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ESPERMATOZOIDES DE CATETOS (Pecari tajacu Linnaeus, 1758) E
SUBSTRATOS HETEROLOGOS. 2015. Dissertacio (Mestrado em Ciéncia Animal:
Morfofisiologia e Biotecnologia Animal) — Universidade Federal Rural do Semi-Arido
(UFERSA), Mossordé-RN, 2015.

RESUMO: Os testes convencionais, que avaliam a qualidade seminal, ndo possuem a
capacidade de predizer o potencial fecundante de uma amostra. Com o intuito de superar
esse entrave, objetivou-se determinar a capacidade dos espermatozoides de catetos em
promover interacfes com odcitos suinos recuperados de foliculos antrais, bem como a
capacidade de ligacdo a membrana perivitelina do ovo de galinha e identificagdo das
relacGes dos mesmos com o0s parametros espermaticos. Para tanto, o estudo foi dividido
em dois experimentos, sendo utilizados 11 catetos machos, oriundos do Centro de
Multiplicacdo de Animais Silvestres (CEMAS/UFERSA). Em todos 0s experimentos, 0
sémen foi colhido por eletroejaculagdo e avaliado quanto & motilidade espermaética, vigor,
viabilidade, morfologia, parametros cinéticos por analise computadorizada (CASA),
integridade e funcionalidade da membrana espermatica. No primeiro experimento, as
amostras de sémen fresco foram analisadas pelo teste de interacdo in vitro com odcitos
suinos em 5% CO- por 18 h a 38,5°C. Assim, verificou-se que em todos os o06citos
avaliados existia a presenca de interacdes com espermatozoides (média de 100 + 0,0),
tendo sido observado uma média de 19,85 + 5,5 de odlcitos com espermatozoides
penetrados, 39,4 + 4,6 espermatozoides ligados/odcito e 2,46 + 0,7 espermatozoides
penetrados/odcito. Ainda, observou-se uma significativa associacdo entre o nimero de
espermatozoides ligados com indice de progressdo (R=61,7%). No segundo experimento,
0 sémen foi criopreservado em diluente a base de Tris, suplementado com gema de ovo
(10%), Aloe vera (10%) e glicerol (3%). Apds a descongelacdo, as amostras foram
analisadas pelo teste de ligacdo a membrana perivitelina da gema do ovo de galinha, que
foi realizado em atmosfera controlada contendo 5% CO; por 20 min a 38,5°C. As
amostras de sémen fresco apresentaram 140,6 + 194 espermatozoides ligados a
membrana perivitelina (taxa de variacdo de 33,9 — 308,7), ja no Ssémen
congelado/descongelado, verificaram-se 125,1 + 5,5 espermatozoides ligados (taxa de
variacdo de 49,8 — 250,07) (P>0,05). Em adicdo, observou-se a existéncia de relacbes
entre o teste de ligacdo e os parametros espermaticos: vigor (54,6%), deslocamento lateral
da cabeca (R=55,1%), frequéncia de batimento cruzado (R=76,8%), indice de progressdo
(R=61,8%) e indice de linearidade (R=62,2%). Diante disso, conclui-se que ambos 0s
testes podem ser utilizados para a avaliacdo funcional dos espermatozoides de catetos.
Ainda, o teste de ligagdo a membrana perivitelina € um método confidvel, prético e
relativamente simples e que pode ser eficientemente incorporado a analise de rotina de
amostras de sémen catetos.

Palavras-chave: Animais silvestres, teste de interacdo in vitro, membrana perivitelina
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heterologous substrates. 2015. Thesis (Master degree in Animal Science:
Morphophysiology and Animal Biotechnology) — Universidade Federal Rural do Semi-
Arido (UFERSA), Mossord-RN, 2015.

ABSTRACT: Conventional tests that evaluate sperm quality do not have the ability to
measure the potential of a fertilizing sample. This study aimed to determine the ability of
the collared peccary of sperm in interacting with swine oocytes recovered from antral
follicles, perivitelline membrane binding capacity of the chicken egg, and finally identify
relationships between sperm parameters and in vitro interaction tests. Thus study was
divided in two experiments with 11 male collared peccaries from the Multiplication
Center of Wild Animals (CEMAS/UFERSA). In all experiments, the semen was collected
by electroejaculation and evaluated for motility, vigour, viability, normal morphology,
membrane integrity, and kinetic motility parameters by CASA. In the first experiment,
semen samples were analyzed by an in vitro interaction test with swine oocytes conducted
under a humidified atmosphere containing 5% CO: for 18 h at 38.5°C. Thus, it was found
that in all oocytes there interactions with the presence of spermatozoa (mean 100.00 +
0.0), observed the mean of 19.85 + 5.5 oocytes penetrated by spermatozoa, number bound
spermatozoa 39.4 + 4.6 and penetrated spermatozoa 2.46 £+ 0.7. Also, verified a significant
association between the number of bound sperm and straightness (STR) (R2=61.7%;
P=0.04). In the second experiment, semen samples were frozen in a Tris-based extender
plus egg yolk (10%), Aloe vera (10%) and glycerol (6%). After thawing, samples were
analyzed by an egg perivitelline membrane biding test conducted under a humidified
atmosphere containing 5% CO for 20 min at 38.5°C. As result, we identify 140.6 £ 19.4
sperm bound to the perivitelline membrane to fresh samples (binding range 33.9 —308,7),
while in frozen-thawed samples, a total of 125.1 + 5.5 sperm were found (binding range
49.8 — 250.7) (P>0.05). Significant associations between frozen/thawed sperm bound to
perivitelline membrane and various sperm parameters as vigor (54.6%), amplitude lateral
head (R=55.1%), beat cross frequency (R=76.8%), straightness (R=61.8%) and linearity
(R=62.2%) were found. In conclusion, that the two tests can be used for the functional
evaluation of peccaries sperm. The perivitelline membrane binding test is a reliable,
practical and relatively simple method that does not require expensive equipment and can
be efficiently incorporated into the routine analysis of peccaries semen samples.

Key-words: Wildlife, in vitro interaction test, perivitelline membrane.
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1. INTRODUCAO

A caatinga possui uma grande diversidade de espécies animais, dentre as quais
algumas séo cacadas pela populacdo local, uma vez que representam fonte alternativa de
proteinas (SILVA et al., 2010). Nesse contexto, incluem-se os catetos (Pecari tajacu),
classificados recentemente como espécie vulneravel a extin¢cdo nos biomas Caatinga e
Mata Atlantica (ICMBIo, 2014), sendo contudo, considerados uma espécie de populacao
estavel pela Unido Internacional de Conservacdo da Natureza (IUCN, 2014).

Em geral, essa espécie adapta-se facilmente as condicGes de cativeiros, que aliado
ao interesse econémico internacional pela sua carne e pele, tem motivado produtores a
investir na sua exploracdo comercial (NOGUEIRA & NOGUEIRA-FILHO, 2011). Além
disso, o crescente interesse por catetos também favorece a conservacdo e gerenciamento
da biodiversidade local, tornando-se uma solucdo para o aproveitamento de areas
improdutivas em propriedades rurais (ALBUQUERQUE et al., 2007). Contudo, o
sucesso dessa visao de criagdo econémica implica em um bom conhecimento da biologia
da espécie, bem como de seu comportamento e aspectos reprodutivos relacionados a
ambos os sexos (SANTOS, 2000).

Nesse contexto, estudos em catetos vém sendo desenvolvidos objetivando
conhecer as principais caracteristicas reprodutivas, buscando a conservacdo dos
germoplasmas masculino e feminino (CASTELO et al., 2010; SILVA, 2012; PEIXOTO
et al.,, 2012; MAIA et al., 2014). Em especial, vérias pesquisas foram realizadas na
otimizacdo de métodos de avaliacdo seminal, como a analise da morfologia espermatica
(SOUSA et al., 2013), integridade estrutural e funcional da membrana (SANTOS et al.,
2011; SOUSA et al., 2014) e analise computadorizada, CASA (CASTELO et al., 2010),
porém essas avaliacdes ainda ndo foram correlacionadas com parametros relativos a
capacidade fecundante espermaética. Assim, a busca por técnicas rapidas, eficazes e
seguras para se avaliar esta caracteristica representa um dos grandes desafios dentro da
biotecnologia reprodutiva, especialmente em espécies silvestres (LUZ et al., 2000).

Diante do contexto, testes in vitro vém sendo realizados em outras espécies no
sentido de predizer a capacidade fecundante do espermatozoide, dentre os quais se pode
exemplificar o teste de interacdo in vitro. O referido teste permite avaliar vérias funcoes
do espermatozoide simultaneamente, incluindo motilidade, capacidade de

reconhecimento e ligagdo a zona pellcida, ocorréncia da reacdo acrossdmica e,
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finalmente, penetracdo na zona pelicida (LANDIM-ALVARENGA et al., 2001; LIU &
BAKER, 2002). Adicionalmente, relaciona-se que o nimero de espermatozoides ligados
a zona pelUcida e os que se encontram no espago perivitelino é considerado proporcional
a capacidade fecundante dos espermatozoides (CODDE & BERGER, 1995). Finalmente,
os testes de interacdo in vitro possuem ainda a capacidade de identificar alteracbes nos
espermatozoides, quando comparado aos testes convencionais (MACEDO et al., 2006;
MARTINEZ et al., 1993).

Apesar da eficiéncia dos testes de interacdo in vitro, sua principal limitacédo
consiste na disponibilidade de odcitos de boa qualidade e quantidade suficiente
(TABERNER et al., 2009). Nesse contexto, o uso de o6citos heter6logos e/ou a membrana
perivitelina do ovo de galinha s&o substratos interessantes para atender essa necessidade.
Em geral, o teste de penetracdo in vitro com odcitos heterélogos representa um método
mais exequivel quando comparado com estruturas homaologas, além de ndo requerer o uso
dos valiosos o06citos, principalmente em se tratando de espécies silvestres (TABERNER
et al., 2009; KOUBA et al., 2001). O teste de ligacdo do espermatozoide a membrana
perivitelina da gema de ovo permite verificar a capacidade fecundante da célula
espermatica em virtude das similaridades entre as glicoproteinas da zona pellcida e da
membrana perivitelina (BARBATO et al., 1998).

Portanto, a combinagdo da analise seminal convencional associada com o0s
resultados de testes de interacdo in vitro utilizando substratos heter6logos permitiria
fornecer um procedimento viavel para predizer a capacidade fecundante de amostras de
sémen de catetos, como ja anteriormente relatado em amostras de sémen de rato-do-chédo
(Calomys laucha) (CORCINI et al., 2011), felinos em extingdo (Leopardus pardalis e
Leopardus tigrinus) (BAUDI et al., 2008), equinos (CHOI et al., 2003) e asno Cataldo
(TABERNER et al., 2009).
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2. REVISAO DE LITERATURA
2.1. Tecnologia de sémen: Estado da arte em catetos (Pecari tajacu)
Os catetos (Figura 1) pertencem a sub-ordem Suiformes, familia Tayassuidae,

juntamente com duas outras espeécies, 0 queixada (Tajassu pecari) e o pecari do Chaco

(Catagonus wagneri) (SOWLS, 1997). Essa espécie é exclusiva das Américas, habita

desde o sul dos Estados Unidos até o Norte da Argentina, estando presente em
praticamente todos os biomas (SANTOS et al., 2000).

Figura 1 — Cateto (Pecari tajacu) criados em sistema intensivo no Centro de
Multiplicacdo de Animais Silvestres (CEMAS/UFERSA). Fonte: CEMAS

Segundo um levantamento realizado pelo Instituto Chico Mendes de Conservagéo
de Biodiversidade (ICMBI0), observou-se que no Brasil, 0s catetos ocupam um status de
menor preocupagdo em termos de um possivel risco de extingdo em praticamente todos
os biomas, sendo classificados como estaveis, exceto na Mata Atlantica e Caatinga, no
qual a espécie é considerada como vulneravel a extingdo (ICMBio, 2014). Devido a esta
situacdo, estratégias de conservacdo desta espécie sdo requeridas. Além disso, esta
afirmativa aliada a facil adaptacdo em cativeiros, possibilita a criagdo comercial de
catetos, com o intuito de diminuir a caca predatoria e fornecer uma fonte alternativa de

proteinas para a populacdo. Para tanto, faz-se necessaria a aplicacdo de programas de
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reproducdo em cativeiros com o uso de biotécnicas de reproducdo assistida como
ferramentas para garantir a conservacdo do material genético, pelo estabelecimento de
bancos de germoplasma (WILDT et al., 1995; SILVA et al., 2012).

Nos altimos anos, varios estudos tém sido desenvolvidos no intuito de aumentar
0 conhecimento nessa area (PEIXOTO et al., 2012; SOUZA et al., 2014).
Especificamente, quanto a criopreservacao de gametas masculinos, varios protocolos de
congelagdo foram estabelecidos (CASTELO et al., 2010, SILVA et al., 2012; ALVES et
al., 2013), bem como métodos de avaliacdo seminal (SANTOS et al., 2011; SOUSA,
2014; CASTELO et al., 2010), resultando em avancos significativos no estudo de varias
espécies.

No que se refere a analise das caracteristicas seminais, HELLGREN et al. (1989)
identificaram nos catetos trés fracGes existentes no ejaculado. A primeira fracdo é
limpida, a segunda considerada rica em espermatozoides e a terceira é a fracao gel. Nessa
espécie ja foram realizadas com sucesso colheitas de sémen por eletroejaculacdo, usando
diferentes protocolos anestésicos, como a associagdo da tiletamina-zolazepam, propofol
e associacdo do mesmo com o atipamezole e medetomidine. Esses trabalhos
demonstraram que o propofol sozinho apresentou uma maior eficiéncia para obtencédo de
espermatozoides vidveis (SOUZA et al., 2009; PAIVA et al., 2014). De acordo com
PEIXOTO et al. (2012) em estudos realizados em catetos criados no Centro de
Multiplicacdo de Animais Silvestres (CEMAS), localizado no Nordeste do Brasil
(Mossoro, RN, Brasil; 5°10°S, 37°10°W), o ejaculado obtido por eletroejaculagdo
apresenta volume médio de 3,5 mL, com concentracio de 0,8 x 108 espermatozoides /mL,
possuindo motilidade de 85,1% com 86,3% de espermatozoides vivos, 79,9% de células
morfologicamente normais e 76,9% de acrossoma integro. No tocante a morfometria, o
espermatozoide da espécie apresentou cabeca com 6 pm de comprimento, 4 um de
largura, peca intermediaria e cauda medindo 11,17 + 1,7 um e 26,56 + 1,99 um de
comprimento, respectivamente (SOUZA, 2009).

Recentemente, Lago et al., (2014) realizaram a refrigeracdo do sémen de catetos
a 5°C comparando o diluente a base de tris-gema 20% com tris adicionado de extrato de
Aloe vera a 20%. Mostraram assim que a gema de ovo mantém a qualidade espermatica
por até 36h e a Aloe vera surge como uma alternativa para a refrigeracdo por periodos
mais curtos (24h), ambos sendo possiveis como protetores a serem utilizado em

programas de reproducéo assistida, obedecendo ao tempo de preservacgéo de cada.
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A primeira criopreservacao de sémen com sucesso para essa espécie foi relatada
por CASTELO et al. (2010), utilizando um diluente a base de Tris suplementado de gema
de ovo (20%) e glicerol (3%), tendo sido alcancados apenas 30% de motilidade
progressiva apds o aquecimento. Em estudo posterior, ALVES et al. (2013), utilizando
um diluente a base de Tris, avaliaram diferentes concentracdes de gema de ovo (5, 10 e
20%) combinado com concentracdo de glicerol (3 e 6%). Os autores recomendaram 0 USO
de diluente a base de Tris adicionado de 10 ou 20% de gema de ovo e 3% de glicerol.

No intuito de aprimorar o protocolo de criopreservacdo de sémen de catetos,
SILVA et al. (2012) avaliaram o uso de diluente a base de agua de coco em pé (ACP-
116C®) acrescida de diferentes concentracdes de glicerol (1,5 ou 3%) e gema de ovo (10
ou 20%). Nesse estudo, verificou-se que o ACP-116C® adicionado de 20% de gema de
ovo e 3% de glicerol proporcionou melhores resultados de motilidade (48,3 £ 6,1%) e
vigor (2,8 £ 0,2) apds aquecimento.

Na busca de um processo de criopreservacdo ideal, aliado a necessidade no
controle de doencas, levando assim a supressdo de substancias de origem animal em
meios de conservacdo de sémen e garantia da seguranca sanitaria nos processos
bioldgicos (BOUSSEAU et al., 1998; SAMPAIO NETO et al.,, 2002), sugeriu-se a
utilizacdo de produtos de origem vegetal. Dentre as vantagens do uso desses produtos,
destacam-se a presenca de substancias similares aos crioprotetores convencionais,
simplicidade de manipulacdo e amplamente distribuidos na natureza, aléem de ndo
causarem danos irreversiveis a célula. Como exemplo, tem-se a Aloe vera (SKINNER,
1997; BOUDREAU & BELAND, 2006). Assim, SOUZA et al., (2014) testaram
diferentes concentracfes de Aloe vera em combinacdo com gema do ovo (20% de Aloe
vera na auséncia e presenca de 10% de gema de ovo). Esses autores sugeriram que 0 uso
da Aloe vera associado a gema de ovo pode ser um protocolo eficaz para criopreservagéo
de sémen de catetos, no qual obtiveram média de 54 + 6,2% de motilidade em comparacao
com 30,6 + 4,2% (20% de Aloe Vera) e 27,8 + 70% (10% de gema de ovo).

A realizacdo de estudos que busquem o aprimoramento da criopreservacao de
sémen de catetos € de grande importancia para a obtencdo de espermatozoides viaveis
necessarios para 0 aumento das taxas de fertilidade. Contudo, faz-se necessario
estabelecer avaliagdes precisas tanto do sémen fresco quanto criopreservado no intuito de

analisar a capacidade fecundante, conhecendo-se a extensao dos danos causados a célula
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espermatica pela acédo deletéria, direta e/ou indiretamente, causada pela criopreservagéo

em termos de atividade fecundante.

2.2. Métodos de avaliacdo seminal

Uma vez colhido o sémen, o mesmo inicialmente deve ter sua qualidade avaliada
com base em pardmetros macroscopicos, como aparéncia, cor, volume e turbidez.
Posteriormente, seguem as analises subjetivas de motilidade, concentracdo, morfologia e
integridade de membranas plasmatica e acrossomal (ZAMBELLI & CUNTO, 2006;
PAPA et al., 2000).

Contudo, para mensurar a fertilidade de uma amostra seminal a analise isolada de
um parametro ndo é capaz de atingir esse objetivo (ARRUDA & CELEGHINI, 2003),
sendo necessario avaliar varios aspectos do sémen em uma analise multifatorial, para

determinar uma maior ou menor fertilidade potencial do macho (SIQUEIRA et al., 2007).

2.2.1. Motilidade e vigor espermatico

A avaliacdo da motilidade espermaética é uma analise importante, pois € uma
ferramenta essencial para predizer a migracdo dos espermatozoides no trato reprodutivo
da fémea, visando a interacdo dos gametas na fecundacdo (RODRIGUEZ-MARTINEZ,
2005; SUAREZ & PACEY, 2006).

Para avaliar a cinética do movimento espermatico de forma subjetiva utiliza-se a
microscopia 6tica, consistindo assim num método simples e de baixo custo; contudo, pode
apresentar grande variabilidade (GARNER et al., 1997).

Em adicdo, o vigor espermatico € um parametro avaliado em conjunto com a
motilidade e definido como a qualidade do movimento exibido pelos espermatozoides
moveis. Para tanto, faz-se uso de uma escala compreendida numa faixa de 0 a 5
(JOHNSTON et al., 2001; ZAMBELLI & CUNTO, 2006).

Esses dois parametros sdo necessarios para predizer a capacidade de penetracdo
dos espermatozoides. Contudo, existem evidéncias de que tais parametros isoladamente
ndo sdo suficientes para determinar a fertilidade de um ejaculado, pois, espermatozoides
com boa motilidade podem ser incapazes de fecundar um o0cito, caso apresentem danos
acrossomais (SALAMON & MAXWELL, 2000). Adicionalmente, estudos a respeito da
relacdo entre a motilidade e fertilidade ainda sdo conflitantes (NOTHLING et al., 1995,
GADEA et al., 1998, SIQUEIRA et al., 2007).
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2.2.2. Analise Computadorizada do Sémen (CASA)

Dentre os métodos de avaliacdo seminal, 0 CASA tem sido o mais utilizado para
avaliacdo objetiva, fornecendo informacdes precisas e significativas da cinética dos
espermatozoides, presentes no ejaculado, baseando-se na avaliagdo individual da célula
espermatica (MORTIMER, 1997; COX et al., 2006).

Os parametros comumente obtidos através de analisadores computadorizados de
sémen sdo: velocidade do percurso curvilinear (VCL), velocidade do percurso medio
(VAP), velocidade em linhareta (VSL), indice de progressao (STR), indice de linearidade
(LIN), frequéncia de batimento cruzado (BCF) e deslocamento lateral da cabeca (ALH)
(MORTIMER, 1997; VERSTEGEN et al., 2002). Os trés parametros de velocidade
(VCL, VAP, VSL) sdo comumente utilizados para descricdo geral do movimento do
espermatozoide, contudo, para uma avaliacdo adicional, foram estabelecidos os
parametros STR e LIN que tratam das relagOes entre estas velocidades (MORTIMER,
1997).

Vaérios estudos tém sido realizados na tentativa de correlacionar parametros
cinéticos e fertilidade (KJAESTAD et al., 1993; SANCHEZ-PARTIDA et al., 1999;
TARDIF et al., 1999). Os autores identificaram que alguns valores dos parametros
observados pela CASA podem estimar a fertilidade in vitro, como relatado em bovinos
(LOSANO et al., 2015), canideos (SILVA et al., 2006) e humanos (TARDIF et al., 1999).
CASTELO etal. (2010) demonstraram pela primeira vez a analise da cinética espermatica

de catetos, contudo, tais resultados ndo foram correlacionado com a fertilidade.

2.2.3. Morfologia espermaética

Como apenas 0s espermatozoides viaveis sdo capazes de interagir com o0 06cito e
iniciar o processo de fecundacdo (WALTERS et al., 2004), admite-se que os danos
especificos na morfologia estrutural das células espermaticas correlacionam-se com a sub
e infertilidade animal (PESH & BERGMANN, 2006).

Para se avaliar a morfologia espermatica, faz-se uso de diversos corantes como
eosina-nigrosina (DOTT & FOSTER, 1972), Spermac (OETTLE, 1993), rosa de bengala
(RODRIGUES, 1997), giemsa (CARDOSO et al., 2003), hematoxilina-eosina (SILVA et
al., 2003) e azul de bromofenol (DERIVAUX, 1980).
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Na avaliacdo desse parametro, existem dois principais métodos de classificacéo
das alteracdes morfologicas. Um deles é dividido em alteracfes primarias, relacionadas a
problemas na espermatogénese, e secundarias, quando os problemas estao relacionados a
maturacdo no epididimo ou devido a errénea manipulacdo, seja esta durante o
processamento, resfriamento, congelacéo ou descongelacdo (JOHNSTON et al., 2001) e
a segunda em defeitos maiores e menores (OETTLE, 1993). Além disso, pode-se dividir
os defeitos em maiores e menores, quanto a regido do espermatozoide em que esta situada
a alteracdo, ou seja, cabeca, peca intermediaria e cauda (CARDOSO, et al., 2003). Apesar
da grande importancia da morfologia espermatica, varios autores relataram que este
parametro tiveram relagdo positiva com a fertilidade, como verificado bovino
(SODERQUIST etal., 1991) e em suino (Gadea et al., 1998).

Em catetos, a avaliagdo morfoldgica dos espermatozoides ja foi estabelecida, na
qual autores analisaram o uso de trés diferentes métodos de coloragédo (rosa de bengala
vs. azul de bromofenol vs. eosina-nigrosina) e recomendaram o uso do corante rosa de
bengala para a avaliacdo morfoldgica espermatica (SOUSA et al., 2013). Contudo, a

referida avaliacdo ndo foi correlacionada com a capacidade de penetracdo in vitro.

2.2.4. Integridade funcional da membrana plasmatica

O teste hiposmotico (HOST) consiste numa método simples, econdmico e com
adequada viabilidade e repetibilidade para avaliar a funcionalidade da membrana
plasmaética dos espermatozoides (MATSUOKA et al., 2006).

Esse método foi desenvolvido por JEYEDRAN et al. (1984) e consiste em
submeter os espermatozoides a uma incubagdo em solucéo hipo-osmética. Assim, estando
intacta a membrana espermatica, ocorre o influxo de agua até que seja atingido o
equilibrio osmético. Como consequéncia desse processo, a membrana se expande
causando o enrolamento da cauda. Contudo, se a membrana estiver danificada, essa
reacdo ndo é visualizada.

Esse parametro é uma caracteristica importante para o0s varios eventos fisioldgicos que
ocorrem antes e durante a fecundacdo (capacitagdo, ligacdo & zona pellcida, reacéo
acrossomica e fusdo dos gametas). Além disso, espera-se que quanto mais
espermatozoides preservarem esta caracteristica, melhor sera a qualidade do sémen (NIE
& WENZEL, 2001). Contudo, quando relacionado com a fertilidade in vitro, foi
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observado relacdo positiva em bovina (CORREA et al., 1997), humanos (JEYEDRAN et
al., 1992) e suino (PEREZ-LLANO et al., 2001).

Em catetos, solu¢des hiposmoticas com diferentes osmolaridades (0, 50, 100, 150,
200 mOsm/L) foram testadas para a avaliacdo funcional da membrana espermatica. Os
autores concluiram que a agua destilada (0 mOsm/L) aparenta ser uma solucdo adequada
para o uso no teste hiposmotico (SANTOS et al., 2013). Porém, ndo existem estudos da
correlagéo entre essa avaliagéo e a capacidade de penetragéo in vitro dos espermatozoides

nessa espécie.

2.2.5. Integridade estrutural da membrana plasmatica

A integridade da membrana plasmaética, € um pré-requisito para que ocorram 0s
eventos fisioldgicos relacionados ao processo de fecundacdo (PAPA et al., 2000). Para a
avaliacdo desse parametro tém sido empregados varios testes, como as colora¢des supra-
vitais, incluindo azul de bromofenol e eosina-nigrosina. Além desses, podem também ser
empregados marcadores fluorescentes, como iodeto de propidio (IP), diacetato de
carboxifluoresceina (DIC), que atuam atravées de reacdes com enzimas citoplasmaticas
(ARRUDA, 2004; TARTAGLIONE & RITTA, 2004)

Contudo, esta informacao na estrutura da membrana plasmatica e a relacdo com a
fertilidade permanece por ser melhor esclarecida (PENA 2000, GADEA et al., 1998).
Essa afirmativa pode ser explicada provavelmente porque esse parametro fornece
informacdes sobre a viabilidade do espermatozoide, mas ndo sobre a sua funcionalidade
em termos de capacitacdo, reacdo acrossdmica e ligacdo com o odcito.

Em catetos, a avaliacdo da integridade da membrana plasmatica por meio de
marcadores fluorescentes foi descrita por SOUZA et al. (2014), quando os autores
realizaram a validacdo dos fluoroforos (IP e DIC). Contudo, ndo ha informacdes sobre a

correlacdo desse parametro com a fertilidade em sémen desta espécie.

Nesse contexto, 0s parametros convencionais utilizados na avaliagcdo espermatica
sozinhos ndo sdo capazes de predizer a fertilidade de uma amostra de sémen, uma vez
que tais metodos apresentam baixa associagdo com a fertilidade (MACEDO et al., 2006).
Portanto, € possivel que, eventualmente machos subférteis sejam usados em programas

de reproducdo. Desta forma, o desenvolvimento de testes in vitro vem sendo proposto,



25

com o objetivo de identificar com exatiddo a capacidade de penetracdo in vitro de

amostras seminais.

2.3. Testes in vitro para avaliacdo da interacdo espermatica

Dentre os testes in vitro propostos, tem-se a fecundacéo in vitro, FIV (COETZEE
et al., 1998), testes de ligacdo e penetracao a zona pelucida utilizando o6citos homologos
e heter6logos (WABERSKI et al., 2005) e teste de ligacdo a membrana perivitelina do
ovo de galinha (BARBATO et al., 1998). Tais testes podem ser utilizados como
ferramenta para determinar a habilidade do espermatozoide em sofrer a reagédo
acrossomal, ligar-se a zona pellcida e penetrar na membrana do odcito (BRACKETT et
al., 1982).

A FIV é o método mais adequado para avaliar a capacidade fecundante dos
espermatozoides, permitindo a avaliagdo da interacdo entre os gametas da mesma espécie
(COETZEE et al., 1998). Alguns autores obtiveram sucesso no uso da FIV para prever a
fertilidade do macho, utilizando o6citos intactos (ovinos: PAPADOPOULOS et al., 2005;
asno Cataldo: TABERNER et al., 2009; suino: PELAEZ et al, 2006). Contudo, esta
técnica ndo pode ser utilizada como avaliacdo de rotina devido aos custos, ao tempo
necessario para a sua execucao e a necessidade da disponibilidade de o6citos homdlogos
(COETZEE et al., 1998).

Ja o teste de ligacdo utilizando odcitos homologos depende das moléculas de
superficie do espermatozoide e seus locais de ligacdo com a zona pellcida (CENSYRA,
1994), avaliando indiretamente os danos no complexo sistema de proteinas,
glicoproteinas e carboidratos, sistema este que permite a interacdo com o odcito (HAY et
al., 1997). Esse teste permite avaliar varias fungdes do espermatozoide simultaneamente,
incluindo a habilidade do espermatozoide em sofrer a reacdo acrossomal, ligar a zona
pellcida e penetrar na membrana do o6cito, que indiretamente possibilita a avaliacdo de
diversas caracteristicas do sémen (LANDIM-ALVARENGA et al.,, 2001; LIU &
BAKER, 2002). Adicionalmente, podem identificar muitos danos espermaticos em nivel
molecular, o que ndo é possivel ao avaliar com a analise convencional (STROM-HOLST
etal., 2001).

O numero de espermatozoides ligados a zona pellcida e os que se encontram no
espaco perivitelino ¢é considerado proporcional a capacidade fertilizante dos
espermatozoides (CODDE & BERGER, 1995). Além disso, ambas as técnicas sdo menos

demoradas em comparagdo com a técnica de FIV, pois a maturacdo do o6cito ndo é um
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passo necessario, somente a penetracdo do espermatozoide e ndo a continuagdo do
desenvolvimento é avaliada (HEWIT & ENGLAND, 1997).

Para a realizacdo do teste de ligacdo e penetracdo in vitro faz-se necessario uma
quantidade adequada de odcitos homologos, na qual constitui um requerimento dificil de
satisfazer para certos animais domésticos e, principalmente, silvestres. Em adi¢éo, sdo
testes relativamente trabalhosos e onerosos, inviabilizando a utilizagdo na rotina de
centrais de inseminacéo artificial (CORCINI, 2010). Consequentemente, a utilizagéo do
teste de penetracdo in vitro com odcitos heterélogos surge como uma alternativa para a
avaliacdo da capacidade fecundante de sémen fresco ou criopreservado em espécies de
pouca disponibilidade de odcitos, uma vez que ndo requer o uso dos valiosos gametas
homdlogos (KOUBA et al., 2001).

BARBATO et al. (1998) desenvolveram o teste de ligacdo a membrana
perivitelina do ovo de galinha, no intuito de simulando a interacdo dos gametas, avaliando
a capacidade fecundante dos espermatozoides. O referido teste apresentou a vantagem de
ser de facil obtencdo, menos dispendiosa e diminuicdo do efeito fémea, uma vez que
diferentes amostras de sémen podem ser incubadas sobre fragmentos de uma mesma
membrana (AMORIM, 2008).

2.3.1. Teste de penetracéo in vitro com odcitos heter6logos

O teste de penetracdo in vitro utilizando odcitos heter6logos surgiu como um
método de avaliacdo da capacidade fecundante do sémen fresco e congelado, no qual os
gametas femininos sdo de animais com maior disponibilidade de odcitos (TABERNER
et al., 2009). Dentre as espécies que podem ser fornecedoras de odcitos, tem-se animais
de laboratério, como o hamster (HANADA & CHANG,1972; YANAGIMACHI et al.,
1976) ou espécies domésticas obtidos post-mortem em abatedouros (COMIZZOLI et al.,
2001).

A eficiéncia do teste de penetragdo in vitro utilizando odcitos heterdlogos ja foi
descrita em humanos (YANAGIMACHI et al., 1976), felinos em extingdo (Leopardus
pardalis e Leopardus tigrinus) (BAUDI et al., 2008), bovinos ndo domésticos (Bos
bisonte, Bos gaurus, Bos grunniens, e Bos javanicus) (MCHUGH & RUTLEDGE, 1998),
equinos (CHOI et al., 2003), asnos (TABERNER et al., 2009) e Calomys laucha (ZHAO

et al., 2002) com resultados satisfatorios.
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Além disso, alguns autores utilizaram odcitos bovinos para avaliar a capacidade
de penetragdo de espermatozoides caprinos (COX et al., 1994), antilope (KOUBA et al.,
2001) e Bison bonasus (PEREZ-GARNELO et al., 2006) demostrando que nas mesmas
condicdes os resultados encontrados com a fecundacéo heterdloga foram similares aos
observados com a fecundacdo homologa. Essa afirmativa confirma que a interacdo dos
gametas heter6logos poder ser aplicada ao sistema homdlogo, sendo Util para mimetizar
0 processo de fecundagdo com mais precisao e reduzida exigéncias de trabalho no ensaio
de penetracdo in vitro.

Sendo considerados filogeneticamente mais préximos aos catetos, 0s suinos tem
sido rotineiramente abatidos em abatedouros locais, tornando-se uma fonte de odcitos
disponivel e de baixo custo. Portanto, o teste de penetracdo in vitro utilizando o6citos
heter6logos apresenta-se como uma possivel técnica para avaliacdo da capacidade de

fecundacdo de espermatozoides frescos ou congelados de catetos em odcitos suinos.

2.3.2. Uso da membrana perivitelina do ovo de galinha

O teste de ligacdo in vitro pela membrana perivitelina do ovo de galinha surge
como uma alternativa para a selecdo de machos com maior potencial fecundante, em
virtude da semelhanca entre glicoproteinas ortélogas da zona pellcida de odcitos de
mamiferos e as proteinas da camada perivitelina dos ovos de galinha (BARBATO et al.,
1998). Deste modo, 0s espermatozoides com maior capacidade de penetracdo nesta
membrana também apresentariam maior capacidade fecundante, quando em contato com
odcitos homélogos (MUGNIER et al., 2009).

Estudos ja foram realizados em sémen de galos, humanos (ROBERTSON et al.,
1997), camundongos (BARBATO et al., 1998), suinos (CORNICI et al., 2012), caprinos
(SANTOS, 2010), gato-do-mato-pequeno (Leopardus tigrinus) (GARAY, 2012) e
canideos (CSERMAK JUNIOR, 2011), no intuito de identificar a capacidade fecundante
dos machos, utilizando a ligacdo dos espermatozoides & membrana perivitelina.
Adicionalmente, esse teste torna-se uma ferramenta Gtil para avaliar os danos aos
espermatozoides causados pelo processo de criopreservagdo, ja descrito em sémen
humano (AMANN et al., 1999), bovino (LOSANO et al., 2015) e caprino (SANTOS,
2010).

O uso da membrana perivitelina tem como vantagens permitir o teste de diferentes

lotes de sémen sobre um mesmo substrato, ou seja, diferentes fragmentos de uma mesma
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membrana, minimizando a variacdo ocorrida ao teste pelo efeito fémea, além da facil
obtencdo da membrana e menos dispendiosa que os o6citos (CSERMAK JUNIOR, 2011).
Adicionalmente, o teste de ligagdo com a membrana perivitelina € simples e de facil
obtencdo (AMORIM, 2008). Ainda, espera-se uma maior uniformizacgéo das respostas de
um mesmo individuo, aumentando assim a probabilidade de observar diferencas entre
individuos (BARBATO et al., 1998).

Assim, diante da dificuldade da obtencdo de uma quantidade satisfatoria de
odcitos de catetos aliado ao sucesso do teste de penetragdo usando membrana perivitelina
do ovo de galinha em outras espécies, sugere a realizacdo desses testes que predigam o
potencial de fertilidade de uma amostra de sémen fresco e criopreservado. Em adigéo, a
combinacdo de analise de sémen convencional com os resultados de testes de penetracao
in vitro deve fornecer um método viavel para avaliar a capacidade fecundante de amostras

de sémen em catetos.
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3.JUSTIFICATIVA

O Pecari tajacu, conhecido como cateto, possui uma populacdo mundialmente
estavel, entretanto, devido a caca predatdria e a destruicdo de seus habitats, nos biomas
Caatinga e Mata Atlantica é considerado como vulneral a extin¢do. Esse fato, aliado a
caracteristica de boa adaptabilidade desses animais em cativeiros, permite a possibilidade
da criacdo comercial, como forma de diminuir a caca predatoria e gerar uma fonte
alternativa de proteina e renda para a populacdo, podendo ainda se tornar uma solugédo

para o aproveitamento de areas improdutivas de propriedades rurais.

Diante do exposto, estudos acerca da fisiologia reprodutiva precisam ser
desenvolvidos, 0s quais sdo essenciais tanto para a conservagdo como para producao da
espécie. Em especial, o desenvolvimento de testes que sejam realizados para avaliar as
condicgdes do sémen fresco e criopreservado sdo importantes para predizer a capacidade
de fecundante do mesmo, haja vista a pouca disponibilidade de fémeas para realizacdo de

testes in vivo, por meio de inseminacdo artificial.

Contudo, os testes de fertilidade in vitro séo de alto custo, além de necessitarem
de uma grande quantidade e boa qualidade de gametas, tornando-se assim limitado para
aplicacdo em algumas espécies domésticas e, principalmente, em silvestres ameacadas ou
ndo. Assim, o uso de teste com odcitos heter6logos e/ou a membrana perivitelina do ovo
de galinha sdo substratos interessantes para atender essa necessidade, visando alternativas
que predigam a qualidade do sémen fresco e criopreservado sem perder a precisdo e

acuracia fecundacéo in vitro.

Esse conhecimento permitira identificar um procedimento vidvel para predizer a
capacidade fecundante de amostras de sémen criopreservado, e consequentemente, 0
estabelecimento de protocolos eficazes de criopreservacdo, bem como a identificacdo do
potencial reprodutivo dos machos. Tais informacdes permitirdo a formacao de bancos de
germoplasma masculino, util para a conservacdo da espécie, além de melhorar o

aproveitamento desses reprodutores dentro do sistema produtivo.
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4. OBJETIVOS

4.1. Objetivo Geral

Determinar a capacidade dos espermatozoides de catetos em promover interagdes com

substratos heterologos.

4.2. Objetivos Especificos

a) Avaliar a capacidade de penetragdo in vitro dos espermatozoides de catetos em o6citos

suinos recuperados de foliculos antrais.

b) Comparar a capacidade de ligacdo in vitro do espermatozoide a fresco e criopreservado
de catetos, utilizando o teste de ligacdo & membrana perivitelina do ovo de galinha.

c) Identificar relacbes entre os parametros espermaticos e os testes de interacéo in vitro,

utilizando odcitos heterdlogos e membrana perivitelina do ovo de galinha.
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Contents: The aim of the present study was to evaluate the binding capacity of collared
peccarie fresh sperm by using the heterologous in vitro interaction test with swine
oocytes, and stablish the relations among sperm parameters with the binding test.
Ejaculates from eleven adult males were collected by electroejaculation and evaluated for
motility, vigor, viability, normal morphology, membrane integrity and kinetic motility
parameters by CASA. In addition, samples were analyzed by the in vitro interaction test
with swine oocytes, which was conducted under a humidified atmosphere containing 5%
CO, for 18 h at 38.5 °C. The results were expressed as mean + sd and a simple linear
regression model was used to identify associations between sperm-—oocyte interactions
(dependent variables) and sperm parameters (independent variables). Thus, it was found
that in all oocytes there interactions with the presence of spermatozoa have interacting
rate was 100%, the mean of number bound spermatozoa 39.4 + 4.6, bound
spermatozoa/oocyte 39.4 + 4.6 and penetrated spermatozoa/oocyte 2.46 £+ 0.7. Verified a
significant association between the number of bound sperm and straightness (STR)
(R2=61.7%; P=0.04). In conclusion, the in vitro interaction test using the swine oocytes
represents indicatives of collared peccary sperm in vitro penetration. Thus, it is suggested
that this in vitro interaction test using heterologous oocytes can be used as an indicator
for the functional evaluation of the fertilizing capacity of collared peccary sperm,
demonstrating its application in the selection of different reproductive.

Keywords:wildlife, semen, in vitro penetration test.

Introduction

Among Neotropical wild mammals, the collared peccary, Pecari tajacu, has been the
target of special attention from the scientific community during the last decade (Nogueira
and Nogueira-Filho, 2011). This species, currently classified as stable populations
(IUCN, 2014), easily adapts to and reproduces in captivity (Mayor et al., 2007), being
alternative protein and economic source for local communities. This way, the captive
breeding could reduce the hunting pressure on wild populations (Abbott and VVan Kooten,
2011), and contribute to obtain valuable information for proper reproductive management
practices. Besides, assist in the selection of individuals best use of these animals with a
view to increase in productivity and efficiency, and for genetic improvement (Guimaraes

etal., 2013).
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It is necessary to be aware of the reproductive aspects of the collared peccaries
when aiming for its multiplication under captivity. Until this moment, semen assessment
in such species has been mainly based on the evaluation of classic parameters (Santos et
al., 2013; Sousa et al., 2013; Silva et al., 2014). In addition, evaluations of semen have
included of the computer-aided semen analysis (CASA) (Castelo et al., 2010; Souza et
al., 2014). These parameters have been routinely used to predict potential fertilizing
capacity of sperm; however some of these have been inconsistent indicators of male
fertility in animals (Januskausk et al., 2000; Tartaglion and Ritta, 2004).

To overcome such limitations, the capacity of spermatozoa to penetrate
homologous oocytes in vitro can be used to estimate fertility (Zhao et al., 2002; Macedo
etal., 2006). However, it is often difficult to obtain oocytes of the same species, especially
when dealing with wild or endangered ones. Therefore, heterologous oocyte binding
assays have been developed, as an alternative is employing oocytes of laboratory animals,
as hamster, since its oocytes can be penetrated by sperm of other species (Hanada &
Chang, 1972; Yanagimachi et al., 1976; Bousquet & Brackett, 1982; Berger et al., 1989)
or structures of domestic species obtained at slaughterhouses (Comizzoli et al., 2001).
Furthermore, compared to artificial insemination, heterologous oocyte binding assays
requires fewer cells. Therefore, sperm function can be thoroughly tested while sparing
valuable gametes (Andrew et al., 2001).

The efficiency of the in vitro interaction test using heterologous oocytes has been
described in human (Canovas et al., 2007), and the domestic swine (Sinowatz et al.,
2003), which is the domestic species more closely related to the collared peccaries
(Cavalcante-Filho et al., 1998). Thus, combining semen analysis with the results of oocyte
penetration assays should provide a reliable method to assess the fertilizing ability of

semen samples (Hewit & England, 1997).
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Therefore, the aim of this study was to evaluate the prognostic value of fresh
semen measurements, e.g. sperm motility patterns and sperm populations identified by
CASA assay, plasma membrane integrity, and sperm morphology, on the in vitro

interaction between collared peccaries sperm and swine oocytes.

Materials and methods
Chemicals, reagents and media
Unless indicated otherwise, all chemicals, reagents and media were from Sigma-Aldrich

(St. Louis, USA).

Ethics and animals

Animal use and care were approved by the Animal Ethics Committee of the Federal Rural
University of Semi-Arid (CEUA/UFERSA, n° 23091.004271/2014-71). A total of eleven
sexually mature male collared peccaries were used. The animals belonged to the Centre
of Multiplication of Wild Animals (CEMAS/UFERSA), located in the northeast of Brazil
(Mossoro, RN, Brazil; 5°10’S, 37°10°W). The climate in this region is typical semiarid,
with an average annual temperature of 27°C. The animals were isolated from the females
3 months before the outset of the study. They were maintained outdoors under a 12 h
natural photoperiod, in groups of five in paddocks (20 m x 3 m) with a covered area of (3
m x 3 m). They were fed on a diet consisting of corn (79.8%), soybean meal (15.4%),
wheat bran (1.45%), calcium (2.6%), vitamin (0.2%) and mineral (0.05%) premix,

supplemented with tropical fruits. Water was provided ad libitum.

Semen collection and initial evaluation



44

The semen collection was performed in the period from September to October. Initially,
males were physically restrained using a hand net and then anesthetized using intravenous
administration of propofol (Propovan, Cristalia, Itapera, Brazil), given as a bolus (5
mg/kg). Semen collection was performed using an electroejaculator (Autojac, Neovet,
Uberaba, Brazil) connected to a 12 V source (Castelo et al., 2010). The volume of the
samples was measured by micropipettes. Sperm motility and vigor (0-5; zero
characterized by no movement and five characterized by progressive forward movement)
were assessed immediately by evaluating a sample (5 pL) using light microscopy at 100x
and 400x magnification, respectively. Bengal Rose stained smears were prepared with 5
uL of semen for evaluating the sperm morphology and acrosomal integrity using light
microscopy (100x), counting 200 cells per slide (Sousa et al., 2013). The percentage of
live spermatozoa was established by analysing a slide stained with brome-phenol blue
under light microscopy (40x), counting 200 cells per slide.

Following initial assessment, 10 uL of semen aliquot was diluted in 2 mL of 10%
buffered formalin, and the sperm concentration was determined using a Neubauer
counting chamber (Silva et al., 2014). Functional integrity of the sperm membrane was
evaluated by a hypo-osmotic swelling test, using distilled water (0 mOsm/L) as the hypo-
osmotic solution. Briefly, an aliquot (5 uL) of semen was diluted in 45 pL hypo-osmotic
solution and kept in a water bath at 37°C. After 45 min, the aliquot of semen was placed
on a glass slide, covered by a coverslip and evaluated by phase-contrast microscopy (40x),
counting 200 cells. Sperm with swollen coiled tails indicated a functional plasma
membrane (Santos et al., 2013).

Plasma membrane integrity was assessed with a fluorescent solution containing
the fluorophores 6-carboxy-fluorescein diacetate (C-FDA) and propidium iodide (PI). An

aliquot (5 pL) of thawed semen was extended in 20 pL fluorescent solution. After 10 min,
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slides of the stained samples were evaluated by epifluorescence microscopy (LEICA,
Episcopic Fluorescent Attachment EFA Halogen Lamp Set, Leica Microsystems Inc.,
Bannockburn, USA). For each sample stained with C-FDA/PI, 200 sperm were counted
and classified as having or lacking an intact plasmalemma, according to the color; sperm
stained green (C-FDA) were considered to have na intact plasmalemma, whereas those
stained red (PI) or partially stained red, were considered non-intact (Souza et al., 2014).
The sperm motility kinetic parameters was assessed by a Computer Assisted
Semen Analysis — CASA (IVOS 12.0, Hamilton-Thorne, Beverly, USA). The following
parameters were analyzed: the number of counted cells; the percentage of total motile
sperm; the percentage of progressive motile sperm; velocity average pathway — VAP
(mml/s); the velocity straight line — VSL (mm/s); the curvilinear velocity — VCL (mm/s);
the amplitude lateral head — ALH (mm); the beat cross frequency — BCF (Hertz); the
straightness — STR (%); and the linearity — LIN (%). According to low VAP cut-off
(LVV) and medium VAP cut-off (MVV), the overall sperm population was subdivided
in four categories: rapid, with VAP > MVV; medium, with (LVV < VAP <MVV); slow,
with VAP < LVV; and static, the proportion of cells that were not moving (Verstegen et

al., 2002).

In vitro interaction test

Oocyte recovery and selection

Ovaries from gilts were transported within 10 min from a slaughterhouse to the laboratory
in saline plus penicillin (0.05 mg/mL) at 35-38°C. Upon arrival, ovaries were washed
thoroughly in prewarmed saline solution and kept at 4-8°C during 17 h for oocyte
harvesting only be performed at the time of semen collection. After this period, follicles

(2-8 mm) were aspirated using needle 21G attached to a 10 mL syringe. The aspirated
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content was placed into 15 mL tubes and the sedimented portion was deposited into Petri
dish containing Dulbecco phosphate-buffered saline (DPBS) supplemented with 0.4%
bovine serum albumin (BSA) and gentamicina sulfate (40 pg/mL).

Retrieved immature swine cumulus-oocyte complexes (COCs) were classified
based on cellular vestments and cytoplasmic uniformity (Bertoldo et al., 2010). Only Gl
to GIII COCs were subjected to in vitro-interaction test. Oocytes with multiple partitions
or lesions in the zona pellucida were not selected. Following oocyte selection, cumulus

cells were removed by successive pipetting, and denuded immature oocytes were used.

Sperm—oocyte co-incubation
The selected oocytes were transferred to 100 pL droplets (10 structures/droplet) of
incubation medium (114 mM NacCl; 3.1 mM KCI; 0.4 mM NaH2PO4; 10 mM calcium
lactate; 25 mM NaHCOs; 10 pg/mL phenol red; 1.4 mM caffeine; 2.0 mM CaCl..2H0;
0.5 mM MgCl,; 10 mM Hepes; 6 mg/mL BSA; 0.45 mM sodium pyruvate; 5.5 mM
glucose and 40 pug/mL gentamicina sulfate), pH 7.4-7.8, adapted by Macedo et al., 2006.

After sperm evaluation, sperm samples were washed by extending them in
incubation medium described above (1:1) and centrifuged (700xg for 10 min) at room
temperature. After washing, the supernatant was discarded and the concentration of sperm
pellet was adjusted dilution in incubation medium, the sperm cell suspension was added
to the oocytes in each droplet of medium to achieve a final volume of 100 pL, with a
concentration of 1 x 10° motile sperm/mL. A minimum of 20 oocytes (two droplets) was
used per replicate.

After incubation for 18 h at 38.5°C under a humidified atmosphere containing 5%
CO2 and 95% air, the oocytes were removed, washed in DPBS plus BSA, and transferred

droplet of PBS associated paraformaldehyde during 30 min, after lavagens with PBS plus
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0.4% BSA. Finally, oocytes were incubated for 10 min in Hoechst 33358 (10 pg/mL) to
stain bound and penetrated sperm heads. Stained oocytes were placed on a clean slide
with glycerol. These oocytes were examined at 40x under fluorescent illumination
(LEICA, Episcopic Fluorescent Attachment EFA Halogen Lamp Set; Leica
Microsystems Inc., USA) to identify the percentage of oocytes bound to sperm; structures
with sperm penetrated into the perivitelline space or ooplasm, and the number of sperm

that had bound and penetrated the oocytes.

Data analyses

The results were expressed as means (xS.D.) and analyzed by Statview 5.0 software (SAS
Institute Inc., Cary, USA). A simple linear regression model was used to identify
associations between sperm-—oocyte interactions (dependent variables) and sperm
parameters (independente variables). From the data of in vitro interactions, the percentage
of oocytes interacting with sperm was calculated; representing the total percentage of all
forms of interaction between oocytes and sperm, as only bound, only penetrated, or bound
plus penetrated oocytes. Similarly, the number of sperm interacting with oocytes was also
calculated, i.e. the number of sperm only bound, only penetrated, or bound plus penetrated

(interacted). Probabilities < 0.05 were considered significant.

Results
The mean values (£S.D.) for fresh semen parameters evaluated by conventional and
computerized (CASA) analysis from adult collared peccary are shown in at Table 1 and

2, respectively.
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Table 1. Mean values (£S.D.) for fresh semen characteristics collected from adult Pecari

tajacu by electroejaculation (n = 11 ejaculates).

Parameters Fresh
Sperm motility (%) 97.9+3.34
Vigor (0-5) 5.0+£0.0
Viable sperm (%) 85.7+9.9
HOST (%) 80.7£6.4
Concentration (106 spzts/ml) 245.0 £ 115.48
Functional membrane integrity (%) 79714
Normal sperm morphology (%) 79.5 + 8.68
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Table 2. Sperm motility patterns observed in collared peccary fresh semen (n = 11) by

computer aided semen analysis (CASA)

Sperm motility patterns Mean £ S.D.
Total motile sperm (%) 83.4+134
Progressively motile (%) 53.1+£26.9
Velocity average pathway (VAP) 54.3+£17.2
Velocity straight line (VSL) (um/s) 39.8+12.3
Velocity curvilinear (VCL) (um/s) 110.0 + 25.6
Amplitude lateral head (ALH) ((um) 57+1.1
Beat cross frequency (BCF) (Hz) 38.4+52
Straightness (STR) (%) 68.9+4.9
Linearity (LIN) (%) 36.7+4.9
Sperm subpopulations
Rapid (%) 65.6 + 31.8
Medium (%) 18.0 +£19.1
Slow (%) 3.7+28
Static (%) 12.8 +10.6

After eleven replications, a total of 118 ovaries resulted in 881 structures,
obtaining an average of 7.5 oocytes/ovary. From these oocytes, 35 (4.0%), 117 (13.3%),
577 (65.5%) and 152 (17.2%) were classified as Gl, Gll, GllI and GIV, respectively,
according to morphological criteria. Only Gl to GlII oocytes were selected, resulting in
729 COCs (82.7%) used in this trial.

Results of sperm—oocyte interactions are expressed in Table 3. We only verified
a significant association between the number of bound sperm and STR (R2=61.7%);

P=0.04).
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Table 03. Interactions among fresh collared peccary sperm (n = 11 samples) and

heterologous oocytes after 18 h of incubation.

Sperm-—oocyte interactions Mean £ S.D.
Oocytes bound to spermatozoa (%) 100.0£0.0
Oocytes penetrated by spermatozoa (%) 19.85+5.5
Oocytes interacted with spermatozoa (%) 100.0£0.0
No. bound sperm / oocyte 39.4+4.6
No. penetrated sperm / oocyte 2.46 £ 0.7
No. interacted sperm / oocyte 40.99+4.4
Discussion

The fertilization process consists in a complex event with multiple steps that directly
influence the result. Briefly, embryo production by in vitro fertilization include since the
immature oocyte recovery, in vitro oocyte maturation, spem-oocyte co-incubation and
development until the morula and blastocyst stage when the embryos are able to be
transferred or cryopreserved. The technical efficiency can be achieved by the fertilizing
capacity of the semen used. Thus, the predict fertility can be determined by association
of differents assays, resulting the prognostic values that when compared with real in vivo
fertility rates can be considered a good predictor (Rodriguez-Martinez, 2013).

The choosing for using heterologous oocytes for the present assay was mainly due
to the difficulty in obtaining peccaries oocytes. Thus, as being a species phylogenetically
closer to swine, the oocytes of this domestic species were chosen. In addition, the pig has
been routinely slaughtered in local abattoirs, becoming a source of oocytes available and
inexpensive. The present study is the first to evaluate peccaries sperm'’s ability to bind pig
oocyrtes.

The sperm-oocyte interacting rate was 100%, e.g., we found sperm bound and/or

penetrated in all the oocytes used in the study. This is a result higher than those previously
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described by Martinez et al. (1993) using swine sperm and homologous oocytes (88.8%).
However, the fertilizating media used for the study were different in composition. The
medium of present study had the presence of NaCl, KCI, NaH2PO4, NaHCO3, Phenol
red, CaCl2.2H20, MgCI2, Hepes different that work, possibly which could result in
different sperm capacitation rates thus reflecting variated sperm-oocyte interacting rates.

In addition, the average number of peccary sperm (2.46 + 0.7) that penetrate swine
oocytes is similar to that found for swine sperm penetrating homologous oocytes (2.23 +
0.30) as described by Campos et al. (2001). Considering that physiologically only one
sperm should penetrate the oocyte, but in conditions in vitro were found more than two
sperm in the oocytes this indicates.

The protocol used in this experiment was described by Macedo et al.,(2010) in
which conducted studies in pigs, succeeding. Given the interaction of test results obtained
in this study, suggests that this protocol can also be applied also in collared peccary

Thus, considering the observed sperm—oocyte interactions rate, oocytes from
slaughtered swine females are useful heterologous substrates for in vitro penetration
studies in collared peccarry sperm. The penetration of Pecari tajacu sperm into swine
oocytes represents a novel finding. These data suggest that the support zone pellucida pig
sperm heterologous bond, for that the composition and structure of the zona pellucida is
a key element. In fact, the zona pellucida of the pig has three glycoproteins (ZPA / ZP2,
ZPB / ZP3 and ZPC / ZP3), similar to the composition of the zona pellucida of bovine,
dog, cat (Goudet et al., 2008; Noguchi, 1994), possibly also resembles collared peccary.
In fact, it were previously described the use of swine oocytes as a model for sperm
boundering from Calomys laucha (Corcini et al., 2011), human (Canovas et al., 2007)

and equine (Mugnier et al., 2009).
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The majority of oocytes collected and used in this study belonged to GlIl. The
aspiration method used at present work yielded a higher number of Gl sctrutures/ovary
when compared to the study of Hoque et al. (2011) (1.85 + 0.09), using the same technique
and same species. Probably, this difference is due the diameter of the needle used (21G
vs. 18G). According Bols et al. (1997), the needle diameter determines the quality of the
recovered COCs. Thus, the lower the diameter of the needle, the greater the frictional
force on the COC and therefore the greater the possibility of removal of cumulus cells
(Morrison, 1959; Meyer, 1972). Yet, the period between ovary collection and oocyte
recovery can influence the oocytary quality (Aman and Parks, 1994). Addittionally, the
ovaries used in this study had a storage period of 17 hours due to different Hours of
collection of ovaries of pigs with semen collection of collared peccary.

The mean values for fresh semen characteristics from adult collared peccaries
were similar to those described by Peixoto et al. (2012) and Castelo et al. (2010) in the
same species.

In this study, only STR had a correlation with number of bound sperm (R2 =
61.7%). This parameter is a marker of sperm progression, indication of sperm
hyperactivation and also describes sperm swimming patterns (Pefia & Linde-Forsberg,
2000; Schettgen et al., 2002). Probably, this result appear to confirm that the linear
spermatozoa, believed to have a great influence on fertility, can be functionally linked
with a higher number of sperm bound, as was described in bull semen (Ferraz et al., 2014).
The little correlation between semen parameters and in vitro interaction test using the
swine oocytes may be attributed to the use of animals from a homogeneous group.

In spite that the multi-parameter evaluation of semen has been extensively
reviewed, it is clear that the identification of one or more tests to accurately predict sperm

fertility (Silva et al., 2006). The establishment of tests that assess the sperm functional


http://www.cnpgc.embrapa.br/publicacoes/doc/doc51/07referenciasbibliograficas.html#morrison1959
http://www.cnpgc.embrapa.br/publicacoes/doc/doc51/07referenciasbibliograficas.html#meyer1972
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status, such as the sperm—oocyte interaction test (Oh et al., 2010) have greatly improved
semen analysis in the swine, the domestic species more closely related to peccaries
(Cavalcante-Filho et al., 1998). Therefore, combining conventional semen analysis with
the results, such functional tests should provide a reliable method to assess the fertilizing
ability of semen samples also in the peccaries, as first demonstrated in the present study.

In conclusion, the in vitro interaction test using the swine oocytes represents
indicatives of collared peccary sperm in vitro penetration. Thus, it is suggested that this
in vitro interaction test using heterologous oocytes can be used as an indicator for the
functional evaluation of the fertilizing capacity of collared peccary sperm, demonstrating

its application in the selection of different reproductive.
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Abstract

The aim of the present study was to evaluate the binding capacity of collared peccaries
(Pecari tajacu) fresh and frozen sperm by using the egg perivitelline membrane biding
test. Moreover, we stablish the relations among sperm parameters and the binding test.
Ejaculates from eleven adult males were collected by electroejaculation and frozen in a
Tris-based extender plus egg yolk (10%), Aloe vera (10%) and glycerol (3%). Fresh and
frozen-thawed samples were evaluated for sperm motility, vigor, viability, normal
morphology, membrane integrity, and kinetic parameters by CASA. In addition, samples
were analyzed by an egg perivitelline membrane biding test that was conducted under a
humidified atmosphere containing 5% CO> and 95% air for 20 min at 38.5°C. A simple
linear regression model was used to identify associations between egg perivitelline
membrane biding test (dependent variables) and sperm parameters (independent
variables). We prove the capability of collared peccary sperm in binding to the hen yolk
perivitelline membrane, and we found sperm bound in all the membranes used in the
experiment (a total of 100%). In fresh samples, we identify 140.6 + 19.4 sperm bound to
the perivitelline membrane, while in frozen-thawed samples, a total of 125.1 + 5.5 sperm
were found (P > 0.05). Significant associations between frozen/thawed sperm bound to
perivitelline membrane and various sperm parameters as vigor (54.6%), the amplitude
lateral head (R=55.1%), the beat cross frequency (R=76.8%), the straightness (R=61.8%)
and the linearity (R=62.2%) were found. Therefore, showing that such parameters present
a predictive value for the sperm binding capability in peccaries. In conclusion, the yolk
perivitelline membrane-binding test is a reliable, practical, and relatively simple method
and could be efficiently incorporated to the routine analysis of collared peccary semen
samples.

Keywords: semen, Tayassu tajacu, wild pig, electroejaculation.
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1. Introduction

In spite of collared peccary (Pecari tajacu) is currently classified as stable populations
(IUCN, 2014), it is disappearing in Caatinga and Atlantic Forest biomes (Gongora et al.,
2011). In this context, its breeding under captivity has been stimulated, mainly because
the international appreciation of its meat and pelt (Oliveira et al., 2011). Therefore, the
optimization of protocols for its sperm cryopreservation would allow the formation of
germplasm banks, which could contribute for peccary conservation and multiplication
(Silva et al., 2010). By this moment, there are only few reports on peccary semen
preservation at using Tris (Castelo et al., 2010) or coconut water (Silva et al., 2012;
Campos et al., 2014) extenders. In these studies, the efficiency of semen freezing
protocols is limited to the analysis of sperm parameters as cells motility, viability and
integrity, which could not provide a real indication of the functional cell competence.
Considering that artificial insemination techniques are still under developing
process for the peccaries, it is necessary to search for alternative methods for the
evaluation of sperm fertilizing ability. Due to the orthologous similarity among
glycoproteins from the zona pellucida of mammal oocytes and proteins from chicken egg
perivitelline membrane (Takeuchi et al., 1999; Wassaman, 1999; Smith et al., 2005;
Mugnier et al., 2009), male potential fertility could be estimated by binding of sperm to
perivitelline membrane, assuming that it would be related to sperm binding to oocytes.
This technique is relatively simple and requires inexpensive equipment (Criscuolo et al.,
2010). Additionally, it is unnecessary to use oocytes, which makes it a hard requirement

for certain wild species (Corcini et al., 2012).
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This test has been successfully used to determine the fertilizing capacity of fresh
semen poultry (Robertson et al., 1997), mice, humans (Barbato et al., 1998), and Vesper
mice — Calomys laucha (Corcini et al., 2011), as of cryopreserved semen samples,
described in bull (Losano et al., 2015), goat (Dias et al., 2013) and pig (Pinho et al., 2012).
The combination of this test with semen analysis should provide a reliable method to
assess the fertilizing ability of semen samples. In ruminants, some authors found positive
associations between number of sperm bound to the perivitelline membrane and its
motility, plasma membrane integrity and variables provided by the CASA (Dias et al.,
2013; Losano et al., 2015). The existence of such associations in peccaries could be an
additional indicative for the sperm quality, especially for the selection of frozen semen
samples.

The aim of the present study was to evaluate the binding capacity of collared
peccaries fresh and frozen sperm by using the egg perivitelline membrane biding test.

Moreover, we stablish the relations among sperm parameters and the binding test.

2. Material and methods
2.1. Ethics and chemicals
The ethics committee of the Universidade Federal Rural do Semi-Arido
(CEUA/UFERSA) approved the experimental protocols as well as the animal care
procedures used (Process N°. 23091.004271/2014-71). All reagents were obtained from

Sigma Aldrich (St. Louis, USA).

2.2. Animals and management
A total of 11 sexually mature male collared peccaries were used. The animals belonged

to the Centre of Multiplication of Wild Animals (CEMAS/UFERSA), located in the
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northeast of Brazil (Mossoro, RN, Brazil; 5°10 = S, 37°10 = W). The climate is typical
semi-arid, with an average annual temperature of 27°C. The animals were isolated from
females 6 months before the commencement of the study and maintained under a 12 h
natural photoperiod. They were maintained outdoors in groups of six in paddocks (20 x 3
m) with a covered area of 3 x 3 m and fed with swine food and fruits. Water was provided

ad libitum.

2.3. Semen collection and evaluation

The semen collection was performed in the period from September to October.
Animals were fasted 12 h before the experiments began. They were then physically
restrained using a hand net and anesthetized using intravenous administration of propofol
(Propovan, Cristalia, Fortaleza, Brazil), given as a bolus (5 mg/kg — Souza et al., 2009).
The males were kept in lateral recumbency, and semen was collected with an
electroejaculator (Autojac, Neovet, Campinas, Brazil) connected to a 12 V source
(Castelo et al., 2010). Semen was collected in plastic tubes and immediately evaluated.

Sperm motility and kinetic rating (0-5, with 0 and characterized by no movement
and progressive forward movement, respectively) were assessed immediately by
evaluating a sample (5 pL) using light microscopy at 100x and 400x magnification,
respectively. Brome-phenol blue-stained smears were prepared with 5 L of semen for
evaluating sperm viability and morphology using light microscopy (1000x), counting 200
cells per slide (Sousa et al., 2013). Following the initial assessment, 5 uL semen aliquot
was diluted in 10% buffered formalin (1 mL) and sperm concentration was determined
using a Neubauer counting chamber (Silva et al., 2014). The functional integrity of the
sperm membrane was evaluated by its osmotic response to a hypo-osmotic swelling

(HOST) test, using distilled water (0 mOsm/L) as the hypo-osmotic solution (Santos et
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al., 2013). Plasma membrane integrity was assessed with a fluorescent solution containing
the fluorophores 6-carboxy-fluorescein diacetate (C-FDA) and propidium iodide (PI), as
validated for the species (Souza et al., 2014).

The sperm motility kinetic parameters was assessed by a Computer Assisted
Semen Analysis — CASA (IVOS 12.0, Hamilton-Thorne, Beverly, USA). The following
parameters were analyzed: the number of counted cells; the percentage of total motile
sperm; the percentage of progressive motile sperm; velocity average pathway — VAP
(mml/s); the velocity straight line — VSL (mm/s); the curvilinear velocity — VCL (mm/s);
the amplitude lateral head — ALH (mm); the beat cross frequency — BCF (Hertz); the
straightness — STR (%); and the linearity — LIN (%). According to low VAP cut-off
(LVV) and medium VAP cut-off (MVV), the overall sperm population was subdivided
in four categories: rapid, with VAP > MVV; medium, with (LVV < VAP <MVV); slow,
with VAP < LVV; and static, the proportion of cells that were not moving (Verstegen et

al., 2002).

2.4. Sperm cryopreservation and thawing

Semen samples were diluted in Tris extender supplemented of egg yolk (10%) and Aloe
Vera (10%) at 27°C (Souza et al., 2015). After dilution, samples were stored in the water
jacket at 27°C and equilibrated for 40 min to reach 15°C in a biological oxygen demand
(BOD) incubator (Quimis, Diadema, Brazil). Further, BOD incubator was adjusted to
establish at 5 °C for 30 min. At that point, the sample was added to the extender with 6%
glycerol (also at 5 °C), which resulted in a final concentration of 3% glycerol in the
extender. Samples were packed in 0.25 mL plastic straws (IMV Technologies; L’Aigle,
France) that were placed horizontally in an insulated box for 5 min, at 5 cm above the

nitrogen (N2) vapors, and then plunged into N2 for storage at —196°C, following a fast
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freezing rate at —40°C/min. After one week, samples were thawed in a water bath at 37°C

for 1 min, and frozen/thawed semen was evaluated.

2.5. Egg perivitelline membrane biding test

The test was conducted for fresh and frozen-thawed sperm samples, as reported by
Macedo et al. (2006). The perivitelline membranes were obtained from fresh and non-
fertile hen eggs. The perivitelline membrane was prepared by separating the egg yolk
from the albumen. The intact yolks were placed on parafilm and the membrane separated
and washed with saline solution (NaCl, 0.9%). Then, the membrane was placed in a Petri
dish and cut into squares (1 x 1 cm), each piece being placed in four-well plates containing
the incubation medium. This medium was constituted of 114 mM NacCl; 3.1 mM KClI;
0.4 mM NaH2PO4; 10 mM calcium lactate; 25 mM NaHCOs; 10 pg/mL phenol red; 1.4
mM caffeine; 2.0 mM CaCl,.2H,0; 0.5 mM MgClz; 10 mM Hepes; 6 mg/mL BSA; 0.45
mM sodium pyruvate; 5.5 mM glucose; 50 pg/mL gentamicin sulfate; pH 7.4-7.8.

After evaluation, sperm samples were washed in incubation medium (1:1), and
centrifuged (700 xg for 10 min) at room temperature. The supernatant was discarded and
the pellet was diluted in incubation medium, being the concentration adjusted to 1 x 10°
motile sperm/mL. The sperm cell suspension was added to the perivitelline membrane at
a final volume of 500 pL, for 20 min at 38.5°C under a humidified atmosphere containing
5% CO2 and 95% air. A minimum of 2 perivitelline membranes (two droplets) was used
per replicate.

After co-incubation, the perivitelline membranes were washed for removal of
loosely attached sperm, and stretched over a slide. The membranes were stained with
Hoechst 33358 (10 pg/mL) and the sperm bound to it were counted, using an

epifluorescence microscopy (Episcopic Fluorescent attachment EFA Halogen Lamp Set,
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Leica, Kista, Sweden) at 400%. For each sample, all sperm that were attached to the
membrane in six different fields were counted, and the mean of adhered sperm was

estimated (Barbato et al., 1998).

2.5. Data analyses

The results were expressed as means (x S.D.) and analyzed by Statview 5.0 software
(SAS Institute Inc., Cary, USA). A simple linear regression model was used to identify
associations between egg perivitelline membrane biding test (dependent variables) and
sperm parameters (independent variables). Probabilities < 0.05 were considered

significant.

3. Results
Fresh ejaculates presented watery aspect, white color, and a volume of 2.0 £ 0.4 mL with
aconcentration of 259.2 + 29.3 x10° sperm/mL. Mean values (+S.D.) for fresh and frozen-

thawed sperm parameters are shown in Tables 1 and 2.

Table 1. Mean values (£S.D.) for fresh and frozen/thawed semen characteristics collected

from adult collared peccaries (Pecari tajacu) by electroejaculation (n = 11 ejaculates).

Semen
Parameters
Fresh Frozen/thawed

Sperm motility (%) 95.9+4.9 42.7+14.1
Vigor (0-5) 48+0.0 30£14
Viability (%) 87.4+78 35.8+2.8
Osmotic response (%) 83.2+7.1 41.3+6.4
Membrane integrity (%) 81.0+8.17 41.0+5.6

Normal sperm morphology (%) 53.6 £ 34.6 55.8+19.1
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Table 2. Kinetic motility patterns (mean + S.D.) observed in collared peccary (Pecari
tajacu) fresh and frozen/thawed sperm (n = 11) by computerized assisted semen analysis
— CASA.

Semen

Sperm motility patterns Fresh Frozen/thawed
Total motility (%) 87.4+1.4 40.6 + 39.6
Progressive motility (%) 64.3+11.3 16.4 +22.6
Velocity average pathway (um/s) 65.5+11.2 425+3.7
Velocity straight line (um/s) 474 +£9.7 28.1+2.2
Velocity curvilinear (um/s) 124.7 +20.8 93.7+8.8
Amplitude lateral head (um) 6.6 0.6 7.2+0.3
Beat cross frequency (Hz) 355+15 34.2+1.0
Straightness (%) 705+2.1 64.4+£0.7
Linearity (%) 39.4+0.7 31.2+0.0
Sperm subpopulations

Rapid (%) 79.2+9.2 22.5+29.0

Medium (%) 82+7.8 18.0+11.3

Slow (%) 2.8+0.7 84+28

Static (%) 9.7 + 22.67 51.0+43.1

All the slices of yolk perivitelline membrane presented sperm bound to it, both for
fresh or frozen-thawed sperm samples (100%). No differences were found regarding the
number of sperm bound to perivitelline membrane between fresh and frozen-thawed
samples (Table 3). Moreover, we found significant associations among various frozen-
thawed sperm parameters and the egg perivitelline membrane binding test, as presented

in Table 4.
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Table 3. Mean (x S.D.) and range values for collared peccary (Pecari tajacu) fresh and

frozen-thawed sperm bound to the hen yolk perivitelline membrane (n = 11).

Sperm Mean £ S.D. Binding range
Fresh 140.6 £19.4 33.9-308.7
Frozen/thawed 125.1+5.5 49.8 — 250.7

P> 0.05
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Table 4. Linear regression analysis to assess the associations among fresh or frozen-
thawed sperm parameters and the number of sperm bound to hen yolk perivitelline
membrane in collared peccaries (Pecari tajacu; n = 11).

Number of bound sperm

Sperm parameters Fresh Frozen/thawed
R (%) P R (%) P

Motility 9.4 0.7834 19.7 0.5617
Vigor 34.4 0.3009 54.6" 0.0821
Viability 55.1 0.0789 5.0 0.8839
Osmotic response 125 0.7135 0.1 0.9976
Functional membrane integrity 17.0 0.6163 2.0 0.9540
Normal sperm morphology 42.6 0.1912 17.8 0.5997
Velocity average pathway 26.3 0.4348 24.0 0.4768
Velocity straight line 46.7 0.1476 38.7 0.2391
Velocity curvilinear 2.9 0.9332 16.1 0.6355
Amplitude lateral head 43.9 0.1766 55.1" 0.0793
Beat cross frequency 36.5 0.2698 76.8" 0.0057
Straightness 53.8 0.0880 61.8" 0.0428
Linearity 713 0.0139 62.2" 0.0408
Total motile sperm 45.4 0.1610 8.8 0.7963
Progressively motile 59.2 0.0550 19.9 0.5574
Subpopulations

Rapid 44.2 0.1733 11.9 0.7264

Medium 2.3 0.9475 28.0 0.4047

Slow 68.8 0.0193 11.4 0.7384

Static 43.4 0.1826 10.2 0.7647

* (P <0.05)

4. Discussion
In spite that the multi-parameter evaluation of semen has been extensively reviewed, it is

clear that the identification of one or more tests to accurately predict sperm fertility,
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mainly in cryopreserved samples is necessary (Silva et al., 2006). The establishment of
tests that assess the sperm functional status, such as the sperm—oocyte interaction test (Oh
et al., 2010) and the egg perivitelline membrane biding test (Corcini et al., 2012), have
greatly improved semen analysis in the swine, the domestic species more closely related
to peccaries (Cavalcante-Filho et al., 1998). Therefore, combining conventional semen
analysis with the results, such functional tests should provide a reliable method to assess
the fertilizing ability of semen samples also in the peccaries, as first demonstrated in the
present study.

In general, all the perivitelline membranes used in the experiment presented sperm
bound to it, proving the capability of collared peccary sperm in binding to the hen yolk.
It is known that perivitelline membrane glycoproteins present orthologous similarity to
those found in the zona pellucida of mammal oocytes. It is known that the terminal N-
acetyl-D-glucosamine, present in the zona pellucida, play an essential role in the fixation
of the sperm membrane and the subsequently acrosome reaction. Robertson et al. (2000)
demonstrate that this terminal is also present in the hen yolk perivitelline membrane.
Thus, the sperm-binding test using the perivitelline membrane would be efficient to
predict the fertilizing capacity of semen, since sperm binding to these proteins is a crucial
stage for fertilization (Criscuolo et al., 2010).

In fresh samples, the average number of peccary sperm bound to the perivitelline
membrane (140.6 £ 19.4) was higher than that verified for domestic swine (72.0 + 17.7 —
Corcini et al., 2012). In frozen-thawed samples, the average number of peccaries sperm
bound to perivitelline membrane was 125.1 + 5.5. Such value is lower than those
described for swine semen cryopreserved in Beltsville thawing solution (BTS)
supplemented of lactose 11% , egg yolk (20%), glycerol (6%) and Orvus ES paste (1.5%),

and incubated in BTS and B-TALP media with different sperm concentrations (20 or 40
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x 10° sperm / ml) (Pinho et al., 2012). The authors report values varying from 157.0 to
245.2 swine frozen-thawed sperm bound to perivitelline membrane and suggest that
different incubation systems and cryopreservative protocols, and also the sperm
concentration used, could influence the results derived from the test. Such suggestion
provides a good indicative that the test is capable to identify differences in sperm derived
from different treatments, as cryoprotectants, freezing curves, thawing rates, and others.

When comparing peccaries fresh and frozen-thawed samples, no differences were
found regarding the number of sperm bound to perivitelline membrane. Pinho et al. (2012)
described similar results for domestic swine semen in an identical study, suggesting that
the cellular damage originated from the freezing process would be not enough to interfere
in the test. Probably, in peccaries, the freezing-thawing processes adopted also did not
affect the surface structures that are responsible for the membrane binding in viable
sperm.

At present study, the mean percentage of fresh sperm bound to the perivitelline
membrane ranged from 33.9 to 308.75, while in cryopreserved samples, a range of 49.83
to 250.75 was observed. In swine, the authors affirm that the variation appears to be
higher than in other species, although the reason is not known (Reis et al., 2003). Such
large variation seems to be also present in the peccaries. In fact, Peixoto et al. (2012)
identified that semen characteristics in this species presents large variations among
individuals. Therefore, if the individual variation would also be reflected in the capability
of sperm in binding the perivitelline membrane, the use of this assay would be helpful in
the selection of semen donors.

After cryopreservation, a significant association between frozen/thawed sperm
bound to perivitelline membrane and sperm vigor (54.6%) was found. According to Dias

et al. (2013), the greater the movement and force of movement, the higher the binding
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capacity and sperm fertilization. Furthermore, we demonstrated significant relations
between the number of sperm bound to perivitelline membrane and some variables
provided by the CASA such as ALH (R=55.1%), BCF (R=76.8%), STR (R=61.8%) and
LIN (R=62.2%). Similar results were described for bull cryopreserved semen (Losano et
al., 2015) in which the perivitelline membrane test was positively correlated to total and
progressive motility, ALH, STR, LIN, and fast, medium and slow sperm. According to
Pefia and Linde-Forsberg (2000), values for ALH, BCF, STR and LIN could be an
indicative of sperm hyperactivation, which movement patterns are required for the initial
stages of in vitro fertilization (Verstegen et al., 2000). Thus, modifications in these
parameters could indicate alterations related to the sperm fertilizing capacity also in
collared peccary semen.

In general, the yolk perivitelline membrane-binding test is specially indicated for
assessing differences among individuals or semen treatments. A great advantage of this
test is the possibility of fragmenting a unique egg yolk in slices to be used in different
samples (Csermak Junior, 2011). Furthermore, it is easier to acquire the hen yolk
membranes than the oocytes, specially derived from wild animals as the collared
peccaries. Therefore, the use of this sperm-binding assay could be useful as an analysis
indicative of the fertilizing capacity of cryopreserved collared peccaries semen, as
described in boars (Pinho et al., 2012), goats (Dias et al., 2013) and bulls (Losano et al.,
2015).

In conclusion, the present findings indicate that the yolk perivitelline membrane-
binding test is a reliable, practical, and relatively simple method that could be efficiently
incorporated to the routine analysis of collared peccary semen samples. Its indication for

comparing semen donors or treatments would be specially appreciated in the selection of
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individuals destined to reproductive programs, mainly related to the use of assisted

techniques as the semen cryopreservation.
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CONSIDERACOES FINAIS E PERSPECTVAS

Haja vista o interesse na exploracdo comercial, bem como, na preservacdo dos
catetos (Pecari tajacu), surge a necessidade de um melhor conhecimento acerca do
potencial reprodutivo dos machos. Neste sentido, o desenvolvimento de testes in vitro
capazes de predizer a capacidade fecundante dos espermatozoides poderia ser de grande

importancia para a analise de rotina.

O presente estudo demonstrou que espermatozoides de catetos séo capazes de
promover intera¢cBes com odcitos suinos. A partir desta informacéo, sugere-se que este
teste de interacdo in vitro utilizando heterélogos possa ser utilizado como um indicativo
para a avaliacdo funcional da capacidade fecundante de espermatozoides de catetos,

denotando sua aplicacdo na selecéo de diferentes reprodutores.

Adicionalmente, o teste de ligacdo a membrana perivitelina da gema de ovo de
galinha é um método confiavel, pratico e relativamente simples e que pode ser
eficientemente incorporado & andlise de rotina de amostras de sémen de catetos. Este teste
é indicado na comparacdo de doadores ou tratamentos seminais, especialmente na selecao
de individuos destinados a aplicacdes de técnicas assistidas como a criopreservacao de

sémen.

Esse conhecimento permitira a utilizacdo de testes laboratoriais alternativos para
selecionar os machos férteis, quanto a sua capacidade de fecundacdo, mimetizando in
vitro o que possivelmente ocorreria in vivo, melhorando assim o aproveitamento desses
reprodutores dentre de uma sistema produtivo. Ainda, o teste possibilita estabelecer
protocolos eficazes de criopreservacdo que permitirdo a formacdo de bancos de

germoplasma, Uteis para a conservacdo e multiplicacdo da espécie.
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ANEXO B - FOTO:

Figura 2 — Espermatozoides de catetos (Pecari tajacu) (setas) ligados a zona peltcida de

oocitos de suinos (A) e a membrana perivitelina (B).
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ANEXO C - Preparo das Soluc@es Utilizadas no Teste de Penetracao in vitro com Odcitos

Heter6logos e Teste de Ligacdo a Membrana Perivitelina do Ovo de Galinha

1. Solucgdes de estoque de ions
a. Sulfato de gentamicina - 10 mg/mL.:
50mg/5mL
b. NaH2PO4 - 0,2 M
0,2399/10mL
c. MgClz - 0,4 M:
0,3748 g/ 10 mL
d. Piruvato de sodio - 20 mM:
0,022 g/ 10 mL
OBS. Utilizar agua SIGMA em todas as soluces.

2. Meio de Fertilizacéo

a. Solucdo de Estoque - pH: 7,3-7,4:
50 mL de Agua SIGMA
0,3331 g de NaCl
0,0115 g de KCI
100 pL de NaH2PO4
93 pL de Lactato de sédio
0,105 g de NaHCOs3
100 pL de Vermelho de fenol
0,0135 g de Cafeina
0,0147 g de CaCl,.2H.0
64 uL de MgCl>
0,1191 g de Hepes

b. Solugéo de Trabalho — pH: 7,4-7,8
10 ml de Agua SIGMA
0,060 g de BSA
227 pL de Piruvato de Sadio



0,009 g de Glicose
100 pL de Sulfato de gentamicina

4. Meio de Transporte de Ovarios
500 mL de Solucao fisiologica

0,02 g de Penicilina

5. Meio de Selecao dos o6citos
50 mL de Solucgédo Fosfatada Tamponada Dulbecco
0,2 g de BSA
50 pL de sulfato de gentamicina
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ANEXO D - Preparo das Solugdes das Sondas Fluorescentes

1.Solucéo de 6-carboxifluoresceina diacetato (C-FDA)
a.Solucéo de estoque:

2,3 mg de C-FDA

5 ml de DMSO (Dimetil sulféxido)

b.Solucdo de trabalho:
C-FDA 20 pL

2.Solucédo de lodeto de propidio (IP)
a.Solucéo de estoque:

2 mgde IP

4 ml de 0,9% NaCl

b.Solucéo de trabalho:
IP 10 pL

3.Solucdo de HOECHST 33358 — 10 pg/mL

a. Solucéo de Estoque:
5mg/5 mL de Agua

b. Solugéo de Trabalho:
10 uL de HOECHST 33258

1,5 mL de meio de fertilizacédo
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DETERMINACAO DA TAXA DE RECUPERAGAO OOCITARIA EM CATETOS (Pecari
tajacu, Linnaeus 1758) POR MEIO DA TECNICA DE FATIAMENTO OVARIANO

Determination of oocyte recovery in collared peccaries (Pecari tajacu Linnaeus, 1758) by
the ovarian slicing method

Dayse Ariane Soares Medeiros!", Livia Batista Campos?, Alexsandra Fernandes
Pereira?, Alexandre Rodrigues Silva*™
1Laboratdrio de Conservacao de Germoplasma Animal, Departamento de Ciéncias
Animais — UFERSA
*Estudante IC PICI,**Orientador. E-mail: dayseariane@hotmail.com

O cateto (Pecari tajacu) € um animal silvestre que se adapta facilmente as mais diversas
condi¢des climéticas, em associacao, essa espécie apresenta grande apreciacao de sua carne e pele
no mercado internacional. Com isso criatorios comerciais tém surgido no intuito de atender essa
demanda. Para tanto, conhecimentos da fisiologia reprodutiva se torna indispensavel para o
aprimoramento de biotécnicas reprodutivas, melhorando assim, sua aplicabilidade. Assim, o
presente trabalho objetivou determinar a taxa de recuperacdo de odcitos de catetos a partir do
método de fatiamento ovariano. Para a realizacdo do experimento foram utilizados seis ovarios
provenientes de trés fémeas catetos fémeas, adultas e higidas, oriundas do Centro de
Multiplicacdo de Animais Silvestres (CEMAS) da Universidade Federal Rural do Semi-Arido
(UFERSA). As fémeas eram provenientes de grupo de excedente populacional do CEMAS, cujo
grupo foi selecionado para o abate, seguindo o protocolo sugerido pelo Comité de ética desta
mesma universidade. Apds a dissecacdo dos ovarios, os mesmo foram envoltos por gazes
embebidas em solucéo salina, previamente aquecidas a uma temperatura de 37°C. Em seguida
foram colocados em Placa de Petri, onde procedeu-se a coleta oocitéria através do método de
fatiamento ovariano, que consiste no seccionamento dos ovarios em finas fatias com laminas de
bisturi, para a liberagdo dos complexos cumulus oophorus (COCs). Apos a coleta, com auxilio de
lupa estéreo-microscépica em aumento de 40x, os odcitos foram identificados e classificados
guanto ao grau de homogeneidade do citoplasma e nimero de camadas das células do cimulus
ndo expandidas sendo obtidos 123 odcitos colhidos através do método de fatiamento ovariano.
Os resultados observados, mostraram média de 41 o6citos recuperados por animal. Desses, um
total de 109 (88,61%) odcitos foram considerados viaveis, dos quais 3,3+2,1 (8,1%) odcitos foram
classificados como grau |, 12+7,7 (29,2%) como grau Il, e 21+14,5 (51,2%) como grau Ill, em
média. Através dos resultados obtidos, pode-se concluir a praticidade da técnica de fatiamento
ovariano para a obtencdo de odcitos viaveis de boa qualidade, sendo entdo considerada uma
técnica util para a recuperagdo oocitaria de catetos fémeas.

Palavras-chave: Tayassu tajacu; Ovario; Fatiamento; Odcito.

Keywords: Tayassu tajacu ;Ovarian; Slicing; Oocyte.
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