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1 Envenomation by the snake Bothrops jararaca is typically associated with hemostatic
abnormalities including pro- and anticoagulant disturbances. Glycyrrhizin (GL) is a plant-derived
thrombin inhibitor that also exhibits in vivo antithrombotic properties. Here, we evaluated the ability
of GL to counteract the hemostatic abnormalities promoted by B. jararaca venom.

2 GL inhibited the human fibrinogen clotting (ICso= ~1.0mgml~'; 1.2mM), H-D-phenylalanyl-
L-pipecolyl-L-arginine-p-nitroanilide dihydrochloride hydrolysis (ICso= ~0.4mgml~'; 0.47 mM) and
platelet aggregation (ICso= ~0.28 mgml~'; 0.33 mM) induced by B. jararaca venom, in vitro.

3 The in vivo effect of GL was tested in rats using a model of venous thrombosis in which
intravenous (i.v.) administration of B. jararaca venom (100 ugkg™') produced in all animals a
thrombus with a mean weight of 10.6+1.7 mg.

4 Prior administration of GL (180mgkg™") or antibothropic serum (27 ulkg™") inhibited thrombus
formation by 86 and 67%, respectively. Remarkably, co-administration of ineffective doses of GL and
antibothropic serum markedly decreased thrombus weight, suggesting a synergistic effect.

5 Co-administration of GL with antibothropic serum abolished venom-induced bleeding. Ex vivo
clotting times showed that rat plasma was non-clotting after i.v. administration of B. jararaca venom.
Treatment with GL, antibothropic serum or both before venom administration efficiently prevented
this abnormality.

6 Altogether, we demonstrate here that GL prevents both in vitro and in vivo venom-induced changes
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in hemostasis, suggesting a potential antiophidic activity.
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Introduction

In Brazil, snakebite accidents represent an important public
health problem, with the genus Bothrops (including the
species B. jararaca, B. moojeni, B. erythromelas and B. atrox)
being responsible for more than 90% of the registered cases
(Cardoso, 1990). A number of proteins from bothropic
venoms interfere with the hemostatic system and have been
characterized in detail (Markland, 1998; Castro et al., 2004)
as procoagulant, anticoagulant or fibrinolytic factors (Marsh,
1994). In addition, several components may alter platelet
function displaying either pro- or antiaggregating properties
(Markland, 1998). The signs and symptoms presented by
patients include local (pain, swelling, ecchymosis and necrosis)
and systemic (blood incoagulability, hemorrhage) manifesta-
tions (Kamiguti et al., 1986; Maruyama et al., 1990).
Envenomation by these snakes generally results in strong
coagulopathy with persistent bleeding owing to fibrinogen
degradation as well as consumption of blood coagulation
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factors (Maruyama et al., 1990; Kamiguti et al., 1991). On the
other hand, massive blood clotting activation may cause
thrombosis in small vessels (Thomas et al., 1995). Therefore,
severe cases of envenomotion may lead to permanent tissue
loss, disability or amputation.

The effective therapeutic treatment for ophidian accidents
nowadays is serotherapy (Heard et al., 1999). Nevertheless,
alternative medication has been proposed. The use of heparin
was first proposed in the late 40s (Ahuja et al., 1946). Although
it is a well-known anticoagulant, heparin does not neutralize
the thrombin-like activity of bothropic venoms and does
not prevent the defibrinogenating syndrome induced by these
venoms (Nahas et al., 1975). In fact, structural differences
between thrombin and venom-derived thrombin-like enzymes
impair the inhibitory action of heparin—antithrombin complex
as well as other coagulation inhibitors such as hirudin (Castro
et al., 2004).

A number of studies have also reported the use of plants
(or their extracts) known in popular medicine for treatment
of snakebite (Mors et al., 1989; 2000; Mors, 1991; Martz, 1992;
Houghton & Osibogun, 1993; Houghton & Skari, 1994).
Among these studies, some focus on the inhibition of snake
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venom hemostatic effects. Extracts from plants widely used
in India, Sri Lanka and West Africa showed significant
dose-related prolongation of Echis carinatus venom-induced
clot formation in human plasma (Onuaguluchi & Okeke,
1989). It has also been shown that the extract of the Brazilian
plant Marsypianthes chamaedrys inhibits fibrinogen clotting
induced by several Brazilian snake venoms, indicating that it
affects thrombin-like enzymes (Castro et al., 2003).

Glycyrrhizin (GL) is a natural triterpenoid saponin ex-
tracted from the root of a Legumisosae, Glycyrrhiza glabra
(licorice), with a molecular mass of 840 Da. This compound is
known for its anti-inflammatory activity (Fogden & Neuber-
ger, 2003) and has been also characterized as a thrombin
inhibitor (Francischetti et al., 1997). Thrombin, which plays
a central role in the hemostatic system, displays very high
specificity upon a small range of substrates. This is particularly
attributed to the presence of two positively charged regions
that are located at a distance from its catalytic site, named
‘anion-binding exosites’, which play major roles in the recogni-
tion of substrates and inhibitors (Stubbs & Bode, 1995). In
fact, it was demonstrated that GL binds to thrombin exosite 1
and blocks the enzyme action upon fibrinogen and platelets
(Francischetti et al., 1997), displaying a similar mechanism
to that described for the C-terminal hirudin-based non-
apeptide (Krstenansky & Mao, 1987). Further studies
demonstrated that GL has in vivo antithrombotic properties
(Mendes-Silva et al., 2003).

Based on the known coagulopathy state generated by the
envenomation, we attempted to evaluate the ability of GL
to counteract this condition caused by B. jararaca venom. For
this purpose, we injected crude venom intravenously in rats
and measured thrombus formation, ex vivo clotting times and
bleeding effect. GL was effective both in vitro and in vivo. Also,
GL showed a synergistic effect when combined with antibo-
thropic serum. Our data indicate that in vitro experiments
combined with the animal model herein described would be
useful to evaluate compounds with potential ability to reduce
the venom-induced hemostatic abnormalities.

Methods
Material and drugs

Lyophilized B. jararaca venom and polyvalent horse antibo-
thropic serum were kindly provided by Instituto Butantan
(Sao Paulo, SP, Brazil). GL was purchased from Sigma
Chemical Co. (St Louis, MO, U.S.A.). The drug was dissolved
in 50 mM NaOH at 37°C and pH was adjusted to 7.4 using 1 M
Tris-HCI. Human o-thrombin was purified from frozen human
plasma samples following the method described by Ngai &
Chang (1991). All other reagents were of analytical grade.
Human fibrinogen was from Calbiochem (La Jolla, CA,
U.S.A)). S-2238 (H-D-phenylalanyl-L-pipecolyl-L-arginine-
p-nitroanilide dihydrochloride), a chromogenic substrate
for thrombin, was obtained from Chromogenix (Mdlndal,
Sweden). Reagents for determination of APTT (cephalin plus
kaolin) and PT (thromboplastin with calcium) were from
BioMériaux (RJ, Brazil). Anasedan (Xylazin) and Dopalen
(Ketamin) were from Agribrands (RJ, Brazil). Silicone tubing
(0.9 x 25 mm) BD Insyte™ was purchased from Dickinson Ind.
Cirargicas (Minas Gerais, Brazil).

Assay for fibrinogen clotting

Fibrinogen clotting by snake venom was measured in 10 mM
HEPES, 100 mM NacCl, 0.1% polyethyleneglycol (PEG) 6.000,
pH 7.4, using a Thermomax Microplate Reader (Molecular
Devices, Menlo Park, CA, U.S.A.) equipped with a microplate
mixer and heating system as described (Francischetti et al.,
1999). B. jararaca venom (0.01 ugml~') was incubated for
Smin at 37°C with various concentrations of GL and reaction
was started by addition of human fibrinogen (2mgml™', final
concentration). The total volume of the reactions was 100 pl.
The initial rate of fibrinogen clotting was determined from the
increase in the Abs,ys at 6-s intervals.

Assay for S-2238 hydrolysis

Hydrolysis of the synthetic substrate S-2238 by snake venom
was measured in 10 mM HEPES, 100 mM NaCl and 0.1% PEG
6.000, pH 7.4 using the reader described above. B. jararaca
venom (0.01 ugml™') was incubated for 5min at 37°C with
various concentrations of GL and reaction was started by
addition of S-2238 (100 uM, final concentration). The total
volume of the reaction mixture was 100 ul. The initial rate of
the p-nitroaniline release was determined from the increase in
the Abs,ys at 6-s intervals.

Platelet aggregation assays

Washed rabbit platelets were obtained from blood antic-
oagulated with SmM EDTA. Platelets were isolated by
centrifugation and washed twice according to Zingali er al.
(1993) with calcium-free Tyrode’s buffer, pH 6.5, containing
0.1% glucose, 0.2% gelatin, 0.14M NaCl, 0.3M NaHCO;,
0.4mM NaH,PO,, 0.4mM MgCl,, 2.7mM KCI and 0.2mM
EGTA. Washed platelets were resuspended in a modified
Tyrode’s buffer, pH 7.4, containing 2mM CaCl, at 300,000
400,000 cells ul~!. Assays were performed at 37°C using a
Chronolog Aggregometer (Havertown, PA, U.S.A.). Aggrega-
tion in the volume of 350 ul was induced by B. jararaca venom
(17.5 ugml™"). Inhibition of platelet aggregation was tested by
adding GL, at various concentrations, 1 min before induction
with venom. The inhibition was calculated using the maximum
peak height tracing, which was compared with control values
obtained in the absence of the drug.

Stasis-induced thrombosis after injection of snake venom

A deep venous thrombosis model in rats was developed by
adapting the method described by Mendes-Silva et al. (2003)
with slight modifications. Thrombus formation was induced
by a combination of stasis and hypercoagulability produced by
intravenous (i.v.) administration of B. jararaca venom. Wistar
rats weighing 170-250g were anesthetized with xylazin
(lI6mgkg™', im.) followed by ketamin (100mgkg™", i.m.).
The abdomen was surgically opened, and after careful incision
the vena cava was exposed and dissected free from surround-
ing tissue. Two loose ligatures were prepared 1 cm apart on the
inferior vena cava just below the left renal vein. B. jararaca
snake venom at different doses was injected into the vena cava
(below the distal loose suture) and stasis was immediately
established by tightening the proximal suture. The distal suture
was tightened 20 min after administration of venom solution
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and the ligated segment was removed. The formed thrombus
was detached from the segment, rinsed, blotted on filter paper,
dried for 1h at 60°C and weighed. The ability of GL and/or
antibothropic serum to inhibit thrombus formation was
evaluated using venom doses of 100 ugkg™" body weight. In
this case, GL and/or antibothropic serum at the indicated
doses were administered intravenously (below the distal loose
suture) 5Smin before thrombosis induction. The protocol
received official approval with regard to the care and use
of laboratory animals. Data presented represent mean +s.d. of
5-10 animals.

Ex vivo determination of APTT and PT

Rat’s carotid artery was carefully exposed and dissected free
from surrounding tissue. Saline, GL and/or antibothropic
serum were injected 5 min before administration of B. jararaca
venom (100 ugkg™' body weight) through a silicone tubing
inserted into the carotid artery. The same device was used to
collect blood samples (0.6ml in 3.8% trisodium citrate, 9:1
vv~!) after venom administration (0~120min). Blood samples
were centrifuged (2000 x g, 10min), and the platelet-poor
plasma was stored at —20°C until use. APTT and PT were
measured on an Amelung KC4A Coagulometer as follows.
For APTT tests, cephalin plus kaolin (APTT reagent,
BioM¢ériaux, RJ, Brazil) were incubated for 1 min with 50 ul
of pre-warmed plasma (37°C). The reaction was started
by addition of 100 ul of pre-warmed CaCl, (25mM). For PT
tests, 50 ul of pre-warmed plasma was incubated for 2min
(37°C) and reaction was started by addition of 100 ul of
pre-warmed thromboplastin with calcium (PT reagent,
BioM¢ériaux, RJ, Brazil).

Bleeding effect

For evaluation of the bleeding effect, the carotid artery was
carefully exposed and dissected free from surrounding tissue.
B. jararaca venom was administered at the indicated doses
through a silicone tubing inserted into the carotid artery. Five
minutes after venom administration, the rat’s tail was cut
3mm from the tip and immersed in 40 ml of distilled water at
room temperature. Blood loss was evaluated 60 and 120 min
later as a function of absorbance at 540nm due to the
hemoglobin content in water solution (Herbert et al., 1996).
The absorbance detected for a control group that received
saline instead of venom was taken as control blood loss. For
evaluation of the antiophidic activity, GL and/or antibothro-
pic serum were injected Smin before the administration of
venom (100 ugkg™' body weight) through the same device
described above.

Statistics

All data presented represent mean+s.d. Differences in
mean values were analyzed using Student’s z-test. When
more than one group was compared with one control,
significance was evaluated using one-way analysis of variance
(ANOVA). P-values <0.05 were considered to be statis-
tically signicant.

Results

In order to determine whether GL could prevent the
hemostatic disturbances induced by B. jararaca venom, we
first tested the drug using in vitro assays. Figure 1a shows that
increasing GL concentrations caused a progressive inhibitory
effect upon venom-induced human fibrinogen clotting, with
an ICsy of ~1.0mgml™" (1.2mM). GL was also tested against
venom-induced hydrolysis of the synthetic thrombin substrate
S-2238. Again, GL showed a dose-dependent pattern of inhi-
bition of the venom’s hydrolytic activity (Figure 1b), with an
ICsy of ~0.4mgml™' (0.47mMm). These results differ from
those previously reported for human a-thrombin (Francischetti
et al., 1997). It has been observed that GL inhibits thrombin-
induced fibrinogen clotting, whereas the S-2238 hydrolysis is
significantly increased. We further evaluated the ability of GL
to interfere with venom-induced platelet aggregation. As seen
in Figure lc, GL inhibited this biological activity in a dose-
dependent fashion, with an ICs, of ~0.28 mgml~" (0.33 mM).

For evaluation of the in vivo antiophidic effect, we have
established a venous thrombosis model in rats in which
thrombosis is induced by B. jararaca venom administration
combined with stasis. Venom doses above 10 ugkg™' caused
a thrombus to form in 100% of the rats (Figure 2a). The
group of animals that received venom doses of 150 ug kg~" had
thrombus weight of 11.4+1.2mg but showed 80% morta-
lity during the surgical procedure. A common feature for
low-venom doses (10 and 25ugkg ') was a significant
blood extravasation after i.v. inoculation whereas the high
venom doses (50-150 ugkg™') resulted in significant
thrombus formation beyond the segment dissected free from
surrounding tissue.

L.v. administration of GL doses of 180mgkg™' produced a
significant inhibition of 86% in thrombus weight (1.5+ 1.3 mg)
against 100 ugkg™' venom doses (Figure 2b). No effect was
observed with lower GL doses. Similar assays performed
with antibothropic serum doses of 13.5 and 27 ulkg™!
decreased by 75 and 67% (2.74+0.3 and 3.5+0.4mg),
respectively, the thrombus weight produced by 100 ugkg™" of
venom (Figure 2c).

We further tested the ability of a combination of GL and
antibothropic serum to counteract venom-induced thrombus
formation (Figure 2d). Co-administration of 40 mgkg~' of GL
with 3 ulkg™" of antibothropic serum decreased thrombus
weight by 76% (2.4+0.8mg). It is worth emphasizing that
these GL or antibothropic serum doses were not effective when
given alone (9.1+0.9 and 10.7+0.4mg thrombus weight,
respectively).

The ex vivo clotting tests were evaluated using PT and aPTT
tests (Table 1). Blood collected immediately or 10 min after the
venom administration clotted instantly before tests could be
performed. Both tests showed non-clotting plasma samples 30
or 120min after B. jararaca administration (100 ugkg™").
These observations are consistent with fibrinogen consump-
tion. On the other hand, animals that were pretreated with GL
(40 mgkg™"), antibothropic serum (27 ulkg™") or both GL and
antibothropic serum (40mgkg~' and 3 ulkg ~', respectively)
before venom administration showed significant protection
against venom effects. Both PT and APTT (Table 1) were
slightly increased as compared to control animals treated with
saline (PT=25.7+2.8s; APTT =23.54+1.8s). Interestingly,
pretreatment with GL (180mgkg™") showed non-clotting
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Figure 1 Effect of GL on the enzymatic activity of B. jararaca venom. (a) The effect of increasing GL concentrations on human
fibrinogen (2mgml~') clotting induced by B. jararaca venom (0.01 ugml~") was investigated. Experiments were performed at 37°C
in 10mM HEPES, 100 mM NaCl, 0.1% PEG 6.000, pH 7.4. Ordinates, V;/V,, initial rate of fibrinogen clotting in the presence of
GL/initial rate in its absence. Data represent mean +s.d. of three determinations. (b) Effect of increasing GL concentrations on
S-2238 (100 umM, final concentration) hydrolysis induced by B. jararaca venom (0.01 ugml~"). Ordinates, V;/V., initial rate of S-2238
hydrolysis in the presence of GL/initial rate in its absence. (c) Effect of GL, at the indicated doses, on venom-induced
(17.5mgml™") platelet aggregation was performed as described in the Methods section. Data represent mean+s.d. of three

independent experiments.

plasma for samples collected 10, 30 or 120 min after B. jararaca
administration (data not shown).

The antivenom action of GL was further evaluated using
a venom-induced bleeding model. Figure 3 shows that venom
doses of 100 ugkg™" increased the hemorrhage by ~4-fold,
after 2h of venom administration. A mild bleeding starts to
be observed after ~40min of venom injection (not shown).
Interestingly, we also observed a strong hematuria in most
animals that received these venom doses (data not shown).
Treatment with GL (180 mgkg™") was not able to decrease the
venom-induced bleeding, although it completely abolished
hematuria (data not shown). Most striking was the observa-
tion that treatment of animals with antibothropic serum
(27 ulkg™") caused a dramatic increase in the venom-induced
bleeding. Antivenom increased the hemorrhage by six- and
three-fold after 1 and 2h, respectively. At this point, it is
possible that these effects are derived from the neutralization
of specific venom components, possibly those with clotting

activity. The combined action of GL and antibothropic serum
was further evaluated. Co-administration of GL (40mgkg™")
and antibothopic serum (3.0 ulkg™') completely abolished the
venom-induced bleeding. Also, no hematuria was observed in
animals receiving this treatment (data not shown).

Discussion

In the present study, GL was identified as a compound
displaying inhibitory effects towards the hemostatic abnorm-
alities induced by B. jararaca venom. As previously reported
for human o-thrombin (Francischetti er al., 1997), GL
decreased the venom-induced fibrinogen clotting (Figure 1a).
On the other hand, whreas GL did not inhibit the thrombin
catalytic site, it strongly decreased the S-2238 hydrolysis by
snake venom (Figure 1b). We speculate that these observations
arise from differences among thrombin and the thrombin-like

British Journal of Pharmacology vol 148 (6)
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Figure 2 Effect of GL and antibothropic serum on thrombus weight after administration of B. jararaca venom in the rat.
(a) B. jararaca venom was administered intravenously at the indicated doses and stasis was immediately established for induction of
thrombosis, as described in Methods. (b) GL was administered intravenously at the indicated doses 5 min before the induction of
thrombosis by venom (100 ugkg™") combined with stasis. (¢) Antibothropic serum was administered intravenously at the indicated
doses 5min before the induction of thrombosis by venom (100 ug kg~') combined with stasis. (d) GL and antibothropic serum (As)
were co-administrated intravenously 5min before the induction of thrombosis by venom (100 ugkg™") combined with stasis. Each
point represents mean +s.d. of 5-10 animals. Asterisk, P<0.05.

Table 1 Effect of B. Jararaca venom and GL and/or antibothropic serum treatments on ex vivo clotting tests

Animal group

Clotting times

aPTT (s) PT (s)
Control 23.5+1.8 25.74+2.8
Time after venom administration (min)

Treated with 10 30 120 30 120
Venom' C NC NC C NC NC
Venom'+ GL? 254404 28.24+1.5 19.1+2.6 33.84+9.3 323408 42.6+8.0
Venom' + As? 319454 29.2+3.6 36.7+12.6 35.54+3.7 37.1+6.2 50.8+2.2
Venom' + GL?+ As* C 224+1.3 38.5+4.3 C 26.6+2.6 522425

PT and APTT clotting times were measured as described in Methods. Citrated plasma samples were taken at the indicated times from
animals treated as described: 'B. jararaca venom, 100 ugkg™"; °GL, 40 mg kg™, antibothropic serum, *As, 27 ulkg™" or *As, 3 ulkg™". Data

show mean+s.d. of at least five animals.
C means that blood clotted before tests could be performed.
NC means that plasma did not clot until 150s.

enzymes found in the venom (Castro et al., 2004). In fact, it
was shown that GL binds to the so-called anion-binding
exosite on thrombin, a region that is important for the
recognition of macromolecular substrates such as fibrinogen
(Stubbs & Bode, 1995; Francischetti et al., 1997). There is no

evidence of similar regions on thrombin-like enzymes from
snake venoms (Castro et al., 2004).

The presence of components interfering with platelets
in vitro is well known in B. jararaca venom (Markland,
1998). These factors seem to contribute to the coagulopathy
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Figure 3 Effect of GL and antibothropic serum on venom-induced
hemorrhage. The effects of GL and/or antibothropic serum (at the
indicated doses) on the bleeding effect caused by B. jararaca venom
(100 ug kg~ ") were evaluated 60 and 120 min later as described in the
section Ex vivo determination of APTT and PT. The absorbance
detected for a control group that received saline instead of
B. jararaca venom was taken as control blood loss. Results shown
represent mean +s.d. of 5-10 animals. Asterisk, P<0.05.

observed in envenomed patients (Maruyama et al., 1990;
Kamiguti ez al., 1991). In this context, as previously shown
with o-thrombin (Francischetti et al., 1997), GL inhibited
venom-induced platelet aggregation.

Here we demonstrate for the first time an experimental
venous thrombosis model induced by i.v. administration of
B. jararaca venom combined with stasis. Venom doses above
10 ugkg™"' body weight caused 100% incidence of thrombus
(Figure 2a). This effect may result from the combined action of
proteins that activate the blood coagulation cascade, such as
factor X-activating components, thrombin-like enzymes and
platelet-activating compounds (Nahas et al., 1979; Markland,
1998; Castro et al., 2004). This procoagulant effect is very
rapid and leads to a subsequent bleeding effect (Kamiguti
et al., 1991). This may explain why venous thrombosis is rarely
observed in patients, whereas the non-coagulating blood
associated with local and/or systemic bleeding is a common
feature (Kamiguti et al., 1986; Maruyama et al., 1990).

GL was highly effective in preventing venom-induced
thrombus formation (Figure 2b). This is in agreement with
a previous study demonstrating that GL inhibits thrombus
formation in a similar animal model in which the hypercoagul-
ability state is produced by i.v. administration of a thrombo-
plastin solution (Mendes-Silva ez al., 2003). Comparing in vivo
(thrombosis model) with in vitro (fibrinoclotting) effects of
GL, we observed that a four-fold higher concentration of GL
(1.8 and 0.42mgug~' of venom, respectively) is necessary
in vivo for the complete inhibition of the clotting action of this
venom. These data indicate that other venom/plasma compo-
nents that contribute to the thrombus formation might be
inactivated by GL. These may include thrombin generated by
prothrombin activators (Markland, 1998) and platelet-activat-
ing components (see Figure 1c).

Venom-induced thrombus formation was also inhibited by
an antibothropic serum (Figure 2c), but a maximum of only
~75% inhibition was achieved at the highest antivenom doses.

Remarkably, the association of GL and antibothropic serum,
at doses that showed no significant inhibitory effects when
given alone, strongly decreased venom-induced thrombus
formation (Figure 2d).

It is well established that envenomation by B. jararaca leads
to fibrinogen consumption, as observed in humans as well as
in animal models using dogs and rats (Maruyama et al., 1990;
Burdmann et al., 1993; Sano-Martins et al., 1995). Therefore,
we decided to express blood-clotting function using PT and
APTT tests. As they are well-correlated with fibrinogen levels,
an elevation of these clotting times would be expected if
fibrinogen consumption was taking place. This was observed
in animals that were treated with venom alone. On the
contrary, as seen in Table 1, treatment with low doses of GL,
antibothropic serum or both kept PT and aPTT values close to
normal strongly suggesting that fibrinogen consumption was
partially impaired. It is interesting to observe that significantly
higher GL doses were necessary to decrease in vivo thrombus
formation (180mgkg ') as compared to effects on ex vivo
clotting of plasma (40 mgkg™"). A possible explanation is that
the combination of stasis with i.v. administration of venom in
the in vivo thrombus model confines a higher concentration
of procoagulant factors within a vessel compartment, whereas
ex vivo clotting tests were performed in blood samples
collected from animals that received GL and venom that
freely circulated during the treatment. Another striking feature
is that high GL doses (180mgkg™") completely impaired
plasma clotting for samples collected 10, 30 or 120 min after
venom administration, suggesting an effective protection
against the early procoagulant events.

The in vivo properties of GL against B. jararaca venom were
also evaluated in a bleeding model (Figure 3). GL alone was
not able to impair venom-induced bleeding. In fact, GL
(180mgkg™") produces bleeding itself, as previously shown
(Mendes-Silva et al., 2003). To our surprise, the antibothropic
serum used in this study strongly potentiated the hemorrhage
caused by venom administration. This effect is clearly
demonstrated here for the first time, and points to an issue
that should be systematically tested, especially when high doses
of antivenom are used. At this point, we cannot explain these
observations, although we can propose that perhaps anti-
coagulant molecules, present in this venom (Kamiguti et al.,
1986; 1991), are poorly neutralized by this anti-serum. Never-
theless, this hypothesis has yet to be proven. On the other
hand, the association of GL and antivenom was highly
effective in preventing bleeding in this animal model.

Altogether, our data support that the association of GL with
antibothropic serum efficiently counteracts the in vivo hemo-
static abnormalities evoked by B. jaracaca venom in an animal
model. However, it is worth emphasizing that rather than
being a model that mimics an envenomation accident, the
animal model described here seems more useful for the study
of molecules that could potentially neutralize the hemostatic
abnormalities caused by the envenomation. Drugs were
administered before the challenge with snake venom and,
most importantly, venom was administered by i.v. route,
initiating a very fast procoagulant response (as seen in Table 1).
In this context, the use of protocols that better parallel the
clinical situation observed during treatment of snakebite
accident is crucial before considering GL or other drugs as
potential adjuvants for antivenom therapy. Furthermore, the
in vivo model here described might be very useful to better
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understand the contribution of isolated procoagulant and pro-
aggregating venom components in coagulopathy caused by
whole venom.

We thank the Butantan Institute (Sdo Paulo, Brazil) for providing the
venom and antibothropic serum used in this study, Dr Paulo Melo for
valuable suggestions and Dr Martha Sorenson for critical reading of
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