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Abstract

Background: The venom of Viperidae snakes is a compound liquid rich in medicinally active proteins and peptides. It is
an invasive weapon for preys immobilization, killing and digestion.

Materials and Methods: With a combination of gel and ion exchange chromatography ten sub-fractions were isolated
from the E.carinatus venom. Three sub-fractions as anticoagulant sub-fractions were then intravenously injected to mice.
Blood sampling was taken before and after injecting these three sub-fractions. The PT, PTT and FT were recorded.

Results: Comparison of the PT before and after injecting three sub-fractions, showed that the blood coagulation time after
injection is more than the blood normal coagulation time and also more than the coagulation time after the crude venom
injection. This coagulation time difference shows the intense coagulation activity of these sub-fractions which thus signifi-
cantly decrease the rate of coagulation cascade activity and lead to slow blood coagulation.

Conclusion: Comparison of the PT and PTT after injecting three sub-fractions with this test normal time respectively
showed that the rate of the mice blood coagulation extrinsic and intrinsic system activity rate considerably decteases. By
comparing the FT after injecting with this test normal time, coagulation cascade intense inactivation and the nonproduction

of fibrin can be inferred.
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Introduction

Of approximately 3000 snake species worldwide, about 600 are
venomous. These are found in four snake families: Colubridae,
Elapidae, Viperidae and Atractaspididae. Annually, there are more
than 2.5 million cases of snake bite, of which about 100,000 are
fatal, mostly in rural tropical areas [1].

Disturbances of haemostasis, the system of all reactions that
contribute to the effective arrest of bleeding, are among the most
severe effects following snake bite and are caused by members
of several genera from all four families. The venom producing
apparatus of snakes is composed of modified exocrine glands
which produce the toxic venom. Venoms are complex mixtures
of proteins and peptides possessing a variety of biological
activities. Proteins and peptides comprise about 90-95% of the
dry weight of the venom. Other components in the venom are
metallic cations, carbohydrates, nucleosides, biogenic amines and
very low levels of free amino acids and lipids [2].

Snake venoms are complex mixtures containing many different
biologically active proteins and peptides. A number of these
proteins interact with components of the human hemostatic
system. Snake venoms contain many diverse enzymatic activities
including, but not limited to, phospholipase, phosphodiesterase,
acid acetyl-
cholinesterase, proteolytic enzymes of the serine proteinase

phosphomonoesterase,  L-amino oxidase,
and metalloproteinase classes, arginine esterase, 5'-nucleotidase,

hyaluronidase and NAD nucleosidase [3-5].

Anticoagulant activity has been reported in different snake
venoms and the responsible proteins have been purified in a
number of cases. Anticoagulant action of snake venom proteins
is attributed to: (i) the activation of protein C, (i) the inhibition
of blood coagulation factors IX and X by a venom protein that
binds to either or both clotting proteins, (iif) a thrombin inhibitor
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and (iv) phospholipases that degrades phospholipids involved
in the formation of complexes critical to the activation of the
coagulation pathway [6].

The venom of Viperidae snakes including the Iranian E.carinatus
is rich in proteins and peptides effective on the hemostatic system.
It selectively influences blood coagulation different factors. The
IEc venom is a golden source of bioactive molecules capable
of connection to a vast range of objectives including blood
coagulation cascade molecules. Also, this venom enjoys many
molecules with biological functions applied for hunting [7].

In This study, under 7z vivo conditions, this venom also displays
anticoagulation properties and causes delay in the blood
coagulation cascade. This non-coagulability occurs due to the
defect and shortage of fibrinogen and of other factors.

Materials and Methods

Sephadex G-75 and DEAE-Sepharose were purchased from
Pharmacia (Sweden). CaCl,, Thromboplastin-D and APTT-XL
kits were purchased from Fisher Diagnostics (Germany). The
other reagents and chemicals were of analytical grade from Fluka
and Merck.

Venom and animals

60 mg of the Iranian Echis carinatus venom were prepared from the
venomous animals unit of Razi Vaccine and Serum Production
Research Institute, Hesarak, Karaj, Iran. Eighteen mice of the
NIH breed were supplied from the lab animals breeding unit of
Razi Vaccine & Serum Production Research Institute, Hesarak,
Karaj, Iran. These mice blood samples were centrifuged for 10
minutes at 3000 RPM. The plasma thus obtained was used for the
Prothrombin Time, Partial Thromboplastin Time and Fibrinogen
Time testes.

Prothrombin Time (PT) test

The Thromboplastin-D vial is brought to the lab and left there
for a while so that its temperature reaches that of the lab. 200
pl of the solution is poured into the lab hemolysis tube using
a sampler, and put in 37°C water for 3 minutes. We proceed to
pour 100ul of mice plasma into the hemolysis pipe containing
200ul of Thromboplastin-D
switch the chronometer on. A glass pipe containing 200ul of

solution and simultaneously

Thromboplastin- D solution and 100ul of the plasma in question
are shaken in a 37°C for 5 seconds. In the lab lamp light, the
process of plasma clotting is observed and the time is recorded.
By recording the time and using table attached to the kit, INR and
the rate of coagulation cascade activity are specified [8, 9].

Partial Thromboplastin Time (APTT) test

The APTT-XL solution vial is brought to the lab and left there
for a while so that its temperature reaches that of the lab. 100ul
of this solution is then poured into the lab hemolysis pipe using
a sampler, 100ul of mice plasma are added to it which is left
for 3 minutes in 37°C water. We proceed to add 100ul of CaCl,
and simultaneously switch the chronometer on. The preparation
is shaken for about 20 second in 37°C water. In the lab lamp
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light, the process of plasma clotting is observed and the time is
recorded [9, 10].

Fibrinogen Time (FT) test

The reagents are taken out of the refrigerator so that their
temperature reaches that of the lab (30 minutes before doing the
test). 1- Dilution: 0.1 ml of the plasma under test is diluted with
0.9 ml of the test kit diluting buffer to gain the plasma dilution
1:10. 2- Incubation: 0.2 ml of the diluted plasma is poured into
the lab hemolysis pipe for incubation for 2 minutes a 37°C. 3-
Clot formation: the thrombin containing reagent should have the
lab temperature (25°C) throughout the test time (it should never
be incubated at 37°C). 2 minutes after incubation, 0.1 ml of the
thrombin containing reagent is added to the diluted plasma and
the chronometer will be simultaneously switched on. As soon as
the first signs of clotting are observed, the time is recorded and
the fibrinogen level is determined [11, 12].

Isolation and purification of anticoagulants factors

Isolation and purification of anticoagulant factors were performed
from 50 mg of the E. carinatus crude venom using a combination
of gel chromatography and ion exchange chromatography.

Gel chromatography: The 1Ec crude venom was primarily
isolated using the gel chromatography (Sephadex G-75) column
which initially gained equilibrium using 20 mM ammonium acetate
buffer 20 mM (pH 6.8). That is, the column input and output pH
became the same. 50 mg of the IEc crude venom were dissolved
lyophilized in 4 ml of ammonium acetate buffer. The solution was
then centrifuged for 15 min at 4°C at 14000 rpm. The supernatant
was isolated and gradually injected into the gel chromatography
(Sephadex G-75) column using a special syringe. The sample was
then well absorbed by the column which was then automatically
cluted with ammonium acetate buffer using an automatic
collector at the flow rate of 60ml/h for 24 h. The absotption of
the resulting pipes was read using a spectrophotometer at 280 nm
and relevant absorption curve was drawn in terms of the pipes
number. For taking the poison ammonium acetate buffer out
of the solutions, each of the peaks was dialyzed for 24 h with
distilled water. After dialysis, the fractions were concentrated at 4
°C with sucrose.

Ion exchange chromatography: 'The ion exchange
chromatography column gained equilibrium with buffer Tris-Hcl
0.05 mM, (PH 8.2) that is the input buffer was the same as the
output buffer. Form the peaks obtained from gel chromatography;
the fraction which enjoyed coagulation activity was exposed
to ion exchange chromatography for more isolation and sub-
fractionation. Initially, a certain amount the chromatography
peaks (anticoagulant fractions) (5cc) was gradually entered in
the column (4°C) which was then eluted with buffer Tris-Hcl
0.05 mM. In continuation, the column was eluted with buffer
Tris-Hcl, 0.05 mM, gradient buffer; pH 8.2 (linear gradient of
NaCl concentration from 0.0 to 0.5 mM). The ion exchange
chromatography output solution was collected by an automatic
collector at flow rate 20 ml/h for 24 h. The collected pipes
absorption was read using a spectrophotometer at 280 nm and
relevant optical absorption curve was drown in terms of the
pipes number. Dialysis and taking the buffer out of the peaks and
concentration were performed just like in gel chromatography
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[13-15].
Results

IEc crude venom gel chromatography

By performing gel chromatography, three peaks or fractions were
obtained (Figure 1), which respectively labeled F,, F, and F.. The
I, was considered as the peak with the highest amount of protein.
According to the gel chromatography isolation process based on
molecular weight, peaks or fractions respectively containing less
total protein will exit from the gel chromatography column. Peaks
F,-F, thus contains proteins with molecular weights lower than
that of I, respectively.

Study of the anticoagulant activity of the fractions from gel
chromatography

According to Tablel, by conducting the PT test on mice plasma,
it was known that fraction I,, F,, enjoys a higher antiacoagulation
time relative to I, fraction.

Isolation of subfractions F, and F, using ion exchange
chromatography

Fraction F| was discarded, because contain coagulant proteins.
Two peaks of F, and F,, which are major anticoagulation
fractions, were ion exchange chromatographed. These two peaks
subfractions were thus obtained according to the following
figures ( Figure 2 and 3). According to Figure 2, fraction I, was
isolated into six subfractions and according to Figure 3, F,, into
four subfractions.

Study of the F, and F, subfractions anticoagulation activity

The PT test was frequently conducted on human plasma using
subfractions I, and F,. These results (p = 0.05) showed a
significantly anticoagulation activity of sub-fractions F B, F,B
and F,C when compared with others. The mean PT obtained for
subfractions F,B was 34.5s, for subfractions F.B more than 300
s and for subfractions F.C, 69s, compared with the normal time,
this interval is lower, showing the intense coagulation properties
of these subfractions. For more investigation into the coagulation
activity, these subfractions were selected for injection into mice.

Injection of sub-fractions F B, F,B and F,C

Each of sub-fractions F B, F.B and F,C were intravenously (i.v.)
injected to three mice of the NIH breed. Tables 2, 3, and 4 and
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show the results of the PT, PTT and FT tests before and after
injection.

Discussion and Conclusion

Snake venom is a golden source of bioactive molecules capable
of connection to a vast range of molecular objectives including
blood coagulation cascade molecules. The IEc venom is one
of the coagulation venoms whose performance is like that
of Thromboplastin. Under 7z vivo conditions, this venom also
displays anticoagulation properties and causes delay in the blood
coagulation cascade. This noncoagulability occurs due to the
defect and shortage of fibrinogen and of factors 5 and 8.

Fractions I, I, and F, were obtained by gel chromatography.
By performing the Prothrombin Time test on mice plasma, the
blood coagulation time showed an incremental cascade using any
of these fractions so that fraction I, showed the least coagulation
time and fraction I, displayed the highest coagulation time (Table
1). Practions F, and F, were thus considered as anticoagulation
fractions. Two peaks I, and I, which are major anticoagulation
fractions, were ion exchange chromatographed. Fraction I,
generated six subfractions I A to I I and fraction I, made four
subfractions F,A to F.D. Each of (anticoagulants) subfractions
F B, F,B and F,C was intravenously injected to three NIH mice.

The mean PT was equal to 13.56s before the injection of sub-
fraction F B to the mice. This mean value was equal to 61.6s
after the injection of this sub-fraction to the mice (Table 2).
This considerable and significant increase in the PT test shows
the intrinsic anticoagulation property of this sub-fraction as an
anticoagulation factor. According to Table 2, if the PT test time
becomes 38.2s, the coagulation cascade activity rate will become
%18.6 with INR of 5.2. The mean PT which equals 61.6s after the
injection of sub-fraction F B has therefore even become less than
38.2s and the blood coagulation cascade extrinsic pathway activity
rate has dropped below %18.6. It can thus be reasoned that the
coagulation system has been nearly disturbed in the presence of
this sub-fraction. The normal mean PTT was 36.4s while became
47.3s after the injection of sub-fraction F,B. The mean different
is not too much. It however shows the blood coagulation intrinsic
pathway less activity; this (blood coagulation intrinsic pathway)
activity decrease displays the sub-fraction I B anticoagulation
effect. The normal mean FT of sub-fraction F,B was equal to
22.5s. This mean value for the FT' after the injection of this
sub-fraction became 96s. This time difference shows fibrinogen
intense destruction and nearly nonproduction of fibrin. It of
course indirectly displays the intense shortage of the coagulation

Figure 1. Purification of crude venom of Echis carinatus by Sephadex G-75.
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Table 1. PT mice plasma after injection gel chromatography sub-fractions.

Fraction Mean PT test (s) *
F 17.08s (P-Value < 0.01)
F, 35.4s (P-Value < 0.02)
I, More than 300s

Figure 2.

*n=6
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Figure 3. Ion exchange chromatography of F, fraction.
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Table 2. The results of PT, PTT and FT tests before and after the injection of F B sub- fraction.

FT after FT PTT PTT PT PT Number
injection (s) | Normal (s) | after injection (s) | Normal (s) | after injection (s) | Normal (s) | of mice
116 229 40 35 66 12.6 1 Injection of
80 25 50 34.9 67 13.9 2 F,B subfraction with
10 pg/mlL concentra-
92 19.6 52 39 52 14.2 3 tion
96 22.5 47.3 36.4 61.6 13.56 Mean
18.33 2.72 6.42 2.21 8.38 0.85 STDEV

Table 3. The results of PT, PTT and FT tests before and after the injection of F,B sub- fraction.

FT after FT PTT PTT PT PT Number
injection (s) | Normal (s) | after injection (s) Normal (s) | after injection (s) [ Normal (s) | of mice
80 19.4 80 38 120 12.5 1 Injection of
120 20 93 40 118 13.4 2 F,B subfraction
with 10 pg/mL
More than 300 21 70 33.7 Morte than 300 13.5 3 .
concentration
AAAAAA 20.1 81 37.2 — 13.13 Mean
—————— 0.8 1.52 3.21 e 0.72 STDEV
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Table 4. The results of PT, PTT and FT tests before and after the injection of F,C sub- fraction.

FT FT PTT PTT PT PT Number
after injection (s) | Normal (s) | after injection (s) | Normal (s) | after injection (s) | Normal (s) | of mice
114 19.2 70 39 170 11.9 1 Injection of
106 189 72 42 114 12.3 2 F,C subfraction with
10 pg/ml. concen-
110 18.8 73 37.2 80 13.6 3 .
tration
110 18.8 71.6 39.4 121.3 12.6 Mean
4 0.35 1.52 2.42 45.44 0.88 STDEV

factors exiting in the pathway from blood coagulation to fibrin
production.

The mean PT was 13.13s before the injection of sub-fraction F.B.
This mean value was unspecified after the injection of this sub-
fraction to the mice, for the coagulation time was more than five
minutes (Table 3). This time is by no means significant and shows
the blood coagulation cascade inactivity and extrinsic pathway.
This considerable and significant increase in the PT test displays
the intense anticoagulation property of this sub-fraction as an
anticoagulation factor. This sub-fraction is thus a very strong
anticoagulant which has completely disturbed the system.

The mean PT was equal to 12.6s before the injection of sub-
fraction F,C. This mean value was equal to 121.3s after the
injection of this sub-fraction to the mice (Table 4). This
considerable and significant increase in the PT test shows the
intense anticoagulation property of this sub-fraction as an
anticoagulation factor. Regarding Table 4, if the PT test time
becomes 38.2s, the coagulation cascade activity rate will become
%18.6 with INR of 5.2. The mean PT which equals 121.3s after
the injection of sub-fraction F,C has thus even become less than
38.2s and the blood coagulation cascade extrinsic pathway activity
rate has dropped below %18.6. It can thus be reasoned that the
coagulation system has been nearly disturbed in the presence
of this sub-fraction which is an anticoagulant stronger than
F,B. The normal mean PTT before injection was 39.4s while it
became 71.6 s after the injection of sub-fraction F,C. This mean
difference shows much less activity of the blood coagulation
intrinsic pathway. This activity decrease displays the intense
anticoagulation effect of sub-fraction F,C. The mean FT before
the injection of sub-fraction F,C equaled 18.8s. This mean value
for the FT after the injection of this sub-fraction became 110
s. This time difference shows fibrinogen intense destruction and
fibrin nonproduction. It of course indirectly displays the intense
shortage and evacuation of the coagulation factors exiting in the
cascade from blood coagulation to fibrin production.

As a result, sub-fraction F B is an anticoagulant stronger than the
previous two subfractions. The mean PTT before injection or
the normal mean PTT was 37.2s while this mean value became
81s after the injection of sub-fraction F B. This mean difference
shows the blood coagulation intrinsic pathway very much less
activity. This activity decrease displays the sub- fraction F.B
anticoagulation effect. The normal mean FT or the mean FT
before the injection of sub-fraction F,B was 20.1s. This mean
value for the FT after the injection of this sub- fraction was
unspecified. This time difference shows the intense destruction
of fibrinogen and fibrin nonproduction. It of course indirectly
displays the intense shortage of the coagulation factors exiting in
the cascade from blood coagulation to fibrin production.

Banerjee etal. purified and identified two anticoagulation proteins,
hemextin A and hemextin B which were included in three-finger
proteins and which had a synergic action, from the venom of
African Ringhals
showed a medium anticoagulation activity. Hemextin B did not

cobra (Hemachatus haemachatus). Hemextin A

however show such an activity. Anyway, hemextin B reacts with
hemextin A to make hemextin AB complex which synergically
promotes the coagulation activity. PT assessment in this study
showed that these proteins have been formed from complex
1:1. By more effective study, it was known that hemextin A and
hemextin AB complex increase the coagulation time by disturbing
the extrinsic pathway tenas complex activity. More studies showed
that hemextin AB complex enjoys the potential to inhibit the
proteolytic activity of FVIIa and its complexes [16].

The venom of Vipera russellii was isolated into 13 fractions using
the DEAE-Sephadex A-50 chromatography column. Fraction 111
enjoyed the anticoagulation power and phospholipase A, activities
and fraction XI had procoagulation and caseinolytic activities.
Both fractions were further purified by gel chromatography on the
S-200 column. It was a base protein which was a phospholipase A
with the enzymatic activity [17].

Lectin-like proteins of the C type have a vast range of biological
activities including the anticoagulation and platelet regulating
ones. They have yet no lectin activity. These enzymes consist
of heterodimers or heterodimers oligomers while the C type
lectins extracted from snake venom are uniquely homodimer or
homooligidimer. In the recent decade, some lectin- like proteins
of the C type including the blood coagulation IX/X factor linking
protein and Botrocetin were isolated, sequencialized and identified
from diversified venoms. Besides, Rvv-X (factor X activator) and
carinactivas 1 (Prothrombin activator) are metalloproteinases
consisting of two lectin-like domains of the C type which are
domain Gla of factor X and Prothrombin, respectively [18].

Snakes venoms have many molecules with biological functions
used for hunting. Any compound of snakes' venoms has a
specific objective in hunting and changes its own objective
biological function. Some of these molecules were identified,
recognized and cloned for the first time, for they can have
clinical applications. The Activated Coagulation Time (ACT)
and the clot formation rate have been used to screen and study
the coagulation properties of 28 venoms of snakes. The venom
of Dabia russellii, Bothrops asper, Bothrops muwgjeni and Crotalus
oreganus helleri have coagulation activities. Other venoms like the
venom of Crotalus atrox and two venoms of Naja pallida have
anticoagulation activities. A significant increase in the ACT and a
significant decrease in the clot formation rate were observed and
studied after adding these venoms. Venoms of the same species
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did not always have similar ACT and clot formation rate. These
properties are however a perfect way to determine snakes venoms
coagulation and anticoagulation activities [19].

Phospholipase A, an anticoagulation factor was isolated from
Naja kaouthia (Indian cobra) venom by a combination of ion
exchange chromatography and gel chromatography. This purified
protein was called NK-PIA -I. This protein showed a highly
intense anticoagulation activity and has indirectly destructive
activities on the liver and heart tissues. It however showed less
toxic activity. It indirectly performs hemodialysis and forms
edema. It displayed a destructive activity on the lungs tissue in
comparison with all the venom [20].

A metalloproteinase, NN-PF,, enjoying nontoxic activities
and anticoagulation properties, has been isolated from Naja
naja naja (Indian cobra) venom by a combination of column
chromatography and electrophoresis. NN-PF, was injected in a
nonlethal dose of 15mg/kg of the mice body weight. It is free of
hemorrhagic, myotoxic and cytotoxic activities. It is a protein with
weak edema activities. It is however very strongly anticoagulatively
active and its effect with its dose or concentration and its relevant
time were observed [21].

Naja naja naja (Taiwanese cobra) venom was isolated to 19
fractions by CM-Sephadex C-50 column chromatography.
Fractions V and VII had anticoagulation activities, fractioned
by gel chromatography on Sephadex G-50 and of which a
phospholipase A, compound activity and inhibition effect on
platelet aggregation stimulated by it were identified. It had these
two activities. Its anticoagulation activity can be inhibited by
phospholipid or platelet factor ITI. X VII was also an anticoagulation
fraction further refractionated by gel chromatography. Its
purified compound showed that it is a cardiotoxin with a weak
anticoagulation activity, causing hemolysis. It had the potential to
stimulate platelet accumulation. Thromboelastographic studies
showed that the cobra venom anticoagulation action is due to the
venom common phospholipase A, and cardiotoxic effects [22].

Proteins with anticoagulation and antiplatelet activities were
purified from the venom of Austrelaps superbus (copperhead) by
gel, ion exchange and HPLC chromatography. These purified
proteins were named Superhins I and II. Both proteins displayed
phospholipase A, activities and expressed weak anticoagulation
effects, while the PT was tested in an assessment phase. The study
of the properties of these two enzymes revealed that they inhibit
the blood coagulation cascade extrinsic pathway performance.
Results showed that the activities of these two enzymes prevent
the formation and activity of the blood coagulation cascade
extrinsic pathway tenase. They do not however prevent the
prothrombinase complex activity, and they act like other weak
anticoagulation phospholipases [23].

The pseudothrombin of Agkistrodon acutus leads to a specific increase
in the blood coagulation general time and one phase in the plasma
PT. It also causes a specific decrease at the fibrinogen level. Delay
in blood coagulation formation by the pseudothrombin enzyme
was mainly due to the plasma fibrinogen level decrease. This
pseudothrombin enzyme made no significant change in the blood
pressure heart rate and respiration rate in a defibrinating dose
ot concentration (0.1 mg/kg intravenous injection). It did not
stimulate platelet accumulation either. Using this pseudothrombin

enzyme, no fibrin transverse linkage was formed. The
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pseudothrombin enzyme can digest the fibrin « chain [24].

The venoms of Cerastes cerastes and Cerastes vipera snakes were
anticoagulant at high concentrations and coagulant at low
concentrations. Each of the venoms was fractionated into
eight fractions by G-100 Sephadex gel chromatography. In two
species, there were two anticoagulation fractions. Anticoagulation
activities in two fractions mainly directly or indirectly lead to
fibrinogenolysis. The coagulation activity is perhaps due to
activation in multiple loci (places) in the blood coagulation
cascade [25].

Chopra and Chowhan showed that the Ecbis carinatus venom in
vivo injection leads to fibrinolysis leading to the coagulation time
specifically observable increase. Taylor et al. observed that this
venom is a very strongly active coagulation factor the injection of
which will produce cardiovascular fibrin clots within some minutes
due to blood noncoagulability. In 1962, Kornalik reported that
this venom has a pseudothromboplastin action and can activate
the fibrinolysin enzyme [26].

The venom of Echis carinatus including the Iranian Ecbis
carinatus in one of the coagulation venoms whose function is a
pseudothromboplastin action. Under iz vivo conditions however,
this venom will also generate high noncoagulation which is due to
fibrinogen deficit in factors 5 & 8.
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