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Abstract. The procoagulant activities of Russell’s viper venom were assessed in an in vitro whole
blood model. Sequetial samplings showed that the generation of fibrinopeptide A (FPA), a marker of
thrombin activity, and platelet factor 4 (PF4), a marker of platelet activity, exhibited bi-phasic kinetics
with an initial slow phase followed by a rapid phase of secretion. In the presence of Russell’s viper venom,
the generation of both FPA and PF4 was accelerated with the bi-phasic kinetics of PF4 being maintained
while that of FPA completely disappeared. Administration of either antivenom (1,600 ng) or 10 IU anti-
thrombin 11T (AT-11I) had no antagonistic effect against the venom but combination of both resulted in a
significant prolongation of both FPA and PF4 release (p <0.05). High dose AT-III (20 IU) resulted in
normalization of both FPA and PF4 kinetics and serial levels of both parameters were lower than those
treated with the combined regimen, although these were not statistically significant. Unlike the
untreated venom activated whole blood, there was no clot formation following treatment with either the
combined regimen or high dose AT-III. The results of this study suggested that the effect of Russell’s
viper venom on the clotting cascade is more potent and direct than that on platelet activity. There
were complementary effects between antivenom and AT-1II in controlling of both FPA and PF4 release
induced by the venom. Furthermore, in this in vitro experiment, AT-III alone when administered in a

sufficient dose, abolished the procoagulant effects of Russell’s viper venom.

INTRODUCTION

More than 200 years ago, Fontana observed
that viper venom promptly clotted whole blood
and rendered the circulating blood of envenomed
animals incoagulable (Fontana, 1787). Systematic
studies during the last few decades on the biochem-
istry and biological action of different venoms
have revealed that bites by certain species of
hematotoxic snake particularly the vipers and
rattlesnakes can produce hypofibrinogenemia with
or without accompanying thrombocytopenia
(Myint-Lwin et al, 1985; Warrell et al, 1976,
Barrantes et al, 1985; Stocker, 1978; Reid et al,
1963; Kamiguti and Cardoso, 1989; Hasiba et al,
1975). These effects depend on differences in the
mechanisms of action of snake venoms on the
clotting cascade and on platelet function (Stocker,
1978, Mitrakul, 1979).

Russell’s viper (Viper russelli) is an important
hematotoxic snake and is the major cause of
snake bite morbidity and mortality in most South-
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east Asian countries (Looareesuwan et al, 1988;
Viravan et al, 1992; Mahasandana et al, 1980;
Myint-Lwin et al, 1985; Jeyarajah, 1984; De Silva
and Ranasinghe, 1983). The principle coagulant
action of Russell’s viper venom is activation of
factors X and V (Pukrittayakamee et al, 1983, 1987).
This leads finally to fibrin formation and consump-
tion of clotting factors. Typical clinical manifesta-
tions of systemic envenoming after Russell’s viper
bites are incoagulable blood and, to a lesser extent,
thrombocytopenia, spontaneous systemic bleeding
and acute renal failure (Than-Than et al, 1988,
1989; Looareesuwan et al, 1988; Mahasandana et
al, 1980; Myint-Lwin et al, 1985).

The specific action of Russell’s viper venom on
factor X and, subsequently, prothrombin suggests
that the venom enzymes may be inhibited by
plasma protease inhibitors such as antithrombin III
(AT-UI). AT-III inhibits several clotting factors by
complex formation, especially with thrombin and
factor X and, to a lesser extent, factors IX and XI,
plasmin and prekallikrein (Rosenberg and Damus,
1973).
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We assessed in an in vifro native whole blood
model (Lorenz et al, 1988a; 1988b) the procoagulant
effects of Russell’s viper venom through sequential
determination of fibrinopeptide A (FPA), a marker
of thrombin activity, and platelet factor 4 (PF4),
a marker of platelet activity. Subsequently, we
analyzed the effects of AT-III concentrate, specific
antivenom or the combination of both on the
activation of the hemostatic system by Russell’s
viper venom.

MATERIALS AND METHODS

Crude whole lyophilized Russell’s viper venom
(Daboia russelli siamensis) was kindly provided by
DA Warrell, Nuffield Department of Clinical
Medicine, John Radcliffe Hospital, Oxford, UK.

The antivenom used was unrefined, equine
freezedried monospecific Russell’s viper antivenin
serum, obtained from the Thai Red Cross Society
(TRC), Bangkok.

The antithrombin III (AT-III) concentrate used
was the pasteurized, freeze dried commercially
available product manufactured by Behringwerke,
Marburg, FRG.

A solution used as anticoagulant and as a platelet
inhibitor (containing 20 U/ml heparin, 5% EDTA
and 50 mmol/l chloroquine) was provided by Dr
Pelzer, Behringwerke, Marburg, Germany.

In vitro model of hemostasis in native whole blood

Determinations of FPA generation and PF4
release were performed on whole blood taken from
six healthy volunteers who had given informed
consent. The procedure of blood sampling was
according to a well standardized technique (Lorenz
et al, 1988b). A 24 gauge butterfly needle was
inserted in the antecubital vein and 30 ml blood was
drawn into a plastic syringe. To prevent inter-
ference with the generation of FPA and PF4
release, minimal suction pressure was used and no
anticoagulant was added to the syringe. An aliquot
of 1.5 ml was taken immediately, then the blood
was incubated at 37°C and further aliquots were
taken every minute for 9 minutes. The generation
of FPA and PF4 in each blood aliquot was termi-
nated at each time point by adding 1.5 ml of the
anticoagulant and platelet inhibitor solution. The
mixtures were centrifuged at 4°C for 15 minutes
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at 2,000g and for a further 15 minutes at 8,000g.
The platelet poor plasma supernatant was collected
and stored at -20°C for subsequent determination
of FPA and PF4 levels.

The coagulant effect of Russell’s viper venom
on native whole blood was determined by adding 100
ng venom (dissolved in | ml Ringer’s lactate) to 30
ml of whole blood. For neutralization experiments,
1 ml of Ringer’s lactate containing either AT-III (10
1U or 20 IU) or antivenom (1,600 ng) or both (10 IU
AT-III and 1,600 ng antivenom) was immediately
added to 30 ml of the venom activated whole blood.
Both AT-III (10 IU and 20 IU) and antivenom
(1,600 ng) were also tested to determine their direct
effect on the native whole blood. From each set of
experiments, aliquots of blood were sequentially
sampled for determination of FPA and PF4 levels
as in the native whole blood experiment. For each
plasma sample, 6 measurements for FPA and
PF4 levels were carried out and the results were
expressed as median values.

Determination of FPA and PF4 levels

Commercially available radioimmunoassays
were used for the determination of FPA (Mallinck-
rodt Inc, St Louis, Mo) and PF4 (Abbott Diagnostics
Division, Wiesbaden). The test systems were
standardized and controlled by means of standard
plasma samples as described previously (Lorenz et
al, 1988b).

Statistics

The differences of FPA and PF4 levels at each
time point between the untreated and treated whole
blood models were assessed by the Wilcoxon rank
sum test,

RESULTS

The coagulant effect of Russell’s viper venom

The generation of FPA and PF4 release in
native whole blood, exhibited parallel kinetics with
an initial slow phase followed by a fast phase of
secretion (Fig 1). There was no clot formation
during the 9 minute incubation period. In the
presence of Russell’s viper venom, FP4 generation
showed an immediate sharp rise omitting the
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Fig 1-Concentrations of fibrinopeptide A (FPA) ((] D
and platelet factor 4 (PF4) (O @) of native whole
blood in the presence (open symbols) and absence
(closed symbols) of Russells’s viper venom.
Concentrations are given as median values of six
tests.

slow phase and the serial FPA levels were all
significantly higher than those in native whole
blood (Fig 1). The PF4 levels during the first 3
minutes were similar to that in the native whole
blood but then became significantly higher until
the end of the experiments. All Russell's viper
venom activated whole blood clotted and the mean
(SD) time for clot formation was 6.7 (2) minutes.

Neutralization of coagulant effects of Russell’s
viper venom

Administration of either antivenom or low dose
AT-III (10 IU) had no effect on the coagulant
activity of Russell’s viper venom. The serial
changes of FPA and PF4 levels in the treated
whole blood models were similar to those in the
venom activated whole blood (Fig 2, 3). When low
dose AT-III was combined with antivenom, there
was a statistically significant prolongation of both
FPA secretion and PF4 release compared to those
of the untreated venom activated whole blood
(Fig 2, 3). High dose AT-III (20 IU) resulted in
normalization of FPA kinetics and almost
abolished the venom effects on PF4 release (Fig 2,
3). The serial levels of FPA and PF4 in the presence
of 20 IU AT-III at most time points were lower

Vol 26 No. 1 March 1995

1000%

{ng/ml)

1
1000 4
]

1

100§

0 1 2 3 4 5 6 7 8 9
Time (minutes)

Fig 2-Activation of FPA generation induced by snake
venom in untreated group (A); treated with 10 1U
antithrombin-11I (A); or antivenom ((J); or both
{O) or with 20 TU AT-1II (@®). Each value is the
median of six experiments. *p < 0.05 vs untreated
whole blood activated with venom.
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Fig 3-Activation of PF4 generation induced by snake
venom in untreated group ( A); treated with 10 IU
antithrombin-111 (A ); or antivenom ((J); or both
(O) or with 20 1U AT-1I1 (@). Each value is the
median of six experiments. *p <0.05 vs untreated
whole blood activated with venom.

than those in the presence of low dose AT-III
combined with antivenom but this was not statisti-
cally significant (p > 0.05). Unlike the untreated
venom activated whole blood, there was no clot
formation following treatment with either the
combined regimen or high dose AT-IIIL.
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Neither AT-III (10 IU or 20 IU) nor antivenom
. alone or in combination had any effects on coagu-
lation in the native whole blood model. Both the
generation of FPA and PF4 in whole blood
supplemented with any of these reagents were
similar to those in the native whole blood model
(data not shown)

DISCUSSION

In this in vitro whole blood model, the genera-
tion of FPA was measured as a marker of thrombin
activity (Kaplan er al, 1981; Nossel er al, 1974)
and the plasma concentrations of PF4, secreted
from activated platelets, were determined as a
measure of platelet activity (Doyle et al, 1980;
Kaplan and Owen, 1981). An advantage of this
whole blood model is that the kinetics of both
FPA and PF4 can be assessed through sequential
determinations (Rybak et a4/, 1981; Shuman and
Levine, 1980). Russell’s viper venom, accelerated
and increased both the generation of PFA and PF4
release but the bi-phasic kinetics of PF4 was
maintained while that of FPA completly disappeared.
The effects of the venom on the clotting cascade,
being more direct and potent than that on platelet
activity, may reflect its ability to activate factor X
and subsequently prothrombin leading to thrombin-
induced platelet stimulation.

In human victims of Russell’s viper bite, the
venom injected is usually insufficient to cause
massive fatal intravascular coagulation within a
short time (Than-Than et al, 1989; Looareesuwan
et al, 1988; Myint-Lwin et al, 1985). However,
thrombin generation induced by activation of
the clotting cascade, if untreated, leads to the
consumption of fibrinogen and other coagulant
factors as well as of the main inhibitor AT-III.
Finally the syndrome of disseminated intravascular
coagulation may develop. This is characterized
by two distinct coagulation abnormalities: sponta-
neous systemic hemorrhage due to defibrination
and deposition of microthrombi in the microvas-
culature due to depletion of plasma inhibitors
(Marder, 1980). Acute renal failure, the most
common fatal complication after systemic enveno-
mation of Russell’s viper bite (Matthai and Date,
1981; Myint-Lwin et al, 1985; Than-Than et al,
1988; Looareesuwan et al, 1988) is probably caused
by deposition of microthrombi in the kidney which
compounds the direct nephrotoxicity (Ratcliffe and
Pukrittayakamee, 1985; Ratcliffe et al, 1989).
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Clinical data indicate that antivenom, when given
within hours of the bite, may completely neutralize
the circulating venom toxins and may restore the
clotting factor levels to normal (Myint-Lwin er al,
1985; Jeyarajah, 1984). However, despite restoring
the coagulation system, renal failure may still
develop if irreversible tubular damage or extensive
fibrin obstruction of the renal vessels has already
occurred.

The role of heparin in treatment of venom
associated coagulopathy has been controversial
(Warrell et al, 1976; Weiss et al, 1973). Heparin
works primarily as a catalyst of AT-III/thrombin
complex formation (Rosenberg and Damus, 1973;
Mammen et al, 1985). Thus, in situations with
decreased AT-III levels, as in Russell’s viper venom
envenomation, heparin treatment is ineffective
because of the substrate insufficiency.

The specific activation of Russell’s viper venom
on factor X as well as the clinical evidence of
disseminated intravascular coagulation, suggests
that AT-III, as the main coagulation inhibitor is
consumed after systemic envenomation, Thus the
effects of this venom on hemostasis may be mini-
mized by AT-III supplementation. In our whole
blood model, AT-III substitution at high dose but
not at low dose abolished both the FPA generation
as well as the PF4 release induced by the venom. The
dose of antivenom used in this study (venom:
antivenom ratio = 1:16), was unable to inhibit the
venom coagulopathic effects. It is possible that a
larger dose of antivenom would have an inhibitory
effect on the activation of coagulation. However,
the same dose of antivenom in combination with
low dose AT-III results in a slower kinetics of both
FPA and PF4 compared to either administered
alone. This synergistic effect is probably due to
direct neutralization of venom by the antivenom,
while AT-III complements the activity of antivenom
by inhibiting the already activated procoagulant
components. A similar complementary effect of
antivenom and AT-III has been observed in rats
envenomed with Malayan pit viper venom
(Pukrittayakamee et al, 1990).

In this native whole blood model, high dose AT-
IIT concentrate alone and, to a lesser extent, AT-
III concentrate in combination with monovalent
antivenom proved to be effective in controlling
FPA generation and PF4 release after Russell’s
viper venom administration. Further laboratory
and clinical experiences are warranted to verify the
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potential role of AT-1II in the treatment of hemato-
toxic envenoming.
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