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Properties of biological and biochemical effects of the Iranian 
saw-scaled viper (Echis carinatus) venom
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Abstract: The venom of Echis carinatus is rich in proteins and peptides effective on the hemostatic system. This 
venom is contains metalloproteinase which convert prothrombin to meizothrombin. The prothrombin activator 
which leads to the formation of small blood clots inside the blood vessels throughout the body. 
To understand the mechanism of the effects of Iranian Echis carinatus venom, the effects of E. carinatus on hu-
man and Wistar rat plasma, plasma proteins (prothrombin and fi brinogen) and blood coagulation were studied. 
Proteolytic activity of the crude venom on blood coagulation factors such as prothrombin, partial thromboplastin 
and fi brinogen times were studied. In the present study the PT test for human plasma was reduced from 13.4 s
(±0.59) to 8.6 s (±0.64) when human plasma was treated with crude venom (concentration of venom was
1 mg/ml) and for rat plasma PT was reduced from 14.5 s (±0.47) to 8 s (±0.49). Some possible biological and 
biochemical effects of IEc crude venom were investigated. The blood coagulation in human and in rat were 
investigated in vivo and in-vitro. 
In this paper, we show that the procoagulant action of Echis carinatus venom is due in part to a protein compo-
nent that activates prothrombin and the procoagulant activity on human and rat plasma was evaluated (Tab. 2,
Fig. 2, Ref. 31). Text in PDF www.elis.sk.
Key words: biochemical effects, Iranian Echis carinatus, procoagulant activity.
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The venom of Echis carinatus affects the blood and circulation. 
E. carinatus venom is very toxic causing severe tissue and organ 
damage. The venom of Viperidae snakes including the Iranian 
Echis carinatus (IEc) is rich in proteins and peptides effective on 
the hemostatic system, i.e., it acts against types of factors involving 
coagulation and fi brinolysis. In another words, these proteins can 
be divided into coagulation and anticoagulation and fi brinolytic 
factors, with many features for their molecular objectives, resis-
tant to physiological inhibitors and stable in vitro and in vivo (1). 

In the general classifi cation based on sequence similarities, 
enzymes include the families of serine proteinases, metallopro-
teinase, A2 phospholipases, L-amino acid oxidases, nucleases, 
nucleotidases, and nonenzymatic proteins including lectins of the 
C-type, disintegrins and 3-fi nger toxins. These compounds selec-
tively infl uence different blood coagulation factors and provide 
the possibility of identifying the characteristics of the structural 
elements involvedin molecular characteristics (2, 3).

The IEc venom includes metalloproteinases which are pro-
thrombin strong activators. These compounds infl uence the mam-
malian’s blood coagulation system, especially those which cause 
acute thrombosis (blood clotting), are mostly major active factors 
of lethally toxic materials in snake’s venoms. The thrombogenic 
compounds in these venoms show considerable heterogeneity in 
terms of function and structure. The IEc venom is vastly used 
in lab studies as a suitable instrument to produce thrombin from 
prothrombin (4). 

Prothrombin is the only protein which is broken in plasma by 
ecarin, other structures relevant to coagulation factors, ex, factors 
IX and X are only rarely infl uenced by it. Prothrombin is a plasma 
protein (1-α, 2-globin) with the molecular weight of 67800 D, ex-
ists in natural plasma with the concentration of ~ 150 mg/l and is 
an unstable protein which can easily be broken into smaller mol-
ecules, one of which is α-thrombin with the molecular weight of 
33700D (~ half the molecular weight of prothrombin) (4).

Yet, besides acting on fi brinogen, thrombin often stimulates 
blood coagulation by stimulating activation factors V, XII and VIII 
(and if possible, factor VII). Its complex with thrombomodulin 
causes the protein C activation in endothelial cells. This process 
leads to blood coagulation inhibition by the inactivation of factors 
V and VII active form. Furthermore, thrombin often stimulates 
fi brinolysis and causes clots accumulation (5).

Proteins effective on blood coagulation and existing in the 
snake venom are classifi ed based on their ability to lengthen or 
shorten the clotting process into coagulation and anticoagulation 
proteins (6).
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The methods conducted for clotting in vitro use preclotting 
toxins which shorten the clotting and decrease coagulation and 
clotting times, and anticoagulation and anticlotting toxins which 
delay (lengthen) clotting and coagulation times. 

Within recent years, many venom compounds, which infl uence 
blood circulation, have been isolated and identifi ed. The study of 
these factors contributes to discovery and identifi cation of differ-
ent molecular mechanisms involved in physiological processes. 
Besides, these studies help us to develop hematological and car-
diovascular disorders treatment factors (7).

This study provides the possibility to describe and clarify a 
series of details on the information about prothrombin activators 
and some questions which have remained unanswered. 

Materials and methods

Materials 
Venom

The lyophilized Iranian Echis carinatus venom was obtained 
from the Department of Venomous Animals and Antivenom Pro-
duction, Razi Vaccine and Serum research institute Karaj, Iran. 

Animals
Experimental animals were were adult male Wistar rats (220–

330 g) from the colony of Razi Vaccine and Serum research in-
stitute Karaj, Iran. The animals were kept at room temperature 
(20-25 °C) in standard conditions.

Subjects
Healthy volunteer donors were recruited from the Danesh 

clinic. Their ages ranged between 30 to 40 years. They were not 
taking any drugs for at least 3 months before the research.

Other materials
CaCl2, PT, PTT kit and fi brinogen was purchased from Fish-

er Diagnostics (USA). All other chemicals used were of highest 
quality available.

Methods
Plasma preparation

Mouse and human citrated blood samples were centrifuged for 
15 minutes at 3,000 rpm. The plasma obtained was used for the 
coagulation tests. The blood sample for this test included 1.8 ml 
of blood and 0.2 ml of trisodium citrate (13 %) anticoagulant in a 
ratio of 9 volumes of whole blood to 1 volume of anticoagulant.

Blood coagulation method 
Clotting Time (CT)

To measure the blood clotting time, Rat’s tail was placed in 
hot water (40 °C) for 1 min. After this time, rat›s tail was dried 
and a small incision was made   on it with a razor blade. In each 
micro hematocrit glass capillary tubes 25 μL of capillary blood 
was collected. At the moment of the fi rst contact of blood with he-
matocrit tubes time measurement was started. The hematocrit tube 
alternately tilted to the left and right with +60° and –60° angles 
with respect to the horizontal plane until blood ceased to fl ow (8).

Bleeding time (BT)
Bleeding times of the rats and humans were measured as fol-

lows:
Rat’s tail was placed in hot water (40 °C) for 1 min. After a 

minute, Rat›s tail was dried and a small incision was made   on 
them with a scalpel. Time is recorded when the fi rst drop touched 
the fi lter paper. It was checked at 30 s intervals until bleeding 
stopped. For humans, the fi ngers are sterilized and pricked with 
a lancet, preferably on the fi ngertip. The prick is about 3–4 mm 
deep. Wipes the blood every 30 seconds with a fi lter paper. BT 
ceases when bleeding stopped (8–10).

Prothrombin time (PT)
PT determination was obtained according to reported meth-

ods. In the beginning, citrated plasma and PT reagent get out from 
refrigerators until reaching the room temperature (20°-25°C). Ci-
trated plasma and PT reagent (containing 200 μL of thromboplas-
tin-D solution and 100 μL of the citrated plasma) was incubated 
for 1 min at 37°C. When the clot was observed, the PT time was 
recorded (11, 12). 

Activated partial thromboplastin time (APTT)
PTT reagents were brought to the lab until reaching the room 

temperature (20–25 °C). Firs, 100 μl of partial thromboplastin 
was poured into a glass tube, than 100 μl plasma was added. This 
compound was placed in Bain-marie for 3 min at 37 °C. Finally, 
100 μl of CaCl2 was added to it. Simultaneously, the chronometer 
was started. After shaking the tube for about 20 seconds in Bain-
marie, the tube was ejected from water and it was searched for 
the clot. The time required for clot formation was recorded (12).

Fibrinogen time (FT)
Fibrinogen is one of the plasma basic proteins with normal 

levels of 180–400 mg/dl. It is an acute phase protein; its level in 

Blood coagulation 
method

Mean of test 
(± SD)

Min and max 
(values)

Number of Tests 
(rat)

CT (s) 120 ± 1.25 110–131 20
BT (s) 94 ± 3.49 70–130 20
PT (s) 14.5 ± 1.2 12–18 17
APTT (s) 24 ± 4.4 20–27 17
FT (s) 195 ± 4.1 170–230 17

Tab. 1. Times for blood coagulation method of Wistar rat plasma.

Blood coagulation 
method

Mean of test 
(± SD)

Min and max 
(values)

Number of Tests 
(human)

CT (s) 490 ± 4.62 290–700 12
BT (s) 245 ± 3.53 140–360 12
PT (s) 13.4 ± 0.59 12–15 10
APTT (s) 34.5 ± 1.1 28–40 10
FT (s) 284 ± 2.3 200–390 12

Tab. 2. Times for blood coagulation method of human plasma.
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necrotic tissue within 24 h will thus substantially increase. This 
test was conducted according to the Clauss method (13, 14). Half 
an hour before the test all reagents are taken out of refrigerator so 
that they reach lab temperature (20-25°C). 

1. Sample dilution: 0.1 ml of plasma and 0.9 ml of Reagent 
A (diluting buffer) are mixed. A dilution of 1 : 10 of plasma will 
thus be obtained.

2. Incubation: 0.2 ml of diluted plasma is incubated in a he-
molysis tube for 2 min at 37 °C Bain-marie.

3. Clotting: Reagent B (thrombin) should always be kept at 
lab temperature (20–25 °C). It shall never be incubated at 37 °C. 
After 2 min of incubation, 0.1 ml of Reagent B is added to diluted 
plasma. At the same time, a chronometer is switched on. The tube 
is shaken to search for the clot. As soon as the fi rst signs of clot-
ting or fi brin thin strands are observed, the chronometer will be 
stopped and the time is documented.

4. Reading the amount of fi brinogen. Using the Time Table 
included in the test kit, the amount of fi brinogen will be specifi ed 
in terms of the coagulation time obtained.

Assessment of hemorrhagic activity
Hemorrhagic activity was performed according to the method 

of the skin test procedure of Kondo et al. The amount of 0.1 ml of 
the IEc crude venom was subcutaneously injected into the depil-
ated skin of the back of rats at the different concentration to assess 
the IEc hemorrhagic activity. After 24 h, the rats were suffocated 
due to gas inhalation in a special container. The rat's hemorrhagic 
points generated subcutaneously were observed and determined. 
The control group was injected with 0.1 ml of normal physiologi-
cal saline instead of the venom (15, 16).

Assessment of necrosis activity
0.1 ml of the IEc crude venom was intradermally injected 

to the hind legs of rats to assess the necrosis activity. After three 
days, necrosis damage due to the venom was observed and ex-
amined (14–16).

Results 

All results of blood coagulation tests (CT, BT, PT, APTT and 
FT) are listed in Tables 1 and 2.

The present study showed that crude venom of Iranian Echis 
carinatus can accelerate the blood coagulation pathway. Our re-
sults indicated that as the concentration of venom increased, the 
PT of plasma decreased. With 1 mg/ml concentration of venom 
the clotting time of plasma decreased from 13.4 s (± 0.64) to 8.6 
s (± 0.59). And the clotting time of plasma decreased from 14.5 s 
(± 0.47) to 8 s (±0.49) when mice plasma was treated with crude 
venom (1 mg/ml).

The results of hemorrhagic activity indicate that after peeling 
and taking the skin off the animals, the subcutaneous hemorrhagic 
points with 10 mm damage were observed as shown in Figure 1. 
This damage was caused by the injection of 10 μg/ml of IEc ven-
om. With injection of IEc venom, after 3 days, 5 mm thick dermal 
necrosis damage was observed (Fig. 2).

Discussion and conclusion

The identifi cation and investigation of the compounds in 
snake’s venoms is very important and intended by scientists. Vi-
perid snake venoms are identifi ed to contain components with 
coagulant activity which can affect the hemostatic and blood co-
agulation system. Among the most signifi cant compounds existing 
in this snake’s venom are prothrombin activators. The venom of 
Viperidae snakes, including the Iranian Echis carinatus, is rich in 
compounds which can have many applications in medicine and 
pharmaceutics (17). 

Research on prothrombin activators shows that a key phase in 
blood coagulation is targeted by two major classes of proteinases, 
the study of which reveals different aspects so that the study of 
metalloproteinases (prothrombin activators groups A and B) helps 
us to understand the determination of the substrate features whereas 
the study of serine proteinases (prothrombin activators groups C 
and D) helps us to understand the relations between mammalians 
coagulation factors structure, function, molecular details of pro-

Fig. 1. Hemorrhagic point of Wistar rat.

Fig. 2. Thick dermal necrosis damage in Wistar rat.



Babaie M et al. Properties of biological and biochemical effects of the Iranian saw-scaled viper… 

xx

437

thrombinase complex formation in the coagulation system and the 
evolution of new anticoagulation factors (18). 

The results described herein clearly show that the venom of 
IEc contains a hitherto novel type of prothrombin activator. This 
fi nding necessitates reconsideration of the classifi cation of ex-
ogenous prothrombin activators. We propose that the previously 
defi ned group 1 enzymes be divided into two subgroups, i.e. the 
ecarin-like (Ca2+-independent) metalloproteinases (perhaps termed 
group 1A), such as aharin from Agkistrodon halys pallas and pro-
thrombin activator from Bothrops atrox (19) and the carinactivase-
like (Ca2+-dependent) enzymes (group 1B) such as carinactivase-1 
from Echis carinatus (4).

All the venom preparations from Echis snakes contained both 
ecarin-like and carinactivase-like activators, although the total 
activities as well as the relative abundance of the two enzymes 
varied depending upon the source. However, CA-1 appears to be 
a hybrid protein that is well adapted for the effi cient and selective 
activation of prothrombin in the plasma of target animals after 
envenomation (20–22).

It can be interpreted that the IEc venom will activate the co-
agulation system by more than 100 %. This coagulation system 
quick activation occurs outside the animal’s body and brings about 
clinical effects leading to death such as coagulopathies and DIC. 
Prothrombin activating enzymes (similar to ecarin) can be used 
as an important lab instrument to analyze the blood of the patients 
suffering from hepatopathies. The value of these enzymes is that, 
despite FXa, independently with no need for any cofactors even 
with no need for FV, they act on carboxilated or non- carboxi-
lated prothrombin. Even if there is a disorder in FV, the level of 
prothrombin in patient’s blood can thus be measured using these 
enzymes (23, 24).

PT test results showed that the sensitivities of the three throm-
boplastins used were very different in the rat. The mean values   
recorded for humans and rats were very similar.

About APTT, according to the manufacturer's instructions and 
using the same reagents, times were much shorter in rat (24 ± 4.4 
s) than in humans (34.5 ± 1.1 s) at a signifi cant level (p < 0.005). 

Using standard reagents for human, signifi cation of PT and 
APTT were standardized in rat, taking into account all the intrinsic 
and extrinsic factors of clotting. It is worth mentioning that the 
sensitivity response of different thromboplastins depends on the 
tissues, species, and collection methods, which will be refl ected 
in shorter or longer clotting times. The mean of fi brinogen test in 
the rat was lower (195 ± 4.1) than the normal human established 
range (284 ± 2.35).

Intense local damage caused due to intoxication by Viperidae 
and Crotalidae snakes venoms have a complex identity including 
pain, hemorrhage, tissue necrosis and edema, mostly causing the 
loss of tissue or mutilation. The formation of such pathological 
complex damage is relevant to multiple biological functions tak-
ing place by one or some factors operating independently or in 
cooperation with each other.

The occurrence of hemorrhage is one of the most common 
complications of the subcutaneous injection of venoms especially 
those of Viperidae and Crotalidae snakes. Among these, Elapidea 

family enjoys a strong hemorrhage effect, whose hemorrhage fac-
tor has been derived (25, 26). 

In less acute cases, hemorrhage is limited to dermal and sub 
dermal tissues in the injection region. In acute cases, the covering 
tissue (epithelium) hemorrhage widens and covers the muscular 
layer. Hemorrhage often occurs in several organs such as the brain, 
heart, lungs, intestines and kidney. Some researchers believe that 
hemorrhage due to the snakes bite is caused by damage to the 
blood vessels wall by venoms specifi c elements (hemorrhages), 
coagulation disorders by venom other components (coagulation 
and anticoagulation factors) and thrombocytopenia. The expres-
sion hemorrhagin or hemorrhagic factors means the venom factors 
which cause hemorrhage by a direct action on the blood vessels 
wall and which differ from factors that infl uence hemostasis and 
blood coagulation. 

For the IEc venom, this hemorrhage or bleeding was thus ob-
served after the crude venom injection (Fig. 1), hemorrhage oc-
curring in the presence of the snake venom metalloproteinases. 
The metalloproteinases of viperidae snakes venoms including that 
of the IEc are endoproteolytic enzymes whose catalytic activity 
depends on the zinc ions. Beside the role of metalloproteinases in 
the prey digestion and destruction, they show several other biologi-
cal effects including the formation of hemorrhage, precoagulation, 
anticoagulation and antiplatelet effects.

With a minor correction to the method of Kondo et al a dermal 
(skin) test was conducted and its result was assessed (14, 27). In 
this method, (220–330 g) mice were used. The IEc crude venom 
was subcutaneously injected at different concentration. After 24 
hours, the tested mice were suffocated by gas inhalation. They 
were further peeled off and the subcutaneous hemorrhagic region 
was measured. The minimum amount of protein which generates 
10 mm thick hemorrhagic region was specifi ed and determined 
as the minimum hemorrhagic dose. The IEc crude venom at the 
concentration of 10 μg/ml let to the formation of a 10 mm thick 
hemorrhagic region. This concentration was considered as the 
minimum hemorrhagic dose which is less than LD 50 (lethal dose 
50 %) of the IEc crude venom (11.2 μg/ml). Also, the presence of 
metalloproteinases was proved as a group of the effective enzymes 
existing in the IEc venom.

The proteinase isolated from viper lebetina, VLH2, also showed 
fi brinolytic and hemorrhagic activities. This hemorrhagic metal-
loproteinases have myotoxic activities (28). Other hemorrhagic 
factors have been derived from different venoms (29–31). Their 
effects mechanisms have however been less discussed. In the 
common terminology of pathology, necrosis is related to perfor-
mances which lead to the death of a group of cells. The venoms of 
Viperidae snakes including the IEc are intensely necrotic (Fig. 2). 

Over the past 20 years, many metalloproteinases have been 
isolated from snake venom with a wide variety of biological ac-
tivities, including hemorrhagic, fi brinogenolytic, and antiplate-
let effects, as well as activation of prothrombin and factor X. It 
is important to note that all the metalloproteinases that activate 
blood coagulation factors, such as prothrombin or factor X, are 
high-molecular-weight metalloproteinases and belong to either 
class III or IV (19). 
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According to our results, the prothrombin activator from Ech-
is carinatus rapidly converts prothrombin into meizothrombin. 
This may be due to the partial loss of the biological activity of 
the enzyme.
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