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SUMMARY: The Viperidae venoms are composed of a mixture of constituents with enzymatic and non-enzymatic actions,
which act on ultrastructural components of cells and tissues. Here, the number of mitochondria, mitochondrial area aret thfe numb
mitochondrial cristae from adrenal glands cortex treated with snake venoms were tested after 3, 6 and 24 hours of venenT gecti
mitochondria quantitative changes showed a statistically significant decrease, in the number of mitochondria past 3, &z 24 h
was an increase in the mitochondrial area after 6 h, v@retalus vegrandisenom did not present significant differences W@thtalus
pifanorumor Bothrops venezuelensisnoms. After 24 h, there was an escalation of mitochondrial area in all tested venoms. The number
of mitochondrial cristae after 3 h did not present important differences with the control treatment. After 6 h, the nuitduroofdrial
cristae initiated to decrease under the activities of the 3 venoms action, until 24 h of observation. In the qualitattierbgemas
possible to witness an intense damage of the mitochondria, with loss and swelling of membranes, disappearance of ceistae and th
appearance of myelin figures, which started at 3 h afterht@lusandBothropsvenoms injections. These damages probably were due
to cytotoxic effects of phospholipases, metalloproteases and/or other proteolytic activities present in Viperidae snakieeuggnoms,
more evident irCrotalusvenoms. As far as we know, these results define a novel finding that suggest that Viperidae snake venoms are
extremely toxic to mammalian mitochondria.

KEY WORDS: Adrenal gland; Bothrops venezuelensi€ristae; Crotalus pifanorum Crotalus vegrandisMitochondria;
Venom.

INTRODUCTION

Active modifications of mitochondrial structure andanimals inoculated with natural toxins, or purified snake
function regulate cellular activities. Transmission electrogenoms have been previously described (Rodriguez-Acosta
microscopy (TEM) can be used to obtain micrographs ef al, 2000; Rodriguez-Acoset al, 2003; Sancheet al,
mitochondria with very high resolution, but the2018). Additionally, TEM is possibly the optimum
mitochondrial ultrastructure is sometimes simply deformeghethodology to detect active variations in mitochondrial
during the processing of the sample. Here, a method wagmbranes and cristae during cell outcome alterations such
used that preserves the mitochondrial membrane structage differentiation (Ch@t al, 2006). Conservation of the
of the gland adrenal cells obtained by TEM. Thisntrinsic structure of mitochondria is a challenge because of
methodological instrument has been employed to define aitslphysiological command in reacting to fluctuations in the
assess the internal ultrastructure of mitochondria, in ordericroenvironment. As it is known, mitochondrial
to obtain higher magnifications or resolutions than the oneftrastructure is susceptible to osmolarity variations, acidity,
provided by light microscopy. Processes for the identificatiol@mperature variants, and ion concentrations (Wagiirad),
of mitochondria from the adrenal cortex and medulla, from982; Lebowitzt al, 1996).
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Since the effects of the Viperidae venom occur in Breparation of specimens from adrenal gland cortex for
short period of time (Sanchetal, 2014), a kinetics study transmission electron microscopy (TEM) (qualitative
of adrenal gland cortex from injected mice later than 3, 6tudy). Adrenal glands from envenomed (n=9) and control
and 24 h was chosen, considering an approximate sequemiee (n=3) were employed for TEM studies. The glands were
time, in which the mitochondrial alterations happen. immediately removed from the experimental animals
euthanizedy cervical dislocation. After 3, 6 and 24 h, three
In this work a collection of mitochondrial damagesnice from each group were ready for adrenal gland removal.
was observed, which could clarify the pathologicabamples were sliced at 1 mm thickness, and prefixed at 40 °C
ultrastructural features, as well as the clinical signs regarding2.5 % glutaraldehyde in phosphate buffer saline (PBS) for
the mitochondrial adrenal gland injuries caused by Viperid&eh. Then, they we washed twice in cold PBS for 10 min,
venom accidents. To our knowledge, these results represand post-fixed in cold 1 % osmium tetraoxide in PBS for 2 h.
the first time tracking ultrastructural description of sever8pecimens were washed three times in cold distilled water,
damage of the mice adrenal gland mitochondria triggerathined with 1 % uranyl acetate, dehydrated in a sequences of
by Viperidae venoms. alcohol, and embedded in epoxy LX-112 (Ladd Research Inc.
USA) resin. Ultrathin sections were cut and stained with
uranyl acetate and lead citrate. Samples were observed with
MATERIAL AND METHOD a FEI, TecnaiSpirit 12G2 model transmigsielectron
microscope, with an accelerating voltage of 100 kV.

Snakes.The “tigra mariposa”Bothrops venezuelenyis Study variables on the adrenal gland cortex (quantitative

black rattlesnake(rotalus pifanorum and uracoan study). For the descriptive study of mitochondria from

rattlesnake Crotalus vegrandisspecimens were obtainedadrenal cortex micrograph, the registration and the

from the Waraira Repano mountains, at the north of Caragagsgnification factor revealing the physical image was used.

city, Parmana Town (Guérico state), and Uracoa (Monag@ke images obtained directly from the electron microscope

state) of the Bolivarian Republic of Venezuela, respectivelpcluded and maintained the size, according to the original

(Pifano, 1961). Six adult snakes of both sexes, from earitrease obtained.

species were kept at the Serpentarium of the Tropical Medi-

cine Institute of the Universidad Central de Venezuela (Ca- The estimated variables for the quantitative

racas, Venezuela). description of the mitochondria in the adrenal gland cortex
were: 1) Number of mitochondria; 2) Area of the

Venom collection.The venoms were obtained by letting themitochondria; 3) Number of mitochondrial cristae per

shakes bite into a para-film® stretched over a non-reusalohétochondrial unit.

plastic cup. The sample was centrifuged ¢gdfdr 15 min),

and filtered through a 0.48n filter under positive pressure. Analysis and description of the samples

The venoms were frozen at -80 °C, lyophilised and

maintained at - 30 °C until used. Observation. The frames were presented with the sample
previously contrasted with the transmission electron

Mice. Ultrastructural adrenal gland analyses were performedicroscope. The technological equipment used for this work

using NIH mice (18-22 g), purchased from the Animal Houseas the FEI Quanta 250 FEG microscope in STEM mode.

of the National Institute of Hygiene “Rafael Rangel”, Cara-

cas, Venezuela. Animals were provided with water and fodgigitisation of the Image. The biological systems

ad libitum until used. observation from a micrograph was used for the graphical
study. The images obtained directly from the electron

Ethical approval. For the purpose of this study, the projecticroscope were comprised, and maintained the size

was accepted by the Institute of Anatomy Ethical Committeszcording to the initial increase, with which it was attained.

of the Universidad Central de Venezuela (October 01, 2018he images obtained by the FEI Quanta 250 FEG were stored

under certification number: # 01-10-18, supported in thaigitally in a computer for further study.

norms from the ARRIVE (EU Directive 2010/63/EU) for

animal experiments guidelines, in accordance with the U.Klumerical handling of the results

Animals (Scientific Procedures) Act, 1986 and associated

guidelines. The investigation queries requested, technidalagine J. Morphometric measurements were carried out from

methods selected, and conclusions accomplished are themicrographs obtained in the thin and thick sections by using

authors” complete responsibility. an IMAGE J program (National Institutes of Health, USA).
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Analysis of Variance (ANOVA). The ANOVA s a statistical used to associate the probability that the mean of a group of
procedure that allows analysing if more than two groupgcords was different from the mean of another group of
diverge considerably among themselves, in terms of the&cords. By means of the comparison it was tried to prove a
means and variance. The method for comparing these valbgpothesis of difference among more than two groups

is based on the global variance observed in the groups(bfilton, 2001).

numerical data, to be compared. Typically, the ANOVA was

Number of mitochondria

3 6 24
Time in hours

Principal Components Analysis (PCA).The
principal component analysis (PCA) consists of
expressing a set of variables in an ensemble of
linear combinations of factors, which are not

2 %0 o correlated with each other. This method allowed
ERY; E}:EE § T E il representing the original data (individuals and
e ‘*E{{ — | variables), in a space of fewer dimensions than
'E \‘_x' . n \E B. venezuelensis the Ofigina| space.
308 2 : '
2 5 : { C. vegrandis Smallest statistically detectable difference
g . test (SDD).This test was performed relating the
Z 0 C. pifanorum L . . .

statistical values obtained by Viperidae venoms

mitochondria treatment, with those found in the
control treatment. The letters a, b, ¢, d, e, f, g

Fig. 1. Quantitative analysis of mitochondria number under Viperidae venawere resulting from a posteriori smallest
action. To estimation of the number of mitochondria, per square micromegtatisticauy detectable difference test (SDD)
(un?) after 3, 6 and 24 hours of treatments with snake venom. An analysigRhgstet al, 2001).

variance (ANOVA) of two factors at 95 % confidence was developed, in which

it was found that there were significant differences in treatments (factor 1) P =

0.00 and significant difference for times (factor 2) P = 0.00, with an interacti
of P = 0.00. The graph shows the trends of the means and standard devia

ﬁ%gsz

for the 4 treatments over time, obtained during the study of the number of

mitochondria per square micrometre.

Table I. Quantitative analysis of mitochondria number under Viperidae ven
action. The averages and the standard deviation of the study of the number.
mitochondria per square micrometperf), after 3, 6 and 24 hours of treatments®

Amongst the quantitative changes in the
mitochondria, when the three venoms of the
different snakes were tested, a decrease in their
number was observed. The alterations present

om
n (l)) th venoms fror@rotalusgenus were very

imilar between them, as well as for tBe

with snake venom are shown. The letters a, b, c, d, e, f, g are derived frodgRezuelensiduring 3 and 6 h post injection
posteriori lowest statistically detectable difference test (SDD), in which tkEig.1). However, the three venom species did
groups, that have important differences among their means are assigned diffétehhave statistically significant differences at
letters, in alphabetical order, defining the groups of higher means with the leBesind 6 h post venom injection (Table I).

a, and as its average significantly decreases, it is consigned and represented by

another letter (a to g) (Angst al, 2001).

On the other hand, at 24 h post injection,

Species Timein hours Means + SD the number of mitochondria showed significant
Crotalus pifanorum 3 1.55 + 0.090 abc differences between the groups injected with

6 1.30+ 0.107 bed Crotalus and B. venezuelensigenoms. A

24 0.36 + 0.080 e smaller number of mitochondria were observed
Crotalusvegrandis 3 1.50+ 0.080 abc with Crotalusvenoms (Table I).

6 1.25+ 0.093 cd

24 0.55+0.107 e Regarding the mitochondrial area, after
Bothrops venezuelensis 3 1.59+0.040 ab 3 h of venom injections, the three species

264 igéi 8:(1)(1)3 bgd studied did not _show significant differences

as compared with the normal control, thus

Control 3 1.72+0.120 a S S

6 175+ 0.124 a indicating that initially there were no changes

24 1.75+ 0.126 a in the area of the mitochondria (Fig. 2 and

SDD: smallest statistically detectable difference test. SD: standard deviation.

Table II).
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Past 6 h post injection with venom, an increase in the mitochondrial area Past 24 h of venom injections,
could be appreciated, in whi€h vegrandiglid not present significant differencesno significant differences were
with C. pifanorunorB. venezuelensiBowever, these last two showed statisticallpbserved between the two species of
significant differences among them (Table II). the Crotalusgenus, and there was an
increase of the mitochondrial area up
to 100 % post-injection (Fig. 2 and

Axea of the Mitochondrsa Table 11). When comparing these

s results with those obtained for the
o 05 — CT pifanorum Bothropsvenom, it was observed that
g 55 | e | CEpanis the Crotalus venom species had the
% . {' % B.venezuelensis highest rate of the mitochondrial area
E 03 - L :TE - increase compared with the normal
- »
2 02 Wil control.

: & b
£ s H/{Contml
5 0.1 o
o
72]

0

3 6 24 Twenty-four hours post venom
Time in hours

injection, there were no significant
Fig. 2. Quantitative analysis of the mitochondria area under Viperidae venom act@ifferences in the decrease of the

Assessment of the mitochondrial area per square micrormpet®edfter 3, 6 and 24 hours number of mitochondrial cristae those
of treatments with snake venoms. An analysis of variance (ANOVA) of two factors at 9%{ se injected with the venom of

0,
confidence was elaborated, in which it was found that there were significant differencelsrhc%rt | . H
the changes in the treatments (factor 1) P = 0.00 and significant difference, for the ti la u_s Species. . owever,
(factor 2) P = 0.00, with an interaction of P = 0.00. The graph shows the trends of the mg@A¥Paring these data with the one
and standard deviation, for the 4 treatments obtained over time, during the study oPfH&ined for the case of thg.
mitochondria area. venezuelensisenom, it was found
that both genera of snake venoms
presented significant differences. The
Crotalus genus species presented a
lesser number of those that presented
Table II. Quantitative analysis of the mitochondria area under Viperidae venom Smaller number of mitochondrial
action. The averages and the standard deviation of the study of the mitochondria cristae and consequently, higher
area per square micrometgen@), after 3, 6 and 24 hours of treatments with alterations (Table III).
snake venom are shown. The letters a, b, ¢, d, e, f, g are derived from a posteriori
lowest statistically detectable difference test (SDD), in which the groups, that
have important differences among their means are assigned different letters, in
alphabetical order, defining the groups of higher means with the letter a, and as
its average significantly decreases, it is consigned and represented by another

Observing the qualitative
features in the adrenal gland cortex
normal control, mitochondria were

letter (a to g) (Angset al, 2001).

observed with their tubular cristae, the
inner boundary membrane, the outer

Species Timein hours Means + SD SDD membrane, and the smooth
Crotal us pifanorum 3 013+0.008 d endoplasmic reticulum (Fig.4).
6 0.35+£0.020 b
24 0.49 +0.029 a On the other hand, the adrenal
Crotal us vegrandis 3 0.16 +0.011 d gland cortex mitochondria after 3 h of
6 0.33+0.020 be C. vegrandisyenom injection showed:
24 045+0029 a A) An irregular thickness of the inter-
Bothrops venezuelensis 3 0.18 +0.019 d membrane space in the mitochondria,
whereas the internal membrane could
6 0.28 £0.030 c .
o4 0.36+0.019 b not be seen in some_ areas. The
arrangement of the cristae looked
Contral 3 013£0009 d somewhat irregular. B) In these
6 015+0009 d mitochondria, again the inter-
24 0.14 +0.007 d

SDD: smallest statistically detectable difference test. SD: standard deviation.
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space between the membranes was narrowed and electron dense, suggestinghe cristae were swollen. C)
initiation of autophagy. The arrangement of the cristae was irregular. PastMitéchondrial envelope areas were lost. At
post venom injections: A) the electrondensity of the inter-membrane area suggedtedh post venom injections: A)
initiation of autophagy. B) The space between the membranes was not unifoitnchondria were presented without
cristae and swollen matrix. B) Myelin fi-
gure formation from a mitochondrion was
noticed. C) The integrity of the
35 mitochondria was lost. The matrix looked
swollen (Fig. 5).

Number of mitochondria cristae

30
Control
25
20

15

The adrenal gland cortex
mitochondria after 3 h o€. pifanorum
venom injection showed: A) Autophagy and

Number of cristae

10 1 — aspace between the membranes of different

. i thickness. The cristae lost their integrity. B)
C-pifa'wf""'f‘--I C. vegrandis Areas with loss of the internal membrane

g 3 P 24 and in some places of both membranes were

noticed. C) A swelling of the inter-
membrane space and in certain places the
Fig. 3. Quantitative analysis of the number of mitochondrial cristae under lBembranes look interrupted. At 6 h post
venezuelensis venom activities action. Evaluation of the number of mitochondrial crigi@gom injection: A) There was damage of
per mitochondria after 3, 6 and 24 hours of treatments with snake venom. An anajygiging membranes and vacuolisation in
of vafriancde (hAN(?qVA) of two fact?rs at 35ﬁ% confidfence;l waﬁ elaboratei in whicmi‘te matrix. B) Remains of the mitochondria
was found that there were significant differences for the changes in the treatm . .
(factor 1) P = 0.00 and significant difference for the times (factor 2) P = 0.00 with%@ﬁou_ﬂded by RE.R Clstgrnae,_ suggesting
interaction of P =0.00. The figure shows the trends of the means and standard devi&igfEVious energet|c_ relat|ons.h|p was seen.
for the 4 treatments over time. obtained during the study of the number of mitochondriall N€ IGss of the mitochondrial envelope
cristae per mitochondria. was observed. At 24 h post venom injection:
A) Anincrease in inter-membrane space and
in the electrondensity of the matrix was
observed, suggesting an autophagic process.

Table Ill. Quantitative analysis of the number of mitochondrial cristae under B) Ru_pture of the mltochond“al envelope
Viperidae venom action. The averages and the standard deviation of the stud)"f'md dlgappearance of _C”Stae was observed.
of the mitochondria cristae number per mitochondria, after 3, 6 and 24 hoursC) Cristae and matrix looked swollen.
of treatments with snake venom are showed. The letters a, b, ¢, d, e, f, g ar&kuptures of mitochondria membranes in
derived from a posteriori lowest statistically detectable difference test (SDD), large area were seen (Fig. 6).

in which the groups, that have important differences among their means are

assigned different letters, in alphabetical order, defining the groups of higher The adrenal gland cortex
means with the letter a, and as its average significantly decreases, itis consigneghitochondria after 3 h of B.

and represented by another letter (a to g) (Aegat, 2001). venezuelensigenom injection showed: A)

Time in hours

Species Timein hours Means + SD Swollen cristae and matrix. B) Decrease
SDD in the number of cristae. C) Interruptions
Crotalus pifanorum 3 2749+0.80 a between the membranes. At 6 h: A) Loss
6 15.01+089 ¢ of the mitochondrial envelope was
_ 24 401 £ 039 e observed. B) The formation of a myelin
Crotalus vegrandis 3 2788+099 a figure from the residues of mitochondria
6 1460+ 107 ¢ was observed. C) Partial loss of the
24 300 +043 e : .
. mitochondrial envelope was seen. At 24
Bothrops venezudensis 3 27.01+079 a h A) A ith | f the i
6 2105+078 b : A) Areas wi 0SS O e inner
o4 8.87+087 d membrane and decrease of_ cristae were
Control 3 2706+ 074 a noticed. B) Rupture of the m|tocho_ndr|al
6 27.26+1.08 a envelope and swelling of the matrix was
24 2698+0.80 a observed. C) Partial loss of the

SDD: smallest statistically detectable difference test. SD: standard deviation. mitochondrial cover was seen (Fig. 7).
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Fig. 4. Normal control mitochondria. Cristae (circle); the inner
boundary membrane (full arrow); Outer membrane (empty
arrow). Smooth endoplasmic reticulum (SER). Micromark =
200 nm.

Fig. 5. Adrenal cortex mitochondria from mice treated with
C. vegrandisrenom. After 3 h of venom injection: A) The
mitochondria showed an irregular thickness of the inter-
membrane space (arrow), and the internal membrane cannot
be seen in some areas (oval). The arrangement of the cristae
looks somewhat irregular. B) In this mitochondria, again
the inter-membrane space was not uniform (oval), neither
is the inter-cristae (arrow). C) The space between the
membranes narrowed and electron dense (oval), suggesting
initiation of autophagy. The arrangement of the cristae was
irregular. After 6 h of venom injection: A) The electron
density of the inter-membrane area suggesting autophagy
(oval). B) The space between the membranes was not
uniform (arrow) and the cristae were swollen (star). C)
Mitochondrial envelope areas lost (oval). After 24 h of
venom injection: A) Mitochondria were presented without
cristae and swollen matrix (star). B) Myelin (Arrow)
formation from mitochondria was noticed. C) The integrity
of the mitochondria was lost. The matrix looks swollen
(oval). Micromark = 200 nm.

Fig. 6. Adrenal cortex mitochondria from mice treated with
C. pifanorumvenom. After 3 h ofC. pifanorumvenom
injection showed: A) Autophagy (star). A space between
the membranes of different thickness was observed (arrow).
The cristae lost their integrity (oval). B) Areas with loss of
the internal membrane and in some places of both
membranes (arrows). C) Aswelling of the inter-membrane
space (arrow) and in certain places the membranes look
interrupted (oval). At 6 h: A) There was loss of limiting
membranes (arrow) and vacuolisation in the matrix (star).
B) Remains of the mitochondria surrounded by a RER
cisternae (arrow), suggesting a previous energetic
relationship was seen. C) The loss of the mitochondrial
envelope was observed (arrows). At 24 h: A) Swollen of
the outer membrane (arrow) and decrease of cristae were
noticed (star). B) Rupture of the mitochondrial envelope
(arrows) and disappearance of cristae was observed (star).
C) Cristae and matrix look swollen (star). Rupture of
mitochondria membranes in large area was seen (oval).
Micromark = 200 nm.
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In the qualitative observations it was possible to
see intense damages, with loss and swelling of
membranes, disappearance of cristae, and appearance of
myelin, which attested previous destruction of
mitochondria, which appeared after 3 h of @retalus
andBothropsvenom injections.

The adrenal gland is a highly irrigated organ by
the superior adrenal artery (Pr6, 2014), where capillaries
circulate through the adrenal cortex and anastomoses
forming a plexus outside the medulla. This large blood
flow contributes to the regulation of the adrenal function,
and also makes the gland a suitable target for the action
of proteolytic enzymes present in snake venoms. The
venom toxins are able to modify (increase) vascular
permeability (normally high, given the function of
secretion of the adrenal gland), allowing the extravasation
of compounds, capable of altering the ultrastructure of

8 : = organelles, such as the mitochondria (Bottedlial,
Fig. 7. Adrenal cortex mitochondria from mice treated with 82011).

venezuelensis venom. After 3 h of B. venezuelensis venom injection
showed: A) Cristae and matrix looked swollen (star). B) Decrease in . .
the number of cristae was noticed (oval). C) Interruptions between the There is a dl_fference _betweeﬁrotalus and .
membranes was detected (arrows). At 6 h: A) Loss of the mitochondlﬁ?thrOp_Senvenomat'_on' possibly related to the toxic
envelope was observed (arrows). B) The formation of a myelin figurBl€chanism present in venoms. Rattlesn&ket@lus
from the residues of a mitochondria was observed (oval). C) Parti@nom contains a variety of peptides, enzymes and toxins
loss of the mitochondrial envelope is seen (arrows). At 24 h: A) Areasich as the crotoxin, a toxin that creates an effect of
with loss of the inner membrane (arrow) and decrease of cristae wigiense muscular damage and bleeding blocking platelet
noticed (oval). B) Rupture of the mitochondrial envelope (arrows) anghgregation (Hatet al, 1999) or crotamine that has
swelling of the matrix was observed (star). C) Partial loss of ”E‘ytotoxic effects (Sanchez al, 2018). Also there are
mitochondrial cover was seen (arrow) and swelling of the matrix W‘?ﬁetalloproteases and phospholipases acting on capillary
observed (oval). Micromark =200 nm. endothelial cells (Avila-Agleret al, 1999; Hernandez
etal, 2006), which cause haemorrhages in many organs,
including the adrenal glands (Yehal, 2001).

DISCUSSION
These two completely different effects may seem
counterproductive, however, the effect is additive. Firstly,
Transmission electron microscopy studies describing tlifethe endothelial cells are broken, it will cause a lysis
alterations caused by snake venoms in several organs amnd an internal bleeding effect, which would explain the
infrequent, mainly as regarding the adrenal gland. This showeabpillary alterations. Then these haemorrhages increase
the way to study the mice adrenal gland alterations producedtbg natural response of thrombin, which is hampered by
Viperidae snake venom&iotalus Bothropgenera). This organ the effect of the crotoxin, increasing its toxic effects on
is vital for the mammalian homeostasis processes, such asghbcellular structures such as mitochondria.
synthesis of hormones, blood glucose concentration control and
renal filtration, among others (Selyatitskastaal, 2008). The alterations observed Bpthropsare due to
haemorrhagic metalloproteinase and the coagulant serine
It is known that the snake venom effects occur in a shgtoteases (Girdat al, 2013). The venom also contains
period of time, producing a high rate of early damage in victinietween 15 and 20 enzymes, among them,
(Rengifo & Rodriguez-Acosta, 2004). Here, it is intended tphospholipases, hyaluronidases, monophosphoesterases,
present the damages caused by the venoms that take placec@tylcholinesterases, and thrombolytic enzymes, which
the mitochondria at variable times, creating kinetics of thact by modifying the capillary permeability, causing
approximate time, in which the mitochondrial ultrastructuralecrosis of the affected tissues, and its subcellular
alterations occurred. To show these impairments, 3, 6 and 2ddmponents, including the mitochondria (Lacknet,3).
post venom injection times were taken into account. Therefore, all these toxic activities of batiotalusand
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Bothropshave their direct or indirect action on all thecomplex | (Ascherio & Schwarzschild, 2016). These
mitochondria integrity, causing damage to their membraneshnormalities comprise not only an escalation of the number
or producing necrotic effects by these toxins. of mitochondria, but similarly a distended and anomalous form,
differences in the number of cristae and specific arrangements
Mitochondria remain a fascinating sub-cellularof cristae, and unusual inclusions (Lingakl, 1992).
structure because of their distinctive roles in countless cellular
activities. By using an electron microscope, it is simple to  The alterations produced in the mitochondria, such as
differentiate mitochondria presenting double membranes attee decrease in their number, the mitochondrial area and the
characteristic inner compartmentalization from othenumber of mitochondrial cristae, could indicate a reduction in
intracellular organelles, such as peroxisomes, which presertha metabolic rate, due to the envenoming from the three
single membrane with fine structure without cristae and a dernsgecies of snakes studied. Exceptions have been registered,
crystalloid core (Vakifahmetoglu-Norbeegjal, 2017). In Fig. particularly in rapidly metabolically active tissues, in which
4, a normal mitochondria control is shown, presenting cristatlie mitochondria can be large or small and have or lack of
internal and external membranes and close to the mitochonddeastae. These details agree with the analysis presented here,
two tubules, which are SER elements. The inner membrasiace the number of mitochondrial cristae per mitochondrion
consists of two domains: the inner boundary membraraad the numbers of mitochondria per unit area were apparently
adjacent to the outer membrane and invaginations, whichunrelated. The thesis that the amount of mitochondria is
most cells has the form of cristae, which are connected bsduced in different pathologies was supported by biochemical
tubular openings, called cristae junctions. studies, which observed this phenomenon in hepatocytes, due
to low respiratory capacity (Emmelet al, 1959). Such a
Mitochondria are extremely active organelles that rismetabolic restriction would not only imply a decrease in the
in number by division during the interphase, but, remaisecretion of cortisol, and other corticosteroids, but a decrease
autonomous from the cell cycle. They develop actions of fusiam the concentration of aldosterone. When the secretion of
and fission, which are essential for the preservation of reguldosterone is minimal, large amounts of salt are lost in the
mitochondrial structures and functions. Mitochondria are susfine, decreasing not only the sodium chloride content in the
ceptible to cellular disturbance and have a crucial responsibilixtracellular fluid, but also its volume. As a result, intense
in the origination of programmed cell death. The apoptoticellular dehydration occurs, which may lead to death in a few
changes of the cell are generally produced by the cytochromhays if it is not treated quickly (Azizt al, 2013).
C liberation from the inter-membrane space into the cytoplasm,
initiating the cascade of proteolytic reactions. Even though in numerous cells mitochondria seem to be
randomly dispersed in the cytoplasm, there are evidences
This study proposed that most of the alterations weshowing the association between mitochondria and other
sublethal, and acted by decreasing the production of enegganelles. Such relations are reasonably characteristic, and
damaging the mitochondria, which regulates the oxidativaffer sufficient patterns of the connection between structure
processes. Knowing that mitochondria possess the necessang function. Numerous interpretations indicate that
enzymes for the conversion of cholesterol into the steroidsitochondria are often located near supplies of substrates, or
excreted by the adrenal gland, including cortisol, that recognised places inside the cells that need ATP produced
mitochondrion is a valuable organelle in the elucidation dfy the mitochondria (Nelson & Cox, 2017).
the cellular failures and ultrastructural changes that appear
after the snake venom injection. The function of the mitochondria-ribosome complex is
not very clear, but the proximity between them suggests an
The quantitative results would not necessarily indicatecrease in the synthesis of many proteins related to the cellular
that the venom oB. venezuelensis less potent that the mechanisms of defence, under stress conditions. Mitochondrial
Crotalus species. It is also known that the mitochondriatiegeneration has also been reported (Rodriguez-Aeiosita
necrosis processes had been observed with 8didwrops 1999) in mouse hepatocytes, experimentally injected with
venom (Zarragat al, 2003). rattlesnake venom.

Ultrastructural irregularities of mitochondria have been In conclusion, the current work shows a varied array
known to be frequently caused by drug toxicity (alcohobf effects caused by Viperidae venom activities, which act
hydrazine) involving diverse pathogenic processe®n the mitochondria, altering their morphology and number.
Additionally, it has been proposed that the risk of developing seems that these modifications are primarily triggered by
Parkinson Disease is increased by exposure to toxins, suclhesvenom proteases and phospholipases, but not eliminating
rotenone, that similarly affect mitochondrial respiratoryther venom constituents, for instance, some enzymes and/
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