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Geographic and ontogenic variability in the venom
of the neotropical rattlesnake Crotalus durissus: Pathophysiological
and therapeutic implications
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Abstract: A comparative study was performed on the venoms of adult specimens of the neotropical rattlesnake,
Crotalus durissus, from Guatemala, Costa Rica, Venezuela and Brazil, together with the venom of newborn specimens
of C. d. durissus from Costa Rica. Venoms from Brazil (C. d. terrificus) and from newborn specimens of C. d. duris-
sus presented an electrophoretic pattern characterized by the predominance of bands with molecular mass of 36 and
15 kDa, whereasthose of adult specimensof C. d. durissusfrom Guatemaaand CostaRica, and C. d. cumanensisfrom
Venezuela, showed a conspicuous band of 62 kDa, and additiona bands of 36, 29 and 15 kDa. Moreover, venoms from
C. d. terrificus and C. d. cumanens's showed a prominent band of < 10 kDa that probably corresponds to crotamine,
since a‘crotamine-like’ activity was detected in these venoms upon intraperitoned injection in mice. Venomsof C. d.
terrificus, C. d cumanensis and newborn C. d. durissus induced higher lethal and myotoxic effects than those of adult
C. d. durissus. In contrast, adult C. d. durissus and C. d. cumanensis venoms induced hemorrhage, whereas venoms of
C. d. terrificus and newborn C. d. durissus lacked this effect. All venoms showed coagulant effect in plasma, the high-
est activity being observed in the venom of newborn C. d. durissus. An anti-crotalic antivenom produced by Ingtituto
Butantan (Brazil), using C. d. terrificus venom as antigen, was effective in the neutraization of letha, myotoxic and
coagulant effects of al venoms studied, being ineffective in the neutraization of hemorrhagic activity of the venoms of
C. d. cumanensisand C. d. durissus. On the other hand, apolyvalent antivenom produced by Instituto Clodomiro Picado
(CogtaRica), using the venoms of C. d. durissus, Bothrops asper and Lachesis stenophrys as antigens, was able to neu-
tralize lethal, myotoxic, coagulant and hemorrhagic effects of C. d. durissus venom, but was ineffective in the neutral-
ization of lethality and myotoxicity of C. d. terrificus, C. d. cumanensis and newborn C. d. durissus venom. The high
toxicity of South American and newborn C. d. durissus venomsis related to the presence of high concentrations of the
neurotoxic phospholipase A2 complex ‘crotoxin’. Accordingly, antivenom from Instituto Butantan has a much higher
titer of anti-crotoxin antibodies than antivenom from Ingtituto Clodomiro Picado. Crotalus durissus represents an exam-
ple of intraspecies variation in venom composition and pharmacology that has relevant pathophysiologic and thera:
peutic implications.

Key words: Snake venom, rattlesnake, Crotalus durissus, crotoxin, antivenoms, neutralization.

Snakebite envenomings constitute a rele-
vant public health hazard in Latin America
(Fan and Cardoso 1995, Gutiérrez 1995). Most
accidents are inflicted by species of the genus
Bothrops, although envenomings by Crotalus

sp. occur throughout the region, having partic-
ular relevance in South America, where they
are usually associated with severe systemic
envenomings (Rosenfeld 1971, Azevedo-
Marques et al. 1987, Fan and Cardoso 1995).
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Abundant rattlesnake species have been
described in North America, particularly in
Mexico (Campbell and Lamar 1989), but
Crotalus durissus constitutes the most wide-
spread species, ranging in distribution from
Mexico to Argentina and presenting 14 sub-
species (Campbell and Lamar 1989). Such
wide distribution makes this species an inter-
esting case to investigate intraspecies venom
variation, as numerous studies have evidenced
a significant inter and intraspecies variability
in the composition and effects of snake ven-
oms (Chippaux et al. 1991), with the conse-
guent clinical and therapeutic implications.

Previous studies have documented a con-
spicuous biochemical and pharmacological
venom variation between C. durissus from
Costa Rica and various subspecies from Brazil
(Gutiérrez et al. 1991, Dos Santos et al. 1993,
Santoro et al. 1999). The most striking differ-
ence has to do with the extremely high toxici-
ty of South American venoms due to the pres-
ence of large quantities of the potent neurotox-
in crotoxin (Santoro et al. 1999), which seems
to be present in very low amounts in Central
American venoms (Gutiérrez et al. 1991).
Furthermore, an ontogenic variation was
described for the subspecies C. d. durissus
from Costa Rica, since newborn snake venoms
are highly toxic and closely resemble those of
South American venoms, in contrast with adult
venoms which lack neurotoxicity and induce
local inflammatory, hemorrhagic and tissue-
damaging effects (Gutiérrez et al. 1991).

The present investigation was aimed at
further exploring the intraspecies variation in
the venom of this rattlesnake, by comparing
venoms from specimens classified in various
subspecies collected in Guatemala, Costa Rica,
Venezuela and Brazil. Our results evidence
conspicuous variability in the biochemistry
and pharmacology of these venoms, in agree-
ment with the different pathophysiological
profiles characteristic of these envenomings.
Moreover, the ability of antivenoms produced
in Brazil and Costa Rica to neutralize venoms
of various subspecies was assessed, demon-
strating drastic differences in neutralization, a

finding that has relevant practical implications
in the selection of appropriate antivenoms to
be used in different countries.

MATERIALSAND METHODS

Venoms and antivenoms: Crotalus d.
durissus venom from Guatemala corresponds
to a pool of six adult specimens collected in
the Pacific versant of this country. Venoms of
this subspecies from Costa Rica correspond to
apool from approximately 40 adult specimens
collected in the province of Guanacaste and
kept at Instituto Clodomiro Picado. In addi-
tion, venom from newborn specimens (20 - 30
daysold) of C. d. durissus was apool obtained
from three different litters born at the same
Institute. Venom of adult specimens of C. d.
terrificus was obtained from Instituto
Butantan, and venom from more than 20 adult
specimens of C. d. cumanensis was collected
in the state of Zulia, Venezuela. All venoms
were centrifuged and then lyophilized, and
kept at -40°C until used. Crotoxin (provided
by Prof. JR. Giglio, University of Sao Paulo,
Brazil) was used in some experiments.
Neutralization studies were performed with
the following antivenoms: (a) liquid anti-cro-
talic antivenom, produced at Instituto
Butantan, Sao Paulo, Brazil (IB antivenom;
batch 8809198) using the venom of C. d. ter-
rificus as antigen; and (b) liquid polyvalent
antivenom produced at Instituto Clodomiro
Picado, Costa Rica (ICP antivenom; batches
2941297 LQ and 2990598 L Q). This antiven-
om is prepared using a mixture of the venoms
of Bothrops asper, C. d. durissus and Lachesis
stenophrys as antigen (Bolafios and Cerdas
1980). Antivenoms were used before their
expiry dates.

Electrophoresis: Venoms were compared
by SDS-polyacrylamide gel electrophoresis
(SDS-PAGE), run under reducing conditions
in 15% acrylamide gels (Laemmli 1970).
Proteins were detected by Coomassie Brilliant
Blue R-250. Molecular mass standards were
run in parallel.
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Phar macological activities: All in vivo
experiments were performed in Swiss-Webster
mice and in al cases venom was dissolved in
phosphate-buffered saline solution, pH 7.2
(PBS). Lethality was determined by the
intraperitoneal route in 16 - 18 g mice, using
four animals per dose and an injection volume
of 0.5 ml. The median lethal dose (LD, was
estimated using the Spearman-Karber method
(Anonymous 1981). Lethality experiments
were also used to determine the presence of
‘crotamine-like’ activity in these venoms, evi-
denced by spastic paralysis of the hind legs
(Dos Santos et al. 1993). Hemorrhagic activity
was assessed by intradermal injection in 18 -
20 g mice; the diameter of hemorrhagic spots
was measured 2 hr after envenomation
(Gutiérrez et al. 1985). Edema-forming activi-
ty was determined according to Yamakawa et
al. (1976) 1 hr after subcutaneous injection of
venom into the right foot pad of mice; the left
pad was injected with PBS as control.
Myotoxic activity was determined by measur-
ing the creatine kinase (CK) activity in the
plasma of mice 3 hr after intramuscular injec-
tion of venom solutions in the right gastrocne-
mius muscle, using the Sigma kit 520 (Sigma
Chemical Co., Missouri, USA) (Gutiérrez et
al. 1980). Coagulant activity was evaluated on
human citrated plasma (Theaston and Reid
1983, Gené et al. 1989). Defibrinating activity
was determined after intravenous injection of
venom. Blood was collected 1 hr after injec-
tion and coagulation observed (Theakston and
Reid 1983, Gené et al. 1989).

Neutralization studies: For each effect to
be evaluated, a ‘challenge dose' of venom
(Gutiérrez et al. 1990) was selected. The ‘chal-
lenge doses for each effect were: (@) lethal,
4 LDy, (b) hemorrhagic: five minimum hem-
orrhagic doses (MHD); (c) coagulant, two
minimum coagulant doses (MCD); and (d)
myotoxic, three minimum myotoxic doses
(MMD). Definitions of these minimum doses
are shown in the footnotes of Table 1.
Mixtures, containing a constant amount of
venom and various dilutions of antivenom,
were prepared to attain various antivenom:

venom ratios (expressed as pl antivenom per
mg venom). Mixtures were incubated for
30 minat 37°C. Then, aliquots of the mixtures,
containing a ‘challenge dose’ of venom, were
tested in the corresponding experimental sys-
tems referred to above. Controls included
venom incubated with no antivenom, antiven-
om incubated without venom and PBS aone.
Neutralization was expressed as Effective
Dose 50% (ED,), defined as the ratio pl
antivenom per mg venom at which the effect
induced by venom was reduced 50%
(Gutiérrez et al. 1990). In the case of coagulant
and defibrinating activities, neutralization was
expressed as Effective Dose (ED), as defined
by Gené et al. (1989).

Quantification of anti-crotoxin titer in
antivenoms: Anti-crotoxin titers of Costa
Rican polyvaent and Brazilian anti-crotalic
antivenoms were assessed by enzyme
immunoassay. Briefly, microplates were coat-
ed with 0.4 ug crotoxin per well, and various
dilutions of each antivenom were assayed.
Bound antibodies were detected by an anti-
equine immunogl obulin-peroxidase conjugate.
Absorbances at 490 nm were recorded in a
Dynatech MR 5000 microplate reader.

Statistical analysis: Results are presented
as mean + S.D. The significance of the differ-
ences between the mean values of two experi-
mental groups was determined by the
Student’s t test.

RESULTS

Electrophoresis: Venoms of adult C. d.
durissus from Guatemala and Costa Rica and
C. d. cumanensis had a conspicuous yellow
color, whereas those of newborn C. d. durissus
and adult C. d. terrificus were colorless.
Evident variations were observed in the elec-
trophoretic patterns of the various venoms ana-
lyzed. Venoms of adult C. d. durissus speci-
mens from Guatemala and Costa Rica showed
predominant bands corresponding to proteins
of 62, 42, 36, 29 and 15 kDa, and a faint band
of 100 kDa. In addition, Guatemalan venom
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showed a faint band of < 10 kDa (Fig. 1). In
contrast, C. d. terrificus and newborn C. d.
durissus venoms presented two conspicuous
bands of 15 and 36 kDa, together with faint
bands of higher molecular mass. Venom of
newborn C. d. durissus had a40 kDaband, and
C. d. terrificus venom had a prominent low
molecular mass band (< 10 kDa) (Fig. 1). The
electrophoretic pattern of C. d. cumanensis
venom included predominant bands of 62, 42,
36, 29 and 15 kDa, together with a band of <
10 kDa that migrated identically to a band in
the venom of C. d. terrificus (results not
shown). Crotoxin migrated as a band of 15
kDa (result not shown), corresponding to the
molecular mass of crotoxin subunit B
(Breithaupt et al. 1974).

Pharmacological activities; Table 1
depicts the conspicuous variations in the phar-
macological activities of C. durissus venoms.
Those of C. d. terrificus and newborn C. d.
durissus present a similar pattern, character-
ized by their potent neurotoxicity, i.e. lethality,
and myotoxicity, as well as by their lack of
hemorrhagic activity. In contrast, venoms of
adult C. d. durissus from Guatemala and Costa
Ricadisplayed asimilar profile of lower |ethal
and myotoxic effects, but with hemorrhagic
activity. Venom of C. d. cumanensis presented

94 K

< 67 K
<-— 43 K
- «— 30K

.ll.'
o e

Fig. 1. SDS-polyacrylamide gel electrophoresis of the ve-
noms of: (A) adult C. d. terrificus (Brazil); (B) newborn C.
d. durissus (Costa Rica); (C) adult C. d. durissus (Costa
Rica); (D) adult C. d. durissus (Guatemala). Electrophore-
sis was run under reducing conditions in 15% acrylamide
gels and proteins were stained with Coomassie Brilliant
Blue R-250. Theright lane corresponds to molecular mass
markers (in kDa).

< 20K
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asomehow mixed pattern, since it showed high
|ethality and myotoxicity but also induced hem-
orrhagic effect, athough being less potent in
this regard than the venom of C. d. durissus. All
venoms assayed presented coagulant activity,

TABLE 1
Pharmacological activities of the venoms of various subspecies of C. durissus

Lethality®

. d. durissus (newborn)
. durissus (adult,Costa Rica)

C.d 2.0(1.7-2.3)
C.d

C. d. durissus (adult, Guatemal a)

C.d

C.d

16.0 (13.9 - 18.4)
18.0 (14.6 - 23.0)
3.0(2.1-4.3)
13(11-1.4)

. cumanensis
. terrificus

Hemorrhagic? Coagulant® Myotoxic*
() 59+08 338+ 25
50+03 270+0.2 65+ 7
52+0.7 19.0+ 0.7 82+9
240+18 314+23 521 + 48
6 26.4+10 595 + 68

1  Lethality: Median Lethal Dose (LD50), determined by the intraperitoneal route and expressed in pg venom per 16-18

g mouse; 95% confidence limits are included.

2 Hemorrhagic effect: Minimum Hemorrhagic Dose (MHD), defined as the amount of venom (in pg) which induces a

hemorrhagic lesion of 10 mm diameter after 2 hr.

3 Coagulant: Minimum Coagulant Dose (MCD), defined as the amount of venom (in pg) which induces clotting of cit-

rated human plasmain 60 sec.

4 Myotoxic: Plasma creatine kinase (CK) activity (unityml) in mice 3 hr after injection of 10 pg venom in the right gas-
trocnemius muscle. One CK unit results in the phosphorylation of 1 nmol of creatine per min at 25°C. CK activity of

control mice injected with PBS was 22+4 units/ml.

5  (-): These venoms did not induce hemorrhage in the skin at the highest dose tested (50 p.g).
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with newborn C. d. durissus showing the high-
est effect when tested on human plasma. Only
the venoms of C. d. terrificus and C. d. cuma-
nensis displayed crotamine-like activity, as
evidenced by the spastic paralysis developing
in the hindlimbs of mice after intraperitoneal
venom injection. No such activity was
observed with the venoms of newborn and
adult C. d. durissus. These observations corre-
late with the presence of a conspicuous low
molecular mass band, probably corresponding
to crotamine, when the venoms of C. d. terrifi-
cus and C. d. cumanensis were analyzed by
SDS-PAGE.

Neutralization by antivenoms: Anti-cro-
talic antivenom produced at Instituto Butantan
showed a very high effectiveness in the neu-
tralization of the lethal effect of venoms from
all the subspecies studied, including that of
newborn C. d. durissus (Table 2). In contrast,
polyvalent antivenom produced by Instituto
Clodomiro Picado was only effective in the
neutralization of lethality of venoms of C. d.
durissus from Guatemala and Costa Rica,
being ineffective against venoms of C. d. terri-

ficus and C. d. cumanensis. Moreover, this
antivenom showed a very low neutralizing
activity against the venom of newborn C. d.
durissus from Costa Rica. Butantan antivenom
was effective in the neutralization of myotoxic
activities of all venoms assayed, whereas
Ingtituto Clodomiro Picado antivenom was
effective only against the venoms of adult C. d.
durissus from Costa Rica and Guatemaa
(Table 2). Since neurotoxicity, i.e. lethality,
and myotoxicity induced by C. d. terrificus are
due to the action of crotoxin, a phospholipase
A, complex (Gopalakrishnakone et al. 1984,
Bon 1997), the anti-crotoxin antibody titers of
the two antivenoms were investigated by
ELISA. As evidenced in Fig. 2, Butantan
antivenom has a high antibody titer against
crotoxin, whereas Instituto Clodomiro Picado
antivenom has a very low titer.

Both antivenoms were effective in the
neutralization of the coagulant activity of all
venoms tested, Butantan antivenom showing
again a higher neutralizing potency (Table 2).
In contrast, Instituto Clodomiro Picado
antivenom effectively neutralized hemorrhagic

TABLE 2
Neutralization of pharmacological activities of venoms of C. durissus by antivenoms produced at Instituto Butantan (1B)
and Instituto Clodomiro Picado (ICP)*

Venom Antivenom Letha

C. d. durissus (newborn) ICP No neutral .2
1B < 150*

C. d. durissus (Costa Rica) ICP 454 (408-514)
1B <150

C. d. durissus (Guatemala) ICP 380 (276-492)
1B <150

C.d. cumanensis ICP No neutral.
1B <150

C. d. terrificus ICP No neutral.
1B 500 (412-560)

Hemorrhagic Coagulant Myotoxic
(-)3 267+5 No neutral.
) 58+ 1 Neutralization
122+ 9 221+5 Neutralization
No neutral 21+1 Neutralization
181+ 19 160+ 2 Neutralization
No neutral 9+05 Neutralization
558 + 23 508 + 15 No neutral.
No neutral 4+0.1 Neutralization
) 208 + 11 No neutral.
) 33+1 Neutralization

1 In the case of lethal and hemorrhagic effects, neutralization is expressed as Effective Dose 50% (EDy), defined as the
ratio pl antivenom/mg venom at which the effect is neutralized by 50%. In the case of coagulant activity, neutraliza-
tion is expressed as Effective Dose (Gené et al. 1989). In the case of myotoxic activity, only one antivenom/venom
ratio was tested (2000 ul antivenom/mg venom). Neutralizing ability is therefore expressed as either ‘neutralization’
or ‘no neutralization’ at this ratio. ‘Neutralization’ means that myotoxic activity was reduced more than 50%.

2 ‘No neutral.” means that antivenom did not neutralize the effect at the highest antivenom/venom ratio tested (2000 pl

antivenom/mg venom).

3 (-) means that the venom did not exert the activity being tested.
4 |n these cases, all mice survived at the lowest antivenom/venom ratio tested (150 pl antivenom/mg venom).
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Fig. 2. Titration of antibodies to crotoxin in Instituto
Clodomiro Picado (m ) and Instituto Butantan (e )
antivenoms by enzyme immunoassay. Microplates were
coated with 0.4 ug crotoxin per well, and various dilutions
of each antivenom were assayed. Bound antibodies were
detected by an anti-equine immunoglobulin-peroxidase
conjugate. Absorbances at 490 nm were recorded in a
Dynatech MR 5000 microplate reader. Each point repre-
sents mean + SD (n = 4).

activity of the venoms of adult C. d. durissus
and of C. d. cumanensis, whereas Butantan
antivenom failed to neutralize this effect. As
described above, venoms from C. d. terrificus
and newborn C. d. durissus were devoid of
hemorrhagic activity at the doses tested.

DISCUSSION

The present study evidenced a conspicuous
biochemical and pharmacological geographic
and ontogenetic variability in the venom of C.
durissus, further extending previous observa
tions on this subject (Lomonte et al. 1983,
Gutiérrez et al. 1991, Dos Santos et al. 1993,
Santoro et al. 1999). The case of C. durissus
constitutes one of the most conspicuous exam-
ples on how biochemical differences in venom
composition may bring prominent pathophysio-
logica and therapeutic implications in snakebite
envenomings. The venom of C. d. terrificus con-

tains high amounts of crotoxin (Hendon and
Bieber 1982) and induces neurotoxicity and sys-
temic myotoxicity, in contrast with the venom of
adult C. d. durissus from Central Americawhich
contains low amounts of this phospholipase A,
complex (Gutiérrez et al. 1991). In addition, C.
d. terrificus venom contains crotamine, a low
molecular mass myotoxic protein that induces
spastic paralysisin mice (Jiménez-Porras 1970).
These observations agree with clinical reports,
since signs and symptoms of C. durissus enven-
omingsin Centra and South America drastical-
ly differ (Rosenfeld 1971, Bolafios et al. 1981,
Azevedo-Marques et al. 1985, 1987, Fan and
Cardoso 1995, Gutiérrez 1995). Rattlesnake
envenomings in Brazil and other parts of South
Americaare characterized by their high severity,
usually associated with conspicuous neurotoxic-
ity, systemic myotoxicity and acute renal failure
(Azevedo-Marques et al. 1985, 1987, Fan and
Cardoso 1995), together with defibrination
(Sano-Martinset al. 2001). In contrast, accidents
by this species in Centrad America are less
severe, being mainly associated with local man-
ifestations, i.e. edema, hemorrhage and necrosis,
and moderate systemic aterations such as coag-
ulopathies and bleeding (Bolafios et al. 1981).
Thus, our findings using a rodent laboratory
model agreein qualitative termswith theclinica
observations.

Two previous studies have addressed the
issue of venom variability between the various
South American subspecies of C. durissus (Dos
Santos et al. 1993, Santoro et al. 1999). It was
shown that the venoms of C. d. terrificus, C. d.
cascavellaand C. d. callilineatus were very sim-
ilar (Santoro et al. 1999), and that a ‘white
venom of C. d. ruruima also showed strong sm-
ilarities with that of C. d. terrificus (Dos Santos
et al. 1993). Interestingly, the ‘yellow’ venom of
C. d. ruruima, a subspecies distributed in north-
ern Brazil and Venezuela (Campbell and Lamar
1989), exerts hemorrhagic and dermonecrotic
activities, in addition to neurotoxic, coagulant
and myotoxic effects (Dos Santos et al. 1993).
Our observations on C. d. cumanensis venom
indicate that it has similarities with the ‘yellow’
venom of C. d. ruruima, since it aso induces
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hemorrhage and presents a yellow coloration.
Moreover, venom of C. durissus from Colombia
was also reported to induce hemorrhagic activi-
ty in mice (Otero et al. 1992), and a hemorrhag-
ic proteinase was isolated from the venom of C.
vegrandis, a South American species closely
related to C. durissus (Aguilar et al. 2001). Thus,
at least some C. durissus venoms from northern
South America may induce local tissue damage
associated with hemorrhage and inflammation,
besides provoking the neurotoxic, myotoxic and
defibrinating activities typicad of other sub-
species in the region. These observations urge
caution when diagnosing rattlesnake hites in
northern South America, since local tissue dam-
age might be expected in these cases, besidesthe
characteristic neurotoxic manifestations.

On the other hand, little variation was
observed when comparing the venoms of adult
C. d. durissus from Guatemala and Costa Rica,
further strenghtening previous observations on
the lack of prominent intraspecies variability
in the venoms of various Central American
crotaline snakes (Saravia et al. 2000, Rojas et
al. 2001). Adult C. durissus venoms induce a
pathophysiological profile similar to that of
Bothrops venoms, characterized by local tissue
damage, i.e. necrosis, hemorrhage, edema and
pain, together with systemic disturbances such
as defibrination and bleeding (Bolafios et al.
1981), being noticeable the lack of neurotoxic
manifestations. However, the venom of new-
born specimens of C. d. durissus induces an
experimental pathophysiology similar to that
of South American venoms, due to the rela
tively high crotoxin concentration in this
venom (Lomonte et al. 1983, Gutiérrez et al.
1991). Thus, acomplex developmentally-regu-
lated pattern of protein venom expression
occursin C. d. durissus. Although there are no
published reports on envenomings by newborn
and juvenile specimens of C. durissus in
Central America, our observations strongly
suggest that these cases might be associated
with lack of local effects and with neurotoxic
manifestations, therefore resembling coral
snake (Micrurus) envenomings (Gutiérrez
1995). Physicians must be aware of this possi-

bility and laboratory blood clotting tests are
recommended for differential diagnosis, since
newborn C. d. durissus venom probably
induces defibrination whereas Micrurus ven-
oms do not.

Owing to the prominent intraspecies vari-
ability in venom composition and action, it is
highly important to assess the efficacy of vari-
ous Crotalus antivenoms produced in the
Americas. Antivenoms produced using Central
American rattlesnake venom failed to neutral-
ize lethal, i.e. neurotoxic, and myotoxic activi-
ties of the venoms of South American sub-
species of C. durissus. This is associated with
an extremely low anti-crotoxin antibody titer
in this antivenom, since the venom from adult
C. d. durissus has very little content of this
neurotoxic and myotoxic phospholipase A,
(Gutiérrez et al. 1991). In contrast, Butantan
antivenom is highly effective in the neutraliza-
tion of lethal and myotoxic effectsinduced not
only by Brazilian rattlesnake venoms, but also
by those of C. d. cumanensis and C. d. duris-
sus. Moreover, it effectively neutralizes lethal-
ity of venom of newborn C. d. durissus, asthis
venom contains high amounts of crotoxin
(Gutiérrez et al. 1991). However, Butantan
antivenom failed to neutralize hemorrhagic
activity of the venoms of C. d. durissus and C.
d. cumanensis, probably due to the lack of
hemorrhagic componentsin the venom of C. d.
terrificus used as immunogen in the prepara-
tion of anti-crotalic antivenom in Brazil. The
lack of neutralization of hemorrhagic effect
would preclude the use of this antivenom for
rattlesnake envenomations in Central America
and in some regions in northern South
America. It was previously observed by Dos
Santos et al. (1993) that Brazilian anti-crotalic
antivenom was ineffective in the neutralization
of hemorrhagic activity of ‘yellow’ C. d.
ruruima venom whereas a bothropic-crotalic
antivenom was effective in neutralizing not
only lethality but also hemorrhagic effect of
this venom. On the basis of our observations
and those of Dos Santos et al. (1993) it is sug-
gested that a bothropic-crotalic antivenom,
using Bothrops sp. and C. d. terrificus venoms
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in the immunizing mixture, would be effective
in the neutralization of the most relevant toxic
effects of al subspecies of C. durissus in
South, Central and North America. Alter-
natively, antivenoms prepared using the ven-
oms of C. d. durissus and C. d. terrificus as
antigens for immunization should be effective
in the neutralization of venoms of the various
subspecies of C. durissus.

Both Costa Rican and Brazilian antiven-
oms were effective in the neutralization of
coagulant activity on plasma of all venoms
tested, evidencing immunological similarities
between clotting enzymes in the venoms of
these subspecies. The Brazilian antivenom was
particularly effective in this regard. Coagulant
activity of C. d. terrificus, C. d. cascavella and
C. d. collilineatusis dueto the action of throm-
bin-like enzymes (Santoro et al. 1999), and
such an enzyme was isolated from the venom
of C. d. terrificus (Raw et al. 1986). It is like-
ly that similar components are present in C. d.
cumanensis and C. d. durissus.

In conclusion, there is a prominent geo-
graphic and ontogenic variability in the bio-
chemistry and pharmacology of the venom of
C. durissus. As a consequence, drastically dif-
ferent pathophysiological profiles are associat-
ed with envenomations by this species in
Central and South America. Moreover,
antivenoms produced in Central and South
America show different neutralizing efficacy,
depending on the nature of the venom being
neutralized. Thisis an example of conspicuous
intraspecies venom variability with evident
pathophysiological and therapeutic implica-
tions that clinicians and antivenom producers
need to be aware of.
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RESUMEN

Se efectud un estudio comparativo de los venenos de
especimenes adultos de la serpiente cascabel neotropical,
Crotalus durissus, de Guatemala, Costa Rica, Venezuelay
Brasil, junto con el veneno de ejemplares recién nacidos
de C. d. durissus de Costa Rica. Se observaron drésticas
diferencias intraespecificas, dado que |os venenos de Bra-
sil (C. d. terrificus) y los recién nacidos de C. d. durissus
presentaron un patrén electroforético caracterizado por
bandas predominantes de 36 y 15 kDa, en tanto los vene-
nos de especimenes adultos de C. d. durissus de Costa Ri-
cay Guatemala, asi como el de C. d. cumanensis de Vene-
zuela, presentaron bandas predominantes de 62, 36, 29 y
15 kDa. Ademas, losvenenosde C. d. terrificusy C. d. cu-
manensis presentaron una banda prominente de < 10 kDa,
la cual probablemente corresponde a ‘crotamina’, dado
que se observo actividad ‘tipo-crotamina’ cuando estos ve-
nenos se inyectaron en ratones por la via intraperitoneal .
Los venenos de C. d. terrificus, C. d. cumanensisy recién
nacidos de C. d. durissus presentaron actividades letal y
miot6xica més fuertes que los de jemplares adultos de C.
d. durissus. Por otra parte, los de adultos de C. d. durissus
y C. d. cumanensis indujeron hemorragia, en tanto que es-
te efecto no se observd con los de C. d. terrificus y recién
nacidosde C. d. durissus. Todos |os venenos mostraron ac-
tividad coagulante sobre plasma. El antiveneno anti-crot&
lico producido en €l Instituto Butantan (Brasil), usando ve-
neno de C. d. terrificus como antigeno, fue eficaz en la
neutralizacion de los efectos letal, miotdxico y coagulante
de todos los venenos estudiados, aunque fue ineficaz en la
neutralizacion de la actividad hemorréagica de los venenos
deC. d. cumanensisy C. d. durissus. Por otra parte, el an-
tiveneno polivalente producido por el Instituto Clodomiro
Picado (Costa Rica), utilizando los venenos de Bothrops
asper, C. d. durissus y L. stenophrys como antigeno, fue
eficaz en la neutralizacion de los efectos letal, miotdxico,
hemorrégico y coagulante del veneno de C. d. durissus,
pero fue ineficaz en la neutralizacion de la letalidad y la
miotoxicidad delos venenos de C. d. terrificus, C. d. cuma-
nensis y recién nacidos de C. d. durissus. La alta toxicidad
delos venenos de cascabel es sudamericanas y de gemplares
recién nacidos de C. d. durissus se debe a alto contenido de
‘crotoxina’, un complgio bimolecular con actividad fosfoli-
pasaA., con potentes acciones neurotoxicay miotoxica. En
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concordancia, el antiveneno brasilefio tiene un titulo de an-
ticuerpos anti-crotoxina mucho mayor que el antiveneno
de Costa Rica
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