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APRESENTACAO

A herpetologia trata do ramo da zoologia responsavel pelo estudo de répteis
e anfibios, abordando temas como classificacéo, fisiologia e comportamento, entre
outros. Atuando tanto como presa quanto como predador na complexa rede de
interacOes ecolOgicas, os répteis e anfibios sao fundamentais para o funcionamento
adequado dos ecossistemas - aquatico e terrestre.

Dentro da herpetologia, o estudo ecologico de répteis e anfibios € um campo
bastante amplo, no qual sdo analisadas caracteristicas como interagdes sociais,
comportamento no ambiente, distribuicdo e conservacéao das espécies. Tais animais
s&0 capazes de povoar uma ampla gama de ambientes, com grande variedade de
concentracao de solutos, temperatura e fontes de alimentos. Por serem bastante
sensiveis a alteragcdes nos mesmos, em sua grande maioria decorrentes da intervencao
humana, e dada a grande area de povoamento se tornam importantes bioindicadores
ambientais.

Estudar esses organismos € fundamental para promover sua conservagao, e,
consequentemente, a manutencéo do equilibrio do ecossistema como um todo. Nao
devemos, no entanto, esquecer do impacto direto que a pesquisa de répteis e anfibios
exerce sobre o desenvolvimento do estudo cientifico. Estes animais apresentam um
grande potencial biotecnologico, tendo em vista que as secre¢des por eles produzidas
s&o uma inestimavel fonte de novas moléculas, ou mesmo de analogos de moléculas
ja existentes, que podem auxiliar o desenvolvimento de novos farmacos.

A presente obra se trata de uma coletdnea de textos, e apresenta em seus 6
capitulos novas informagdes na area de herpetologia, tendo como foco a ecologia
destes animais e o potencial biotecnol6gico do estudo dos mesmos. Por fim, esperamos
gue este livro possa colaborar e instigar mais estudantes e pesquisadores na constante
busca de novas tecnologias para esta interessante area de conhecimento.

Daiane Patricia Oldiges
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CAPITULO 3
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ABSTRACT: Atresia is a process of cell
death or apoptosis of the majority of ovarian
follicles, known by a variety of morphological
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or pathological conditions. A large number of
atretic eggs was released by diferent groups
of captive females snakes, in the Laboratory
of Ecologia and Biological Museum, from
Instituto Butantan. Lipoperoxidation induces
tissue damage, related to the pathogenesis of
distinct diseases, which can lead to cell death.
We investigated the released atretic eggs
doing analysis of lipoperoxidation. Extraction
and purification of the lipids were done by
the method adapted from Bligh & Dyer. The
reaction method of the malondialdehyde
biomarker (MDA), a secondary product of lipid
peroxidation complexed with thiobarbituric acid
(TBA), was used. The Reading was done at
532 nm. Analyzing the results, a great variation
in MDA concentration was found in different
atretic eggs at the same pit viper specimen.
For example: Bothrops insularis (from 7.4 to
58 nmols/mL +13.7 of lipid), B. jararaca (from
9.4 to 100 nmols/mL+26), B. leucurus (from
6.1 to 182 nmols/mL £53.7), B. erythromelas
(from 3.6 to 66nmol/mL + 21.6) and B. moojeni
(from 6.1 to 428.4 nmols/mL + 32.7). However,
in comparisons of species, using a Kruskal-
Wallis test, B. moojeni presented highest value
of oxidative stress when compared to the other
species (> 100 nmols/mL). This is the first
lipoperoxidation assay with atretic snake eggs,
showing a high content of MDA and of oxidative
stress. This could induce apoptosis or control
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cell proliferation and may induce the repair of this damage.
KEY WORDS: Lipoperoxidation, Apoptosis, Atresia, cell death, pit viper, lancehead

RESUMO: A atresia € um processo de morte celular ou apoptose da maioria dos
foliculos ovarianos, conhecido por uma variedade de condicoes morfoldgicas ou
patolégicas. Um grande numero de ovos atrésicos foi liberado por diferentes grupos de
serpentes, fémeas cativas, no Laboratério de Ecologia e Museu Bioldgico, do Instituto
Butantan. A lipoperoxidacado induz ao dano tecidual, relacionado a patogénese de
distintas doencas, que podem levar a morte celular. NOs investigamos por ensaio de
lipoperoxidacdo, os ovos atrésicos liberados. A extracao e purificagao dos lipideos
foram feitas pelo método adaptado de Bligh & Dyer. Utilizou-se o método de reacéo do
biomarcador malondialdeido (MDA), um produto secundario da peroxidacao lipidica
complexada com acido tiobarbitarico (TBA). A leitura foi feita a 532 nm. Analisando os
resultados, houve uma grande variacao na concentracao de MDA em diferentes ovos
atrésicos do mesmo espécime de viperideo. Por exemplo: Bothrops insularis (de 7,4 a
58 nmol / mL + 13,7 de lipidio), B. jararaca (de 9,4 a 100 nmol / mL + 26), B. leucurus
(de 6,1 a 182 nmol / mL + 53,7), B. erythromelas (de 3,6 a 66 nmol / mL = 21,6) e B.
moojeni (de 6,1 a 428,4 nmols / mL +32,7). Entretanto, em comparacgdes das espécies,
utilizando o teste de Kruskal-Wallis, B. moojeni apresentou maior estresse oxidativo
guando comparado com as outras espécies (> 100 nmols/mL). Este é o primeiro ensaio
de lipoperoxidagdo com ovos atrésicos de serpentes, mostrando alta concentraacéo
de MDA e elevado estresse oxidativo. Isso poderia induzir a apoptose ou controlar a
proliferagao celular e induzir o reparo desse dano.

PALAVRAS-CHAVE: Lipoperoxidacao, apoptose, atresia, morte celular, viperideo,
jararaca.

11 INTRODUCTION

1.1 Snakes

Latin America has a rich and diverse fauna of snakes, which has its distribution in
different countries according to specific biotic and abiotic factors. They are distributed
through a wide variety of habitats, from arid environments to forests and wetlands,
except in polar caps (CAMPBELL and LAMAR, 2004). They belong to the order
Squamata, which includes snakes, lizards and amphibians and is the main order of the
Repitilia class with the largest number of reptiles described. Between the 3378 known
snake species, 375 are Brazilian (UETZ, 2011).

Among the snakes of medical importance are those belonging to the families
Viperidae and Elapidae, whose representatives are all venomous, endowed with venom
producing glands and specialized dentition for their inoculation (CAMPBELL; LAMAR,
2004; MARQUES et al., 2001). In Brazil, viperids of public health importance basically
comprise three genera: Bothrops (“‘jararacas”), Crotalus (“cascavéis”) e Lachesis

Estudo da Herpetofauna Brasileira Capitulo 3




(“surucucus”).
1.2 Genus Bothrops wagler, 1824

The name of the genus is derived from the Greek bothros, meaning pit, and ops,
meaning eye or face, alluding to the distinctive pit organ, located on the face, between
the eye and the nostril (CAMPBELL; LAMAR, 2004).

According to the list of Brazilian reptile species (COSTA & BERNILS, 2015)
Neotropical pit vipers of the subfamily Crotalinae (“pitvipers”), genus Bothrops
(“lancehead”), consist of 29 species and are widely distributed throughout South
America in a wide variety of habitats (MARTINS et al., 2001; CAMPBELL, LAMAR,
2004).

1.3 Reproductive aspects

Many manifestations or reproductive events are used to categorize the reproductive
cycles of snakes. In females, the pattern and synchronization of follicular maturation
(as primary and secondary vitellogenesis) and ovulation are among the most important
events (ALDRIDGE, 1982). The secondary vitellogenesis and its duration vary with
the species, period of the year, duration of the active season, availability of prey and
amount of fat reserve (DILLER, WALLACE, 1984; NAULLEAU; BONNET, 1996).

Vitellogenesis is the process of hepatic synthesis of vitellogenin and its transport
to the oocytes. It requires the mobilization of a significant maternal reserve and,
consequently, depends on a threshold level of bodily condition (BONNET, NAULLEAU
& MAUGET, 1994).

On the reproductive aspects, members of the genus Bothrops give birth to young
alive, therefore they reproduce by viviparity. The females of the group have similarly
conserved cycles (ALMEIDA-SANTOS; SALOMAO, 2002), although the fecundity may
vary according to the size of the animal body in the different species of the genus
(MARTINS et al., 2001), being influenced by availability of resources in different regions
or habitats (SHINE, 2005).

The larger snakes are more prolific, being able to generate more than 50 offspring
at one time; however, those of moderate to small size - such as Bothrops jararaca
- can generate 20 offspring or less in a litter (CAMPBELL; LAMAR, 2004; JANEIRO-
CINQUINI, 2004).

1.4 Follicular atresia

Follicular atresia is a degenerative, hormonally controlled process by which the
vertebrate ovarian follicles lose their integrity and are eliminated before ovulation. In
primates, most ovarian follicles undergo atresia during development and are reabsorbed
by the ovary before birth (HUGHES; GOROSPE, 1991).

Several studies suggest that apoptosis is the fundamental molecular mechanism
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for the removal of germ and somatic cells in the ovary of mammals and birds (TILLY et
al., 1991; HUSSEIN, 2005). In teleost fish, atresia occurs in natural conditions, as well
as in captivity, especially after spawning.

In reptiles, morphological and histological studies have been performed on ovarian
follicles in Squamates since the 1970s. Guraya, from the 1960s, studied and compared
follicular atresia of mammals and non-mammals, and reported that vitellogenic follicles
become atretic due to lack of appropriate gonadotropic stimulation or imperfect balance
of various hormones (GURAYA, 1965, 1966, 1969, 1973). At this stage they are called
atretic eggs, since they matured, but did not finish developing.

In captivity, females of Squamatas may have a higher incidence of infertile eggs,
both in oviparous and viviparous species (MACHACHERN, 1991; RONNE, 1996).

1.5 Oxidative stress

Reactive oxygen species (ROS) are highly reactive oxygen groups that damage
cellular components, including DNA, protein and lipid (ESSERS et al., 2004). Generally,
ROS are classified into three categories: non-ERO (H,O,) hydrogen peroxide, oxygen
free radicals (O,) and hydroxyl radicals (OH) (STORZ, 2011). These radicals are
generated by intracellular sources, such as normal aerobic metabolism, nutrient
deprivation and ischemia, as well as environmental stress such as ionizing or UV
radiation (STORZ, 2011; ESSERS et al., 2005).

It is believed that apoptosis induced by oxidative stress is one of the main causes
of follicular atresia (MURDOCH, 1998). It has been reported that the accumulation of
ROS resulting from mutations in different electron transport chain complexes leads
to premature ovarian failure and follicular atresia in the human ovary (KUMAR et al.,
2010).

The present work aims to evaluate the oxidative stress by Lipid peroxidation
assay in lipids extracted from the yolk of the atretic eggs released in large quantities in
captivity by the snakes of the Bothrops group. The snakes are kept and monitored in
captivity at the Laboratory of Ecology and Evolution (LEEV) and Biological Museum,
both of the Butantan Institute.

The species under study: B. insularis (an insular specie, endemic to the Queimada
Grande Island, Sao Paulo-Brazil, critically endangered), B. jararaca, B. erythromelas,
B. leucurus and B. moojeni have presented high rate of deposition of atretic eggs in
captivity, at the same time of parturition. For long years of observation, several species
of Squamata, viviparous and oviparous, has been through this phenomenon, but we
have no data published up to now on the research to provide information on molecular
aspects.
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2| MATERIAL AND METHODS

2.1 Maintenance of the snakes in captivity

We monitored the snakes behavior with emphasis on the reproductive cycle and
oviposture (or release of atretic eggs) of 12 adult, captive viviparous female snakes of the
Bothrops insularis species, kept in the Jararaca-ilhoa Conservation Laboratory, located
in the Laboratory of Ecology and Evolution (LEEV) of the Butantan Institute (IB), under
the responsibility of researcher PhD Selma Maria de Almeida Santos, under license
from IBAMA 25650-1. A specimen of each captive female of the species: B. moojeni
and B. jararaca are also part of the LEEV vivarium in the enclosure, and are monitored.
Two species of female pitviper were included: B. leucurus and B. erythromelas, from
the Biological Museum of the Butantan Institute, kept in captivity on the enclosure in
exhibition to the public.

The animals of the Laboratory of Ecology and Evolution (LEEV) were kept
individually in transparent plastic boxes (56.4 x 38.5 x 37.1cm), with lid and sides
perforated and lined with corrugated cardboard (FIGURE 1). The natural conditions of
photoperiod (latitude 23°S), temperature and humidity were maintained. The animals’
diet was composed of mice (Mus musculus) from the Central Vivarium (IB) being offered
at regular intervals of 30 days, respecting the proportion of 10 to 20% of the individual’s
weight. Fresh water was supplied ad libitum.

Biometric data were obtained twice a year. Data regarding behavior and sanity
were daily passed on to the archives of the research projects.

Figure 1. Shelter of animals in captivity.

Transparent, perforated box with corrugated cardboard and water pot for the animal. Vivarium of
Laboratory of Ecology and Evolution, Butantan Institute.

Source: Corréa, P.G. (2018). Photo: Giuseppe Puorto.
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In the Biological Museum, all the snakes were kept individualized in enclosures
with an area of 1m?, with a upper metal grille, and substrate of vegetal soil with cover of
bark of trees (Pinus sp). In the room where the animals are exposed to the public were
kept the natural conditions of photo-period of 10-14h, manual humidity control, to suit
the conditions close to the ideal for the species. In all the enclosures there was a heated
rock with temperatures ranging between 28 and 35°C, branches for displacement and
substrate (FIGURE 2). The diet of the snakes was composed of swiss mice (Mus
musculus) and wistar rats (Rattus norvegicus) from the Central Vivarium (IB) that are
offered at regular intervals of 30 days, respecting the proportion of 10 to 20% of the
individual’s weight. Fresh water was supplied ad libitum.

Figure 2. Bothrops jararaca on display at Biological Museum enclosure.

Enclosure with upper metal grille, branches for displacement and substrate.
Photo: Giuseppe Puorto.

2.2 Collection and preservation of atretic eggs

Once an atretic egg was expelled or released by the females snakes, it was
collected under sterile conditions with gloves, avoiding the contact of the hands with
it (FIGURE 3A). The eggs were measured and weighed and then quickly stored in a
freezer (-20°C or -80°C) in zip plastic bags (10x7cm), in order to preserve the cellular
content and humidity of the follicles.

The frozen atretic eggs were processed on an ice bath (Petri dish with dry ice).
The germinal disc, when present (FIGURE 3B) was collected internally and the cells
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processed for flow cytometer analysis - FACS (data not shown). The yolk or fatty
tissue of the atretic egg was cut (in pieces of about 150 mg), and processed for the
lipoperoxidation assay.

SITTEETRRRTIRARARAREIY
11 12 :

13

Figure 3. Atretic eggs from Bothrops erythromelas.

(A) Atretic eggs released at the parturition of offspring, on the substrate of wood gravel,
enclosure of the Biological Museum, Butantan Institute. (B) Atretic egg of the same animal. The
arrow indicates the presence of a germinal disc in the center. Photo: Giuseppe Puorto.

2.3 Lipid peroxidation assay

Oxidative stress on unsaturated lipids in cell membranes was evaluated by
determining the amount of malondialdehyde (MDA), a three-carbon aldehyde, which is
the final product of fatty acid peroxidation (lipoperoxidized radical), which reacts with
two molecules of acid thiobarbituric acid (TBA) to form a pink chromogen complex.
The content of malondialdehyde was quantified using the TBA-reactive substances
test (TBARS) (OHKAWA et al., 1979), formed as a by-product of fat degradation,
unsaturated fatty acids and hydroxy peroxides.

In brief, from 10 to 20 released atretics eggs by specie were collected in captivity,
measured and frozen (-80 °C) to preserve the germinal disc region (GDR) when present,
to further analysis on flow cytometer (FACS). The samples (about 150 mg/homogenate)
were macerated, washed with PBSN#* and the supernatant was collected and mixed
with TCA solution (20%) and aqueous TBA solution (0.86%). The mixture was shaken
and heated using a boiling-water bath for 30 min. After cooling, n-butanol was added,
and the mixture was shaken. After separation of the butanol layer by centrifugation
at 1500 g for 15 min, its optical density was determined using a spectrophotometer
(ThermoPlate®), with wavelength adjusted to 532 nm (FIGURE 4).
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Figure 4. Simplified lipid peroxidation assay .

Extraction of yolk mass, maceration in conical microtube. Added solutions react in the
lipid peroxidation and the chromogen product malonaldeido (MDA) is visualized in
spectrophotometer, at 532 nm, in pink color.

Source: Corréa, P.G. (2018).

The difference between results of the two optical density determinations was taken
as the TBA value, and amounts of malondialdehyde (MDA) produced were calculated
and compared to MDA standards and expressed as MDA nmoles/mL. Graphs and
statistics were obtained using GraphPad Prism version 5.0 software and the Kruskal-
Wallis test was used to compare MDA among species.

31 RESULTS

3.1 Released eggs

Some wild snakes arrived pregnant from nature, such as B. jararaca and B.
insularis. All the atretic eggs released by the females were collected in the enclosure or
in the boxes at the time of parturition of the offsprings. The total of atretic egg samples
were:

- B. erythromelas 12 eggs being four with germinative disk (GD); B. jararaca 11
eggs being five with GD; B. insularis 17 eggs of two females and two eggs with GD; B.
leucurus 12 eggs and one with GD; and B. moojeni, 39 eggs, but we used only 12 eggs,
of which, five had a GD. In figure five, we observed the different species of captive
snakes, whose atretic eggs were used in this work, in the lipid peroxidation assay.
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Figure 5. Snakes from Bothrops genus used to the assay.

(A) Bothrops insularis, (B) B. jararaca, (C) B. alcatraz, (D) B.erythromelas, (E) B. leucurus,
Photos: Giuseppe Puorto. (F) B. moojeni. Photo: Bruno M. Costa.

Source: Corréa, P. G. (2018).

3.2 Lipid peroxidation

Samples from 10 to 20 atretic eggs collected from the animals were used in the
lipid peroxidation assay, but not all the samples were possible to obtain the results
in triplicate of MDA reading in a spectrophotometer and were therefore dismissed.
In Figure 6A we observed the pink lipid peroxidation product (MDA) observed in the
presence of a strong acid, thiobarbituric acid (TBA), when heated. In Figure 6B we
observed the samples applied in triplicate in a 96-well plate, flat-bottom, for reading the
concentration of MDA by spectrometry, at the wavelength of 532 nm.
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Figure 6. Lipid peroxidation assay (TBARS).

(A) Samples in the microtubes of 1.5 ml after heating with lipoperoxide chromogen (MDA)
that was generated, pink. (B) 96-well plate with the samples in triplicate. Positive result for the
production of MDA, for example, in wells A8, B8 and C8. Source: Corréa, P.G. (2018).

The formation of lipoperoxidized radicals (MDA) from different samples of fertilized
and unfertilized eggs of the snakes: B. jararaca, B. insularis, B. moojeni, B. erythromelas
and B. leucurus showed significant differences in the levels of lipoperoxidized products.
The analysis and calculations of these radicals, performed in GraphPad Prism software
are present in graphs in figure 7. As we observed, there are significant differences in the
concentration of malonaldehyde from one egg to another, even if they were released
in the same parturition, of the same female. This indicates that one egg is under more
ROS action than the others.
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Figure 7 Statistics on GraphPad Prism - TBARS Assay.

Concentrations of MDA expressed in nmol/mL of sample. It’s shown the concentration and
standard deviation per individual atretic egg. Graphics represented by animal species.
Comparative table of species mean by Kruskal-Wallis test.

Analyzing the results, there was a great variation in the concentration of MDA in

different atretic eggs of the same viperid specimen. For example: Bothrops insularis
(from 7.4 to 58 nmol/mL of lipid + 13.7), B. jararaca (from 9.4 to 100 nmol/mL + 26), B.
leucurus (from 6.1 to 182 nmol / mL +53.7), B. erythromelas (from 3.6 to 66 nmol / mL +
21.6) and B. moojeni (from 6.1 to 428.4 nmols / mL + 32.7). However, in comparisons of
the species, using the Kruskal-Wallis test, B. moojeni presented higher concentration
of peroxidized radicals (MDA) when compared to the other species (> 100 nmol/mL).
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4 | DISCUSSION

4.1 Atretic eggs and reproductive cycle

All the snakes released atretic eggs of medium size (~ 25 mm), yellowish color with
hardened yolk, coincident with the parturition season (late spring and early summer).
The snakes that showed the highest release of atretic eggs coincided with females that
had never copulated since they came from nature.

We observed that the number of atretic eggs increased after the females were
kept in captivity in relation to those females that came from the nature pregnant (or
vitellogenic).

4.2 Lipid peroxidation

Reactive oxygen species (ROS) affect multiple physiological processes in
reproduction and fertility, from oocyte maturation to fertilization, embryonic development
and pregnancy.

In lipid peroxidation, there is a loss of selectivity in the ion exchange and release
of the organelles content, as lysosomal hydrolytic enzymes and formation of cytotoxic
products, as in the formation of malondialdehyde (MDA), capable of inducing cell
death. Malondialdehyde is a reactive aldehyde with low stability and widely used as
a biomarker in the evaluation of oxidative stress (PILZ et al., 2000). The imbalance
between antioxidant and pro-oxidant systems, with predominance of oxidizing action
and consequent damages, results in oxidative stress. It promotes changes such as
lipid peroxidation, DNA fragmentation and oxidation of different molecules, leading to
cell death (apoptosis).

Some snakes in the study group came pregnant from nature, while others were
born in the enclosure (captivity) and were never placed to mate. It was observed
that although the reproductive cycle of Bothrops has been biennial, the snakes when
captive undergo to secondary vitellogenesis and release atretic eggs annually at the
time coincident with parturition. The percentage of germinal disc between atretic eggs
is around 19%, and was higher in B. jararaca specie (45%).

The production of free radicals is a continuous and physiological process,
necessary for functions such as cell signaling, differentiation and cell death to occur
properly. During the metabolic processes, these radicals act as mediators for the transfer
of electrons in the diverse biochemical reactions. Nevertheless, overproduction can
cause oxidative damage. When ROS generation exceeds the capacity of antioxidant
defense systems, oxidative stress occurs in the cell.

4.3 Oxidative damages

The main biological molecules, notably DNA, proteins and lipids, can be adversely
affected by ROS. In addition, the reaction with these macromolecules generates
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additional ROS, starting a cascade of damage if not controlled. It is estimated that ROS
are responsible for 10,000 modifications of the DNA nitrogen bases per cell per day
(AMES et al., 1991). Oxidation or methylation of the bases may have the most severe
phenotypic consequences (FALNES et al., 2007).

We can say that the vitellogenic eggs of the snakes of the Bothrops group,
even when fertilized, either with mating or by parthenogenesis (females born in the
enclosure that never copulated) suffer the action of ROS and that ends up making the
development of the embryos unfeasible.

Oxidative damage to oocyte lipids has been implicated in the cause of loss of
quality of the oocytes. It is believed that the ability to resist oxidative stress may be
a key factor for a specimen, which in turn may have a greater chance of survival and
reproductive success.

A complementary study to elucidate if this is actually cell death by apoptosis would
be the study of these germinative disc with different cell differentiation markers.

51 CONCLUSION

Changes in the levels of peroxidized lipids obtained in this study indicate the
involvement of lipid metabolism in the phenomenon of atresia in snakes, especially the
genus Bothrops, which is an unpublished data.
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