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Abstract

Snakebites inflicted by the arboreal viperid snake Bothriechis schlegelii in humans are characterized by pain, edema, and ecchym-
osis at the site of the bite, rarely with blisters, local necrosis, or defibrination. Herein, a comparative study of Bothriechis schlegelii
snake venoms from Colombia (BsCo) and Costa Rica (BsCR) was carried out in order to compare their main activities and to verify
the efficacy of Bothrops antivenom produced in Brazil to neutralize them. Biochemical (SDS-PAGE and zymography) and bio-
logical parameters (edematogenic, lethal, hemorrhagic, nociceptive, and phospholipase A, activities) induced by BsCo and BsCR
snake venoms were evaluated. The presence of antibodies in Bothrops antivenom that recognize BsCo and BsCR snake venoms
by enzyme-linked immunosorbent assay and Western blotting, as well as the ability of this antivenom to neutralize the toxic
activities were also verified. SDS-PAGE showed differences between venoms. Distinctive caseinolytic and hyaluronidase patterns
were detected by zymography. BsCo and BsCR showed similar phospholipase A, activity. Strong cross-reactivity between BsCo
and BsCR was detected using Bothrops antivenom with many components located between 150 and 35 kDa. BsCR was more
edematogenic and almost fourfold more hemorrhagic than BsCo, and both venoms induced nociception. BsCR (LDsq 5.60 mg/kg)
was more lethal to mice than BsCo (LDsp 9.24 mg/kg). Bothrops antivenom was effective in the neutralization of lethal and
hemorrhagic activities of BsCo and BsCR and was partially effective in the neutralization of edematogenic and nociceptive
activities. In conclusion, geographic distribution influences the composition and activities of Bothriechis schlegelii venoms.
Bothrops antivenom cross-reacted with these venoms and was partially effective in neutralizing some toxic activities of BsCo
and BsCR.
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Bothriechis schlegelii (eyelash pit viper) is distributed in trop-
ical rainforests, from southern Mexico to northwestern
South America, and reaches altitudes as high as 2640m
in Colombia® (Figure 1(a)). Clinical manifestations of

Introduction

It is estimated that the overall number of venomous snake-
bites is about two million/year worldwide and approxi-

mately 100,000 deaths occur annually."” Recently, the
World Health Organization (WHO)? classified snakebites
as a neglected tropical disease, and tropical and subtropical
countries in Africa, Asia and Latin America are the most
affected by this injury.>” In South and Central America,
approximately 130,000 to 150,000 snakebites have been
reported annually. The majority of snakebite cases in this
region are due to species classified in the genus Bothrops.®

Although less frequently reported, Bothriechis snakes can
also cause snakebites.” Bothriechis comprise a clade of arbor-
eal snakes which includes 10 species. Among them,
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envenomation by B. schlegelii (Figure 1(b) and (c)) are char-
acterized mostly by local changes at the site of the bite, such
as pain, edema, hemorrhage, and necrosis (in severe Cases).7
Systemic manifestations, e.g. hemostatic disturbances,
occur less frequently, although they have been also
described.”™ Treatment for viperid envenomation in
Latin America is based on intravenous administration of
mono- or polyvalent antivenoms.® So far, antivenom
remains the specific treatment used in snakebites, and
it is therefore recommended by the WHO.?
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Figure 1

(a) The geographic distribution of B. schlegelii snakes (pink areas) was adapted from Campbell and Lamar.® The marked areas where snakes were collected

from Costa Rica (black ellipsis, Caribbean region) and Colombia (Vegachi, purple circle) are also depicted. (b) and (c) Local manifestations of envenomation in patients
bitten by B. schlegelii in Colombia. Note that the edema and inflammatory reaction at the site of the bite. Photos from patients were donated by Dr Rafael Otero. (A color

version of this figure is available in the online journal.)

Local pathological manifestations induced by Bothrops
spp. and Bothropoides spp. (family Viperidae) envenomation
are a consequence of the composition of venoms. Snake
venoms contain a wide variety of enzymes and proteins,
including toxic and non-toxic proteins. Myotoxins,
phospholipase A, (PLA;), lectins, serine-proteinases,
L-amino oxidases, and metalloproteinases, among others,
have been reported in these venoms.'*"> However, few
studies characterized the toxins present in the venoms of
Bothriechis snakes. Angulo et al.'® isolated and character-
ized a myotoxic protein (PLAj) from B. schlegelii species
venom from Costa Rica, named myotoxin 1. Lomonte
et al.'* analyzed and compared by a proteomic approach
the venoms of two snakes from Costa Rica, B. schlegelii and
Bothriechis lateralis, and it was observed that both venoms
contained bradykinin-potentiating peptides (BPPs), metal-
loproteinases, PLA,, serine proteases, and L-amino oxidase.
Comparative proteomic studies of species of the genus
Bothriechis have shown a great variation in the predomin-
ant toxin families between the venoms of different
species,'*1”1® hence highlighting a wide spectrum of

strategies to accomplish the same trophic purpose.
Proteomic analyses of the venom of Costa Rican B. schlegelii
revealed the presence of predominant components such as
BPPs and other vasoactive peptides, Kazal-type inhibitor,
metalloproteinases, cysteine-rich secretory proteins, PLA,,
serine proteases, and L-amino acid oxidase, 4161920

The composition of snake venoms is under the control of
multiple factors including genetic, geographical, seasonal,
sexual, and dietary.*” Such complexity may influence the
potential toxicity of venoms, and consequently the clinical
features evoked by snakebites.

There are several manufactures of snake antivenoms in
Latin America.® A number of studies have been per-
formed on the ability of some of these antivenoms to
immunoreact and neutralize venoms from a variety of
snake species in the region.®>® Since venoms of
Bothriechis species are generally not included in the
immunization mixtures to produce antivenoms, it is rele-
vant to further investigate whether antivenoms are effect-
ive in the neutralization of toxic and enzymatic activities
of Bothriechis sp. venoms.



Particularly in Colombia, 5.5% of the bites are caused by
B. schlegelii.** The fact that the intraspecies variability in
B. schlegelii venom has not been studied prompted us to
establish an international collaboration to evaluate
venoms obtained of B. schlegelii from Colombia (BsCo)
and Costa Rica (BsCR). Moreover, the ability of Bothrops
antivenom (BAV) manufactured at Butantan Institute, in
Brazil, was also investigated for its ability to cross-react
with these venoms and to neutralize some of their toxic
activities.

Materials and methods
Animals

Adult male Swiss mice (18-20g) were obtained from
Butantan Institute Animal House. All procedures involving
mice were carried out in conformity with national and inter-
national laws and policies, controlled by Butantan Institute
Animal Investigation Ethical Committee, protocol number
689/2009.

Antivenom

BAV (batch 1001003/D, expiry date: 12/2012) was pro-
duced by Butantan Institute by immunization of horses
with a mixture of venoms from Bothrops jararaca (50%), B.
jararacussu (12.5%), B. moojeni (12.5%), B. neuwiedi (12.5%),
and B. alternatus (12.5%) venomes. It is composed of F(ab’),
fragments of antibodies.’® The antivenom was used before
the expiry date. As a control, IgG isolated from normal
horse serum (NHS) was used in experiments for venom
neutralization.

Venoms

The venoms of BsCo and BsCR were provided kindly by
the Serpentarium of the Antioquia University and
Instituto Clodomiro Picado, University of Costa Rica,
respectively. BsCo was obtained from 12 specimens col-
lected in the rural zone of Vegachi (Antioquia) on the
eastern side of the Cordillera Central of Colombia,
between 500 and 1500m of altitude (Figure 1(a)). BsCR
was obtained from more than 20 specimens collected in
the Caribbean region of Costa Rica (Figure 1(a)). Several
venom samples of each specimen from Colombian B.
schlegelii were collected by manual extraction, centrifuged
at 5000 g during 30 min and the supernatants were frozen,
pooled, lyophilized, and stored at —80°C. A similar proto-
col was used to study venom from Costa Rica, except that
the venom was stored after lyophilization at —20°C. A
pool of lyophilized Bothrops jararaca venom (Bj), used as
a control, was provided by Butantan Institute. At the
moment of use, venom was dissolved in phosphate-buf-
fered saline (PBS). The protein concentration of venoms
was determined using bicinchoninic acid® interpolating
data in a standard curve prepared with bovine serum
albumin (BSA; Sigma-Aldrich Chemical Co., St. Louis,
MO, USA).
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Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE)

Samples of BsCo, BsCR, and Bj (5 pug) venoms were sepa-
rated in 12% SDS-PAGE gels®” under non-reducing condi-
tions, and then stained by silver.” Kaleidoscope pre-stained
standards (Bio-Rad, Hercules, CA, USA) were used as the
molecular mass markers.

Enzyme-linked immunosorbent assay and Western
blotting

Titration of BAV was accomplished by enzyme-linked
immunosorbent assay (ELISA), as described previously,”
using BsCo, BsCR, and Bj venoms (10pg/mL) to coat
plates (Nunc, USA). The absorbance was read using an
ELISA plate reader (Titertek Multiskan plus) and the titer
determined as the reciprocal of the highest dilution that
shows an absorbance greater than 0.050 at 492nm, as non-
specific reactions were observed below this value. For
Western blotting,** BsCo, BsCR, and Bj venoms (20 ug)
were first separated by SDS-PAGE, as described above,
and transferred to nitrocellulose membranes at 385 mA for
2h. After transfer, the membranes were blocked with PBS
containing 5% BSA and incubated with BAV or NHS (1:250)
for 1h at room temperature. Immunoreactive proteins were
detected using peroxidase-labeled anti-horse IgG and then
blots were developed with 0.05% 4-chloro-1-napthol in 15%
methanol (v/v), in the presence of 0.03% H,O, (v/v). NHS
was used as a control.

Protease, hyaluronidase, and PLA, activities

Zymography was used to assay protease and hyaluronidase
activities, using casein (2mg/mL), gelatin (2mg/mL) or
fibrinogen (0.5mg/mL), and hyaluronic acid (170 png/mL)
from rooster comb (Sigma, USA), respectively, as sub-
strates.*”*! PLA, activity was carried out as described pre-
viously.®> A unit of PLA, activity was defined as the amount
of venom that gives AAssgnm = 0.3/min. The specific activ-
ity was then expressed as U/mg lyophilized venom.

Evaluation of edematogenic activity and neutralization
by BAV

Edema-forming activity was evaluated in mice by plethys-
mometry (7141 Plethysmometer — Ugo Basile, IT) at differ-
ent times (0.5, 1, 2, 4, 24, 48, and 72h) as the difference of
foot pad volume (uL) between the right foot paw (n=06)
injected intraplantarly (i.pl.) with either PBS (negative con-
trol) or different doses (0.5, 1, 2, 4, or 8 ug) of BsCo, BsCR,
and Bj diluted in PBS, and the left paw (not injected). To
evaluate the edema neutralization, BAV (25, 12.5, or 6.25 uL)
was previously incubated at 37°C for 1h with 8 g of Bj,
BsCo, or BsCR, centrifuged at 2000g for 5min, and the
supernatant was immediately injected in mouse footpad.
IgG isolated from NHS was used as negative control.

Evaluation of hemorrhagic activity and neutralization
by BAV

The hemorrhagic activity was evaluated by the method
described by Kondo et al.*? with some modifications®
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to determine the minimum hemorrhagic dose (MHD). This
corresponds to the dose that causes a hemorrhagic area of
1 cm?. Groups of six mice were shaved on the back and then
intradermally (i.d.) injected with different doses of BsCo,
BsCR (4, 8, 16, 32, or 64pg) and Bj (0.1, 0.2, 0.4, 0.8, or
1.6 pg) dissolved in PBS. Mice were sacrificed and skins
were excised 2h later and the areas of hemorrhagic spots
were measured on the internal surfaces. PBS was used as
negative control. To evaluate the neutralization of the hem-
orrhagic activity, BAV (80, 40, or 20 uL) was previously incu-
bated at 37°C for 1h with two MHD of Bj, BsCo, or BsCR,
centrifuged at 2000g for 5min, and the supernatant was
immediately injected as described previously. Controls
included mice injected with venoms incubated with PBS
or NHS instead of antivenom.

Evaluation of nociceptive activity and neutralization
by BAV

To detect the nociceptive activity, mice (n=6-8) were
injected in the right footpad with 30 pL of PBS containing
different doses of Bj, BsCo, or BsCR (0.5, 1, 2, 4, or 8 ug).
Animals were placed individually under glass funnels on a
mirror. Afterwards, the reactivity of animals to lick the
injected foot was measured, in seconds, during 30 min of
experimental evaluation.** Animals injected only with PBS
were used as negative controls. To evaluate the nociception
neutralization, BAV (25, 12.5, or 6.25L) was previously
incubated at 37°C for 1 h with 4 pg of venoms, and samples
centrifuged at 2000 ¢ for 5min, and the supernatant was
immediately injected afterwards in the footpads of mice,
as described. IgG isolated from NHS was used as a control.

Evaluation of lethality and neutralization by BAV

To characterize and compare the lethal activity induced by
Bj, BsCo, and BsCR, five different concentrations (10, 20, 40,
50, or 80 pg—Bj and 60, 90, 120, 180, or 240 ng—BsCo and
BsCR/500 pL) or PBS (control) were injected intraperitone-
ally (i.p.) into mice (n=6). Mortality was determined 48 h
after the injection of venoms and used for calculating the
median lethal doses (LDsp) and its 95% confidence inter-
vals.*® For neutralization experiments, three LDsy of each
venom were incubated for 30min at 37°C with BAV
(400 pL), centrifuged (5 minutes), and aliquots of the super-
natants (500 uL) were injected i.p. into mice (n = 6-8). After
injection of the samples, observations were made within
48 h to assess mortality.

Statistical analyses

Two-way analysis of variance (ANOVA) was used to ana-
lyze data from nociception (factors: snake species and
venom doses), nociception neutralization (factors: treat-
ments and doses for each snake species), hemorrhagic
area (factors: Bothriechis origin and venom doses), and neu-
tralization of edematogenic activity evoked by the dose of
8 ug (factors: time intervals and Bothriechis origin). In order
to evaluate the data from mice that received only one treat-
ment and were observed at more than one time interval,
two-way repeated measure ANOVA was employed to

compare the following variables: edema extension (factors:
time intervals and venom doses) and edema neutralization
(factors: time intervals and antivenom doses), using one
snake species for each analysis. Whenever the ANOVA
table showed statistically significant F tests, analyses were
followed by Holm-Sidak test. Statistical analyses were per-
formed using the software Stata™, version 8.0, and
SigmaPlot, version 12, and differences with p <0.05 were
considered statistically significant. The results for continu-
ous data were presented as mean & SEM.

LDsy's and statistical comparisons among their values
were computed as described elsewhere,*” using a program
created in Stata'™. The comparison of ELISA titers to evi-
dence cross-neutralization among venoms by BAV was car-
ried out as described elsewhere.*® Titer values above
twofold or more were considered significant, based on pre-
vious experience from our group.

Results
Comparison of venom profiles by SDS-PAGE

After SDS-PAGE, under non-reducing conditions, many
components with similar molecular masses around
150kDa and between 75 and 50kDa were detected in
BsCo and BsCR (Figure 2(a)). Moreover, it was observed
that below 37kDa venoms showed noticeable differences
in protein profile, and components in the region of 32kDa
in BsCo were not observed in BsCR. On the other hand,
bands between 20 and 15kDa were visible mainly in
BsCR. The electrophoretic profile of Bj was different, with
intensely stained bands in the region of 50 kDa and between
25 and 20 kDa.
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Figure 2 (a) Electrophoretic profiles of the venoms of B. jararaca (Bj) and

B. schlegelii from Colombia (BsCo) and Costa Rica (BsCR). Venoms (5 ug) were
separated in SDS-PAGE (12%). Proteins were silver stained. (b) Recognition of
components of venoms from B. jararaca (Bj) and BsCo and BsCR after incubation
with BAV (1:250 dilution) by Western blotting. The numbers on the left correspond

to molecular mass markers. (A color version of this figure is available in the online
journal.)



Cross-reactivity of antivenom determined by ELISA and
Western blotting

Intense cross-reactivity between BAV and venoms was
observed by ELISA, with antibody titers of 256,000 against
BsCo and BsCR, and 1,024,000 against Bj venom. Hence,
there was no significant difference between the titers of
BAV among the venoms, since variation in ELISA titers
below twofold serial dilutions are not considered signifi-
cant. Venom components observed around 150kDa,
between 75 and 50kDa and around 35kDa in BsCo and
BsCR were recognized using BAV by Western blotting
(Figure 2(b)). However, BAV weakly recognized compo-
nents of lower molecular mass (below 25kDa) in both
venoms. In addition, BAV recognized bands between the
regions from 250 to 15kDa of Bj (positive control). There
was no recognition of components of venoms by IgGs
from NHS (results not shown).

Enzymatic activities of venoms

Zymography was used to detect proteolytic and hyaluroni-
dase activities in BsCo, BsCR, and Bj, using casein, gelatin,
fibrinogen, and hyaluronic acid as substrates (Figure 3).
BsCo and BsCR showed similar profiles for gelatinolytic
activity, with bands mainly between 75 and 23kDa, and
intense areas of hydrolysis around 40 to 27 kDa. A different
profile was observed in Bj, which showed high gelatinolytic
activity above 46kDa, and less intense hydrolysis areas
around 30kDa (Figure 3(a)). However, remarkable differ-
ences between these three venoms were noticed when
casein was used as a substrate. BsCo showed enzymes,
mainly around 60kDa, that hydrolyzed casein, whereas
BsCR showed activity above 63kDa and another intense
area at 40kDa. Bj exhibited caseinases of high molecular
mass, around 250kDa, and others with an intense activity
between 35 and 22 kDa (Figure 3(b)). Fibrinogenolytic activ-
ity was observed in BsCR and BsCo, with components
around 50 to 37kDa and between 33 and 21kDa; Bj
showed fibrinogenolytic areas around 30 to 27kDa
(Figure 3(c)). Hyaluronidase activity around 62kDa was
observed in BsCR and BsCo, but BsCR exhibited a stronger
activity when compared to BsCo. In the experimental proto-
col used, Bj did not hydrolyze hyaluronic acid (Figure 3(d)).

PLA, activity

BsCo and BsCR had similar PLA; activity, which was much
higher than Bj. The specific activities for BsCo, BsCR, and Bj
were 1273, 1255, and 33 U/mg, respectively (Figure 4).

Edematogenic activity of venoms and neutralization
by BAV

As shown in Figure 5(a), Bj used as a positive control
evoked severe and persistent paw swelling in all concentra-
tions of venoms used up to 48h. BsCo and BsCR
(Figure 5(b) and (c)) induced edematogenic activity in all
concentrations tested during the initial time periods, reach-
ing a maximum at 0.5 and 1h. At 4h, there was a marked
decrease in edema induced by BsCo (Figure 5(b)), and
values were similar to those injected with PBS (negative
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Figure 3 Gelatinolytic, caseinolytic, fibrinogenolytic and hyaluronidase activ-
ities of the venoms of B. jararaca (Bj) and B. schlegelii from Colombia (BsCo) and
Costa Rica (BsCR). Venoms (20 pg for (a) and (b); 40 ug for (c) and (d)) were
separated by SDS-PAGE (12%) containing gelatin (a), casein (b), fibrinogen (c) or
hyaluronic acid (d). After electrophoresis, gels were stained with Coomassie Blue
((@)—(c)) or Alcian Blue (d). Clear areas in the gels indicated enzymatic activity. The
numbers on the left correspond to molecular mass markers (kDa). (A color ver-
sion of this figure is available in the online journal.)
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Figure 4 Curves of PLA, activity of venoms from B. jararaca (Bj), B. schlegelii
from Colombia (BsCo) and Costa Rica (BsCR). Note the strong activity of BsCo
and BsCR compared to Bj. Each point represents the mean &+ SEM of triplicate
determinations of two different experiments. (A color version of this figure is
available in the online journal.)
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Figure 5 Edematogenic activity induced by the venoms of (a) B. jararaca (Bj), (b) B. schlegelii from Colombia (BsCo) and (c) Costa Rica (BsCR). Edema was calculated
by pletysmometry at different times by the difference of volume displaced (uL) by the paws of animals (n = 6) before and after sample injection. The results were
expressed as mean = SEM. PBS was used as negative control. *Differences were statistically significant (o < 0.05) when the edema induced by venom concentrations
and controls (PBS or venom + IgG) was compared. (A color version of this figure is available in the online journal.)

control). Reduction in BsCR-induced edema was slower
than that induced by BsCo, so that edema was still evi-
denced at 4h (for 1-8 pug); later on, edema was observed
only with the dose of 8 ug. The ability of BAV to neutralize
the edematogenic activity induced by Bj, BsCo, and BsCR
(8 ug) was also evaluated. In Figure 6(a), edema induced by
Bj (control) was partially inhibited by BAV, with values
higher than 60% at 0.5 and 1h and above 80% after 2h.
Figure 6(b) shows that edema caused by BsCo was better
neutralized (around 70%) only in 2h with 25uL of BAV.
When BsCR was incubated with BAV (Figure 6(c)), edema
was inhibited partially by all doses of BAV at 2h (range
26%-63%) and 4h (above 70%). At 24 h, edema in the paw
of the animals injected with BAV + BsCR was not detected.

Hemorrhagic activity of venoms and neutralization
by BAV

BsCR (MHD 3.9nug) was more hemorrhagic than BsCo
(MHD 14.2 pg), and both of them were less hemorrhagic

than Bj (MHD 0.6 ng) (Figure 7). Regarding neutralization
of this activity by BAYV, all three doses of BAV tested (80, 40,
and 20 pL) neutralized completely two MHD of all three
venoms tested. As positive control, two MHD of each
venom were incubated with NHS or PBS and showed hem-
orrhagic activity as expected (data not shown).

Nociceptive activity of venoms and neutralization
by BAV

Nociception was induced by both BsCo (1-8 pug) and BsCR
(0.5-8 pg); at 2 and 8 ng, the difference was statistically sig-
nificant. At higher venom concentrations, BsCo and BsCR
were more nociceptive than Bj (Figure 8(a)). The peak of
nociceptive activity caused by Bj was observed when 1pg
of venom was injected. The nociception induced by Bj (4 ng)
was reduced (>85%) by BAV in all concentrations used
(Figure 8(b)). The nociceptive activity induced by BsCo
and BsCR (4pg) was partially neutralized by BAV, with
reduction of 83% (25pL), 64% (12.5uL) in BsCo, and
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Figure 6 Neutralization by anti-Bothrops antivenom (BAV) of the edematogenic activity induced by 8 ug of (a) B. jararaca (Bj), (b) B. schlegelii from Colombia (BsCo)
and (c) Costa Rica (BsCR) venoms. Edema was calculated by pletysmometry at different times by the difference of volume displaced (uL) by the paws of animals (n = 6)
before and after sample injection. The results were expressed as mean & SEM. PBS or IgG isolated from normal horse serum were used as negative controls.
*Differences were statistically significant (p < 0.05) when the edema induced by venom concentrations and controls (PBS or venom + IgG) was compared. (A color
version of this figure is available in the online journal.)
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Figure 7 Hemorrhagic activity induced by the venoms of B. jararaca (Bj) and B. schlegelii from Colombia (BsCo) and Costa Rica (BsCR). Animals (n = 6) were injected
(i.d.) on the back with different concentrations of venoms. After 2 h of injection, the animals were euthanized and the skin of the back folded to measure the hemorrhagic
area (cm?). The results were expressed as mean + SEM. *Statistically significant difference (o < 0.05) between the hemorrhagic activity induced by each dose of BsCo
and BsCR. (A color version of this figure is available in the online journal.)
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injected foot was measured, in seconds, during 30 min of experimental evaluation (see Materials and methods for details). The results were expressed as mean + SEM.
*Statistically significant difference (p < 0.05) between the nociception induced by venoms when compared to control (PBS or IgG). *Statistically significant difference

(p < 0.05) between BsCo and BsCR

Table 1 Evaluation of lethality induced by B. jararaca (Bj) and B. schlegelii from Colombia (BsCo) and Costa Rica (BsCR) snake venoms

Venom dose Bj Venom dose BsCo BsCR

(ng) (mortality) (ng) (mortality) (mortality)
10 0/6% 60 0/6 0/6

20 1/6 90 0/6 1/6

40 4/6 120 0/6 5/6

50 4/6 180 2/6 5/6

80 5/6 240 6/6 6/6

LDso (ug/animal)® 34.8 LDsg (ng/animal) 184.8 112

LDso (Mmg/kg)® 1.74 LDso (Mg/kg) 9.24 5.60

95% confidence intervals (mg/kg) 1.15-2.63 95% confidence intervals (mg/kg) 8.67-9.83 4.50-6.98

#Number of animals dead/injected.
® ethal dose 50%.

Bj: B. jararaca venom; BsCo: B. schlegelii from Colombia; BsCR: B. schlegelii from Costa Rica.

around 90% in BsCR at both doses of BAV. At the lowest
dose of BAV (6.25 uL), the reduction of nociceptive activity
was 31% and 48% for BsCo and BSCR, respectively.

Lethal activity of venoms and neutralization by BAV

As can be seen in Table 1, BsCR was more lethal when
compared to the BsCo (p <0.05), with LDs, estimated as
5.60 and 9.24 mg/kg, respectively. Bj (control) was more
lethal than BsCo and BsCR (p <0.05), with a LDsy of
1.74mg/kg. In regard to neutralization of three LDs, by

BAV (400 uL), the antivenom protected 75% and 86% of ani-
mals injected with BsCR and BsCo, respectively. All animals
injected with Bj (positive control) were protected by BAV.

Discussion

B. schlegelii is a species with a wide distribution in Latin
America,® however, there are few reports of injuries in
humans by bites of this snake, whose clinical picture is
mainly characterized by edema and other inflammatory
events at the site of the bite. Thus, this study aimed



to characterize and compare the composition and various
toxic activities of B. schlegelii snake venoms from Colombia
(BsCo) and Costa Rica (BsCR), as well as to evaluate the
neutralization of some biological activities by BAV.

Differences were noticed in the venom profiles by SDS-
PAGE and variability was observed in biological and
enzymatic activities between BsCR and BsCo. Similar gela-
tinolytic and fibrinogenolytic profiles were noticed between
BsCo and BsCR, whereas caseinolytic activity was more
intense in BsCR, which showed two lytic areas in different
regions. In regard to hyaluronidase activity, both B. schlegelii
venoms showed lytic areas in the 62kDa region, and BsCR
was more lytic than BsCo. Hyaluronidases in the B. schlegelii
venom have already been described in BsCR.*” On the other
hand, the absence of hyaluronidase activity by zymography
had been already reported in Bj, corroborating the data pre-
sented herein.>* In regard to PLA,, BsCR, and BsCo had
higher activities than Bj. In fact, high PLA, activity has
been described and associated with the myonecrosis
and clinical signs observed in the envenomation by
B. schlegelii."*'®

As our results pointed out, geographical differences in
protein and enzymatic activities did influence the toxic
activities of BsCR and BsCo. Our results showed that
BsCR was more toxic than BsCo in almost all biological
tests. The edema caused by BsCR was more intense and
lasted longer. In addition, BsCR induced higher hemor-
rhage, around fourfold as compared to that induced by
BsCo. Results obtained by Kuch et al.** demonstrated that
B. schlegelii snake venom from Ecuador did not induce hem-
orrhage, even when used at high concentrations (10 pg),
indicating great variability in toxicity in the venom of this
species. It was also verified that edema and hemorrhage in
Bj, used as a control, proved to be more toxic, with more
persistent edema and higher hemorrhagic activity.

In regard to the nociceptive activity, we observed that
BsCR induced a higher response in animals when 2 pg of
venom was injected. On the other hand, an inverse result
was observed at the highest venom concentration (8 pg),
where the response induced by BsCo was the most evident.
Results also showed that Bj exhibited no dose-response
curve, and maximum responses were recorded from 1 pg;
in higher doses (4 and 8 pg), nociceptive activity induced by
Bj was lower than that of BsCo and BsCR, respectively. For
lethality, the results showed that higher doses of BsCR and
BsCo were required to induce death when compared to B;.
Furthermore, differences were also noticed between both
B. schlegelii venoms, since BsCR was 1.6-fold more lethal
than BsCo. LDsq’s of B. schlegelii venoms described in litera-
ture have been reported to be between around 4 and
10.3 mg/kg,'*'#*¥4% which are close to our results, taking
into consideration that geographical variability and other
parameters (protein quantification of venoms, mouse
strains, and weight of animals) may influence the results.
Taken together, our observations indicated differences in
toxic activities between B. schlegelii venoms from different
locations. B. schlegelii thus represents an interesting species
to investigate patterns of geographically based variations in
venom composition, owing to its wide range of distribu-
tion."*"® In addition to geographical distribution, other
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factors may contribute in the diversity of venoms, such as
ontogeny, diet, sex, and seasonal variation.?>°

In this study, we also evaluated the ability of BAV pro-
duced by Butantan Institute to recognize venom compo-
nents, as well as to neutralize the toxic activities of BsCo
and BsCR, since administration of antivenom is the treat-
ment recommended for snakebites by WHO.> Since the
immunizing mixture to produce this antivenom does not
include venoms of Bothriechis species, it was of interest to
assess whether BAV is able to neutralize these venoms.
Initially, we verified by ELISA the antigenic cross-reactivity
of BAV to BsCo and BsCR, and minor differences between
the antibody titer obtained against Bj. By Western blotting,
components of BsCo and BsCR were recognized by BAV,
especially above 35kDa. However, proteins in the range
of 20-25kDa were weakly recognized by BAV, although
they were strongly recognized in Bj. In fact, BAV has been
reported to cross react with other venoms that do not par-

ticipate in the immunization pool, such as Bothrops atrox,

Bothrops insularis, and Bothriopsis taeniata venoms,>*>>1->*

Given that BAV cross reacts with components of BsCo and
BsCR, in vivo assays were carried out to evaluate the neutral-
ization of their toxic activities. BAV partially neutralized
edema, nociception, and lethality induced by BsCo and
BsCR, whereas it completely neutralized local hemorrhage,
in agreement with previous observations.™ In summary,
BAV was effective to neutralize some toxic activities from
BsCo and BsCR venoms. Our results suggest that this anti-
venom may be effective for the treatment of envenomations
by B. schlegelii, but this assertion needs to be further explored at
the preclinical and clinical levels. It has been previously shown
that a heterologous polyvalent antivenom manufactured by
Instituto Clodomiro Picado (Costa Rica) also neutralized sev-
eral toxic and enzymatic activities induced by BsCR."*** Since
neither of these antivenoms include venoms of Bothriechis sp in
the immunizing mixtures, it is likely that other venoms
included in the mixtures, particularly those of Bothrops sp pro-
vide cross-protection against the venom of B. schlegelii.

In conclusion, our results show intraspecific variation in
the composition and enzymatic and toxicological profiles of
venoms of BsCo and BsCR, underscoring the effect of geo-
graphical isolation and adaptation to local conditions in the
composition of snake venoms. These variations in the toxi-
cological profile may have implications in the clinical mani-
festations in envenomations by these two populations of
this species. The ability of BAV to neutralize some toxic
effects of these venoms suggests that the venoms included
in the immunization mixture to generate this antivenom
have immunological relatedness with components in B.
schlegelii venoms. This opens the possibility of using BAV
in the treatment of envenomations by B. schlegelli, a hypoth-
esis that awaits further experimental and clinical analyses.
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