel chromatography (Sephadex G-75) and puri-

fied using ion-exchange chromatography (38). The anti-

coagulant sub-fractions were then intravenously injected

into mice. Blood samples were taken before and after the

injection of these sub-fractions, and PT, PTT, and FT were

recorded. According to changes in PT and PTT and com-

pared with the control, the rate of blood coagulation and

activation of the extrinsic and intrinsic pathways consider-

ably decreased (37). Amrollahi Byoki and Zare Mirakabadi

revealed the anticoagulation activity of the crude venom,

as well as its fractions and purified peptides using the PT

and TT tests. A purified anticoagulant factor (EC217), iden-

tified as a single protein band in SDS-PAGE electrophore-

sis under reducing conditions, was also identified in the

recent study (39). In the present study, lyophilized crude

venom was applied to the gel chromatographic column,

6 Iran J Pharm Res. 2022; 21(1):e127240.



Nasri Nasrabadi N et al.

0/25

0/2

0/15

0/1

0/05

0

-0/05

60

50

40

30

20

10

0

F2.1
F2.2

F2.3

F2.4

A
b

so
rb

an
ce

 in
 2

80
 n

m

Fraction tube No.

0                    10                   20                  30                   40                  50                   60                  70                   80                 90                 100

Figure 3. Purification of the F2 fraction by DEAE-sepharose chromatography. Ion-exchange chromatography profile (Spt.d)

F5.1

0/16

0/14

0/12

0/1

0/08

0/06

0/04

0/02

0

-0/02

80

70

60

50

40

30

20

10

0
0              10             20            30              40             50            60             70             80            90            100           110            120           130

Fraction tube No.

A
b

so
rb

an
ce

 in
 2

80
 n

m

Figure 4. Purification of the F5 fraction by DEAE-sepharose chromatography. Ion-exchange chromatography profile (Spt.d)

Iran J Pharm Res. 2022; 21(1):e127240. 7



Nasri Nasrabadi N et al.

0/09

0/08

0/07

0/06

0/05

0/04

0/03

0/02

0/01

0

60

50

40

30

20

10

0
0                    10                   20                  30                    40                 50                   60                  70                   80                  90                100

Fraction tube No.

A
b

so
rb

an
ce

 in
 2

80
 n

m

F2.4.2

F2.4.3

F2.4.4

F2.4.5

F2.4.1

Figure 5. Purification of the F2.4 sub-fraction by CM-sepharose chromatography. Ion-exchange chromatography profile (Spt.d)

resulting in the appearance of five fractions (named F1, F2,

F3, F4, and F5). The fractions were analyzed for blood clot-

ting activity, of which the F2.4.2 factor from the F2 fraction

and F5.1 factor from the F5 fraction were applied to the HPLC

column. The final fractions were evaluated by coagulation

tests. The molecular weights of the purified fractions of

F5.1(b) and F2.4.2(b) were estimated to be 7.5 and 38 kDa, re-

spectively (Figure 9). Procoagulant proteins are either ser-

ine proteinases or metalloproteinases, and their sizes vary

between 24 and 300 kDa. Snake venom toxins that pro-

long blood coagulation are proteins or glycoproteins with

molecular masses ranging from 6 to 350 kDa. These factors

inhibit blood coagulation by different mechanisms. Our

study presented an efficient and simple procedure for the

identification and purification of procoagulant and anti-

coagulant factors from IEc venom, as shown by the PT and

APTT tests.

5.1. Conclusions

Procoagulant proteins from snake venom include fac-

tor VII activators, prothrombin activators, factor X activa-

tors, factor V activators, and thrombin-like enzymes, most

of which require cofactors such as Ca2+ ions, phospho-

lipids, or activated factor V (i.e., Va). Prothrombin acti-

vators are divided into four groups: A, B, C, and D. Pro-

coagulant and anticoagulant factors are common in the

venoms of the snakes of the Viperidae family. This study

and others suggest that snake venoms with procoagulant

activity may contain one or more of the prothrombin acti-

vators mentioned above (40). Group A prothrombin acti-

vators are metalloproteinases that efficiently activate pro-

thrombin without the need for any cofactor, such as Ca2+

ions, phospholipids, or factor Va (41). They are widely dis-

tributed in many viper venoms. The best-known exam-

ple is Ecarin (55 kDa) in the venom of the saw-scale viper

Ec, which is a single-chain protease composing of a metal-

loproteinase catalytic domain, a disintegrin-like domain,

and a cysteine-rich domain. For coagulation testing, we

used citrated plasma (sodium citrate is a chelating agent

for calcium ions) and showed that citrate plasma coagu-

lated after the addition of the F2.4.2 fraction (indicating that

the F2.4.2 fraction belonged to the group A prothrombin ac-

tivators because it clotted citrate plasma without the need

for any cofactor (26, 41, 42). The F5.1 fraction could belong to

one of these anticoagulant families: Molecules with enzy-

matic activity such as phospholipases A2 (PLA2) enzymes,

fibrinogenolytic SVMPs, protein C activators, L-amino acid

oxidases, as well as non-enzymatic molecules such as C-

type lectin-like proteins (Snaclecs or SVCLPs), three-finger

toxins (TFTs), and Kunitz-type proteinase inhibitors (26).

8 Iran J Pharm Res. 2022; 21(1):e127240.
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Figure 6. Further purification of sub-fraction F5.1 . HPLC chromatography of the F5.1 fraction obtained from DEAE-sepharose chromatography (Spt.d)

Figure 7. Further purification of the sub-fraction F2.4.2 . HPLC chromatography of the F2.4.2 fraction obtained from CM-sepharose chromatography (Spt.d)

Iran J Pharm Res. 2022; 21(1):e127240. 9
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Figure 8. 15% SDS-PAGE profile of the crud venom and venom fractions of IEc venom obtained from gel filtration

Figure 9. SDS-PAGE electrophoresis (20%) of the F2.4.2(b) and F5.1(b) fractions of Iranian
Echis carinatus venom obtained from HPLC (Spt.d)

More studies are needed to understand the exact mecha-

nisms of action of these factors.
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