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Abstract

Belonging to the Viperidae family, Crotalinae subfamily, Bothrocophias
colombianus, the Colombian toad-headed pitviper or equis colorada, is a
species of venomous snake found in the humid rainforests of the Pacific
coast of Colombia, where the lack of knowledge of the effects of its ve-
nom greatly hinders medical care. Therefore, in an effort to knowledge the
effects of the venom B. colombianus venom, gaining an understanding of the
local effects by calculating the minimum edematous (MED) and minimum
hemorrhagic (MHD) doses, establishing the lethal dose 50 (LD50) in mice of
the CFW strain, and examining any systemic effects from a determination
of the minimum coagulant dose (MCD) in human blood plasma. The results
revealed the LD50 of this venom as 199.5 pg of venom/mouse. There were
hemorrhagic (1.06 + 0.47 ug of ) and edematizing effects (0.45 + 0.15 pg), in
addition to a slight coagulant effect (21.02 + 0.82 pg). In conclusion, the cli-
nical picture of envenomation caused by this species could be characterized
by strong hemorrhagic and edematous alterations and slight impairments
in the coagulation cascade.

Keywords: Bothrocophias colombianus, toxicity, coagulant, edematogenic,
hemorrhagic, LD, .

Resumen

La vibora pitviper o equis colorada, Bothrocophias colombianus, pertenecien-
te alafamilia Viperidae, subfamilia Crotalinae, es una especie de serpiente
venenosa que se encuentra en las selvas himedas de la costa Pacifica de
colombiana, donde el desconocimiento de los efectos de su veneno dificulta
enormemente la atencion médica. Esta investigacion es un esfuerzo por
conocer los efectos del Veneno de B. colombianus, comprendiendo mejor los
efectos locales, mediante el calculo de las dosis minima edematosa (MED)
y minima hemorragica (MHD), estableciendo la dosis letal en 50 (DL50) en
ratones de la cepa CFW, y evaluando cualquier efecto sistémico derivado
de la dosis minima coagulante (MCD) en plasma sanguineo humano. Los
resultados revelaron que la DL50 de este veneno es de 199,5 ug veneno/
raton. Se observaron efectos hemorragicos (1,06 + 0,47 ug de ) y edema-
tizantes (0,45 = 0,15 pg), ademas de un ligero efecto coagulante (21,02 +
0,82 pg). En conclusién, el cuadro clinico del envenenamiento causado por
esta especie podria caracterizarse por fuertes alteraciones hemorragicasy
edematosas, y ligeras alteraciones en el proceso de coagulacion.

Palabras clave: Bothrocophias colombianus, toxicidad, coagulante, edema-
togena, hemorragica, LD,



Introduction

Currently, the World Health Organization (WHO) is the
entity in charge of managing prevention, promotion, and
intervention guidelines worldwide in health. Within its
policies, snakebite envenomation is reported as a tropical
disease that is neglected worldwide. Snake bites affect
approximately 5.4 million people in the world, causing be-
tween 81,000 and 138,000 deaths per year. Most cases
are reported in Africa, Asia, and Latin America; for the la-
tter, around 150,000 cases and the death of at least 5,000
people are estimated (WHO, 2019).

In their natural environment, venomous snakes use their
venom to immobilize or kill their prey while simultaneous-
ly initiating digestion. However, it can also be employed
as a defense mechanism when the snake feels in danger.
In many cases, encounters with humans end in an event
(Lynch, 2012). The families of snakes causing this problem
and of medical interest for Colombia are the Viperidae and
Elapidae families since they have species capable of injec-
ting venom with great precision into humans, generating
serious clinical symptoms of envenomation (Campbell and
Lamar, 1989; Gutiérrez, 2002).

Bothropic envenomation, including in events caused by
snakes of the Viperidae family, comprises bites caused by
species of the genera Bothriechis, Bothrocophias, Bothrops
and Porthidium, generalizing the following symptoms
for these species: alteration in the coagulation cascade,
myotoxicity, local reactions, mixed shock and massive ca-
pillary, pulmonary and/or mesenteric microthrombosis
(Ayerbe-Gonzélez and Latorre-Ledezma, 2010; Ayerbe,
2021). However, the venom of each species can show in-
traspecific and interspecific variability due to climatic con-
ditions, age of the individual, feeding habits, and seasonal
changes (Chippaux et al., 1991).

The genus Bothrocophias is a group separate from the
genus Bothrops. For Bothrocophias, there is only one cita-
tion of the effect caused by its venom (Ayerbe, 1998b).
This means that clinically, whenever events caused by this
species occur, the principle of cross-reactivity has resor-
ted to polyvalent antibothropic antivenom serum, which is
designed to neutralize the venom of 18 species of snakes,
including Porthidium nasutum, Porthidium lansbergii, Bo-
thriechis schlegelii, Bothrops punctatus, Bothrops asper, and
Bothrops atrox, among others (Campbell & Lamar, 2004).
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The species of the genus Bothrocophias previously belon-
ged to the genus Bothrops. In 2001, the genus Bothroco-
phias was recognized as a separate group, explained by the
division of a large group into three monophyletic groups:
a predominantly North American clade (Agkistrodon, Cro-
talus, Sistrurus), a Central American clade (Atropoides, Bo-
thriechis, Cerrophidion, Ophryacus, Porthidium) and a South
American clade (Bothriopsis, Bothrocophias, Bothrops) (Gut-
berlet and Campbell, 2001). The characteristics that allow
us to differentiate the species belonging to the genus Bo-
throcophias include small, smooth intersupraocular scales;
distinctive white spots on gular and infralabial scales; and
tuberculate keels on scales on the caudal portion of the
back (Gutberlet and Campbell, 2001).

Bothrocophias colombianus is the Colombian toad-headed
pitviper (locally known as “equis colorada.” It has an ovo-
viviparous embryonic development, nocturnal habits, an
approximate size of 80-150 cm long, and feeds mainly on
small mammals, lizards, and birds. It differs from B. camp-
belliin having a more reddish coloration on the body, most
noticeable in juvenile snakes. Commonly, species can be
found in plantations of lulo (Solanum quitoense), corn (Zea
mays), banana, and yucca (Manihot esculenta) and pastures
bordering the forest (Castro-Herrera et al, 2005).

The venom of B. colombianus, the species of interest for
this research, causes severe toxicity. A young specimen
of B. colombianus caused nonoliguric acute renal failure
by acute tubular necrosis, pedial artery, and colliqua-
tive mesenteric thrombosis, which required ileocecal
segment resection (Ayerbe, 1998a; Ayerbe-Gonzalez
and Latorre-Ledezma, 2010). Taking this into account, in
the present work, the toxinological profile of the venom
of B. colombianus was determined by calculating the
LD50, myotoxic activity, and hemorrhagic, edematous,
and coagulant effects.

Materials and methods

Venom

The venom was obtained from two specimens of B. colom-
bianus (Figure 1) already in captivity at the Biomedical Re-
search Center of the University of Cauca (CIBUC). The
venom was extracted manually by inducing the animals
to bite into a falcon tube. The venom was then lyophilized
and stored at —20°C until use.
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Figure 1. B. colombianus.

Biomodels

The experiments were conducted with male and female
CFW strain Mus musculus mice weighing between 16 and
20 grams (average 18 grams), provided by the CIBUC. The
animals were kept in appropriate conditions with contro-
lled temperature, humidity, and feeding.

Ethical considerations

The research was carried out under the authorization of
the ethics committee of the University of Cauca, establi-
shed through endorsement No. 6.1 - 1.25/34 of March
27,2020.

Median Lethal Dose (LD5O)

The LD50 was performed by intraperitoneal (i.p.) injection,
with the application of 0.5 mL of solutions with different
concentrations of venom (from 3.075 to 225 pg/mouse)
diluted in phosphate-buffered saline (PBS). These venom

concentrations were injected into groups of five mice,
each weighing between 16 and 20 grams. Observations
were made after 48 hours, recording how many mice died
and the signs and symptoms of toxicity observed throu-
ghout the experiment (Gutiérrez et al., 1990).

Coagulant activity

This experiment was carried out with human plasma ex-
tracted from healthy volunteer donors. The blood was
centrifuged at 3000 rpm for 10 min in a centrifuge, main-
taining a stable temperature (17°-19°C). Subsequently,
the plasma was extracted with a micropipette. For the
experiment, 100 pL of venom was mixed with 200 pL of
human blood plasma, and the clotting time was recorded
with a stopwatch (Gutiérrez et al., 2015).

Edematogenic activity

Venom (50 pL) in varying concentrations (from 0.25 pg/
mouse to 4 pg/mouse) was injected into groups of five
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mice (16 - 20 grams), using PBS as a diluent and 50 uL of
PBS as a negative control. The doses of venom and control
were administered subcutaneously (s.c.) into the footpad
of the mouse’s right and left hind paws, respectively. After
0.5,1,6,9,12,and 24 hours, the thickness of the two paws
was measured with a caliper. The magnitude of the edema
(percentage of increase in paw thickness) was estimated
via the following formula: [(Thickness of the right paw/
thickness of the left paws) x 100] -100 (using the values
at the time of 1 hour) (Winter et al., 1962). The minimum
edematous dose (MED) was determined from a dose-res-
ponse analysis, defined as the dose of venom that induces
30% edema (Lomonte et al., 1993).

Local hemorrhagic activity

For the hemorrhagic activity, a range of venom concen-
trations was prepared (3.18 to 50.8 pg/mouse) diluted in
PBS. Doses of venom (0.1 mL) were injected intradermally
(i.d.) into four groups of 4 mice weighing 18 and 20 grams,
and the control group was injected with 0.1 mL of PBS. The
biomodels were euthanized by cervical dislocation two
hours after applying the injection. To determine the area
and intensity of the hemorrhagic lesion, a hemorrhagic
quantification method by Jenkins et al., 2017 was used
using the Inkscape v. 0.92 program. The minimum hemo-
rrhagic dose was defined by the authors as the minimum
amount of venom that produces an area of 10 mm or 50
hemorrhagic units (Jenkins et al., 2017).
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Statistical analysis

In each test, dose-response graphs were constructed to
calculate the minimum dose of each biological activity.
These are reported with their respective standard devia-
tions. A regression analysis was performed to determine
the statistical relevance between the groups. The statisti-
cal analyses and figures were obtained in Rv. 4.2.1 based
on a confidence index of 95% for each of the tests.

Results and discusion

In the present work, a number of different parameters of
toxicity for the venom of Bothrocophias colombianus, a pi-
tviper endemic to the Colombian Pacific, were determined
for the first time, including the LD50 and the hemorrhagic,
edematous, and coagulant activities in mice. In the event
of such a pitviper envenomation, these data enable me-
dical personnel to focus on the most relevant effects and
provide more rapid care to those affected.

Lethal dose 50 of Bothrocophias colombianus

The LD, of B. colombianus in mice was found to be 199.5
pg of venom/mouse. Figure 2 shows the graph obtained
from the probit analisis (where LD50 is the amount of
venom that causes the death of 50% of the experimental
population). The dose-response curve constructed for the
calculation approximates a linear trendline, represented
by a coefficient of determination of 0.85.
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Figure 2. LD, of the venom of B. colombianus. The Log,, of the micrograms of venom is the
abscissa, along the x-axis, and the percentage of responses is the ordinate, on the y-axis.
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The venom of B. colombianus cannot be classified solely by
the most relevant effect produced after a bite. Its letha-
lity and toxicity are based on its heterogeneous chemical
composition and the multiple pathophysiological actions it
exerts on the body’s systems (Jiménez-Porras, 1970). This
protein compound is designed to exert an effective action
when capturing their prey, which is why the environmen-
tal, climatic, and geographical conditions of the place in
which they are distributed are factors that influence their
variation compared to other species, even species belon-
ging to the same genus (Chippaux et al., 1991).

In this case, the lethality of the B. colombianus venom
(199.5 pg/mouse) is similar to B. campbelli from Ecuador
(Salazar-Valenzuela et al., 2014), B. campbelli from Nari-
fio (Sevilla-Sanchez et al., 2024), B. microphthalmus, also
from Ecuador (Teran and Lomonte, 2016), two phyloge-
netically close species. In contrast, it has a lower potency
than the venom of Bothrops asper from El Tambo, Cauca
(Mora-Obando et al., 2020) and Bothrocophias myersi
from the Isthmus of Pichido (Pereafiez et al., 2020), both
locations in the Pacific region of Colombia (Sevilla-San-
chezetal., 2024).

Within the lethality test, symptoms of toxicity such as
tachypnea, prostration, and hypoactivity were recorded,
symptoms generally attributed to local pain, mainly in Bo-
thropic type events. Respiratory difficulty was also ob-
served in prolonged periods of tachypnea, which evolved
into slow-labored breathing and periods of apnea. These
symptoms were also reported for B. campbelli from Na-
rifio (Sevilla-Sanchez et al., 2024), Bothrops colombiensis,
and Bothrops venezuelensis and are signs attributed to a
neurological condition (Méndez A. et al, 2009). In addition
to these symptoms, opisthotonus, piloerection, flaccid pa-
ralysis of the forelimbs, and ataxia were detected.

Coagulant activity

This test found that the minimum coagulant dose of B.
colombianus venom was 21.02 + 0.82 pg of venom. The
dose-response curve constructed to calculate this activity
approximates an exponential trendline, represented by a
coefficient of determination of 0.9534 (Figure 3).

°
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Figure 3. Minimum coagulant dose of the venom of B. colombianus, a pitviper endemic
to the Colombian Pacific. The quantity of venom is shown as the abscissa, with coagu-
lation time as the ordinate.
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Serine proteases, another component present in snake
venom, can affect many parts of hemostasis, from the
activation of coagulation factors to the induction of pla-
telet aggregation (Castro et al., 2004). In the case of B.
colombianus, the venom showed a weak coagulant activity,
which may be related to the presence of serine proteases.
However, a proteomic profile is necessary to affirm this re-
lationship. Taking the above into account, we can consider
that this venom has only a mild coagulant activity, similar
to that reported for B. campbelli from Ecuador (Salazar-Va-
lenzuela et al., 2014), and a lower coagulant activity com-
pared to B. campbelli from Narifio (Sevilla-Sanchez et al,,
2024), Bothrops asper from El Tambo (Mora-Obando et
al., 2020), Cauca, B. myersi from Valle del Cauca (Perea-
fiez et al., 2020) and Lachesis acrochorda from Colombia
southwestern (Angel-Camilo et al., 2020).

Edematogenic activity

The MED of Bothrocophias colombianus was 0.45 + 0.15
ug of venom. The dose-response curve constructed for
the calculation approximates a logarithmic trendline,
represented in a coefficient of determination of 0.8885
(Figure 4).
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Figure 4. The dose-response curve for determining edeman-
togenic activity at a time of 1 hour produced by varying
doses of B. colombianus venom. Each point represents the
average of 4 replicates. The abscissa is the micrograms of
venom and the ordinate the percentage of edema.

The maximum percentage of edema was recorded be-
tween 1 to 3 hours after inoculation with venom, with
the maximum peak at 3 hours (Figure 5).
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Figure 5. Monitoring over 24 hours of the edematous
activity produced by varying doses of B. colombianus
venom. Each line represents a dose of venom, and each point
represents the average of 4 replicates. T he abscissa shows
the hours elapsed and the ordinate represent the percentage
of edema produced.

Edema is a characteristic of envenomation. It is defined
as an effect that indicates an increase in interstitial fluid.
This can be produced by deterioration in the cell mem-
brane through the action of a peptide factor such as kinin
or by the release of anaphylatoxins, histamine or other
autacoids and also by the presence of phospholipase A,
enzymes (Lloret & Moreno, 1993; Martinez-Vargas, 1990).

The presence of phospholipase A, is related to the pro-
duction of edema. Phospholipase A, allows the triggering
of processes that promote damage to the cell membrane,
with loss of membrane phospholipids and/or the genera-
tion of hydrolysis products such as lysophosphatides and
free fatty acids, including arachidonic acid (Martinez-Var-
gas, 1990). Other protein factors within a venom that can
induce edema are serine proteases and metalloproteina-
ses (Pereanez et al., 2020; Salazar-Valenzuela et al., 2014).

The MED of B. colombianus is similar to those reported
for Bothrops myersi from Valle del Cauca (Pereaiiez et al.,
2020). The edematizing effect produced by the venom of
B. colombianus may be related to the possible presence
of phospholipase A2, metalloproteinases and serine pro-
teases reported for B. myersi and B. campbelli respectively,
species for which a rapid and strong edematizing activity
was also reported (Pereafiez et al., 2020; Salazar-Valen-
zuelaetal.,, 2014).
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Hemorrhagic activity

The minimum hemorrhagic dose produced by B. colom-
bianus venom was found to be 1.06 = 0.47 ug of venom.
The dose-response curve constructed for the calculation
again approximates a linear trendline, represented by a
coefficient of determination of 0.9327 (Figure 6). The he-
morrhagic lesions produced by the varying doses of venom
are shown in Annex 1, along with the values of the measu-
red area and the hemorrhagic units obtained, representing
the amount of hemoglobin extravasated or leaked.
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Figure 6. Dose response curve of hemorrhagic activity pro-
duced by varying doses of venom of B. colombianus. Each
point represents the measurement of four replicates. The
abscissa corresponds to the micrograms of venom and the

ordinate to the hemorrhagic units.

Hemorrhage is considered a frequent manifestation in the
description of the main clinical characteristics of snakebite
envenomations, which is consistently associated with the
action of snake venom metalloproteinases (SVMPs), an
abundant component in venoms (Gutiérrez & Rucavado,
2000) and that have also been reported in species of the
genus Bothrocophias (Pereafiez et al., 2020; Salazar-Va-
lenzuela et al., 2014).

The hemorrhagic effect produced by the venom of B. co-
lombianus is similar to that reported for B. asper from El
Tambo, Cauca (Mora-Obando et al., 2020) and presents a
more toxic effect than that reported for B. myersi from Is-
thmus of Pichido (Pereafiez et al., 2020), B. campbelli from
Narifio (Sevilla-Sanchez et al., 2024) and B. campbelli from
Ecuador (Salazar-Valenzuela et al., 2014).

Conclusions

The venom of the toad-headed pitviper, Bothrocophias
colombianus, is hemorrhagic, edematous, and has a mild
coagulant effect. The clinical picture of envenomation
caused by this species could be characterized by strong
hemorrhagic, edematous alterations and slight impair-
ments in the coagulation cascade. The LD, of the venom
of B. colombianus is considered a mild lethality similar to
that reported for other species of the genus Bothroco-
phias. The signs of toxicity produced by the venom of B.
colombianus are similar to those reported for B. campbe-
lli from Ecuador and B. campbelli from Narino, ensuring
that, in the event of envenomation by this species, health
professionals are better prepared to act and thus avoid
complications for the patient.
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