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ABSTRACT

The current assay describes the implementation of an innovative animal model to in-
vestigate toxin pathology in vivo, with the possibility of using zebrafish larvae (Danio rerio)
(7dpf) smear/imprint technique for preliminary inspection of snake venom activities. Molecu-
lar exclusion chromatography was done using proteins less than 30 kDa for the larvae and
thus be assured that we had neurotoxins in the inoculum, since neurotoxins are generally of
low molecular weight. The cuaima (Lachesis muta muta) venom, in addition to being neuro-
toxic, it is also haemorrhagic and proteolytic. Evident toxins damages were caused by the
snake venom on zebrafish larvae, such as epidermal, neurotoxic and myotoxic alterations that
by direct testing of a larval smear/imprint procedure they were quickly and easily demonstrat-
ed. Here was established a number of alterations, such as an obvious curvature in the caudal
segment, which was accompanied by the death of the population of epidermis cells (tested by
acridine orange) at the end of the larval tail; cells with highly vacuolated cytoplasm; nerve
cells with a high presence of vacuolated cell bodies and irregular band pattern in the sarco-
mere units of muscle tissue. This method will allow to have a quick preliminary vision of the
injuries that the snake venom is capable of producing in several tissues, showing in terms of
time an advantage on the classical histopathological methods.

Keywords: Acridine orange staining, Danio rerio, Lachesis muta muta, smear/imprint tech-
nique, venom, zebrafish larvae.

INTRODUCTION al. 2020; Sé&nchez et al. 2018; Neri-Castro et

Assays for exposing snake venoms ac-  al. 2020). Snake venoms are complex mixtures
tivities on different tissues have evident clini-  of proteins and polypeptides (Tasima et al.
cal, and experimental applications (Giron et  2020) that that besides biochemical and bio-
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logical assays, they require be evidenced by
histological techniques, in order to visually
observing the damage generated by the vari-
ous components of these venoms, which
sometimes are not identifiable by conventional
biochemical procedures.

Numerous attempts have been made to
identify venoms by bioassay of their neurotox-
ic and/or myotoxic activities (Zanotty et al.
2019). Nevertheless, these assays are costly,
time consuming, and sometimes nonspecific.
To comprehend the action of given toxins ac-
tivities, sophisticated analysis are necessary.
At present histological and electron microsco-
py, among others, can be used to investigate
such activities, but they do not allow obtaining
fastest and effortlessly results. In the other
hand, the use of mammalian animal models
must be stopped and consequently, other ani-
mal models should be assumed. A different
commonly used model relies on Zebra fish,
because this fish has a genome with 80% simi-
larity to the human.

Here, we have attempted to design an
innovative smear/imprint technique (SIT) that
allows, a rapid and panoramic screening of the
most relevant zebrafish larva (7dpf) organs in
a single sample, where structural damage can
be observed at the tissue and/or cellular level
that quickly guides the researcher to the target
organ, where the purified toxin and/or a crude
venom actions are directed (Jung et al. 2016).

This technique, not only will be useful
for the study of natural toxins, such as snake
venoms, scorpions, spiders and other venom-
ous animals, but also it can be used in the de-
scription of any toxic substance, which would
need to be evaluated on an ample distribution
of different organs and tissues, identifying its
target in all organism very quickly without
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needing particular tools and would be low-
cost, reproducible and circumvent the use of
high numbers of animals, especially mam-
mals. It is innovative since we believe that it is
an original work, which had not been done
previously.

Due to scarcity of literature regarding a
single snake venom poly-specific damage
valuation protocols, we attempted to develop a
procedure that would be comprehensive to
elicit researcher’s interest, as a preliminary
view of toxic activity can guide the
toxinologist toward the organ or tissue that
would target toxic activity and save time and
laboratory resources. We are using the
zebrafish at the 7dpf development point,
because at this stage most of the organs are
matured and working.

MATERIALS AND METHODS

Venom collection. Six adult males and fe-
males of “bushmaster” (L. muta muta) snakes
were collected at the Sierra of the Turimiquire
Range (Anzoategui, Monagas, and Sucre
states, Venezuela). Its venoms were pooled at
the Tropical Medicine Institute Serpentarium
of the Universidad Central de Venezuela (Ca-
racas, Venezuela). The venom was achieved
by letting the snakes to bite into a disposable
plastic cup covered by Para-film® (Sigma-
Aldrich, St. Louis, MO, USA). Each venom
sample was centrifuged in an Eppendorf Cen-
trifuge 5430R (Eppendorf, USA) at 10,000 g
for 5 min, filtered through a Millipore filtra-
tion MillexHV (Millipore, USA) unit 0.45
pm, under positive pressure, and lyophilised.
They were preserved at -90°C until use.

Ethical statement. Qualified personnel organ-
ised all the experimental methods relating to
the use of live animals. This work was ap-
proved by the Institute of Anatomy Ethical
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Committee of the Universidad Central de
Venezuela on 20 January 2019 under assur-
ance number: (# 20-01-19) and followed the
norms obtained from the Guidelines for the
Care and Use of Laboratory Animals, pub-
lished by the National Institutes of Health
guide for the care and use of Laboratory ani-
mals (NIH Publications No. 8023, revised
1978) (NIH, 1985).

Chromatography purification of L. muta mu-
ta venom. Five milligrams of Lmm venom in
500 pL of starting buffer was run in a Sephac-
ryl 300 size exclusion column on a chromato-
graphic system (BIORAD, USA). Low mo-
lecular mass fractions (below 30 kDa) were
selected for testing on the zebrafish larvae
model.

Method to obtain zebrafish larvae. Adults
and wild-type zebrafish larvae (Danio rerio)
were cultured using a modified method
(Westerfield 2007). The larvae were used 7
days after fertilization of adult fish at 28.5 °C.
The larvae were placed in a microtitre with
sterile fresh water solution; then, the venom
was tested in the zebrafish model. Five larvae
per well were placed at different venom con-
centrations (20 to 70 g in 2000 uL) in sterile
fresh water, as indicated below.

Morphological bioassays. Ten larvae of
zebrafish (Danio rerio) of 7 days post-
fertilization (dpf) were treated with 50 pg/2
mL of the low molecular mass fractions
(<30kDa), from the Lmm snake venom, in or-
der to evaluate the effects caused by the toxins
and the possible signs of toxicity in tissues.
For the SIT, a clean glass slide was placed on
a flat surface. The experimental larvae were
added to one end (as a blood smear slide is
done). Then, taking another clean slide, and
holding at an angle of about 45°, after squeez-
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ing the larva to break it, with one end of the
slide, the larvae was running along the edge of
the slide by capillary action (Figure 1). Later,
the treated larvae smear was May-Grunwald
Giemsa (MGG) (Sigma-Aldrich, St. Louis,
MO, USA) stained, according to standard pro-
tocols. Normal control larvae were carried out
by the same procedure of SIT. In this sense,
the observation was carried out by determin-
ing the different organs from the zebrafish
normal and envenomed larvae, using a white
light microscope (Olympus BX50, USA).

Cytomorphometry. Digital images of the re-
spective imprints, from normal controls and
treated with the venom through a digital cap-
ture system were acquired (Capture 1C.22.
Imaging Sourse, The Imaging Source, LLC,
USA), incorporated into an Olympus BX50
Microscope, under the objectives UPlanFl
10x/0.30 Phl o/ - and UPIlanFIl 100x/1.30 oil
Ph3 «0/0.17, in the number of five images per
cut.

Segmentation. The segmentation processing
used consisted of the application of the colour
threshold to the original image stained with
(MGG), and then the transformation of the
product obtained, into an 8-bit binary image,
white-grey-black, or mask. The regions of in-
terest were delimited on this binary image;
particularly; the vacuolisation signals in the
epidermal and ganglionic tissue. This was
done through the definition of edges or con-
tours around these areas, by using grayscale
gradients, applying pixel intensity thresholds,
and then estimating the Mean Vacuolar Area
(MVA) and light-dark frequency of the mus-
cle fibres pattern. For all that, we proceeded
through the menu of the Image J Fiji program,
applying Image—Adjustment—Colour
threshold—saturation of regions of inter-
est—>8-bit  transformation—Pixel intensity
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threshold— delimitation of the area of inter-
est— analysis Tool—-> ROI— manual selection
pointer— register as area of interest by con-
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Fig. 1: Larvae envenomation and SIT explanation. (A) Larvae culture. (B) Larvae selection (7dpf)
absortion of excess of water, (C) Incorporation of Lmm venom fraction (60pg/mL). (D) smear/imprint

procedure.

The numerical data were obtained and ana-
lysed with a non-parametric test and were rep-
resented on a geometric graph of linear axis
according to the GraphPad Prism 7.0 statisti-
cal program (GraphPad, USA). In the case of
skeletal muscle fibres was made the quantifi-
cation of the regularity of the striatum pattern
according to fast Fourier transformations, as
well as the architectural pattern of muscle fi-
bres (Pasqualin et al. 2015). Morphological
irregularities were considered and founded
principally on types of modification, in addi-
tion largely categorised as early-stage injures.
Analyses were triplicated as obligatory to en-
dorse any observed damage effects. Addition-
ally, to confirm that the toxicity was reliable
and reproducible, these effects were explicitly
documented as ‘‘positive’” when observed in
>80% (i.e. 8 of 10) of tested larvae. Dermal
epithelium, nervous and muscles systems were
analysed.

May/Grunwald Giemsa (MGG) and acri-
dine orange staining. May Grunwald Giemsa
staining be carried out according to standard
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protocols. For acridine orange staining, the
slides were exposed during 15 min at 100
pg/mL of acridine orange solution, with a
number of washes to remove the superfluous
dye. Tissue images were achieved with Olym-
pus 1X-71 fluorescence microscope at an exci-
tation wavelength of 350 nm.

Statistical analyses. The data is presented as
the mean + standard deviation of 3 independ-
ent experiments, unless otherwise specified.
The significance was set at p <0.05. The level
of significance was p<0.05 for all compari-
sons. All analyses were performed by the
GraphPad Prims software package.

RESULTS

Chromatography purification of Lmm ven-
om. Under the size exclusion chromatography
10 fractions were obtained (data not shown).
A pool from last 5 Lmm venom fractions, with
low molecular mass < 30kDa was selected for
toxicity tests, using the zebrafish larval model.
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Smear/imprints of normal organs and tis-
sues. Images from several normal organs and
tissues are shown (Figure 2).

Smear/imprints of Lmm venom affected or-
gans and tissues from zebrafish larval
population (7dpf). The macroscopic evalua-
tion revealed important changes in the anato-
my of the larval population treated with the
Lmm venom. Thus, when comparing the anat-
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omy of the control larvae (Figure 3A), with
that of the treated larvae (Figure 3B) was pos-
sible to highlight, in 80% of the treated larvae,
the presence of a trunk curvature, as well as an
obvious curvature at the level of caudal por-
tion (Figure 3C), which is accompanied by the
death of the epidermis cell population of the
end of the larval tail, as evidenced by acridine
orange (Sigma-Aldrich, St. Louis, MO, USA)
assay (Figure 3D).

Fig. 2: Normal histological smear-imprint preparations of 7dpf zebrafish larvae (Danio rerio). (A)
Distal or proximal kidney tubule tissue (arrow). (B) Kidney collector tubule (arrow). C) Vitelline body
(arrow). (D) Neuromastoma (arrow). (E) Melanophores (arrow). (F) Mitotic body in dermal epithelium

(arrow). X 100.
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Fig. 3: Zebrafish larval population (5 dpf). (A) Normal control of whole larvae were observed. (B)
Larvae treated with Lmm venom, the curvature of the trunk region (arrow) was noticed. (C) In the caudal
region a strong curvature (arrows) was seen. (D) A robust staining with acridine orange showing
apoptotic nucleus of dermal epithelium cells were observed.

Epidermal tissue. The cytohistological eval-
uation (MGG) and the mean vacuolar area
(MVA) of the control and treated samples, in
the imprints allowed to identify the character-
istic footprint of epidermal epithelial tissue.
Epidermal tissue regions of zebrafish larvae
were recognised in the imprints, based on the
appearance of epithelial monolayer of polygo-
nal, nucleated cells with evident intercellular
junctions, and intense mitotic activity (Figure
4(1-A). An epithelial monolayer, with cells
with less polygonal shape, more rounded, with

loss of junctions and highly vacuolated cyto-
plasm was identified in the imprints from
zebrafish larvae treated with venom (Figure
4(1-B). Binary image analysis (Figure 4(1-C)
and its morphometric quantified by the mean
vacuolar area (Figure 4(1-D) were evaluated.
The study of nuclear material showed a nor-
mal (Figure 4(2-A) and treated Figure 4(2-B)
control larval epidermal cell segmentation.
The presence of fragmentation of nuclear ma-
terial and higher average nuclear area were al-
S0 observed.

156



Alvarez et al. 2021

Journal of Experimental and Applied Animal Sciences. 3(3): 151-xxx

ey

300

§ 200 °

~ ®

; 100 °

> '

—_—
0 I YY1

Control Venom

Mean density (AU)

50001

4000 A

30004
Contlol

20001

1000

'H\ IIH Hll....‘

04

Gr eyscale (pixels)

300

Fig. 4: Epidermal tissue. (1): (A) Epidermal tissue regions of normal zebrafish larvae were recognised in
the imprints, based on the appearance of epithelial monolayer of polygonal, nucleated cells displaying ev-
ident intercellular junctions (circle), and intense mitotic activity (arrow). (B) An epithelial monolayer
showing cells with less polygonal shape, more rounded, with loss of junctions (circle) and highly vacuo-
lated cytoplasm (arrows) were identified in the smear/imprints from zebrafish larvae treated with Lmm
venom. (C) Binary image analysis and (D) its morphometric were quantified by the mean vacuolar area
(MVA) from control and venom values. X 100. (2): Normal (A) and treated (B) control larval epidermal
cell segmentation. The presence of fragmentation of nuclear material (arrow) and higher average nuclear
area (graph) were observed. AU: arbitrary units. Bar = 0.012 um.

Nervous tissue. Regions of nerve tissue of
zebrafish larvae were recognised by SIT,
based on the microarchitecture, formed by
clusters of obvious cell bodies sending fila-
mentous projections, like strongly coloured
nerve projections (Figure 5(1-A). Microarchi-
tecture of similar conformation was recog-
nised in smear/imprints from larvae treated
with venom, however, with a high presence of
vacuolated cell bodies (Figure 5(1-B). Binary
image analysis (Figure 5(1-C) and its mor-
phometric were quantified by the mean vacuo-
lar area (Figure 5(1-D). Control (Figure 5(2-
A) and treated (Figure 5(2-B) nerve fibre
segmentation were evaluated. The existence of
numerous vacuoles in addition to the vacuolar
distribution were highlighted.
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Muscular tissue. Regions of normal skeletal
muscle tissue of zebrafish larvae were recog-
nised in the imprints based on the obvious
morphology of striated fibre, with a pattern of
bands along the fibres and sarcomeres high-
lighting the Z bands (Figure 6(1-A). Evident
striated fibre morphology was identified in
smear/imprints from larvae treated with the
venom, however, these images showed irregu-
lar band pattern in the sarcomere units (Figure
6(1-B). The analysis of the respective binary
images (Figure 6(1-C) and their morphometric
confirmed this (Figure 6(1-D). The segmenta-
tion of the striation pattern of the normal con-
trol of muscle fibre (Figure 6(2A) and venom
treated (Figure 6(2-B) were estimated. Change
based on different grey-scale histogram pat-
tern is shown.
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Fig. 5: Nerve tissue imprints. (1-A) Regions of normal tissue nerves of zebrafish larvae formed by clus-
ters of obvious cell bodies sending filamentous projections, like strongly stained nerve projections (oval)
in the imprints were recognised. (1-B) Microarchitecture of similar conformation was identified in
smear/imprints of larvae treated with Lmm venom, but with a high presence of vacuolated cell bodies
(circle). (1-C) Binary image analysis and (1-D) its morphometric were quantified by the mean vacuolar
area (MVA) from control and venom values. X100. (2) Control (A) and treated (B) nerve fibre segmenta-
tion. The presence of numerous vacuoles (arrow) as well as the vacuolar distribution (graph) are high-

lighted. Bar = 0.012 pm.

Cytomorphometry. This allowed quantifying
the different signs of observed damage. Thus,
the Mean Vacuolar Area (MVA), in the repre-
sentative traces of the epidermal tissues, mus-
cle and nerve tissue smear/imprints could be
quantified (Figures 4 and 5). Vacuolar larger
values were recorded in the ganglion cell layer
compared to values of vacuolar size recorded
in epidermal tissue cells, with a statistical sig-
nificance of values of * p <0.05 and ** p>
0.05 respectively (Figures 4 and 5). The ap-
parent interruptions in the sarcomeric assem-
bly recorded in the representative trace of the
muscle tissue of those treated with venom, re-
sulted in a loss of refringence, characterised
by a loss of frequency in the black white pat-
tern recorded by image analysis, and the nu-
merically lower value of this frequency com-
pared to the control (Figure 6(1A and 1B).
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DISCUSSION

At present, the possibility of evaluat-
ing tissue lesions in the different organs of an-
imals envenomed by toxins present in snake
venoms or other toxin-producing animals, re-
quires significant amounts of in vivo and in
vitro cumbersome methods, and also expen-
sive laboratory reagents. Reviewing the status
quo of techniques such as histopathology,
which requires fastidious handling processes,
such as paraffin inclusion, cuts and staining in
some cases, with special colorations: in other
cases, handling and slaughter of small mam-
mals or other animals, as well as other more
sophisticated methodologies, such as electron
microscopy, we are proposing here, the use of
a quick and cheap test, to see damage in zebra
fish larvae caused by snake venom. All of the
mathematical calculations were carried out, to
demonstrate that the findings of tissue altera-
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tions were measurable and certain. Whoever
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Fig. 6: Muscle tissue imprints. (1) images (1-A) and (1-B) were obtained from the control imprint and
venom respectively with equal brightness level. An automatic threshold was applied to both images
before skeletonisation. The skeletons of images (1-A) and (1-B) are shown on the right with their
corresponding spectrum profiles in transformations of the peaks representing the level of the tubules t
organisation. AU: arbitrary units. FT: fibrous tissue. (2) Segmentation of the striation pattern of the nor-
mal control of muscle fibre (2-A) and venom treated (2-B) was evaluated. Change based on different
grey-scale histogram pattern (arrows) was noticed. Bar = 0.012 pum.

For first identification targets, these
methods could be postponed to perform more
sophisticated histopathological studies, by us-
ing fish larvae, in an early stage of develop-
ment, which are very easy to obtain. We wish
to propose in this work a test of undemanding
and fast execution, to make a quick screening
to locate lesions in organs, and from there, at
the site of the altered tissue starting from this
rapid panoramic view tests that are more re-
fined. This quick view places us, at the site of
the damaged tissue, and later we can extrapo-
late to higher organisms, such as humans or
mammals in general (which share a great af-
finity in their genomes, with these fish), the
location of the toxins targets that we want to
explore.

In the current paper has been used low
molecular masses toxins from the “bushmas-
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ter” (Lmm) snake venom. In Venezuela Lmm
species lives in the Sucre, Bolivar, Amazonas,
Monagas and Delta Amacuro states (Rengifo
and Rodriguez-Acosta, 2019). Myotoxic, car-
diotoxic, fibrinolytic, haemorrhagic and plate-
let function activities have been detected in
the fractions of this venom (Zanotty et al.
2019), which showed a high number of pro-
tein bands determined by 15% sodium do-
decyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) (data not shown).

Zebrafish embryos are permeable to
toxins, offering straightforward access for tox-
in dispensation and vital dye staining. These
embryos can without difficulty be handled us-
ing well-established protocols (Zanotty et al.
2019; Stednitz and Washbourne, 2020) as a
rule, main organs include the stomach, intes-



Alvarez et al. 2021

Journal of Experimental and Applied Animal Sciences. 3(3): 151-xxx

tine and the vasculature are in position by 2
days’ post-fertilisation, and embryogenesis is
entire 7 days after fertilisation. Embryos are
optically translucent, a feature that simplifies
direct examination of internal organs by light
microscopy.

Comparing  imprints of normal
zebrafish larvae tissue was possible to observe
the presence of a set of alterations, on differ-
ent organs and tissues of the larvae treated by
contact, with sublethal doses of this venom.
The normal tissues figure was included, in or-
der to see the organ and tissue images can be
identified in a simple smear/imprint.

The epidermis-stratified epithelium
was characterised by large cells in tight junc-
tions and intense proliferative activity, as evi-
denced by the numerous mitotic figures. Epi-
theliums offer an essential defending wall for
our body structures and are similarly the plac-
es where several snake venoms act too. Here,
we present the developing zebrafish epidermis
as a remarkable model system for studying
venom damage on mitotic epithelial cells (Jev-
tov et al. 2014). Visualisation of how damages
in mitosis lead to developmental disorders will
significantly increase understanding of the
pathogenesis of snakebite envenomation. Mi-
tosis is decisive for living thing growth and
differentiation. The activity is extremely ef-
fective and involves well-organised actions to
achieve appropriate microtubule-kinetochore
connection, chromosome segregation and
chromatin condensation. Toxin actions in this
refined process can end in health damages
processes (Percival and Parant, 2016; Sinna et
al. 1992).

In the current work, detecting epider-
mal tissue in the normal control imprints, the
stratified epithelium was characterised by
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large cells in narrow junctions; an intense pro-
liferative activity was highlighted, as evi-
denced by the numerous mitotic figures. Un-
like, the smear/imprints affected by the ven-
om, smaller cells were obvious with loss of
tight junctions, proliferative activity and in-
tense vacuolisation. The presence of fragmen-
tation of nuclear material and higher average
nuclear area as sign of intense damages were
observed. When performing an acridine or-
ange staining, a strong staining fluorescence in
the nucleus of the caudal cells caused by Lmm
venom was highlighted.

Lachesis.m. muta venom triggered ex-
pressive morphological alterations in muscle
tissues. The transverse tubule system in
mammalian striated muscle is extremely struc-
tured and supports to best and standardised
contraction (Sonal et al. 2014). Scarce instru-
ments have been described for the quantifica-
tion of the t-tubule system organisation in
muscle tissues from snake envenomed pa-
tients. Light microscopy exhibited that the in-
tensity of alterations exposed by muscle fibres
correlated with the venom concentrations
used. In the zebrafish normal controls, the
muscle fibres stand out without interruptions
in the sarcomeres assembly, as well as a regu-
lar bright birefringence indicative of highly
organised muscles in the larvae at 7 dpf. In
contrast, after 30 min of incubation with 50 pg
of venom, the envenomed zebrafish larvae
muscle morphology displayed fibres with pro-
nounced heterogeneity in size, several of
which demonstrated double the size and others
smaller the size of the fibres of normal control
muscles. Such variance in the fibres was a re-
sult of the presence of oedematised fibres and
small fibres that have missed part of the myo-
fibrils content, possibly as result of phospho-
lipases and proteolytic activities of the venom.
The muscle affected by the venom also
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showed prominent irruptions, alterations of
smaller cells, with loss of tight junctions, pro-
liferative activity and an intense vacuolisation.
Furthermore, the muscle fibres sections that
were properly noticeable in control samples,
turn lesser organised in venom-treated prepa-
rations. So, one of the mostly affected tissues
was the skeletal muscle, where great vacuoli-
sation was observed, a fact that had already
been described in electron microscopy work
using Viperidae venom (Tu and Morita,
1983). These lesions were characterised by
myonecrosis through widespread vacuolisa-
tion of the sarcoplasmic reticulum (Ponce-
Soto et al. 2010). Segmentation of the stria-
tion pattern of the normal control of muscle
fibre (2-A) and venom treated was evaluated
showing profound differences, which were
demonstrated with the different grey-scale his-
togram patterns. The diffuse character of this
damage may be the consequence of the phos-
pholipids and specific proteases actions on the
cellular membrane, as above proposed. The a-
myotoxins occurring in Viperidae venoms and
other peptides work mutually with sodium
channels, rising sodium influx and causing
myofibril necrosis, which is the product of the
action of different basic toxins in the venom,
such as the phospholipase A2 (PLA2). On the
other hand, these toxins do not always employ
their catalytic activity on the muscle fibre, but
they can induce calcium influx effects occa-
sioning permanent tissue injury (Gasanov et
al. 2011).

Observing nervous tissues, no changes
were observed in the normal control sample,
where normal cell structures appeared to be
intact. In divergence, the snake venom caused
structural changes in the central and peripheral
nervous system (PNS) in the analysed group;
damage to the ganglions cells were clearly vis-
ible under the optical microscope, these cells
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showed signs of an evident process of vacuoli-
sation in the treated samples.

Zebrafish larvae have significant bene-
fits in the evaluation of neurotoxicity, and rep-
resent an excellent in vivo model in this area
(Garcia and Noyes, 2016; Kalueff et al. 2016).
The zebrafish nervous system discloses sever-
al common characteristics with mammals, in-
volving extensive anatomical features, such as
the presence of the cerebellum, telencephalon,
diencephalon, spinal cord and autonomic en-
teric nervous systems (Wullimann and
Mueller, 2004; Guo, 2004; Schmidt et al.
2013). The central nervous system (CNS) de-
velopment of the zebrafish larva take place
within the first three days after fertilisation;
and it has a high degree of genetic, morpho-
logical and physiological homology with hu-
mans (Mueller et al. 2006). It was expected,
that the actions on the synaptic membrane by
the proteolytic toxic processes of the Lmm
venom, would damage the synaptic transmis-
sion of the nervous and muscular structures.

The study of the zebrafish vitelline
body is an exceptional example, for detection
of toxins disorders to primary embryonic
nourishment, and have utility to discern sys-
tematic insights into the developmental origins
of damages (Mizell and Romig, 1997). One of
the best direct via where toxins affect maternal
yolk deposition, is through disturbance of ma-
ternal vitellogenin production (Mizell and
Romig, 1997).

CONCLUSIONS

The SIT was useful for preliminary in-
spection of snake venom activities. The nu-
merous toxic actions and easily demonstrable
epithelial, myotoxic and neurotoxic damages
were evident and induced rapid, with a single
larval smear procedure, re-enhanced with an
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added value provided by the quantitative data
of toxic damage through image analysis. As
far as we know, these results characterised a
novel technique for describing the damage in
zebrafish tissue caused by Lmm.
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