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Bothrops alternatus snake venom induces apoptosis of skeletal
muscle cells in a rabbit model

[O veneno da serpente Bothrops alternatus induz apoptose nas células musculares de coelhos]
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The toxic components of the venom from snakes
belonging to the genus Bothrops induce serious
changes in the inoculation site through several
mechanisms. Currently, it is known that these
local changes do not occur through the action of
only one enzyme, but by combining several
toxins that act synergistically, mainly zinc-
dependent metalloproteinases (SVMPs) and
PLA, (Mamede et al., 2016). The intensity of
these local effects may vary according to the
Bothrops species as the concentration of its
components are singular (Rocha and Furtado,
2005; Mamede et al.,, 2016). B. alternatus
venom, for example, has a higher concentration
of metalloproteinases (SVMP) of class P-III
activity and the lesions generally present a better
recovery as compared to other Bothrops species
(Garcia Denegri et al., 2016).

The plasma membrane of the skeletal striated
musculature is one of the first structures affected
by these components (Gutiérrez and Lomonte,
1995). Local changes appear in a hyper acute
way, with the presence of edema, hemorrhage,
inflammation and myonecrosis (Gutiérrez and
Lomonte, 1995; Gutiérrez et al., 2016). The
involvement of apoptosis mechanisms via
caspase-3 in the cytotoxicity on skeletal striated
musculature resulting from B. alternatus snake
venom has been reported in vitro. Baltergina, a
P-IIT SVMP, may be primarily responsible for
this mechanism in venom of this specie of snake
(Bustillo et al., 2017). The purpose of this study
is to report the in vivo occurrence of apoptosis
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induction, via caspase-3, by B. alternatus snake
venom in rabbit muscle cells.

A pool of venom collected from adult B.
alternatus specimens was crystallized and stored
at -20°C until the time of use. The venom
underwent polyacrylamide gel electrophoresis-
SDS-PAGE, according to Schneider et al.,
(2014). The crude crystallized venom was
suspended in 0.9% NaCl solution and then
diluted in 0.1% BSA in PBS solution for
administration in the animals. Ten male adult
New Zealand rabbits, weighing between 2.1 and
3.4kg were used. Five of these animals were
injected with 150pg/kg of venom from B.
alternatus in the vastus lateralis muscle of the
left thigh. The other five rabbits (control group)
were injected with 0.1% BSA in PBS solution in
the same muscle.

Twelve hours later, euthanasia was performed by
intravenous injection of thiopental overdose.
Muscle fragments from the venom application
site were collected and fixed for 24 hours in 10%
buffered formalin and then stored in 70%
alcohol solution for routine histological
processing, hematoxylin-eosin staining (H&E),
and immunohistochemistry for caspase-3.
Histological sections of 4um of muscle tissue
were obtained on gelatinized glass slides.

These slides were deparaffinized in an oven at
60° for 30 minutes to perform the
immunohistochemistry technique according to
Freitas et al. (2007). The primary antibody used
was anti-caspase-3 (clone Ab-4, dilution 1:300),
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with an overnight incubation time at 8°C and the
colorimetric revelation was performed with the
substrate diaminobenzidine (DAB) (Novolink™-
R87280, Novovasctra). Counterstaining was
done using Mayer's Hematoxylin. Cases with
cytoplasmic and nuclear marking on muscle
fibers by caspase-3 were considered positive.

The B. alternatus venom used in the present
study had a large number of SVMPs with bands
of 14kDa, considered the PLA,. Both the snake
venom SVMPs and the PLA, are responsible for
local effects from B. alternatus snake venom
(Mamede et al., 2016).

In our study, the histological evaluation of the
muscles showed intense myonecrosis and
hemorrhage at site of venom injection (Figure 1).
No significant change was found in the muscles
of control rabbits. The immunohistochemistry
reaction for activated caspase-3 in the muscles of
venom injected rabbits showed granular and
aggregated staining in muscle fiber cytoplasm
(Figure 2A). This staining is compatible with
activation of apoptosis mechanisms in the muscle
cells by the crude venom of B. alternatus. On the
other hand, no reaction was found in the muscles
from the control group (Figure 2B).

Figure 1. A, B. Histological sections of vastus lateralis muscle showing large hemorrhage area (asterisk)
and intense predominantly polymorphonuclear inflammatory infiltrate (arrows) at the site of inoculation
of B. alternatus snake venom, compatible with hemorrhagic necrosis (H&E staining, bar= 50pum).

Figure 2. Activated caspase-3 immunohistochemistry of vastus lateralis muscle from rabbits at the site of
inoculation of B. alternatus snake venom (A) or 0.1% BSA in PBS solution (B). A. Granular and
aggregated staining in the cytoplasm (arrows), compatible with cells in apoptosis (bar= 50um). B.
Negative staining (bar= 20pum).
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A small IM dose of B. alternatus venom (80pg)
causes intense local hemorrhage and severe local
myonecrosis in the first 24 hours (Queiroz and
Petta, 1984). Similarly, low doses, ranging from
50 to 100ug, administered in the gastrocnemius
muscle of mice caused severe changes in the
local vasculature, culminating in hemorrhage,
evident inflammation and myonecrosis, with
recovery at 28 days (Garcia Denegri et al.,
2016).

Although necrosis is a known lesion caused by
this venom, apoptosis may also play a role in the
death of muscle cells. Previous in vitro studies
suggested that the apoptosis mechanism
triggered by B. alternatus snake venom is related
to a class P-III SVMP, called baltergine. This
toxin induces cell death through reduction of
adhesion to the extracellular matrix (anoikis) and
interaction with integrins (Bustillo et al., 2017).

Other in vitro studies have evaluated the
cytotoxic effects of venoms from different
species of snakes. A myotoxic PLA, isolated
from the venom of Bothrops jararacussu, called
BthTX-I, had cytotoxic action, mainly by
apoptosis on cultures of promyelocytic leukemia
cells, human hepatocellular carcinoma, murine
pheochromocytoma, and murine melanoma
(Prinholato da Silva et al., 2015). In addition, an
acid L-amino oxidase from Bothrops pirajai
venom induced apoptosis in neoplastic cell
cultures (Burin et al., 2013). In another
experiment using cultured murine muscle cells
(C2C12), B. alternatus and B. diporus venoms

produced cytotoxicity by apoptosis, evidenced by
morphological changes typical of the process
such as condensation of chromatin, nuclear
fragmentation, bubble formation on the cell
surface, and reduction of cell size (Bustillo et al.,
2009).

Cell apoptosis can be evaluated by caspase-3
expression, as proposed in the present work.
Studies in the last decades have proved that
proteases play critical role in the apoptosis
process. Caspases are one of the most important
regarding this cell death. These proteases are
synthesized as inactive zymogens that become
active after transactivatated or cleaved. Once
activated, they can disrupt different cytoplasmic
and nuclear polypeptides that may alter
important components of the cells, including
architectural, biochemical and morphological
proteins. Once these changes occur, the apoptosis
process is installed. Among the several caspases,
caspase-3 is considered to be the main
executioner of this process and represent one of
the final steps towards cell death (Mcllwain et
al., 2013).

The crude venom of B. alternatus causes severe
local myonecrosis and hemorrhage. The
observed activation of caspase-3 suggests the
occurrence of apoptosis that might contribute to
myocytes death.

Keywords: snake venom, botropic venom,
apoptosis, toxicology, rabbit

RESUMO

Este estudo objetiva reportar a ocorréncia de apoptose in vivo induzida pelo veneno da serpente
Bothrops alternatus em células musculares esqueléticas. Cinco coelhos machos, adultos, receberam
150ug/kg de veneno no masculo vasto lateral, enquanto outros cinco animais receberam 0,1% de BSA
diluido em PBS no mesmo local. Apds 12 horas, 0s animais foram eutanasiados, e amostras do local de
inoculacdo foram coletadas para analise histopatoldgica. Foram evidenciadas necrose e hemorragia nas
células musculares. Além disso, a andlise imuno-histoquimica para identificacdo de caspase-3 ativada
revelou marcacdes granulares e agregadas no citoplasma das células musculares, compativeis com o
processo de apoptose. Este é o primeiro relato que confirma o veneno de B. alternatus como causador de
apoptose in vivo em células musculares esqueléticas.
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