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Abstract

Snakebite envenomation is considered a neglected public health problem in
Brazil. Most of such accidents are attributed to different species of the genus
Bothrops, of which Bothrops afrox is responsible for most cases. Snake venoms
consist primarily of proteins, each of which performs a biological activity or acts
synergetically to help snakes to survive by capturing and digesting prey and to
defend themselves against afttacks by predators. Studies have reported intra-
specific and infrapopulational variability that depends on the age (ontogenet-
ic variation), sex and size of the snake as well as geographic region. In the pre-
sent study, variations in venom produced by the left and right glands of the
same individual were assessed. Phospholipase A2 (PLA2) and coagulant activi-
ties and protein profiles were analyzed, and the immunogenic proteins in ven-
om from each gland were titrated. In vifro results for venom from seven snakes
of the species B. atrox (14 samples; one from each gland of seven snakes) re-
vealed a statistically significant difference in PLA2 activity and coagulant activi-
ty between venom from the left and right glands in one snake. In addition, mi-
nor differences in protein profile were observed in SDS-PAGE and in the mini-
mum concentration of proteins reactive to a polyclonal antiserum against B.
atrox venom in a Dot-ELISA. The results therefore suggest that the same snake
may be able to produce biochemically distinct venoms. However, the fre-
quency with which these variations occur, their extent and whether they can
cause clinical differences in vivo are not known.
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Variabilidade individual entre serpentes Bothrops atrox em relacio aos
venenos de suas glandulas direita e esquerda. O envenenamento por pica-

da de serpente é considerado um problema de saude publica negligenciado
no Brasil. Dentre as serpentes causadoras, ao género Bothrops sp. € atribuida a
maioria dos acidentes. Na regido Amazdnica, a espécie Bothrops atrox lidera a
lista de casos por envenenamentos. A composicdo quimica da peconha é,
predominantemente, proteica e cada componente vai desempenhar uma
atividade biolégica ou agir sinergicamente auxiliando a serpente a sobreviver
pela apreensdo, captura, digestdo de presas e na defesa contra-ataques
predadores. Dentre as pesquisas ja realizadas, foram constatadas as variabili-
dades intraespecificas nas peconhas de acordo com sexo, tamanho, localiza-
cdo geogrdfica e variacdes intrapopulacionais. No presente estudo, avaliou-se
as variagodes existentes, em um mesmo individuo, nos venenos produzidos por
suas glandulas direita e esquerda, através das atividades fosfolipdsica Az, co-
agulante, pelo perfil proteico e pela titulacdo das proteinas imunogénicas. A
partir dos resultados obftidos in vifro, com 0s venenos de sete serpentes
Bothrops afrox (14 amostras, sendo uma de cada glandula das 07 serpentes),
foi encontrada uma diferenca estatistica entre a peconha das gléndulas direi-
ta e esquerda de apenas uma serpente em relacdo as atividades fosfolipdsica
A2 e coagulante. Aléem disso, fambém foram encontradas discretas diferencas
no perfil proteico analisado em SDS-PAGE e na quantificacdo das proteinas
imunogénicas pelo Dot-ELISA. Portanto, segundo estes resultados, uma mesma
serpente pode ser capaz de produzir venenos bioquimicamente distintos. Con-
tudo, ndo se sabe com qual frequéncia e grau estas variacdes ocorrem e se
sdo possiveis de causar diferentes manifestacdes clinicas in vivo.

Palavras-chaves: variacdo individual; variabilidade intraespecifica; soro antio-
fidico; Bothrops atrox.

1. Introduction Despite the great size of the
According to the Brazilian Uni- Brazilian Amazon and the variety of
fied Health System Information genera and species of venomous
Technology Department (DATASUS), snakes found there (Bothrops — ten
around 265,000 accidents involving species; Bothrocophias — fwo spe-
venomous animals were recorded in cies; Crotalus durissus — five subspe-
2019 in Brazil. Of these, more than cies; Lachesis muta; Leptomicrurus —
25,000 involved snakes (Ministry of three species; and Micrurus — 26
Health — MH, 2020). Because of its species), the maijority of accidents
high incidence, snakebite enven- are attributed to Bothrops atrox and
omations are considered a public Lachesi muta, the former being re-
health problem in various countries sponsible for over 80% of cases
with tropical and underdeveloped (Feitosa et al., 2015; Sociedade Bro-
regions, such as Brazil, and are clas- sileira de Herpetologia, 2018; Mon-
sified as a neglected problem by teiro et al., 2020).
the WHO (Hui Wen et al., 2015; Fry Snake venoms confain a
B.G., 2018; WHO, 2019; Da-Silva et complex mixture of many different
al., 2020). compounds, primarily profeins

(phospholipases A2, serine proteases
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and metalloproteinases) and bio-
logically active peptides that have
a range of biological activities and
trigger different clinical manifesta-
tions depending on the amount of
venom and of each component
injected into the victim when he/she
is bitten (Sousa et al., 2013; Wang et
al., 2020).

Phospholipases A2 (PLA2s), en-
zymes that catalyze the hydrolysis of
some phospholipids depending on
their structure, can induce effects
such as neurotoxicity, myotoxicity,
cardiotoxicity, activation or inhibi-
tion of platelet aggregation, hemor-
rhage, edema, convulsion and hy-
potension, interfering with homeo-
stasis in humans (Gutiérrez and Lo-
monte, 1995).

The coagulant activity of
snake venoms is due essentially to
the presence of two types of en-
zymes. metalloproteinases and ser-
ine proteases. The former can hy-
drolyze factor X, which is common
to the intrinsic and exirinsic path-
ways of the coagulation cascade,
and prothrombin, while the latter
can convert fibrinogen to fibrin
(thrombin-like action). Marked con-
sumption of these clotting factors is
responsible for the incoagulability of
blood observed in patients bitten by
snakes of the genus Bothrops. (San-
toro et al., 2008).

The signs and symptoms of
Bothropic envenomation, the most
common in Brazil, are varied and
are the result of local fissue damage
caused by the toxins in the venom.
Victims usually present with pain,
edema, bleeding, blisters and ne-
crosis in the region of the bite
(Oliveira et al., 2010). Systemic mani-
festations may also be present and
may include hemorrhage, coagulo-
tion disorders and kidney and heart
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damage depending on the severity
of the accident and the time that
elapses between the snakebite and
administration of the antivenom
(Salazar et al., 2007; Moretto Del-Rei
et al., 2019).

According to various studies in
which functional proteomic analysis
of venoms was performed, intfro-
specific variability of venom can be
observed in snakes such as B. afrox
(Sousa et al., 2017), B. asper (Vélez
et al., 2017), B. alternatus (Rocco et
al., 2013), Crotalus durissus (Oliveira
et al., 2019) and Micrurus frontalis
(Sanz et al., 2019).

It would appear therefore that
the composition of the venom is
determined mainly genetically, and
that very minor structural modifico-
tions occur in the proteins as a result
of the substitution of certain amino
acids. However, there are environ-
mental factors that lead to qualita-
tive and quantitative variations in
the venom produced (Salazar et al.,
2007; Oliveira et al., 2018). The fac-
tors which influence the composi-
tion of the venom of snakes of the
same species (intraspecific vario-
tions) can include the age (ontoge-
netic variations), size, sex and diet of
the snake, as well as the geograph-
ic region where the snake is found
and seasonal variations (Chippaux
et al., 1991; Amazonas et al., 2018).

As scientific research has pro-
gressed, it has become increasingly
necessary to gain a better under-
standing of intraspecific variations
to develop more complete anti-
venoms that can neutralize all the
protein variants of a particular ven-
om. It is therefore important to have
a pool of standardized venoms to
produce effective antivenoms that
can minimize complications due to
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envenomation (Salazar et al., 2007;
Farias et al., 2018).

It has been shown that the
same individual can produce differ-
ent types of venom simultaneously
(Deoras, 1963), and a study in 1987
by Johnson et al. with rattlesnakes
from the South Pacific coast showed
a difference in venom produced by
a single snake, i.e., an individual var-
iation. The authors found that the
left and right glands did not pro-
duce the same venom: the right
gland produced white venom while
the left gland produced vyellow
venom. Furthermore, sodium do-
decyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) re-
vealed significant differences in the
protein composition of the two ven-
oms (Johnson et al., 1987).

In another more recent study
(Smith  and Mackessy, 2020) with
Crotalus viridis viridis, one of the
snakes studied was shown to lose
much of the functionality of the tox-
ins in venom from one gland when it
reached adulthood. In 2014, venom
from the left and right glands was
similar, while in 2017 venom from the
left gland had lost many functions
previously observed and looked
very like white venom. This was con-
sidered asymmetrical expression of
venom from a single snake (Smith
and Mackessy, 2020).

Another study reported that
these differences could be related
to the ability of one gland to eject
more venom than another and to
the possibility of “toxin replenish-
ment” occurring at different rates in
each gland. A certain toxin could
therefore be present in a lower
concenfration than another at a
particular time, leading to this func-
tional difference (Harris et al., 2020).
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In light of the need to expand
our understanding of interspecific
variations and the dearth of studies
on individual variability, the present
study sought to analyze in vitro pos-
sible intfraspecific and individual var-
iations (between left and right
glands) in PLA2 and coagulant ac-
fivities of Bothropic venom from
snakes of the species B. atfrox. We
also analyzed protein profiles using
SDS-PAGE and determined the min-
imum concentrations of the proteins
in the venoms that are reactive to
PABa, a polyclonal antiserum de-
veloped in our laboratory against B.
afrox venom.

2. Materials and Methods
2.1. Venoms

The poisons were kindly pro-
vided by the Doctor Heitor Vieira
Dourado Tropical Medicine Founda-
fion. Bothropic venoms were col-
lected from the left and right glands
of seven adult B. afrox specimens,
giving a total of 14 samples, and
then freeze dried. The venoms were
diluted to a final concentration of 1
mg/mL in saline. The animals were
bred in capftivity under the same
conditions in the Museum of the
Amazon (MUSA) (Manaus, Brazil)
with approval from the Authorization
and Biodiversity Information System
(SISBIO) (ref. no. 2065059) and the
Brazilian Institute of the Environment
and Natural Resources (IBAMA) (ref.
no. 02005.001444/2006-06). The ani-
mals were all captured in municipal-
ifies in the interior of the state of
Amazonas between 2010 and 2013.
The venoms were collected in 2017
with approval from the Committee
for Ethics in the Use of Animals at the
Dr Heitor Vieira Dourado Tropical
Medicine Foundation (ref. no.
001552/2017.011/FMT-HVD/CEUA).
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2.2. Phospholipase A; Activity

PLA2 activity was assessed by
the indirect hemolysis method using
a Petri dish with agarose gel and the
following reagents: 2 mL 0.01M
CaClz; 2.4 mL egg yolk diluted 1:3 in
PBS; 2 g 1% agarose; 200 mL 0.9%
NaCl pH 7.2; 40 uyL 0.005% sodium
azide; and 2.4 mL human erythro-
cytes. Based on a previous study, 2.5
ug, the equivalent of 2 x MiHD (min-
imum indirect hemolytic dose)
(Moura et al., 2014), of each of the
14 venom samples were placed in
duplicate in wells measuring ap-
proximately 3 mm. The reaction was
monitored after incubation of the
plates for 16 hours, and the diame-
ters of the halos formed were meas-
ured. PLA2 cleaves the lecithin in the
egg yolk, forming lysolecithin, which
causes the red blood cells to lyse
and a lighter halo to form around
the well. The PLA2 activity of each
sample can thus be assessed visual-
ly based on the size in cm? of the
respective halo (Gutiérrez et al.,
1988).

2.3. Coagulant Activity
Coagulant activity was evalu-
ated according to the method de-
scribed by Theakston and Reid
(1983) with modifications. A 200 L
volume of human plasma (2.8 g/L in
PBS pH 7.2) was previously incubat-
ed at 37°C. Next, 10 yL of venom
samples at a concentration of 1
mg/mL were added to the mixture,
and the time required for a fibrin
mesh (clot) to form was observed
visually and measured in seconds.
The absence of a fibrin mesh after
10 minutes was considered to indi-
cate an absence of coagulant ac-
tivity in the samples.
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2.4. Sodium dodecyl sulfate
polyacrylamide gel elec-
trophoresis (SDS-PAGE)

The protein profiles of the indi-
vidual venoms of Bothrops atrox
were analyzed by SDS-PAGE follow-
ing the protocol described by
Laemmli (1970) with modifications.
The electrophoresis was run at 100
V, and the running gel and stacking
gel concentrations were 15% and
5%, respectively. The following pro-
teins (7 yL each) were used as mo-
lecular weight markers: myosin (192
kDa), B-galactosidase (102.1 kDa),
bovine serum albumin (58.1 kDa),
ovalbumin (41 kDa), carbonic an-
hydrase (27.9 kDa), soybean trypsin
inhibitor (20.4 kDaq), lysozyme (15.1
kDa) and aprotinin (6.4 kDa) (Bio
Rad® Prestained SDS-PAGE Stand-
ards, broad range, USA, catalog no.
161-0318). After the gels were run in
the Mini-PROTEAN system (Bio Rad®)
(Bio-Rad, USA), they were stained for
two hours with Coomassie Brilliant
Blue R-250 (Bio Rad ®) and left in a
destaining solution for 24 hours to
enable the protein bands to be vis-
ualized and the protein migration to
be measured with a milimeter-
scaled ruler. The samples were ap-
plied to two gels and run separately,
each with seven samples, to visual-
ize the protein bands for all 14 sam-
ples. Gel 1 contained samples from
snakes 1 to 4 while gel 2 contained
samples from snakes 5 to 7. The mo-
lecular weights of the five proteins in
the visible bands were determined
from the displacement in mm of the
bands and the graphs constructed
with the molecular-weight markers.
Imagel® free image processing
and analysis software was used to
convert pixel concenfration into
protein density.
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Dot-ELISA

Dot-ELISA was used to deter-
mine the minimum concentrations
of the proteins reactive to PABa
(Towbin and Gordon 1984). A 2 uL
volume of different concentrations
(2x10% ug; 1x10° pg; 0.5x10° ug;
0.25x10°% V[e} 0.125x10° V[e}
0.0625x10°>  pg; 0.03125x10°  ug;
0.015625x10% ug) of the individual
venoms was applied to a nitrocellu-
lose membrane. After the mem-
brane had dried, it was blocked
with 5% Molico® Nestlé skim milk in
PBS pH 7.2 at 4 °C for 24 hours. The
membrane was then incubated at
room temperature for one hour with
PABa diluted 1:400 in PBS pH 7.2,
washed with PBS pH 7.2 and incu-
bated for an hour with peroxidase-
conjugated anti-mouse IgG (Thermo
Fisher Scientific®) diluted 1:1000 in
PBS pH 7.2. Next, the membrane
was washed again with PBS pH 7.2,
and a developing solution consisting
of an H2O2 substrate in the presence
of the chromogen 3'3 diaminoben-
zidine (DAB - Bio-Rad) diluted in PBS
pH 7.2 was added to detect the
anfigen-antibody reaction. This al-
lowed the minimum concentration
of proteins sharing the same
epitopes recognized by the immu-
noglobulins in the PABa in the differ-
ent venom samples to be deter-
mined.

2.5.

2.6. Statistical analysis

The PLA2 and coagulant activi-
ty experiments were performed in
duplicate so that the mean and
standard deviation of the results
could be determined. The results
were then analyzed with two-way
ANOVA and Sidak’s multiple com-
parison test.

Re
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3. Results

Figures 1 and 2 show the PLA2
and coagulant activities of the 14
venom samples from the seven B.
atrox snakes (left and right glands of
everyone) (Figures 1 and 2).

Coagulant activity

B Rigth gland
Left gland

Snakes

Figure 1. Results of two-way ANOVA
and Sidak’s multiple comparison test for
coagulant activity of the left and right
glands of the seven snakes. (*) Stafisti-
cally significant difference found in co-
agulant activity between left and right
glands of snake five (5). The vertical axis
shows the time in seconds before co-
agulant activity was observed. The hori-
zontal axis shows snakes number 1 1o 7.

Phospholipase A? Activity

R Rigth gland
Left gland

Hemolytic halo (cm?)

Snakes

Figure 2. Results of two-way ANOVA
and Sidak’s multiple comparison test tor
PLA2 activity of the left and right glands
of the seven snakes. (*) Statistically sig-
nificant difference found in PLA2 activity
between left and right glands of snake
5. The vertical axis shows the hemolytic
halo in cm?2. The horizontal axis shows
snakes 1 to 7.

The figures show that there is a
statistically significant difference in
PLA2 and coagulant activities be-
tween the left and right glands of
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snake 5. No statistically significant and right glands. In sample 3R, for
differences in these activities were example, band 4 was much less
observed for the other six snakes dense than in sample 3L. However,
(Figures 1 and 2). a greater difference is observed

Figure 3 shows the protfein between snakes, suggesting that
bands detected by SDS-PAGE in the the composition of the venom varies
14 samples in two gels. There is a between snakes of the same spe-
subtle difference between the cies (Figure 3).

stained profein bands for the left

MW 1R 1L 2R 2L 3R 3L/ 4R 4L MW 5R |5L| &R 6L TR 7L

Figure 3. Results for the two SDS-PAGE gels. Gel 1, on the left, with samples from snakes 1
to 4. Gel 2, on the right, with samples from snakes 5 to 7. A total of 14 samples with the
five most visible protein bands numbered 1 to 5 on the left of the figure. MW: molecular
weight markers; 1R: venom sample from the right gland of snake 1; 1L: venom sample
from the left gland of snake 1. The other samples follow the same paftern (2R, 2L efc.).

In the analysis of the minimum snakes adapt as they grow and their
concentration of proteins that share food preferences and habitat
the same epitopes detected by change, but also to improve man-
PABa, variations were also found agement of the different clinical
between snakes and between their manifestations patients may present
left and right glands. For example: in with depending on the snake in-
snake 1, the minimum concentra- volved in the snakebite (Amazonas
tion was 1R = 0.125x10° ug and 1L = et al., 2019).
0.062x10°> pg; in snake 3, 3R = The recommended treatment
0.25x10° and 3L = 0.125x10% ug; in for envenomation is administration
snakes 5 and 6, 5R and 6R = of specific snake antivenom as soon
0.125x10° ug and 5L and 6L = as the snake has been identified
0.25x10%; and in snake 7, 7R = (Gutiérrez et al., 2017). Populations
0.062x10-> ug and 7L = 0.125x10° ug. that have access to fewer facilities
No statistically significant differences and are farther from the nearest
in the minimum concentrations be- health center are therefore more
tween left and right glands were affected by disabling and even fa-
observed for snakes 2 and 4. tal sequelae. This risk group includes

children, males, fishermen, riverine

4. Discussion communities, indigenous peoples,

An understanding of intraspecific farmers, shepherds, and individuals

variability is important not only to with few years of schooling (da-Silva
elucidate the process by which et al., 2020).
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In Brazil, Bothrops antivenom
is produced in reference institutions
using plasma from horses immunized
with specific antigens from five spe-
cies of the genus Bothrops from dif-
ferent geographic regions: B. ja-
raraca (50%), B. alternatus (12.5%),
B. moojeni (12.5%), B. neuwedi
(12.5%) and B. jararacucu (12.5%).
The pool of reference antigens
therefore does not contain venom
from B. atrox, the species responsi-
ble for most snakebites in the Ama-
zon region (Farias et al., 2018).

The three main biological ef-
fects of Bothropic venom are hem-
orrhagic, coagulant, and proteolyt-
ic. The hemorrhagic effect of Both-
ropic venom is induced by tfoxins
known as hemorrhagins; the coagu-
lant activity is a result of substances
with thrombin-like activity; and the
proteolytic effect is a result of the
activity of proteases, hyaluronidases
and PLAzs. Because of intraspecific
variations, each animal's venom
may contain components in higher
or lower concentrations, resulting in
biological manifestations that differ
between snakebites. The antivenom
must therefore effectively neutralize
all the toxins released in the region
of the bite and in the patient’s
bloodstream to ensure that the vic-
fim suffers less severe complications.
The development of a more inclu-
sive pool of reference venoms is
therefore of utmost importance
(Galizio et al., 2018).

Corroborating studies by Smith
and Mackessy (2020), Johnson et al.
(1987) and Deoras (1963), we also
found differences between samples
from the same individual (left and
right glands): as mentioned earlier,
differences in PLA2 and coagulant
activities were observed in snake 5
although the adult snakes used in
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this study, which were captured in
the state of Amazonas, were kept
under the same conditions. It ap-
pears, however, that the differences
observed here are not as marked as
those reported in the firsts of the two
studies mentioned above (Smith
and Mackessy, 2020 and Johnson et
al., 1987), in which a single snake
was able to produce white and yel-
low venom:s, the latter indicating the
presence of L-amino acid oxidase.
Furthermore, it is not known whether
these differences in venom from a
single snake result in quite different
clinical manifestations in vivo, and
the intensity and frequency with
which these variations occur is also
unknown.

5. Conclusion

Our in vitro findings show that
infraspecific variations in the com-
position of B. afrox venom can oc-
cur, as suggested in other studies.
This corroborates the idea that the
venom is determined mainly genet-
ically but that under certain condi-
tions expression of a particular pro-
tein may be favored over that of
another.

As far as individual variability is
concerned, it is not possible to infer
how often this occurs, what reper-
cussions it has for envenomations
and what the cause could be as
different amounts of protein may
have been injected in prey by each
gland before the venom was ex-
tfracted since venom glands in
snakes are positioned on opposite
sides and can eject venom inde-
pendently.

There is therefore a need for
further studies of individual variations
(obetween glands) and the im-
portance of understanding these for
both public health and immuno-
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chemistry, particularly so that ever
more effective snake antivenoms
can be developed.
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