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a b s t r a c t

We report a study of toxic and enzymatic activities of Bothrops neuwiedi complex venoms
collected from specimens of different regions of Argentina and a pool of these same
venoms. Were determined lethal, hemorrhagic and pro-coagulant (plasma and fibrinogen)
doses and the neutralization of these activities by a bivalent antivenom. The electropho-
retic pattern of different regions venom was studied by SDS–PAGE. All samples exhibited
lethal potencies, hemorrhagic and coagulant (plasma and fibrinogen) activities with
potencies concordant with previous studies. The only conspicuous difference in the toxi-
cological pattern of Bothrops diporus venoms was the low-thrombin-like activity found in
one sample. The antivenom used in this study could neutralize all the toxic activities tested
and the neutralizing potency of the antivenomwas comparable for all samples. Despite the
wide distribution of B. neuwiedi complex throughout Argentina and the evident
morphological variation between B. diporus (B. neuwiedi complex), this study establishes
a remarkably similar toxicity profile throughout its range. This is the first systematic study
on the regional variation of enzymatic and toxic activities of venom from species belonging
to the B. neuwiedi complex, one of the snakes of highest sanitary importance in South
America and their neutralization by the type of antivenom most commonly used in the
South of South America.

� 2011 Published by Elsevier Ltd.

1. Introduction

The Bothrops neuwiedi (Wagler, 1824) complex (“yarará
chica”, “cabeza candado”, “yarará overa”, “jararaca pintada”,
“yarará-í”) is, at present, composed of seven species:
Bothrops diporus, Bothrops mattogrossensis, Bothrops
pubescens, B. neuwiedi, Bothrops lutzi, Bothrops pauloensis
and Bothrops marmoratus (Silva, 2008). In Argentina, the
systematics of the group is being reviewed and the species
belonging to this complex are Bothrops neuwiedii diporus, B.

neuwiedii bolivianus according to Lavilla et al. (2000), and
B. diporus, B. mattogrossensis and Bothrops paranaensis
according to Scrocchi (2009). Silva (2008) proposed that
the species present in Argentina are B. diporus, B. mattog-
rossensis and B. neuwiedi. For the present work, we adopted
the nomenclature put forth by Silva (2008) until the
systematics of these pit vipers is clarified.

B. diporus (Cope, 1862; Silva, 2008) can be found in
Paraguay and Brazil inhabiting the chaco, semitropical
deciduous forests and the pampa (Silva, 2004). It is widely
distributed in Argentina in the provinces of La Rioja, La
Pampa, Córdoba, San Luis, Mendoza, Neuquén, Catamarca,
Santiago del Estero, Tucumán, Jujuy, Salta, Formosa, Chaco,
Santa Fé, Entre Ríos, Corrientes and Misiones (covering
a territory of 1.595.687 km2, approximately 60% of the
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country). This snake is small compared with other Argenti-
neanBothrops (with theexceptionofBothrops ammodytoides)
(de Roodt et al., 1998b), withmales having an average length
of 60–70 cmand femalesmeasuring up to 110 cm(Ministerio
de Salud, 2007). B.mattogrossensis (Amaral,1925,1930; Silva,
2008) is found in Peru, Bolivia, Paraguay, Argentina (Prov-
inces of Jujuy and Formosa) and Brazil, inhabiting the
savanna, pantanal and chaco biomes. This species measures
around 70–80 cm although it may reach 130 cm in length
(Silva, 2004). B. neuwiedi is distributed in Peru, Bolivia,
Paraguay, Brazil and in Argentina is found principally in the
province of Misiones. This snake inhabits tropical and semi-
tropical deciduous forest, temperate forest and dry rocky
areas (Silva, 2008). Themost aggressive species ofBothrops in
Argentina, and posses the greatest medical threat, being
responsible for an important part of envenomations by
snakebite in Argentina (de Roodt, 2002). The distribution of
these snakes is shown in Fig. 1.

In view of the biological and medical importance of
venom variation (Chippaux et al., 1991), we studied some
biochemical and toxic characteristics of B. neuwiedi
complex venoms from several provinces of Argentina as
well as their neutralization by the antivenom of widest
distribution in Argentina.

2. Materials and methods

2.1. Venoms

Venoms used in this study were from adult specimens
of B. neuwiedi complex from five different regions of
Argentina. Samples from the provinces of Entre Ríos, Cat-
amarca and Formosa were obtained from animals located
in the Serpentarium of the National Institute for the
Production of Biologicals (INPB). Venom fromMisiones was
a gift of Dr. Alejandro U. Vogt from Zootoxicological Centre
of Misiones (Oberá, Misiones). Those from province of
Córdoba were a gift of B.Sc. Gustavo Reati from the Center
of Applied Zoology of the National University of Córdoba.
The number of snakes used to obtain the different samples
of venom were: Entre Ríos, 4; Catamarca, 7; Misiones, 15;

Formosa, 5 and Córdoba, 20. In each case similar amounts
of venom from each individual snakewere used to generate
the regional sample of venoms. A Pool of samples was
made by mixing equal amounts of each regional venom
mix. In all cases, venoms were extracted by manual milk-
ing, immediately vacuum dried and stored at �20 �C until
use. Venoms were redissolved in NaCl 0.15M prior to use.

2.2. Experimental animals

Mice (CF-1, 18–22 g) and rats (Wistar, 200–250 g) were
provided by the Animal Facility of the INPB. Animals were
kept under controlled environmental conditions, with
dark/light cycles of 12 h and received commercial rodent
food and water ad libitum. All the experiments carried out
with animals were in accordance with ethical standards of
the INPB, in agreement with the Guide for Care and Use of
Laboratory Animals published by the U.S. National Research
Council (2002).

2.3. Antivenom

The Bivalent anti-bothropic antivenom produced by
INPB (batch 264, expiration date May 2009) was used for
the neutralization experiments. This antivenom is widely
distributed in Argentina and produced using venom of
Bothrops alternatus and B. neuwiedi as immunogens. It is
composed of F(ab0)2 fragments of equine immunoglobulins.

2.4. Determination of lethal potency

Different amounts of the different venoms were injec-
ted by intraperitoneal (i.p.) route in CF-1 mice (5 per dose
level), according to the conventional techniques
(Theakston and Reid, 1983). The number of deaths was
recorded 48 h after injection and the lethal potency was
calculated as the Median Lethal Dose (LD50) by non-linear
regression (sigmoid dose–response curve) of the plot of
mortality versus venom dose (Casasola et al., 2009) using
the software package Prism 4.0 (GraphPad Inc., CA, USA).
The LD50 was expressed in mg/mouse.

2.5. Determination of hemorrhagic activity

Hemorrhagic activity was determined as described by
Theakston and Reid (1983). To determine Minimal
Hemorrhagic Dose (MHD), different doses of each venom
(6.25–200 mg) were injected intradermally in Wistar rats,
using at least 3 points per dose level. After 24 h, the skin
was excised and the major perpendicular diameters of the
hemorrhagic haloes were measured on the dermal face.
The MHD was defined as the amount of venom (mg) that
produces a mean hemorrhagic halo with a diameter of
1 cm, and it was determined by plotting the values of the
average diameter of the hemorrhagic haloes versus the
dose, analyzing the dose–response curve by non-linear
regression (sigmoidal dose–response curve with variable
slope). The values were obtained from each experiment
and the MHDs were expressed as the mean and standard
deviation. When necessary, for statistical comparison

Fig. 1. Distribution of Bothrops diporus (left), Bothrops mattogrossensis
(center) and Bothrops neuwiedi (right) in Argentina.

V.C. de Oliveira et al. / Toxicon 57 (2011) 680–685 681



Author's personal copy

individual values of each curve analyzed to obtain the MHD
and its standard deviation, were analyzed by t test.

All the experiments were at least in triplicate.

2.6. Determination of pro-coagulant activity

Pro-coagulation was studied in normal human plasma
and in bovine fibrinogen (2 g% in NaCl 0.15M). The venom
dose that produced an evident clot in 60 s (at 37 �C) was
considered as the minimum coagulant dose in plasma
(MCD-P) or in fibrinogen (MCD-F). The doses were
expressed in mg/ml (Laing et al., 1992). It was determined
by plotting the values of clotting time versus the dose,
analyzing the dose–response curve by non-linear regres-
sion (exponential decay). The doses corresponding to
a clotting time at 60 s were determined. These values were
used to obtain the mean values and the standard deviation.
For statistical comparison by t test, the individual values of
each curve analyzed to obtain the coagulant doses and its
standard deviation, were considered.

All the experiments were at least in triplicate.

2.7. SDS–PAGE

Separation of 10 mg of each venom sample by SDS–PAGE
(12.5%, acrylamide/bis-acrylamide) was done under non-
reducing conditions (Laemmli, 1970) along with broad
range molecular weight markers (prestained, Bio Rad,
control 310002875). After fixation gels were stained with
Coomasie brilliant blue, scanned and analyzed with the
software Gel-Pro Analyzer (Media Cybernetics, MA, USA).

2.8. Neutralization of toxic activities

2.8.1. Neutralization of lethal potency
Different antivenom doses were incubated with 4 LD50

of each venom for 30 min at 37 �C. After incubation, the
samples were injected intraperitoneally inmice (5mice per
dose) in a final volume of 0.5 ml in NaCl 0.15M. Deaths were
recorded 48 h after injection and the median effective dose
(ED50) was calculated as the antivenom dose giving
a statistical survival of 50% by non-linear regression
(Casasola et al., 2009). Positive controls were injected with
4 LD50 in 0.5 ml of NaCl 0.15M. The challenge doses and the
time of inspection were those indicated to test the potency
of antivenoms of Argentina. Antivenom potency was
defined using the formula: [(n� 1)/ED50]� LD50, where
n� 1 represents the number of lethal doses of the chal-
lenge minus one (theoretically the dose of venom that
killed half the mice) (Ministerio de Saúde, 1996). As the
ED50 is expressed in ml and the LD50 in mg, the final result is
mg/ml adjusted tomg/ml. This value of potency indicates the
milligrams of venom neutralized by 1 ml of antivenom. In
addition the potency was expressed as LD50s neutralized by
1 ml of venom.

2.8.2. Neutralization of hemorrhagic activity
Wistar rats were injected intradermally in the back with

amixture containing 2MHDof the different venomsdiluted
in NaCl 0.15M incubated with different doses of antivenom
for 30 min at 37 �C in afinal volumeof 100 ml. After 24 h, rats

were sacrificed using ether and hemorrhagic haloes were
measured. The neutralizing capacity (HED50) was described
as the dose of antivenom that diminished the hemorrhagic
areas by 50% when compared with the positive control. The
results were analyzed by non-linear regression using the
software package Prism 4 (GraphPad Inc., CA, USA).

2.8.3. Neutralization of coagulant activity
Tubes containing 0.4 ml of human plasma were treated

with 8 MCD-P of the different venoms, previously incu-
bated for 30 min at 37 �C with different doses of the anti-
venom (1–100 ml) in a final volume of 150 ml in NaCl 0.15M.
After addition of the venom–antivenom mix on plasma,
coagulation time was measured. As positive controls, we
used 0.4 ml of plasma treated with the same venom doses
diluted in 150 ml of NaCl 0.15M. The neutralizing capacity of
the antivenom was expressed as the minimal dose of
antivenom that delayed coagulation time more than 5 min
when compared with the positive control.

2.8.4. Neutralization of thrombin-like activity
Tubes containing 0.4 ml of bovine fibrinogen 2.0 g% in

NaCl 0.15M were treated with 1.0 MCD-F of the different
venoms, previously incubated for 60 min at 37 �C with
different doses of the antivenom (1–100 ml) in a final
volume of 150 ml in NaCl 0.15M. After the addition of the
venom–antivenom mix, coagulation time was measured.
As positive controls, we used 0.4 ml of fibrinogen treated
with the same venom doses in 150 ml of NaCl 0.15M.
The neutralizing capacity of the antivenom was expressed
as the dose of antivenom that delayed coagulation time
more than 5 min when compared with the positive
controls.

2.9. Statistics

All data are expressed as mean� SD (standard devia-
tion) or with the 95% confidence interval (c.i.) in brackets.
Linear, non-linear regression analyses and Student’s t test
were done with the software package Prism 4.0 (GraphPad
Inc., CA, USA).

3. Results

3.1. Lethal potency

Lethal potencies (LD50) are shown in Table 1. There were
no significant differences in the LD50 values (p> 0.05),
which ranged from 51.8 to 82.6 mg/mouse.

3.2. Hemorrhagic activity

Hemorrhagic activities (MHD) are shown in Table 1. All
venoms showed no differences in their hemorrhagic
potency values expressed as MHD (p> 0.05), ranging from
288.2 to 462.6 mg.

3.3. Pro-coagulant activity

Values of MCD-P are presented in Table 1. Venom from
Entre Ríos, Misiones and Catamarca showed no statistical

V.C. de Oliveira et al. / Toxicon 57 (2011) 680–685682
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differences (p> 0.05) and the highest MCD-P activity
regarding the other samples (p< 0.05). Venoms from For-
mosa and the Pool showed no significant differences
among their MCD-Ps (p 0.17; t 1.672). Venom fromMisiones
showed no significant differences from Catamarca
(p> 0.18; t 1.482). The highest MCD-P (the lowest potency)
was that of the venom from Córdoba (p< 0.05; t> 4).
Values of MCD-P of samples from Entre Ríos, Catamarca
and Misiones showed statistical differences regarding Pool
value (p< 0.05).

Values of MCD-F are presented in Table 1. Thrombin-like
activity was observed in all venoms and the potencies
showed significant differences in almost all cases (p< 0.05).
The most potent activity was observed in the venom from
Entre Ríos, followed by Misiones (p 0.001, t 8.693), and
followed by Catamarca and Córdoba venoms with no
differences between MCD-F (p> 0.05; t 2.514), followed by
the Pool (p 0.009; t 4.670). Venom from Formosa showed
the lowest potency (p< 0.05; t > 14). Values of MCD-F in all
the cases showed statistical differences regarding Pool value
(p< 0.05).

3.4. SDS–PAGE

Under non-reducing conditions (Fig. 2), the most
strongly stained material was between 40 and 56 kDa, 22
and 30 kDa, and between 13 and 22 kDa, although some
bands were absent or weakly stained in some of the
samples. Venoms from Formosa, Catamarca and the Pool
showed three strongly stained bands between 40 and
54 kDa, but in the case of Córdoba and Misiones, those
bands were very light. Venom sample from Entre Ríos only
showed two weakly stained bands in the range of 49–
55 kDa. Venoms from Formosa, Catamarca, Córdoba and
the Pool contained similar bands between 22 and 25 kDa,
although these were more strongly stained in the sample
from Formosa. Venom from Misiones exhibited the same
bands and a heavier one at 32 kDa. In this range, the sample
from Entre Ríos only showed one band at 22 kDa. Venoms
from Formosa, Entre Ríos, Misiones and the Pool contained
bands between 13 and 22 kDa that were absent in Cata-
marca and Córdoba samples.

3.5. Neutralization of toxic activities

Values of neutralization of different toxic activities are
presented in Table 2. Venom from Misiones was that
required the lower doses of antivenom to be neutralized
(p< 0.05). The neutralization on the pool, considering the
ED50s, required lower dose of antivenom regarding the
venoms from Córdoba, Entre Rios and Formosa (p< 0.05)
and higher regarding the venom from Misiones (p< 0.05).
When the venom milligrams neutralized by ml of anti-
venom was considered, venom from Entre Ríos did not
showed statistical differences regarding the Pool (p> 0.05).

There were no observed differences in the neutraliza-
tion of the hemorrhagic activity (Table 2).

Coagulation was neutralized at the lowest doses in
plasma or fibrinogen in all samples.

4. Discussion

The electrophoretic patterns of the regional samples
showed similarities with those previously described, with
the major groups of material in the ranges over 40 kDa,

Table 1
Toxic activities of Bothrops neuwiedi of different regions of Argentina.

Venom Lethal potency Hemorrhagic potency Coagulant potency

Plasma Fibrinogen

LD50 (mg/mouse) LD50/mg MHD (mg) MHD/mg MCD-P (mg/ml) MCD-P/mg MCD-F (mg/ml) MCD-F/mg

Formosa 82.6 (61.3–111.1) 12.1 (9.0–16.3) 288.2� 111.4 3.5� 1.3 20.0� 1.0 50.0� 2.5 1047� 28.0* 1.0� 0.0*
Entre Ríos 73.8 (49.8–109.5) 13.5 (9.13–20.1) 367.7� 85.9 2.7� 0.6 13.8� 1.0* 72.5� 5.3* 214.8� 20.5* 4.7� 0.4*
Catamarca 55.4 (37.5–81.8) 18.0 (12.2–26.6) 389.2� 58.6 2.6� 0.4 16.3� 0.5* 61.3� 1.9* 644.3� 41* 1.6� 0.1*
Córdoba 76.8 (51–115.6) 13.0 (8.6–19.6) 367.7� 43.1 2.7� 0.3 35.0� 5.0 28.6� 4.1* 590.5� 13.4* 1.7� 0.0*
Misiones 51.8 (43.0–62.5) 19.3 (16–23.3) 462.6� 206.8 2.2� 1.0 16.5� 0.8* 60.6� 2.9* 322.3� 0.0* 3.1� 0.0*
Pool 61.84 (59.8–63.8) 16.2 (15.6–16.7) 313.9� 50.0 3.2� 0.5 23.0� 1.3 43.5� 2.5 537� 13.4 1.9� 0.1

LD50¼median lethal dose in mg/mouse. The 95% confidence interval is in parentheses. It was obtained by the study of dose–response curve of mice (CF-1
mice; 5 per dose level), injected intraperitoneal (i.p.) with different amounts of venom; MHD¼minimal hemorrhagic dose in mg� standard deviation (SD). I
was obtained by measuring the hemorrhage produced by intradermal (i.d.) injection of different amounts of venom in Wistar rats. MCD-P¼minimal
coagulant dose on plasma inmg/ml� SD;MCD-F¼minimal coagulant dose on fibrinogen inmg/ml� SD. (*)¼ values with statistically significant differences
compared to the values obtained with the pool.

Fig. 2. SDS–PAGE at 12.5% A/B (acrylamide/bis-acrylamide) in non-reducing
conditions of Bothrops neuwiedi from different regions of Argentina. Left-
most lane, molecular weight markers in kDa. F: Formosa; ER: Entre Ríos; C:
Catamarca; Cb: Córdoba; M: Misiones and P: Pool. The major components
were between 30 and 50 kDa in all samples.

V.C. de Oliveira et al. / Toxicon 57 (2011) 680–685 683
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between 20 and 40 kDa and under 20 kDa (de Roodt, 2002;
de Roodt et al., 1998a) (Fig. 2).

The toxic activitieswere similar to those described for the
bothropic venoms from different regions from Brazil and
Argentina (Sanchez et al.,1992; Ferreira et al.,1992; deRoodt,
2002; Queiroz et al., 2008). All samples exhibited hemor-
rhagic, and coagulant (plasma and fibrinogen) activitieswith
potencies concordant with previous studies (Ferreira et al.,
1992; Sanchez et al., 1992; de Roodt et al., 1998a; de Roodt,
2002; Araujo et al., 2008; Lanari et al., 2010).

The lethal potencies showed no significant differences
among the samples of the different provinces (p> 0.05)
(Table 1), ranging from 12.1 LD50/mg (Formosa) to 19.3
LD50/mg of venom (Misiones).

These venoms exhibited low hemorrhagic activity by
comparison to other species of Bothrops, in accordance with
previous studies inmiceand rats (deRoodtet al., 2000, 2003).

The most potent coagulant activities on plasma were
those from Entre Ríos, Catamarca and Misiones (p< 0.05)
while venoms from Córdoba and Pool, were the samples
with lower coagulant activity (p< 0.05). See Table 1.

All samples had thrombin-like activity; however, the
venom sample fromFormosa hadvery lowpotency (1047 mg/
ml, less than a coagulant dose by mg of venom) (p< 0.05).
Venoms from Entre Ríos (214.8 mg/ml, over four coagulant
doses bymgof venom) andMisiones (322.3 mg/ml, over three
coagulant doses permgof venom) had thehighest thrombin-
like activity among all the samples (p< 0.05) (Table 1).

The systematic of this group of pit vipers is under revi-
sion (Silva, 2004, 2008). Despite the wide distribution of
B. neuwiedi complex throughout Argentina and the evident
morphological variation, this studyestablishes a remarkably
similar toxicological profile throughout its range. In the case
of the monophyletic species B. alternatus, geographic vari-
ation is much greater (Lanari et al., 2010). The only
conspicuous difference in the toxicological pattern of
B. diporus venomswas the low-thrombin-like activity found
in the Formosa sample.

The antivenom used in this study could neutralize all
the toxic activities tested (Table 2). Nevertheless, differ-
ences regarding the neutralizing potencies in several cases
were observed, despite the very close lethal and hemor-
rhagic potencies of the venoms tested. In the case of the
neutralizing potency of the lethal activity, over the half of
the sample of the provinces showed differences regarding
the doses required for neutralizing the pool.

When the ED50swere considered, the venommost easily
neutralized, was that from Misiones (p< 0.05). Venoms
fromCórdoba, Formosa andEntreRíosweremoredifficult to
neutralize regarding the venom of Misiones or the Pool
(Table 2). The only venom that did not show significant
differences regarding the Pool was the venom from Cata-
marca (p> 0.05). When the LD50/ml was considered, again,
venoms from Córdoba, Formosa and Entre Ríos were more
difficult to neutralize regarding the Pool (p< 0.05) and the
venom fromMisiones easier (p< 0.05) (Table 2).

However, it is important to note that statistical differ-
ences regarding neutralization values may be different
according to howneutralizing potency is expressed.We can
observe that the neutralization of the venom from Entre
Ríos did not show differences when expressed in mg of
venom neutralized by ml of antivenom regarding the
values of the pool, but showed differences (p< 0.05) when
the ED50 or LD50/ml are considered (Table 2).

If the volume of antivenom necessary to neutralize 1 mg
of venom is considered, it can be seen that the venoms from
Misiones and Formosa were neutralized at doses of 79 ml
and 85 ml per mg of venom respectively and 1 mg of the
venom from Córdoba was neutralized by 141 ml of anti-
venom. If neutralization of the Pool (104 ml of antivenom/
mg of venom) is taken as reference, neutralization of the
venom from Córdoba would be underestimated since to
neutralize 1 mg of this venom would require almost 35%
more antivenom. In the other hand, to neutralize the
venoms from Formosa or Misiones, regarding the Pool it
would be required a minor volume of the antivenom,
around of 20%. These observations suggest that neutral-
izing capacity of antivenoms determined using of Pool of
venoms must be carefully interpreted when it comes to
neutralization of individual samples of venom.

In general, no significant differences (p> 0.05) were
observed in the neutralization of hemorrhagic activity and
the hemorrhagic activity of the Pool was neutralized as
easily as that of the individual venom samples (Table 2).

Neutralization of coagulant activities in the venom
sample from Córdoba required twice the dose of antivenom
necessary to neutralize the coagulant activity on plasma.
This datum is interesting considering that this venom was
the one with lowest MCD-P. It is possible that, in this case,
the neutralizing antibodies against the enzymes respon-
sible for coagulation were qualitatively or quantitatively
deficient when comparing the neutralization of these

Table 2
Neutralization of toxic potencies of venoms of Bothrops neuwiedi from different regions of Argentina.

Venom Neutralization of the lethal potency Neutralization of hemorrhagic activity Neutralization of coagulation

ED50 (ml) Potency (mg/ml) LD50/ml HED50 (ml) HED/ml Plasma (ml) Fibrinogen (ml)

Córdoba 32.1* (29.2–35.2) 7.1* (6.5–7.9) 124.7* (113.5–136.8) 45.8 (25.3–83.2) 43.7 (24.2–79.4) 25 100
Misiones 12.3* (11.6–13.1) 12.6* (11.8–13.4) 324.9* (305.0–346.0) 43.0 (33.3–55.6) 46.5 (36.0–60.0) 12.5 100
Formosa 21.0* (20.0–22.0) 11.8* (11.2–12.4) 190.7* (181.6–200.3) 21.7 (17.2–27.4) 92.3 (73.0–116.5) 12.5 12.5
Catamarca 29.0 (14.1–59.7) 5.7 (2.8–11.7) 137.7 (66.92–281.6) 34.9 (28.3–43.0) 57.4 (46.5–70.7) 12.5 50
Entre Ríos 32.8* (22.8–47.3) 6.7 (4.7–9.7) 127.7* (88.8–183.9) 20.9 (17.6–24.9) 95.5 (80.1–113.7) 12.5 50
Pool 19.2 (19.2–19.3) 9.64 (9.63–9.65) 207.9 (207.6–208.1) 18.18 (9.6–34.5) 110.0 (58.0–208.6) 12.5 100

ED50: median effective dose in ml (95% c.i.) potency: milligrams of venom neutralized per millilitre of antivenom (95% c.i.). LD50/ml: median lethal doses
neutralized per ml of antivenom (95% c.i.). HED50: hemorrhagic median effective dose (95% c.i.). MHD/ml: minimal hemorrhagic doses neutralized per ml of
antivenom. (*)¼ values with statistically significant differences compared to the values of neutralization on the pool.

V.C. de Oliveira et al. / Toxicon 57 (2011) 680–685684
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factors in the other venoms. The thrombin-like activity was
readily neutralized at low doses in the venom from For-
mosa, consistent with the fact that this venomwas the one
with the lowest MCD-F.

The antivenom used in this study efficiently neutralized
all toxic activities tested. This is important since this viper is
one of the most medically important snakes throughout
Southern South America (WHO, 2010) and the antivenom
tested is the most widely used in Argentina (Ministerio de
Salud, 2007). Antivenom for treatment of bothropic enve-
nomation in Southern South America is produced with
B. diporus and B. alternatus venoms (Pino Cheroni, 1994;
Carreira et al., 2006; Ministerio de Salud, 2007). Usually,
venom pools generated from specimens from different
regions of Argentina are used, although this is not always
possible. Usually the Pool of venoms of B. diporus is
produced with venom from animals of only two or three
provinces (generally from the North and North East of the
country) and some isolated animals from other regions (de
Roodt, unpublished data). Cross-neutralization by the use of
B. alternatus venom as immunogen could interfere with the
interpretation of theneutralization assays sinceparaspecific
neutralization by specific B. alternatus antivenom on
B. neuwiedi venom has been reported (Dias Da Silva et al.,
1989). Nevertheless, this combination of venoms is used in
countries in the region (Dias Da Silva et al., 1989; Pino
Cheroni, 1994; de Roodt et al., 1998a; Carreira et al., 2006)
and this type of antivenom is the most used in the case of
bites by B. neuwiedi complex in Southern South America.

This is the first systematic study on the regional varia-
tion of toxic activities of venom of species belonging to the
B. neuwiedi complex, one of the snakes of highest sanitary
importance in South America (WHO, 2010) and their
neutralization by the type of antivenom most commonly
used in the South of South America.
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