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RESUMO

A preparacdo espermdtica € uma etapa importante para aplicacdo de biotécnicas
reprodutivas. Nos estudos | e I, objetivou-se avaliar o efeito de métodos de selecao
espermatica sobre parametros do sémen ovino ao longo do tempo. Em ambos os
experimentos, foi utilizado sémen descongelado de 10 carneiros da raca Santa Inés. No
estudo |, os métodos de selecao testados foram: Swim-up (SU), gradiente de Percoll, mini-
Percoll e lavagem por centrifugacao, além do grupo controle. No estudo Il, foram comparados
o gradiente de Percoll convencional (controle) e quatro protocolos de mini-Percoll. Em ambos
0s estudos, as amostras foram incubadas a 37 °C por 1 h, 2h e 3 h, apds a sele¢cédo. Os
parametros avaliados foram: taxa de recuperagdo, motilidade, integridade de membrana
plasmatica (MP), morfologia e capacitacdo espermética. O estudo lll, teve como objetivo
comparar a capacitacdo espermatica, através da heparina, das espécies bovina, caprina e
ovina apoés incubacdo. As amostras foram selecionadas pelo mini-Percoll e incubadas por 1,5
h, 3 h, 6 h e 18 h. Os parAmetros avaliados foram: motilidade, integridade de MP, aglutinacéo
e capacitacdo. No estudo |, a menor (P<0,05) taxa de recuperacao foi apos o SU e as demais
técnicas nao diferiram (P>0,05) entre si. A maioria dos parametros da cinética nao foi afetada
(P>0,05) pela selecéo a Oh, somente SU obteve maiores valores (P<0,05) para VSL (41,8 +
11,1 um/s) e VAP (46,9 + 11,2 um/s). O SU apresentou valores maiores (P<0,05) para a
maioria dos parametros de cinética avaliados ao longo da incubacdo e obteve uma maior
recuperacao (P<0,05) de células intactas (32,1 = 6,4%). Percoll, mini-Percoll e SU
apresentaram mais células reagidas (P<0,05) ao longo do tempo. No estudo Il, a média de
recuperacao espermatica (9,1 + 1,4%) entre todos os tratamentos foi semelhante (P>0,05),
bem como a maioria dos valores de motilidade, integridade de MP e status da capacitacéo
(P>0,05). O VCL foi maior (P<0,05) ap6s alguns protocolos de mini-Percoll do que apds o
Percoll tradicional. No estudo lll, a suplementagéo de heparina ndo resultou em beneficios
(P>0,05) aos parametros avaliados. Entretanto, houve uma menor taxa (P<0,05) de
aglutinagcdo na presenca de heparina na espécie ovina. Ovinos apresentaram uma taxa menor
(P<0,05) de células intactas e maior (P<0,05) de aglutinacéo ao longo da incubacdo. Neste
contexto, conclui-se que o uso de protocolos de mini gradientes abre novas perspectivas,
minimizando prejuizos a célula espermatica, custos e tempo de processamento. Além disso,
foi observado que a heparina ndo apresentou efeitos na capacitagdo espermética, e quando
associado com a selegcdo pelo mini-Percoll, a manipulacdo do sémen descongelado de

ovinos, caprinos e bovinos pode tornar-se mais pratica e barata.

Palavras-chave: CASA, incubacdo espermatica, mini-Percoll, preparacao
espermatica, ruminantes



ABSTRACT

Sperm preparation is an important step in implementing of most reproductive biotechnologies.
The goal of tests | and I, was to evaluate different methods of sperm selection and incubation
in different sperm parameters of ovine semen. In both experiments, frozen/thawed commercial
semen from 10 Santa Inés sheep was used. In test |, the methods of sperm selection were:
SU (SV), Percoll gradient, mini-Percoll and washing by centrifugation. Parallel to the selection,
a control group free from the influence of the selection was used. In test Il, a comparison was
made between conventional Percoll gradient (control) and four different mini-Percoll protocols.
The samples were subjected to incubation at 37 °C for 1 h, 2 h and 3 h after sperm selection.
The analyzed sperm parameters were: sperm recovery rate, motility, individual kinetic, plasma
membrane integrity (PM), morphology and capacitation. Test Il aimed to characterize the
sperm capacitation, using heparin, of bovine, caprine and ovine species after incubation.
Samples were thawed, selected by mini-Percoll and incubated for 1.5 h, 3 h, 6 h and 18 h.
The analyzed sperm parameters were: motility, kinetic, PM integrity, agglutination and
capacitation. Regarding to test |, the lowest (P < 0.05) recovery rate was recorded after swim-
up (1.0 £ 0.3%), whilst the others were similar (P > 0.05). Most part of motility parameters
were not affected (P > 0.05) by the technique at 0 h; just swim-up obtained higher (P < 0.05)
values for VSL (41.8 + 11.1) and VAP (46.9 £ 11.2). Overall, swim-up presented higher
(P < 0.05) values for most of motility parameters over time of incubation. The control group
led to more (P < 0.05) capacitated cells (46.8 £ 2.3%), whilst Percoll, mini-Percoll and swim-
up were similar (~33%; P > 0.05), regardless of interval incubation. However, the latter three
techniques presented more (P < 0.05) reacted cells. Swim-up recovered a higher (P < 0.05)
number of intact cells (32.1 + 6.4%). In test Il, the sperm recovery rate averaged 9.1 + 1.4%,
and most motility parameters were similar (P > 0.05) among protocols. VCL (um/s) was higher
(P < 0.05) after MP-I1, lll and 1V (66.1 £ 4.5) than traditional Percoll (46.3 £ 4.9). Capacitation
status and PM integrity were similar (P > 0.05) among treatments. Regarding to test lll,
heparin supplementation resulted in no extra benefits (P>0.05) to the parameters evaluated.
However, a lower (P<0.05) rate of sperm agglutination was observed in heparin presence in
ovine. Additionally, ovine showed a lower (P<0.05) rate of intact cells and a higher (P<0.05)
agglutination rate along the incubation compared to the others species. In conclusion, the use
of mini gradient protocols can bring new perspectives, decreasing harms to sperm, costs and
processing time. Moreover, it has been observed heparin did not show effect on capacitation,
and when it is associated with mini-Percoll, can become frozen-thaw spermatozoa

manipulation of ovine, caprine and bovine more practical and cheaper.

Keywords: CASA, sperm incubation, mini-Percoll, sperm preparation, ruminant
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1. INTRODUCAO

No continuo aumento da populacdo mundial, os pequenos ruminantes
apresentam um papel enfatico, principalmente em paises cuja economia se encontra
em desenvolvimento e, em particular, nos paises onde as condi¢des climaticas sao
rigorosas e as terras pouco férteis (AMIRIDIS e CSEH, 2012). No Brasil, atencao
especial tem sido dada a exploracdo das racas ovinas deslanadas dos tropicos,
principalmente a raga Santa Inés, devido as suas caracteristicas marcantes de
apresentar produtividade em sistemas de producdo a campo e a ecossistemas
adversos, além da producéo de produtos de elevados valores bioldgicos (SIMPLICIO,
2011).

Uma das principais alternativas para a melhoria da produtividade de qualquer
espécie € o incremento da eficiéncia reprodutiva. A producéo in vitro de embrides
(PIVE) se apresenta como a terceira geracdo de biotécnicas reprodutivas e esta
sendo cada vez mais integrada a programas de melhoramento genético, como uma
ferramenta complementar a inseminacéo artificial e a transferéncia de embrides
(COGNIE et al., 2004). Em ovinos, a PIVE comercial no Brasil avancou
gradativamente nos ultimos seis anos, resultando em maiores taxas de concepcéao,

podendo vir a ser viabilizada comercialmente. (SILVA et al., 2012).

O sucesso da fecundacdo in vitro (FIV) e posterior desenvolvimento
embriondrio durante a PIVE, esta diretamente relacionado com a qualidade do sémen
e 0 método de preparacdo espermatica utilizado (WALTERS, 2004). Nas ultimas
décadas, tém sido desenvolvidas diversas técnicas laboratoriais que possibilitam uma
analise mais criteriosa da estrutura espermatica, evidenciando a importancia do

sémen e o aprimoramento da sua avaliacdo (ARRUDA et al., 2015).

Levando em consideracdo o comumente uso do sémen criopreservado, existe
a necessidade de se desenvolverem estratégias para o aprimoramento da preparacao
espermatica a fim de atingir uma amostra seminal de alta qualidade por meio de uma
selecdo e capacitacio espermatica eficientes (ZUCCARI et al., 2008), gerando uma
amostra seminal de exceléncia a ser aplicada na pesquisa, na PIVE e nas demais

biotécnicas da reprodugéo.
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Logo, as proposi¢des hipotéticas que o presente estudo busca avaliar sdo: (1)
a técnica de mini-Percoll ndo apresenta prejuizos aos parametros de viabilidade
espermatica; (2) as variacOes realizadas nos protocolos da técnica de Percoll ndo
causam efeitos negativos a qualidade espermatica quando se compara a técnica
tradicional de Percoll; (3) o sémen criopreservado de ovinos sofre capacitacéo
espermatica mais rapidamente do que as espécies bovina e caprina; e (4) a
capacitacdo espermatica de sémen criopreservado de ruminantes domeésticos se
comporta de maneira similar na presenca ou auséncia de heparina apds a selecéo

por mini-Percoll.
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2. CAPITULO 1

2.1 Revisao de literatura

2.1.1 Producéo in vitro de embriées (PIVE)

A PIVE apresenta potencial para a geracdo de grande numero de
descendentes para a pesquisa e para 0 uso de outras biotecnologias, bem como
promove o melhoramento genético de espécies. Além disso, a técnica se mostra
eficaz em relacdo a preservacdo de espécies raras, tendo em vista que existe a
possibilidade de obtencdo de gametas mesmo algumas horas ap6s a morte do
animal. Essa biotecnologia prova ser um método valioso no fornecimento de um maior
numero de produtos provenientes de animais superiores, por um valor mais baixo que
outras técnicas mais convencionais, como a superovulacdo e transferéncia de
embrides (WANI, 2002).

A técnica da PIVE possibilita um melhor custo-beneficio, substitui e supera os
problemas relacionados com a mudltipla ovulacdo e transferéncia de embribes, e
oferece embrides provenientes de animais geneticamente superiores a um custo
menor (AMIRIDIS e CSEH, 2012). Além disso, o tratamento hormonal pode ser
dispensado e ainda € possivel a recuperacdo oocitaria de fémeas pré-puberes,
inférteis, gestantes, lactantes, senis e de animais post-mortem. A utilizacao de fémeas
pré-puberes apresenta um grande potencial de dobrar o ganho genético de um
rebanho e diminuir o intervalo de geracdo de produtos (revisado por PARAMIO e
IZQUIERDO, 2014). Por outro lado, a técnica ainda enfrenta algumas limitacées. Nos
ultimos anos, a biotecnologia vem avancando em ovinos, porém, alguns aspectos
ainda precisam ser melhorados, como a técnica de colheita oocitaria, e adaptados ao
tamanho e anatomia da espécie e os préprios procedimentos in vitro. Outro entrave
muitas vezes é a distancia entre a localidade dos animais ou abatedouros e o0s
laboratérios de PIVE. Adicionalmente, ainda ha estudos encaminhando para a

definicdo de protocolos eficientes em relacdo a criopreservacdo de embribes

provenientes da técnica (MAX et al., 2012).
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A PIVE consiste em varias etapas como a coleta de odcitos, maturacao in vitro
dos odcitos recuperados, FIV e desenvolvimento in vitro dos presumiveis zigotos até
um estagio especifico para, posteriormente, serem transferidos a animais receptores
adequados ou até mesmo serem mantidos criopreservados para aproveitamento
futuro (PARAMIO, 2010).

A FIV é uma etapa da PIVE que depende do sucesso da maturacao oocitaria,
da selecdo e da capacitacdo espermatica e do meio utilizado durante o processo. O
sémen utilizado para a FIV pode ser fresco ou congelado e precisa ser capaz de
fertilizar o odcito. Para isso, antes da FIV propriamente dita, o s€men deve passar por
um processo de preparacdo espermatica para selecdo dos espermatozoides de
melhor qualidade e para sofrer a capacitagdo espermética (PARAMIO e IZQUIERDO,
2014), que sera detalhadamente abordado no préximo tépico.

O meio mais utilizado para FIV em ovinos é o fluido ovidutal sintético (SOF;
Synthetic Ovidutal Fluid; BAI et al., 2008; WAN et al., 2009; CATALA et al., 2012;
WANG et al., 2013). ApOs a preparacao espermatica, sdo preparadas microgotas de
meio para onde sao transferidos grupos de 15-30 odcitos e onde serdo fecundados
com o0s espermatozoides selecionados. A concentracdo espermatica final que é
utilizada para a fertilizagdo varia de 1-3,5 x 108 espermatozoides/mL (HERRICK et al.,
2006; BAI et al., 2008). Os gametas sado coincubados por 16-20 h a 38-39 °C em
atmosfera umidificada contendo 5% de CO2 (COX e ALFARO, 2007).

2.1.1.1 Preparacao espermatica para fertilizacao in vitro

Apds a ejaculacdo, os espermatozoides sdo depositados na vagina onde
competem entre si e iniciam seu trajeto ao longo do trato reprodutivo da fémea atée
atingirem a ampola da tuba uterina e fertilizarem o odcito. Eventualmente, apenas
0,1% consegue chegar a tuba uterina e somente uma célula ira fertilizar o odcito. Esse
evento mostra que ha um rigoroso processo de selecdo espermatica envolvido no
trato reprodutivo da fémea, que é essencial para a fertilizacdo e geracéo de crias
saudaveis. Logo, in vivo, 0 processo de selecdo espermatica é totalmente controlado

pelo trato reprodutivo feminino, que permite que células espermaticas mais aptas
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cheguem a fecundacdo, assegurando que o0s descendentes recebam material
genético de alta qualidade (HENKEL, 2012). A fim de se atingir uma selegéo
espermatica baseada nos principios naturais, pesquisadores precisam entender tais
eventos e mimetiza-los na PIVE (MORRELL e RODRIGUEZ-MARTINEZ, 2009).

O processo de fertilizacdo exige que o espermatozoide se ligue e penetre na
zona pelucida e matriz extracelular do odcito. A capacidade do espermatozoide de se
ligar & zona pellcida é aumentada pela capacitacdo (TOPPER et al., 1999). A
interacdo entre as moléculas da superficie da cabeca das células capacitadas e a
zona peldcida inicia a sequéncia de eventos que culminara na reacdo acrossomal
(RA), outro evento indispensavel para que a fertilizacdo ocorra (YANAGIMACHI,
1994). Portanto, a interagcdo adequada entre a membrana plasmatica (MP) do
espermatozoide e a zona pellcida é crucial para o sucesso do processo de
fertilizagdo. E, para que isso ocorra, 0 espermatozoide precisa estar devidamente

preparado e apto.

Com o advento das biotecnologias aplicadas a reproducédo assistida, houve a
necessidade do desenvolvimento de estratégias para a preparacdo espermatica ja
gue, na maioria dos casos, células criopreservadas séo utilizadas, reforcando a
necessidade de uma selecao rigorosa dos espermatozoides (ZUCCARI et al., 2008).
Assim, antes da FIV, o gameta masculino precisa ser preparado para se tornar apto

a fecundar os odécitos.

A preparacdo espermatica de rotina é aplicada no sémen para FIV em muitas
espécies. Essa preparacao inclui métodos de selecdo que elevam a motilidade
espermatica, qualidade do espermatozoide e remove o plasma seminal e/ou
diluidores, assim como células indesejadas provenientes do ejaculado ou do sémen
descongelado (HENKEL e SCHILL, 2003). Além disso, uma boa técnica de
preparacado espermatica ndo exige somente a promo¢ao de uma amostra seminal
apresentando boa motilidade, mas também leva em considerag&o outros parametros,
como a capacitacao e viabilidade espermética, que estao diretamente relacionados
com a habilidade de fertilizagdo do oodcito (SAID et al., 2006). Logo, uma vez
selecionados, os espermatozoides ainda precisam passar pela etapa de inducéo da

capacitacdo espermatica.
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O ejaculado compreende uma mistura de plasma seminal, espermatozoides,
microorganismos e debris celulares (PARAMIO e IZQUIERDO, 2014). O plasma
seminal contém proteinas que se ligam ao espermatozoide e podem retardar eventos
que dardo inicio a capacitacdo (PEREZ-PE et al., 2002). Essas proteinas s&o
descritas como fatores decapacitantes e precisam ser removidas durante o processo
de preparacao espermatica para que o espermatozoide possa sofrer 0s processos de
capacitacdo, RA e consequente fertilizacdo do odcito (YANAGIMACHI, 1994).

A técnica de preparacdo espermatica deve ser rapida, simples, apresentar um
bom custo-beneficio, isolar a maior quantidade de espermatozoides moveis
possiveis, ndo causar danos estruturais e morfolégicos as células, eliminar
espermatozoides mortos e outras células indesejadas como leucdécitos e bactérias
eliminar toxinas e substancias bioativas como os fatores decapacitantes e espécies
reativas de oxigénio (ROS; HENKEL e SCHILL, 2003).

2.1.1.1.1 Selecéo espermatica

Os trés métodos de selecdo mais utilizados, em ovinos, sdo o swim-up (SU;
PUGH et al., 1991; HOLT e PALOMO, 1996; PEREZ-PE et al., 2002; GRASA et al.,
2006; MARTI et al., 2006; PEREIRA et al., 2009; PICHARDO et al., 2010;
SHABANKAREH e AKHONDI 2012; WANI et al., 2012; SHIRAZI e MOTAGHI 2013;
LUNA et al., 2015), centrifugacdo em gradiente de densidade Percoll (HOLT e
PALOMO, 1996; GILLAN et al., 1997; PAPADOPOULOS et al., 2005; MARTI et al.,
2006; LI et al., 2006; GARCIA-GARCIA et al., 2007; WAN et al., 2009; GARCIA-
ALVAREZ et al., 2010; HEIDARI et al., 2013; WANG et al., 2013; GARCIA-ALVAREZ
etal., 2015) e lavagem por centrifugacdo (PUGH et al., 1991; HOLT e PALOMO, 1996;
PTAK et al., 1999; ISACHENKO et al., 2003; MARTI et al., 2006; COCERO et al.,
2011; MARA et al., 2013).

Para todos os métodos de migracdo, a motilidade da célula espermética é um
guesito essencial, enquanto que para as técnicas de gradiente de densidade a
metodologia € baseada na combinacao entre a motilidade da célula e sua retencao
nas particulas do meio (HENKEL e SCHILL, 2003).
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O método do SU baseia-se na tendéncia inata que os espermatozoides de
maior motilidade possuem de migrarem para cima apés incubacdo em um meio
apropriado (SHAMSUDDIN e RODRIGUEZ-MARTINEZ, 1994). Apés a incubacéo, os
espermatozoides com maiores motilidades podem ser recolhidos na fracao superior
do meio, enquanto que 0s pouco moveis ou mortos permanecem na fracédo inferior
(PARRISH et al., 1988). A técnica de migracdo ascendente possui as seguintes
vantagens: recuperar amostras limpidas e com espermatozoides apresentando alta
motilidade (maior que 90%); apresenta células espermaticas morfologicamente
normais; auséncia de outras células e debris celulares; ser simples e de fécil
execucdao; e ser barata (HENKEL e SCHILL, 2003). A principais desvantagens sao
apresentar baixa taxa de recuperacao, além de provocar lesdes macicas pelas ROS,
levando a uma reducdo significativa do percentual de espermatozoides com
condensacao normal da cromatina (HENKEL e SCHILL, 2003).

O método de recuperacdo espermatica pela técnica de Percoll consiste na
separacdo dos espermatozoides em relacdo a sua densidade, permitindo o
isolamento das células com motilidade e morfologia normais em gradientes
descontinuos de densidade. Estes gradientes sdo compostos de solu¢des isotdnicas
feitas a partir de substancias de particulas coloidais (particulas de silica coloidal com
15 a 30 nm de diametro, recobertas com polivinil pirrolidona ndo-dialisavel) que
permitem, em uma Unica centrifugacdo, separar os espermatozoides viaveis das
demais particulas. Normalmente, sédo utilizadas duas densidades (45% e 90%) de
Percoll (MORTIMER, 1994).

Devido a grande variacdo no tamanho das particulas, o Percoll precisa ser
devidamente centrifugado. Apds a centrifugacdo, € formado um gradiente de
densidade a partir da organizacdo das particulas, que passam a apresentar um
aumento gradual da densidade da fracdo superior a fracao inferior. Durante a técnica,
as ceélulas sdo deslocadas para as camadas inferiores do tubo contendo o Percaoll,
contudo, 0s espermatozoides mais modveis se movem ativamente em direcdo a
camadas mais densas do gradiente Percoll, pois possuem maior capacidade de
penetrar nas camadas de particulas coloidais quando comparados com as células
com menor motilidade ou até mesmo imodveis. Com isso, as células com maior
motilidade chegam mais rapidamente ao fundo, enriqguecendo o pellet formado
(HENKEL e SCHILL, 2003).
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Estudos sobre os danos que o Percoll pode trazer as células espermaticas
ainda sao controversos. Desde 1999, o uso do Percoll foi proibido na reproducao
assistida de humanos, devido aos danos causados pelas moléculas de polivinil
pirrolidona que o compdem (RHO et al., 2001). Strehler et al. (1998) reportaram que
essas moléculas apresentam um efeito adverso nas MP, membranas acrossomal e
mitocondrial dos espermatozoides. Andersen e Grinsted (1997), afirmaram que a
silica, componente do gradiente de densidade, apresenta a tendéncia de precipitar
junto aos espermatozoides, podendo causar danos estruturais. Por outro lado,
Garcia-Alvarez et al. (2010) demonstraram que a qualidade de espermatozoides
ovinos melhorou significativamente apds a selecdo espermatica pela técnica de
Percoll. Além disso, os autores encontraram relacdo direta com alguns parametros
encontrados nos espermatozoides selecionados e a fertilidade in vivo, mostrando sua

eficiéncia durante a preparacao esperméatica na reproducao assistida de ovinos.

Estudos encontrados na literatura, preconizam volumes de 2 mL por gradiente
de Percoll utilizado e uma centrifugacao a 400 x g, por um periodo de até 30 minutos.
No entanto, na busca de uma maxima recuperacdo de espermatozoides de boa
qualidade, o método de selecdo por gradientes de Percoll sofreu diversas
modificacdes ao longo dos anos. Possivelmente, a principal variacéo foi a de diminuir
o volume do meio de densidade utilizado e realizar a centrifugacao utilizando maior
forca e em menor tempo. Em bovinos (MACHADO et al., 2009; VIANNA et al., 2014)
e em caprinos (OLIVARES et al., 2015), foi demonstrado que a técnica de mini-Percoll
nao causou efeitos negativos na qualidade espermatica. Desta forma, o uso do mini-
Percoll aparece como uma alternativa atrativa por minimizar o custo da técnica,
diminuir o contato com as moléculas do gradiente de densidade que causam
toxicidade e reduzir o tempo de processamento da amostra durante a PIVE por
exemplo (MACHADO et al., 2009).

Alguns estudos utilizam a lavagem dos espermatozoides por centrifugacao
durante a preparacdo espermatica para PIVE, para obter uma amostra livre de
crioprotetores, sem que, de fato, selecione espermatozoides de melhor qualidade.
Trata-se da separacédo das células esperméticas do plasma seminal ou diluidores de
sémen e sua ressuspensao em meio apropriado apos seguidas centrifugacdes, como
simples lavagens (ALVAREZ et al, 1993). Esse simples processo de separacéo €

referido como sperm washing. A maioria desses métodos envolve filtracdo (CISALE
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et al., 2001) ou repetidas centrifugaces (ALVAREZ et al., 1993). Esse método difere
dos outros que sdo capazes de separar diferentes populacdes esperméticas de
acordo com sua viabilidade e motilidade, resultando em amostras de melhor

gualidade.

O método de lavagem por centrifugacdo € uma das formas utilizadas para
uniformizar variagdes de volume, sem que se observe influéncia negativa sobre as
células esperméticas. Além disso, observa-se efeitos positivos sobre a motilidade
espermatica (LOPES e PAPA, 1998). O continuo metabolismo espermatico produz
grandes quantidades de catabdlitos toxicos, acarretando num aumento do acido latico
extracelular. Este acumulo pode causar a morte dos espermatozoides devido a
drésticas alteracfes de pH. Dai a necessidade da lavagem de espermatozoides antes
de entrar em contato com odcito (HOLT, 2000). Essa lavagem também é capaz de
remover fatores inibidores da capacitacéo e prostaglandinas (CARRELL et al., 1998).

Para Centola et al. (1998), as técnicas que empregam unicamente lavagens e
centrifugacbes como mecanismo basico de preparacdo espermatica podem resultar,
direta ou indiretamente, em danos irreversiveis aos espermatozoides, havendo,
portanto, a preferéncia por métodos baseados na propria capacidade de migracao

espermatica para efeito de avaliacao da qualidade das amostras seminais.

Dode et al. (2002) afirmam que mesmo que 0s espermatozoides ndo tenham
sido selecionados, como na lavagem por centrifugacdo, um numero suficiente de
células capazes para fertilizar estdo presentes. Os autores avaliaram o efeito de
diferentes métodos de selecdo esperméatica na taxa de penetracdo e clivagem em
bovinos e verificaram que nao houve diferenca (P>0,05) para a taxa de penetracao
entre os métodos de SU, Percoll e lavagem (70,3+6,8%, 60,8+6,7% e 53,8+6,8%,
respectivamente), assim como para a taxa de clivagem, cujos valores entre os
tratamentos foram semelhantes (56,7+7,2%, 51,5+7,3% e 47+6,5%, respectivamente)
Os autores concluiram que é possivel que a concentragdo espermatica utilizada para
a FIV possa superar as diferengas na qualidade dos espermatozoides obtidos através
dos diferentes métodos de selecdo espermatica testados no estudo e que todos

podem ser utilizados sem efeito prejudicial sobre a fertilizacao.

Khalifa e El-Saidy (2006) concluiram que a preparacao espermatica para a FIV

de bovinos pbde ser simplificada pelo método de lavagem por centrifugacéo, a fim de
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evitar os danos causados pelo efeito de diluicdo do SU e pela toxicidade do meio de
gradiente de Percoll. Os autores afirmaram que o método de lavagem apresenta uma
série de vantagens como o fato de ser rapido, simples de se executar, barato e

recuperar um namero suficiente de espermatozoides viaveis.

2.1.1.1.2 Capacitacdo espermética

Além da necessidade de selecionar os melhores espermatozoides, as células
espermaticas precisam ser capazes de fertilizar o odcito. Nos mamiferos, 0s
espermatozoides ao serem liberados do epididimo ainda ndo estdo prontos para
fertilizar os o6citos maturados. Eles precisam passar pelo trato reprodutivo da fémea
e sofrerem algumas alteracdes estruturais, para adquirirem capacidade fertilizante
(YANAGIMACHI, 1994).

A capacitacdo espermatica compreende um conjunto de eventos complexos
durante os quais 0s espermatozoides passam por uma série de modificacdes para se
tornarem aptos a fertilizacdo (AUSTIN, 1951; CHANG, 1951). Trata-se de um
processo que torna a célula espermatica susceptivel a sofrer a RA em resposta aos
sinais de inducdo da zona pellucida (STOREY, 1995), e assim, apta a fertilizacdo do

gameta feminino.

No plasma seminal de bovinos, existe uma familia de proteinas denominadas
BSP, que estdo diretamente relacionadas a eventos da capacitacdo. Proteinas
homologas foram identificadas nas vesiculas seminais e plasma seminal de
garanhdo, bode e carneiro. Essas proteinas se ligam a fosfolipideos da superficie
espermatica acelerando processos de capacitacao espermatica através da ligacdo
com indutores da capacitacdo localizados no trato reprodutivo da fémea, como
lipoproteinas e glicosaminoglicanos (heparina), causando aumento da concentracao
intracelular de calcio, fosforilagcdo protéica, efluxo de colesterol e desestabilizacéo de
MP (MANJUNATH et al., 2007).

A duracéo da capacitacdo varia entre as espécies, sendo estimada em 1-2 h
em ovinos (AUSTIN, 1970). As alteracdes fisiologicas, quimicas e biofisicas que

ocorrem durante o processo incluem mudangas no metabolismo celular, na
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concentragdo intracelular de ions (VISCONTI et al., 1995), na fluidez da MP, no efluxo
de colesterol, na hiperpolarizacdo de membrana (ZENG et al., 1995), no pH
intracelular (ZENG et al., 1996), na concentracdo de cAMP (VISCONTI et al., 1998),
na fosforilagcdo protéica (VISCONTI et al., 1995) e nas concentracbes de ROS
(HERRERO et al., 1999). Dentre esses fatores, a fosforilagcdo das proteinas de
membrana esta diretamente relacionada com o processo de capacitacdo
espermatica, que por sua vez € um processo espécie-dependente (VISCONTI et al.,
1999; PEREZ-PE et al., 2002; GRASA et al., 2006).

A capacitacdo envolve a combinacdo de uma sequéncia de processos que
ocorrem tanto na cabeca do espermatozoide (preparacdo para RA) como no flagelo
(hiperativacdo da motilidade). A capacitacao pode ser dividida em: (1) eventos rapidos
e precoces, que compreendem a ativagado dos movimentos vigorosos do flagelo e que
ocorrem logo quando o espermatozoide deixa o epididimo e, (2) eventos lentos e
tardios, que compreendem mudancas no padrdao de movimento flagelar
(hiperativacdo), a habilidade de sofrer a RA e a fosforilacdo proteica. In vivo, esses
eventos ocorrem durante a passagem do espermatozoide pelo trato reprodutivo da
fémea. E podem ocorrer in vitro, através da incubacdo espermatica em meios de
cultura apropriados (SALICIONI et al., 2007; VISCONTI, 2009).

O evento rapido ocorre poucos segundos apoés a ejaculacao e € baseado nas
altas concentragdes de calcio e bicarbonato presentes no fluido seminal (VISCONTI,
2009). O aumento das concentracfes de bicarbonato resulta no aumento do pH
intracelular e ativacdo da adenilciclase. As concentragdes de bicarbonato produzem
um répido colapso na assimetria dos componentes da MP, causando a ativagdo de
enzimas que efetuam a translocacéao lipidica na MP (GADELLA e HARRISON, 2000),
aumentando, dessa forma, a exposicdo de receptores de colesterol (VISCONTI,
2009). Ao mesmo tempo, hd um aumento de cAMP e, consequentemente, ha ativacao
das proteinas quinase. A ativacao dessas proteinas modula os canais de célcio, que
por sua vez produzem alteragbes no potencial de membrana e nos niveis
intracelulares de célcio (WENNEMUTH et al., 2003).

O calcio é um importante componente no processo de capacitacao
esperméatica. O pico de calcio é critico na capacitagdo durante as duas primeiras

horas de exposicdo a heparina. Durante esse periodo, 0 acrossoma acumula célcio,
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prevenindo seu aumento no citoplasma. Quando o acrossoma esta repleto de calcio,
se a célula espermatica ndo receber estimulo de indug&o de capacitacdo, uma reacao
acrossomal espontanea pode ocorrer, tendo como consequéncia a morte celular.
Esse aumento final da concentracdo de calcio € de extrema importancia e esta
relacionado a habilidade fisiolégica da célula em sofrer a reacdo acrossomal
(PARRISH et al., 1999).

O inicio do evento lento da capacitacdo é marcado pela remocéo do colesterol
da MP e o aumento de sua fluidez (VISCONTI et al., 1999). Ao mesmo tempo que o
conteudo de colesterol diminui, a estrutura lipidica se reorganiza. Durante essa fase,
as proteinas quinase efetuam a fosforilacdo de diversas proteinas ativando direta ou
indiretamente outras proteinas quinase (CROSS, 2004). Essas alteracdes vao levar
a capacitacdo espermatica, que por sua vez promovera os seguintes eventos: (1)
habilidade de o espermatozoide sofrer a RA; (2) hiperativagdo; (3) quimiotaxia
(SALICIONI et al., 2007) e; (4) habilidade de fertilizar o odcito.

O envolvimento das proteinas quinase na capacitacao espermatica de ovinos
e o consequente aumento da fosforilacdo proteica durante o processo ja foram
demonstrados (O'FLAHERTY et al., 2006). O bicarbonato € necessario para o
processo, porém, ja foi evidenciado que a albumina sérica bovina e célcio podem nao
ser essenciais (GRASA et al., 2006). Anteriormente, outro estudo também sugeriu
gue os niveis intracelulares de cAMP devem ser muito baixos para iniciar a
fosforilacdo das proteinas flagelares, fato que parece ocorrer devido a caracteristica
dos espermatozoides de ovinos em apresentar alto niveis de fosfodiesterases
(COLAS et al., 2008).

Na tuba uterina existe um local onde os espermatozoides se mantém ligados
ao epitélio, que funciona como um sitio de reservatério espermatico. Os
espermatozoides se mantém ““semi capacitados”” nesse local at¢é o0 momento da
ovulacdo, quando o processo de capacitacdo € finalizado e os espermatozoides sao
liberados do sitio e se deslocam ao encontro do odcito, aptos a fecundacgéo

(HARRISON, 1996).

O reservatorio espermatico serve como um sitio que preserva o0s
espermatozoides e garantem que esses vao permanecer aptos a fertilizar no

momento em que o0 o6cito adentrar o oviduto. Os espermatozoides se mantém ligados
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a esses sitios através da ligacdo de lectinas encontradas na superficie espermatica
com oligossacarideos especificos do epitélio da tuba uterina (SUAREZ et al., 1998).
A perda ou alteracdo dessas moléculas na superficie do espermatozoide pode
resultar na liberacdo dos espermatozoides dos sitios de ligacdo com o epitélio. Essa
liberacdo também pode ocorrer por conta da hiperativagdo da motilidade espermética
(IGNOTZ et al., 2001).

O processo de capacitacdo ndo sO resulta em alteracbes na cabeca do
espermatozoide, mas também resulta em alteragbes no flagelo, caracterizando a
hiperativacdo espermatica. Esse evento € um fendmeno célcio-dependente, que
altera o padrdo de motilidade do espermatozoide e ocorre no sitio de fertilizacéo,
determinando uma maior amplitude de batimento flagelar, aumento da flexibilidade da
regido proximal da peca intermediaria, batimentos flagelares vigorosos, tendo uma
maior velocidade curvilinea (VCL), deslocamento lateral da cabeca (ALH), menor
linearidade (LIN) e coeficiente de oscilacdo (WOB). Essa ativagdo do movimento
flagelar pode fazer com que o espermatozoide apresente trajetorias circulares devido
ao desenvolvimento de batimentos flagelares assimétricos. Como resultado, a célula
hiperativada tende a nadar vigorosamente em circulos em uma lamina de
microscopia. Em algumas espécies, espermatozoides hiperativados completam um
movimento circular em apenas dois batimentos flagelares, dando a impressao de
imagens em oito (revisado por MORTIMER, 1997).

A hiperativacéo € critica no processo de fertilizacdo, uma vez que esse evento
proporciona movimento progressivo ao espermatozoide, facilitando sua passagem
pelo muco presente na tuba uterina, orientando-o ao local de fecundacéo, e
orientando-o0 a alcancar o odécito por meio de penetracdo mais eficiente na zona
pelicida. Mesmo que a capacitacdo e a RA permitam a ligacdo do espermatozoide
ao oocito, a hiperativacdo € indispensavel para a penetracdo na zona pellcida (DE
LAMIRANDE et al., 1997). O aumento do metabolismo mitocondrial tende a produzir
mais ROS que parecem participar dos eventos moleculares que implicam na
capacitacdo e hiperativacdo espermaticas (FERRAMOSCA e ZARA, 2014).

O batimento vigoroso do flagelo requer altas concentracbes de ATP e CAMP,
bem como o célcio, que parece ser um ion critico no desenvolvimento da
hiperativacdo (SUAREZ et al., 1987).
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Embora a hiperativagdo geralmente ocorra em algum ponto durante a
capacitacédo in vitro, os caminhos que levam a hiperativagédo e a capacitacdo nao sao
completamente relacionados. Estudos demonstram que a hiperativacdo pode ocorrer
independentemente da capacitacdo ou condicionada a presenca de substancias
especificas como hipotaurina e penicilamina, podendo anteceder o evento da
capacitacdo (DEMOTT et al., 1995; MUJICA et al., 1994).

A RA é um pré-requisito para a fertilizagdo. Trata-se de um evento que envolve
exocitose e fusdes de MP com a membrana acrossomal externa em toda extensao
da porcdo anterior da cabeca do espermatozoide, culminando na liberacdo de
enzimas hidroliticas acrossomais, principalmente a tripsina e acrosina. A MP da
cabeca do espermatozoide adquire propriedades que permite a fusdo do gameta
masculino com o feminino. O espermatozoide se liga a zona pellcida, ainda com sua
MP intacta, através de receptores especificos localizados ao longo da por¢éo anterior
de sua cabeca (revisado por YANAGIMACHI, 1994).

O estimulo da ligacdo com a zona pellcida induz o inicio da RA. Essa reacéo
€ estimulada pela ligacdo com a ZP3, uma glicoproteina componente da zona
pellucida. O espermatozoide se liga a zona pellcida, havendo exposicéo de sitios de
membrana essenciais para o processo de fertilizacdo (revisado por YANAGIMACHI,
1994).

Apoés a interacdo inicial entre os receptores do espermatozoide e a ZP3,
ocorrem outros eventos individuais que culminam na exocitose do contetudo
acrossomal. Um desses eventos € a abertura dos canais de calcio por meio de uma
modificacdo na MP que ativa esses canais a fim de aumentar as concentracdes de
célcio no citoplasma. O aumento final das concentracdes de calcio € importante e esta
relacionado com a habilidade fisiolégica do espermatozoide em sofrer a RA
(PARRISH et al., 1999).

Outro evento importante na exocitose do contetdo acrossomal é o influxo de
ions de sodio que precede o influxo de calcio e determina o aumento do pH
intracelular durante a RA (FRASER, 1993).

Apds a completa RA, o espermatozoide penetra na zona pellcida, através de
um processo quimico que ocorre apos a digestédo de glicoproteinas da zona pellucida

pelas enzimas acrossomais liberadas (revisado por YANAGIMACHI, 1994).
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A capacitacdo é lenta, ocorrendo durante um intervalo de horas, ja a RA é
rapida, necessitando apenas de minutos. Essa diferenca ocorre dentre varios fatores
e eventos diferentes, dentre eles a alteracdo nas concentracdes de calcio. Durante a
capacitacdo o aumento da concentracao de calcio € modesto e gradual, enquanto na
RA, esse aumento ocorre de forma mais répida e evidente (BRUCKER e LIPFORD,
1995).

Em ovinos, a RA parece ocorrer em dois estagios. O primeiro estagio envolve
fosfolipases, cujas atividades se completam dentro de trés minutos, e concentragdes
baixas de calcio. Logo depois ocorre a fusdo das membranas e aumento das
concentracfes de célcio no acrossoma (ROLDAN e HARRISON, 1989).

Produzidos em quantidades fisiologicas, diferentes tipos de ROS sao
extremamente importantes ao espermatozoide no controle dos eventos da
fosforilacdo da tirosina associados com a capacitacdo espermatica. Entretanto,
guando produzidas em quantidades excessivas, as ROS induzem danos
peroxidativos na MP do espermatozoide, prejudicando processos que dependem da
membrana, como motilidade, exocitose acrossomal e fusdo espermatozoide-ovocito
(AITKEN, 1999).

Alguns glicosaminoglicanos presentes no trato genital feminino s&o
responsabilizados por induzirem a capacitacdo espermatica in vivo. Nos processos in
vitro, o glicosaminoglicano mais utilizado para induzir essa reacao é a heparina
(GONCALVES et al., 2001) e ja foram reportados estudos confirmando sua eficiéncia
na inducao da capacitacdo em sémen de ovinos (COX e ALFARO, 2007; WANI et al.,
2012; HEIDARI et al., 2013; SREENIVAS et al., 2013).

O mecanismo de inducdo da capacitacdo pela heparina ocorre pelo estimulo
do aumento da concentracdo de calcio intracelular, do pH e das concentracdes de
AMPc, que parecem ser necessarias para iniciar a capacitacdo, além de remover as
proteinas do plasma seminal adsorvidas a superficie da MP, as quais sao
consideradas inibidoras da capacitacdo (CORMIER e BAILEY, 2003). Além disso,
apos a ligacdo da heparina, ha uma perda de lectina que caracteriza a perda de
componentes da superficie da MP (MEDEIROS e PARRISH, 1996). Tal alteragédo dos
componentes de superficie leva a perda de colesterol e fosfolipideos como

consequéncia (MANJUNATH e THERIEN, 2002). Apés essas alteracdes, ocorre
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ativacao das proteinas quinases, que por sua vez modulam a célula espermatica para
sofrer a RA (BAILEY, 2010).

Vérios outros agentes capacitantes ja foram utilizados em ovinos, como soro
de ovelha em estro (CATALA et al, 2011, 2012; BERLINGUER, 2012;
SHABANKAREH e AKHONDI, 2012; FORCADA et al., 2013; LAHOZ, 2013; MARA et
al., 2013; ROMAO et al., 2013; SHIRAZI e MOTAGHI, 2013; WANG et al., 2013), e
heparina em associagado com o soro (COX e ALFARO 2007; WAN et al., 2009).

O meio de capacitacdo basicamente é composto por fontes de energia
(piruvato, lactato e glicose), aceptor de colesterol (normalmente albumina sérica
bovina; BSA), bicarbonato de sodio, NaHCOs, Ca2Cl, KCI e NaCl, alguns dos

reagentes que apresentam papel importante no processo de capacitacgao.

2.1.1.1.2.1 Criocapacitacao

A temperatura € um dos principais fatores que afetam a difusdo de
componentes da MP celular. Pesquisas avaliando danos na estrutura celular do
espermatozoide demonstram que as modificagbes que ocorrem durante a
criopreservacdo sao similares aquelas que ocorrem durante o processo de
capacitacdo espermaética. E sabido que o processo de resfriamento e aquecimento da
célula espermatica pode causar uma série de danos aos espermatozoides e que
algumas células podem se comportar como se estivessem capacitadas,
apresentando varios estagios e padrdes de capacitacdo espermatica (WATSON,
1995). A criocapacitacdo € um dos principais eventos que diminuem a viabilidade e
longevidade de células submetidas a processos de criopreservacdo espermatica
(BAILEY et al., 2000).

Os espermatozoides criopreservados acumulam altas concentragdes de célcio
devido a alteragbes nos mecanismos de efluxo dos componentes da MP, assim como
ocorre no processo de capacitacao (BAILEY et al., 2000), principalmente quando se
compara com o sémen fresco (KADIRVEL et al., 2009). A perda de fosfolipideos que
ocorre na membrana de espermatozoides criopreservados ocorre mais rapidamente

em relacdo ao sémen fresco, seguindo o padrdo semelhante do evento que ocorre
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durante a peroxidacdo lipidica (ALVAREZ e STOREY, 1992). Espermatozoides
criopreservados apresentam padrdes de colorag&o de hidroclorido de clortetraciclina
(CTC) e um aumento intracelular de calcio tipicamente semelhante a células
capacitadas, se diferenciando um pouco em relacdo ao padrdo de fosforilacdo
proteica da tirosina (GREEN e WATSON, 2001). Devido a esse fato, o termo
“criocapacitagédo” é utilizado (THOMAS et al., 2006).

Um aspecto interessante da estrutura das membranas espermaticas de ovinos
€ a baixa proporc¢éo de lipideos:colesterol, quando compara-se com outras espécies,
0 que aumenta a caracteristica de maior sensibilidade a desestabilizacao e fluidez da
MP. Além dessa caracteristica, a MP de ovinos ainda apresenta uma distribuicéo
assimétrica dos fosfolipideos (HINKOVSKA et al., 1986). Moléculas de fosfatidilcolina
e esfingomielina ficam concentradas na parte externa da bicamada e fosfatidilserina
e fosfatidiletanolamina estdo concentradas na parte interna. No processo de
capacitacdo e criopreservacdo dos espermatozoides, ocorre uma translocacao
dessas moléculas na MP, resultando na exteriorizagdo das moléculas de
fosfatidilserina e de fosfatidiletanolamina. A este processo de translocacdo de
moléculas, da-se o nome de scrambling (DE LAMIRANDE et al., 1997).

A translocacdo lipidica da-se quando a membrana passa pela fase de transi¢éao
gel — cristalina, a qual favorece o deslocamento das proteinas para a regidao mais
fluida da membrana (que ainda néo se cristalizou), permitindo que os lipidios dessa
regido invertam sua posi¢cado polar-apolar. Essa translocacdo de fosfolipideos é
atrelada a uma desordem lipidica tendo como consequéncia o aumento da fluidez da
membrana e sua instabilidade. A alteracdo da fluidez esta relacionada com a fungéo
do colesterol de manter a MP estavel, impedindo o aumento da fluidez da membrana.
No entanto, o efluxo de colesterol durante a capacitacdo aumenta a desordem da
membrana resultando na formacdo de poros na membrana fazendo com que esta
perca sua funcéo de permeabilizar a célula, tornando-a vulneravel a perda e entrada
de ions, descontrolando seu equilibrio osmético (PARKS e GRAHAM, 1992;
WATSON, 1995).

Tal alteracdo na composicdo lipidica também costuma ocorrer apos 0s
tratamentos de criopreservacao (HINKOVSKA-GALCHEVA et al., 1989). Dessa

forma, assim como na capacitacao, a criopreservacdo leva a membrana a um maior
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estado de fluidez e exposicdo de sitios de ligagdo a moléculas externas, facilitando
ou requerendo menor tempo para a célula se capacitar (THOMAS et al., 2006).

A capacitacao foi descrita como uma “janela de desestabilizacdo” na qual o
sémen adquire capacidade fertilizante, mas também esta susceptivel a degeneracao
de membranas e RA espontanea. Adicionalmente, a criopreservacao faz com que a
organizacdo das membranas espermaticas de ovinos se comportem de forma
diferente da fisiologica, formando subpopulagfes cujos padrées de capacitacdo que
distinguem-se entre si (MULLER et al., 1999). Consequentemente, ha um ndmero
maior de células com membranas lesadas, resultando em células parcial ou
totalmente capacitadas. Em espécies cuja a congelabilidade seminal é atingida, ha
um numero menor de células capacitadas (HARRISON, 1996). Em resumo, pode-se
afirmar que os espermatozoides criopreservados e 0s capacitados compartilham
varias caracteristicas entre si, embora a expressao das alteracbes durante o evento
da capacitacdo siga caminhos celulares um pouco diferentes (GREEN e WATSON,
2001).

Pérez et al. (1996) demonstraram que 0s espermatozoides criopreservados
ovinos sofreram capacitacdo mais rapidamente que os frescos apés 2 h de incubacao,
determinada pela avaliacdo do CTC. Estudos comparando o sémen fresco e
congelado/descongelado de carneiros selvagens, relataram aumento significativo de
células capacitadas e reagidas apos o descongelamento (MEJIA et al., 2009). Pérez-
Pé et al. (2002) afirmaram que o choque térmico induz alterac6es moleculares nas
células espermaticas de ovinos, semelhantes aquelas relacionadas com a
capacitacdo. Além disso, as proteinas do plasma seminal previnem essas alteracdes
devido a inibicdo da fosforilagéo proteica da tirosina, o que pode explicar a diferenca
do status da capacitacéo entre o sémen fresco e descongelado. Gillan et al. (1997)
observaram que a maioria dos espermatozoides ovinos, no sémen fresco,
apresentavam padrdo de coloracdo referente a células ndo capacitadas (61,3%).
Apos incubacéo de 6 h, a maioria dos espermatozoides sofreu capacitacdo (54%) ou
RA (41%). Em contraste, a maioria dos espermatozoides descongelados
apresentavam-se capacitados (65,9%), reagidos (25,9%) e com uma peguena
proporcéo de ndo capacitados (6,7%) imediatamente ap0s o descongelamento. Apos
a incubacgao, as células se apresentavam, predominantemente, reagidas (64,2%).

Esses dados sugerem que tanto a criopreservacdo como a incubacédo induzem
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alteracOes relacionadas a capacitacdo, em ovinos. Além dessa constatacdo, 0s
autores afirmaram que a incubacdo de células previamente capacitadas resultou na
RA.

2.1.2 Avaliacdo espermatica

Os espermatozoides sdo células complexas que precisam cumprir uma série
de atributos para se tornarem aptos a fertilizar o gameta feminino. Estes precisam
passar pelo processo de hiperativagcdo da motilidade, manterem seu acrossoma
intacto, se capacitarem, permanecerem com seu DNA integro e serem capazes de se
ligar a zona pellcida do odcito (GILLAN et al., 2005). Logo, uma célula espermatica
precisa apresentar varios atributos desejaveis para fertilizar o o6cito. Dessa forma,
nenhuma técnica laboratorial é capaz de, através da avaliacdo de apenas um atributo

do espermatozoide, classifica-lo como apto ou nao a fertilizacdo (GRAHAM, 2001).

Tradicionalmente, além de volume e aspecto, a andlise do sémen inclui a
determinacao de concentracédo, motilidade e morfologia espermatica, rotineiramente
realizadas por microscopia Optica convencional de campo claro. Embora as
avaliacdes seminais de rotina sejam bons indicadores de fertilidade, elas ndo podem
validar o potencial fertilizante de um carneiro, ja que a fertilizacdo é um evento
bastante complexo. Muitos testes e avaliacfes seminais sdo propostos para avaliar
0s aspectos funcionais e estruturais das células espermaticas, logo, quanto mais
parametros espermaticos puderem ser acessados e analisados, maior acuracia
determinado teste apresentara (AMMAN e HAMMERSTEDT, 1993). Infelizmente, ndo
h& um anico teste definitivo que permita predizer o potencial fertilizante da amostra
seminal (RODRIGUEZ-MARTINEZ, 2006).

Nos animais domésticos, o impacto da infertiidade do macho € grande uma
vez que o mesmo € utilizado, normalmente, em um grande nimero de fémeas durante
a estacdo reprodutiva. A fim de se estimar o potencial de fertilidade do carneiro, é
realizada a avaliacAo do sémen e exames clinicos complementares
(FARQUHARSON, 2009). Uma avaliacdo espermatica ideal deve ser: objetiva,

excluindo os erros do julgamento humano; apresentar repetibilidade, sendo capaz de
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produzir resultados semelhantes quando a avaliagdo € repetida; precisa; rapida e
barata (AMANN, 1989).

A avaliagdo seminal era rotineiramente realizada através do uso da
microscopia Optica convencional de campo claro. As limitagdes desse tipo de
avaliacao incluem subjetividade, variabilidade, reduzido nimero de espermatozoides
analisados e baixa correlacdo com o potencial fertilizante (VERSTEGEN et al., 2002).
Nos ultimos anos, foram desenvolvidas diversas técnicas mais especificas a fim de
se acessar informacdes detalhadas a nivel estrutural, funcional e bioquimico da célula
espermatica, como ocorre por meio do uso de sondas fluorescentes, citometria de
fluxo e andlises computadorizadas (SILVA e GADELLA, 2006).

2.1.2.1 Avaliacdo morfologica

Para avaliagdo de rotina das caracteristicas morfolégicas dos
espermatozoides, sao utilizadas duas técnicas principais: esfregacos corados e
avaliados em microscopio de campo claro, e preparacdo Umida para analise em
microscoépio de contraste de fase ou de interferéncia diferencial, associados ou néao
(FRENEAU, 2011). O método de preparacdo Umida usando microscopia de
interferéncia diferencial ou contraste de fase € mais indicado que esfregacos corados

por técnicas convencionais (CBRA, 2013).

As anormalidades morfoldgicas séo classificadas de diversas formas, sendo
gue algumas classificacdes dividem as alteracBes de acordo com a regido da célula
onde a mesma ocorreu, como: cabeca, peca intermediaria ou cauda. Outras
simplesmente dividem os defeitos em primarios e secundarios ou defeitos maiores e

menores (BLOOM, 1972), de acordo com o prejuizo causado a fertilidade.

Outra classificacdo morfolégica dos espermatozoides foi sugerida. Nesta
classificacao, as alteragdes morfolégicas foram divididas como compenséveis ou ndo
compensaveis. Essa classificacdo considera que 0s espermatozoides anormais
podem reduzir a fertilidade de um macho por dois motivos principais. O primeiro deles
€ pela sua eventual incapacidade em alcancar o local da fertilizacdo, muitas vezes

atribuida a defeitos que influenciam negativamente no transporte espermatico. Esses
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defeitos causam reducdo da motilidade espermatica e fazem com que o0s
espermatozoides tenham menor probabilidade de transcender com sucesso o trato
reprodutivo feminino. S&o as anomalias morfolégicas denominadas de “defeitos
compensaveis”, dentre as quais poderiam ser citadas defeitos de cauda, gotas
citoplasmaticas e defeitos sutis no formato da cabeca. Segundo este tipo de
classificacdo, em tese, um aumento no numero de espermatozoides funcionalmente
competentes poderia resolver ou mitigar o problema de fertilidade de um ejaculado
ou de uma partida de sémen (SAACKE, 2008).

Por outro lado, existem defeitos espermaticos que determinam ao
espermatozoide, mesmo que este alcance normalmente o sitio de fertilizacdo, uma
incapacidade intrinseca para fertilizar o odcito ou para sustentar o desenvolvimento
embrionario inicial, com mais falhas acontecendo antes do reconhecimento materno
da gestacdo. Essas anomalias espermaticas sdo denominadas de “defeitos nao
compensaveis” e, diferentemente do primeiro caso, ndo sao passiveis de elevacdo da
fertilidade, mesmo que haja um incremento no numero de espermatozoides no
ejaculado (SAACKE, 2008).

2.1.2.2 Sondas fluorescentes

2.1.2.2.1 Avaliacéo da Integridade de membrana plasméatica

A perda da integridade de MP é considerada incompativel com a viabilidade
espermatica e a analise de sua integridade permite classificar o espermatozoide como
viavel ou ndo (YANIZ et al., 2008). A integridade da MP é usualmente avaliada apos
a exposicao dos espermatozoides a sondas fluorescentes e corantes impermeaveis
a membrana. Esses, normalmente, sdo fluor6foros que reagem com enzimas
citoplasmaticas ou ligam-se ao DNA (SILVA e GADELLA, 2006). Dessa forma, muitas
sondas fluorescentes vém sendo utilizadas isoladamente ou em combinagéo visando
examinar a integridade de membranas e a viabilidade espermatica com o auxilio da
microscopia de epifluorescéncia e/ou o citbmetro de fluxo, podendo ser realizada com

mais rapidez e acuracia para mensurar atributos espermaticos em larga escala
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(GILLAN et al., 2005). Varios estudos, em ovinos, demonstram o0 uso de sondas
fluorescentes na analise da integridade de MP, como: combinacédo do corante iodedo
de propideo (IP) e a laranja de acridina (LA) (PALACIN et al., 2013; YANIZ et al.,
2013a; YANIZ et al., 2013b; VICENTE-FIEL et al., 2014); IP e carboxifluoresceina
(PEREZ-PE et al., 2002; GRASA et al., 2004; GRASA et al., 2006; MARTI et al., 2006;
YANIZ et al., 2008; YANIZ et al., 2012; YANIZ et al., 2013b); IP e Hoechst (YANIZ et
al., 2013b; MARTINEZ-RODRIGUEZ et al., 2015); SYBR-14 e IP (GIL et al., 1999;
YANIZ et al., 2013Db).

Yaniz et al. (2013a) propuseram o0 uso da combinacdo de LA e IP para
avaliacao de integridade de membrana em ovinos. Apesar de ser uma combinacéo
pouco usual para esse tipo de andlise, os autores validaram seu uso. Nesse estudo,
foi demonstrado que o modo de preparo das amostras € simples, ndo requer
incubacdao, ja que a penetracdo de ambas sondas é imediata e ndo ha necessidade
de imobilizacéo das células com formaldeido. Além disso, a técnica se torna vantajosa
por ser pouco passivel a erros iatrogénicos e resultados falsos, fazendo com que a
avaliacdo da amostra se torne fidedigna em relacéo ao ejaculado do macho. Outros
autores também utilizaram tal combinag&o com sucesso em ovinos (PALACIN et al.,
2013; YANIZ et al., 2013b; VICENTE-FIEL et al., 2014).

Além da andlise da integridade de MP, o uso das sondas fluorescentes permite
a avaliacdo de outros parametros espermaticos como: integridade de membrana
acrossomal, potencial mitocondrial, translocacdo de fosfolipidios de membrana,
indice de fragmentacdo de DNA, integridade do flagelo, lipoperoxidacao,
fosforilizagdo da tirosina, RA, dentre outros parametros (ARRUDA et al., 2003).

2.1.2.2.1 Avaliacao da capacitacao espermatica

O uso do antibiotico CTC se apresenta como um método rapido para avaliacdo
de capacitacdo espermatica (SALING e STOREY, 1979). O CTC é uma sonda
fluorescente quelante de célcio. Desta forma, a molécula de CTC possui a habilidade
de indicar a localizacao de calcio na membrana. Durante a capacitacao, modificacdes

na distribuicdo da fluorescéncia do CTC sdo observadas em resposta as alteracdes
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de MP da cabeca do espermatozoide (SALING e STOREY, 1979), demonstrando
diferentes padrdes de coloracdes, os quais refletem diferentes estagios do processo
de capacitacdo. Existem trés padrbes de fluorescéncia: padrao F (full), devido a
caracteristica da cabeca do espermatozoide apresentar-se com completa
fluorescéncia, indicando células ndo capacitadas e com acrossoma intacto; padrdo B
(banded), devido a fluorescéncia estar distribuida de forma brilhante na regido
acrossomal e auséncia de brilho na regido p6s acrossomal, indicando células
capacitadas e com acrossoma intacto e padrdo AR (acrosome reaction), que
corresponde a auséncia de brilho fluorescente na cabeca, indicando células que
sofreram RA (CORMIER et al., 1997).

O antibidtico atravessa a MP do espermatozoide e entra nos compartimentos
intracelulares contendo calcio livre. Nesses compartimentos intracelulares, o CTC se
torna negativamente carregado e se liga ao calcio, gerando a fluorescéncia. O
complexo CTC-calcio se liga preferencialmente a regides hidrofébicas, como na
membrana, resultando nos diferentes padrées de coloracéo citados. As observacdes
desses padrfes precisam ser avaliadas no microscopio de epifluorescéncia (SALING
e STOREY, 1979).

Varios estudos utilizaram a técnica de CTC em ovinos com sucesso (PEREZ
et al., 1995; PEREZ et al., 1996; GILLAN et al., 1997; GIL et al., 1999; PEREZ-PE et
al., 2002; GRASA et al., 2006; MARTI et al., 2006; CASAO et al., 2009; MEJIA et al,
2009; PEREIRA et al., 2009; HASSANPOUR et al., 2010; ROMAO et al., 2013; LUNA
et al., 2015).

2.1.2.3 Andlise computadorizada do sémen - CASA

Para reduzir a subjetividade das analises espermaticas, nos ultimos 15 anos,
sistemas automaticos para analise computadorizada de sémen, o CASA, vém sendo
desenvolvidos com o objetivo de fornecer dados acurados da motilidade de cada
célula espermatica e o resumo estatistico das subpopulacées (VERSTEGEN et al.,
2002). Este sistema pode ainda ser modificado para capturar dados para classificagao
morfométrica de cada célula examinada (AMANN e KATZ, 2004).
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O CASA é um sistema automatico utilizado para visualizar, digitalizar e analisar
imagens sucessivas, fornecendo informacfes acuradas e precisas do movimento
individual de cada célula espermatica (AMANN e KATZ, 2004). Independente do
fabricante, os diferentes instrumentos sdo baseados em principios similares, mas
diferem em termos de Otica usada e de software para a identificacdo do
espermatozoide e a construcdo da trajetéria, respectivamente (KRAEMER et al.,
1998).

O CASA tém substituido a avaliacdo de sémen por microscopia Optica
convencional de campo claro também porque fornece informacfes mais detalhadas
e objetivas sobre varias caracteristicas da motilidade e da morfometria espermatica
(VERSTEGEN et al.,, 2002). A analise computadorizada possibilita a avaliacdo
objetiva de diferentes parametros espermaticos como cinética, motilidade, viabilidade
e morfologia. As caracteristicas mais comumente avaliadas pelo CASA sao: VCL
(Figura 1); velocidade linear (VSL; Figura 1); velocidade média do percurso (VAP;
Figura 1); ALH (Figura 1); frequéncia do batimento cruzado (BCF); LIN; retilinearidade
(STR); e WOB (VERSTEGEN et al., 2002).
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Figura 1. Representacdo esquemética da velocidade curvilinea (VCL), velocidade
linear (VSL), velocidade média (VAP) e deslocamento lateral da cabeca (ALH) da

trajetéria de uma célula espermatica. Retirado da revisdo de Mortimer, 1997; 2000.

Para descrever as trajetérias espermaticas, sdo estudados trés parametros
gue resultam da proporcédo entre as velocidades, sdo elas a LIN, STR e WOB
(BOYERS et al., 1989).

O parametro VCL (um/s) € definido como a velocidade média do
espermatozoide de um ponto a outro do trajeto realizado, incluindo todos os desvios
do movimento de sua cabeca. Trata-se da velocidade da trajetoria real do
espermatozoide. E sempre a maior das trés velocidades e serve como elemento de
célculo para a linearidade. A VSL (um/s) é definida como a velocidade média
percorrida em linha reta entre os pontos inicial e final do percurso. E sempre a mais
baixa das trés velocidades. A VAP (um/s) é definida como a velocidade média
ininterrupta do trajeto da célula (VERSTEGEN et al.,, 2002). Em casos onde a
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trajetoria espermatica € regular e linear, com pouco movimento lateral da cabeca, o
valor de VAP é quase o mesmo que o de VSL. Porém, quando as trajetérias séo
irregulares, nao lineares ou onde existe um alto grau de desvio lateral da cabeca em
relacédo a direcdo do movimento, a VAP sera maior que a VSL (Figura 2; MORTIMER,
2000).

Trajetdria regular

SNV

- —--vsL

Trajetdria em curva

Figura 2. Representacdo esquematica demonstrando a relagdo entre velocidade
linear (VSL) e velocidade média (VAP) em diferentes tipos de trajetorias
espermaticas. Adaptado de Mortimer (2000).
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A variavel ALH (um) é definida como o valor médio da oscilacédo lateral da
cabeca do espermatozoide enquanto se move ou a amplitude do deslocamento médio
da cabega do espermatozoide em sua trajetoria real. A mensuragéo desse parametro
esta relacionada com a capacidade de penetracdo na zona pellcida do odcito, assim,
a ALH é um dos parametros que tem efeito sobre a fertilizacdo. A BCF (Hz) é definida
como a frequéncia que a cabeca do espermatozoide cruza sua trajetoria média por
segundo ou o numero de vezes que a cabec¢a do espermatozoide cruza a dire¢ao do
movimento (VERSTEGEN et al., 2002). E um parametro (til para observar alteracdes
no padrdo do batimento flagelar. Se existem mais batimentos/segundos que
imagens/segundos, entdo, a BCF ir4 ser subestimada (MORTIMER e SWAN, 1995).

A LIN (%) é definida como o valor médio da proporcéo entre VSL e VCL.
Quanto mais o espermatozoide se afasta da velocidade em linha reta, menor sera sua
linearidade (VERSTEGEN et al., 2002; MORTIMER, 2000). A STR (%) é definida
como o valor médio da proporcao entre VSL e VAP. Estima a proximidade do percurso
da célula a uma linha reta. A variavel WOB (%) é definida como o valor médio da
proporcao entre VAP e VCL (VERSTEGEN et al., 2002).

Uma trajetéria circular apresenta baixos valores de LIN uma vez que o trajeto
curvilineo (ou seja, a circunferéncia do circulo) é maior que o espaco percorrido (ou
seja, a distancia entre os dois pontos percorridos). Ja a trajetéria que apresenta altos
valores de LIN, é aquela cujo o trajeto curvilineo apresenta baixa amplitude lateral de
cabeca e a direcdo do movimento se da relativamente em linha reta (MORTIMER,
2000).

Uma trajetdria que percorre pontos uniformemente espacados e apresenta
uma baixa amplitude teria um alto valor de STR, jA que o caminho médio se
aproximaria do trajeto em linha reta. Uma trajetoria circular apresenta baixos valores
de STR uma vez que o trajeto médio é a média do trajeto curvilineo, logo, o STR sera
maior que a LIN, mas ainda baixo (MORTIMER, 2000).

A variavel WOB seria baixa em uma trajetéria extensa e ampla, com valores
altos de ALH. Porém, apresentaria altos valores em um trajeto circular, ja que 0s

trajetos curvilineo e médio séo similares (MORTIMER, 2000).
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O desenvolvimento do CASA e a avaliagdo objetiva dos parametros
espermaticos ajudou a aumentar a precisdo e confiabilidade das andlises de
motilidade, fornecendo mais informacdes sobre a qualidade do sémen quando se
compara com a avaliacdo subjetiva. Além disso, o CASA facilita a comparacéao de
resultados e faz com que seja possivel encontrar diferencas sutis entre machos ou
tratamentos (VERSTEGEN et al., 2002). Um estudo recente validou e padronizou o
uso do CASA para avaliacdo da motilidade do sémen de carneiros, associando a
confiabilidade do CASA com o potencial reprodutivo dessa espécie (PALACIN et al.,
2013).

A motilidade é um dos parametros mais importantes para a avaliacdo da
qualidade do sémen, fornecendo importantes informacdes sobre o status energético
da célula espermatica. A motilidade ativa € essencial para o espermatozoide
ultrapassar o muco cervical e atingir o sitio de fertilizagdo na tuba uterina (YANIZ et
al., 2006). Entretanto, existem grandes variacbes na estimativa subjetiva da
motilidade, mesmo avaliando a mesma amostra (CONTRI et al., 2010). Alguns
estudos, utilizando o CASA em carneiros, associaram valores desejaveis da
motilidade espermatica (SMITH et al., 1998; SANCHEZ-PARTIDA et al., 1999) e de
VCL e VAP (ROBAYO et al., 2008) com a fertilidade e a habilidade migratéria da
célula espermatica no muco cervical. Embora a utilizacdo da avaliacdo in vitro de
sémen de ovinos ndo seja tdo difundida como em outras espécies, por exemplo
bovinos e suinos, véarios estudos vém aprimorando o uso do CASA nessa espécie
(HOLT e PALOMO, 1996; GIL et al., 1999; SANCHEZ-PARTIDA et al., 1999; ARMAN
et al., 2006; ROBAYO et al., 2008; GARCIA-ALVAREZ et al., 2010; HASSANPOUR
et al., 2010; YANIZ et al., 2012; PALACIN et al., 2013; VICENTE-FIEL et al., 2014;
GARCIA-ALVAREZ et al., 2015; MARTINEZ-RODRIGUEZ et al., 2015).

A avaliacdo de motilidade em seus diversos parametros € realizada
rigorosamente por um sistema estroboscopico de alta precisdo totalmente controlado
por computador. Utiliza-se videomicrografia que faz o monitoramento constante e
analise sequencial do movimento do espermatozoide (AMANN e KATZ, 2004). Por
meio do uso de microscépio com contraste de fase, as células esperméaticas sdo mais
claramente visualizadas no meio onde estas se encontram, o que permite a deteccao
e o rastreamento dessas células. O processo de deteccdo automatica das células,

denominado segmentacao, € entdo realizado pelo sistema comparando a intensidade
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da imagem adquirida com um limiar de intensidade pré-estabelecido (MORTIMER,
2000).

O tamanho minimo e maximo aceitavel para a cabeca do espermatozoide de
cada espécie € padronizado pelo sistema e o computador ira reconhecer um objeto
gue cair dentro da faixa de tamanho de cabeca espermatica pré-estabelecida.
Particulas presentes na imagem com tamanho abaixo deste limiar seréo considerados
parte do fundo (MORTIMER, 2000).
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4. JUSTIFICATIVA

Na ovinocultura atual, ha uma preocupacéo cada vez maior com a eficiéncia
reprodutiva e adequacao as biotécnicas. Diante da importancia econémica que a
atividade pecuaria possui no Brasil e, dentro desse contexto, a crescente exploracao
da espécie ovina, torna-se necessario o desenvolvimento de tecnologias relacionadas
a reproducdo que possam ser aplicadas de forma pratica e eficiente, acelerando o

ganho genético de ovinos.

No Brasil, a PIVE em ovinos ainda ndo € largamente praticada de forma
comercial. Ha relatos de casos experimentais que evidenciando varios obstaculos,
dentre eles, a caréncia de protocolos padronizados e eficientes de preparo do sémen.
O uso em larga escala de sémen criopreservado e 0s prejuizos que a criopreservacao
pode causar a célula espermaética, torna o aperfeicoamento de técnicas relacionadas
a manipulacdo de amostras criopreservadas imprescindiveis no que concerne 0 Uso

do gameta masculino para a PIVE.

A proposta da presente pesquisa é estudar de forma criteriosa, e comparando
com outras espécies que apresentam PIVE comercial e padronizada, tal obstaculo
citado da técnica e adaptar protocolos de preparacdo de gametas masculinos a

espécie ovina.

5. HIPOTESES CIENTIFICAS

Diante do exposto até o presente topico, as seguintes hipéteses cientificas
foram desenvolvidas: (1) a técnica de mini-Percoll ndo apresenta prejuizos aos
parametros de viabilidade da célula esperméatica quando comparada a outras técnicas
usualmente utilizadas durante a selecéo; (2) o uso do mini-Percoll aparece como uma
alternativa atrativa por minimizar o custo da etapa de preparacao espermatica e torna-
la mais prética e eficiente; (3) o sémen criopreservado de ovinos sofre capacitacao
espermatica mais facilmente do que as espécies bovina e caprina nas mesmas
condicbes de capacitacdo; (4) a heparina ndo apresenta efeitos na inducéo da

capacitacdo de sémen criopreservado de ruminantes domeésticos.
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6. OBJETIVOS

6.1 Objetivo geral

Estudar a etapa de preparacdo espermatica na espécie ovina, aprimorando a
selecdo de espermatozoides de melhor qualidade para posterior aplicagdo em
biotecnologias, e avaliar o evento de capacitagdo espermatica no sémen
descongelado de ovinos, comparando-o com outras espécies de ruminantes, a fim de

demonstrar sua maior facilidade de capacitacéo.

6.2 Objetivos especificos

Testar diferentes métodos de selecdo espermatica em sémen descongelado de
carneiros da raca Santa Inés e sua influéncia sobre a taxa de recuperacao
espermatica, motilidade, cinética, integridade de MP, morfologia e capacitacdo

espermatica.

Testar diferentes forcas e tempos de centrifugacéo de protocolos de mini-Percoll
em sémen descongelado de carneiros da raca Santa Inés e verificar como as
alterac6es do procedimento influenciam positivamente os parametros espermaticos,

guando comparado com a técnica tradicional de Percoll.

Avaliar e comparar o processo de capacitacdo espermatica das espécies bovina,

caprina e ovina apos a selecéo e ao longo de intervalos de incubacao.

Avaliar o processo de capacitacdo espermatica em sémen descongelado de
ovinos, comparando-o com outras espécies de ruminantes em meios capacitantes e

nao capacitantes.
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ABSTRACT

Background: The success of fertilization is directly associated with semen quality and
the sperm preparation. Considering the common use of cryopreserved spermatozoa,
there is a need to develop strategies for sperm preparation in order to achieve a sperm
sample of high quality through a rigorous selection of sperm. Thus, sperm cells are
being more extensively investigate. This study aimed evaluating the influence of

different sperm selection techniques on ram sperm parameters in semen preparation.

Materials, Methods & Results: Frozen-thawed commercial semen from 10 Santa
Inés rams was subjected to either: swim-up, Percoll, mini-Percoll, sperm washing by
centrifugation or a control group. After each technique, samples were incubated at 37
°C for 1 h, 2 h and 3 h. At post-selection moment (0 h) and at each interval, sperm
recovery rate, motility, capacitation and plasma membrane (PM) integrity were
analyzed. The lowest (P < 0.05) recovery rate was recorded after swim-up (1.0 £
0.3%), whilst the others were similar (P > 0.05). Most part of motility parameters were

not affected (P > 0.05) by the technique at O h; just swim-up obtained higher (P < 0.05)
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values for VSL (41.8 + 11.1) and VAP (46.9 + 11.2). Overall, swim-up presented higher
(P < 0.05) values for most of motility parameters over time of incubation. The control
group led to more (P <0.05) capacitated cells (46.8 £ 2.3%), whilst Percoll, mini-
Percoll and swim-up were similar (~33%; P > 0.05), regardless of interval incubation.
However, the latter three techniques presented more (P < 0.05) reacted cells. Swim-
up recovered a higher (P < 0.05) number of intact cells (32.1 + 6.4%), and Percoll,

mini-Percoll and control group were similar (P > 0.05).

Discussion: The present study evaluated the sperm cell and its preparation for
receiving the oocyte under optimal conditions. Although the swim-up technique
promoted higher rates for some of the sperm parameters evaluated, Percoll protocols
are the most widely used procedures for selection during the sperm preparation in
many species, possibly because of its greater speed, practical method and
convenience compared to the swim-up technique. Percoll and mini-Percoll recovered
approximately 10 times more cells than swim-up, which is an important feature to be
considered during sperm preparation for in vitro fertilization (IVF), being possible to
use only one semen straw. The high capacitated and acrosome reaction rates
observed after the treatments in the current study, are probably reinforced by changes
in sperm cells caused by the cryopreservation process. In order to strength the
evidence that frozen-thawed sperm, even after selection, is sensible and reactive to
capacitation-like events, we demonstrated the capacitated and acrosome-reacted cell
values immediately after the selection treatments behaved differently than when
authors used ram fresh sperm. Possibly, this capacitation-like changes observed in
frozen-thawed sperm occurs regardless of the selection treatment used. Analyzing the
motility parameters immediately after the selection, all treatments maintained or

increased the rates compared to the control group. The swim-up, mini-Percoll and
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Percoll did not differ in any parameters. Given that Percoll and mini-Percoll did not
show differences in relation to swim-up for motility parameters, such techniques can
be used to replace the latter, obtaining similar sperm samples with good quality.
However, swim-up technique involves a procedure that recovers a clean fraction without
debris and other types of cells, with high rate of mobile sperm with excellent quality,

reason why it can justify the higher recovery of intact spermatozoa after the technique.

Keywords: ovine; sperm preparation; sperm capacitation; CASA; CTC; plasma

membrane integrity

INTRODUCTION

The ability to assess the fertilizing potential of a sperm sample is still considered
a very difficult task and, unfortunately, there is not a single definitive and effective test
that can predict such capacity. Thus, sperm cells are being more extensively
investigated and their importance has been emphasized [32]. Considering the
common use of cryopreserved spermatozoa, there is a need to develop strategies for
sperm preparation in order to achieve a sperm sample of high quality through a
rigorous selection of sperm [39]. To be effective, the sperm preparation method aims

the selection of high quality sperm, with good rates of motility and viability [33].

In vivo, the sperm selection process is controlled by the female reproductive
tract to ensure that the descendants receive high quality genetic material from the
male gamete [11]. In order to achieve a sperm selection based on natural principles,
researchers need to understand these events and reproduce them [21], through the

development of a sperm preparation of excellence.
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The sperm selection methods used in sheep are: swim-up [34, 15], Percoll
density gradients [38, 9] and sperm washing by centrifugation [4, 18]. The use of mini-
Percoll technique appears as an attractive alternative to minimize the cost and reduce
the contact with the density gradient molecules. Thus, the aim of the present study
was to compare the efficacy of different sperm selection techniques: (i) Percoll density
gradient; (i) mini-Percoll density gradient; (iii) swim-up; (iv) sperm washing by
centrifugation, on the recovery of high-quality frozen-thawed ram spermatozoa for

further assisted reproductive biotechnologies.

MATERIALS AND METHODS

All the experiments were carried out at Fluminense Federal University (UFF),
Niterdi (Brazil, latitude 22°53°S, longitude 43°06"W). The procedures were approved

by the local ethic committee.

Reagents

All chemicals were from Sigma Chemical®. Exceptions were acridine orange

and propidium iodide of VitalTest kit obtained from Halotech DNAZ.

Experimental design

Commercial semen straws (0.25 mL) of the same batch from 10 Santa Inés
rams aging 2-5 years old, sexually matured and of proved fertility were used. All
straws were maintained frozen in liquid nitrogen until their use. The straws were

thawed at 37 °C for 30 s. A pool of five straws of the same ram was thawed and
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homogenized in a warmed 1.5 mL microtube3. At post-thawing (PT), a sample of the
pool was removed to evaluate rates of sperm concentration and motility. Then, the
semen was divided into 0.15 mL aliquots and each one was submitted to either:
Percoll density gradient, mini-Percoll density gradient, swim-up or sperm washing by
centrifugation. At the same moment, another 0.15 mL aliquot was also transferred to
a 300 x g centrifugation for 8 min, in a 15 mL conical tube containing 4 mL SP-TALP
(supplemented with 3 mg/mL BSA V, 2.2 mg/ mL sodium pyruvate, 50,000Ul/ mL
penicillin and 50 mg/ mL streptomycin), featuring the control group, free of any sperm
selection technique influence. At the end of all treatments, aliquots (post-selection =0
h) were taken to quantify the rates of sperm recovery, motility, capacitation and plasma
membrane (PM) integrity. Afterwards, samples of all treatments were submitted to
incubation at 37 °C, for 1 h, 2 h and 3 h and the same parameters mentioned were

assessed among the intervals, except the recovery rate.

Traditional Percoll technique

The sperm selection by Percoll technique was established based on the method
described by Papadopoulos et al. [26], with slight modifications. A total of 2 mL-
gradient (90/45% density) of Percoll solution was prepared in a 15 mL conical
centrifuge tube®. A 0.15 mL aliquot of semen described above was poured into the
Percoll gradient tube and it was subjected to a 700 x g centrifugation for 10 min. At
the end of this centrifugation, an aliquot was removed to assess the motility and the
sample was subjected to another centrifugation at 200 x g for 5 min. After the second
centrifugation, the supernatant was discarded and the pellet was resuspended in 0.25

mL of SP-TALP.
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Mini-Percoll technique

The gradient was formed by pipetting 0.4 mL of 90% Percoll solution into a 2
mL microtube and then overlaying it with 0.4 mL of 45% Percoll solution. A 0.15 mL
aliquot of the pool was placed onto the top of the 45% layer and then centrifuged twice
by 5000 x g for 5 min [16]. At the end of the centrifugation, the supernatant was
removed and the pellet was suspended in 0.4 mL of SP-TALP, and then, the sample
was submitted to another centrifugation. After last centrifugation, the supernatant was

removed and the pellet was suspended in 0.25 mL of SP-TALP.

Swim-up

Swim-up procedure was previously described by Morton et al. [23], but some
modifications were performed in the present study. A 0.15 mL aliquot of the pool of
thawed sperm was carefully placed in the bottom of a 15 mL conical tube containing
1 mL SP-TALP, supplemented with 3 mg/mL BSA V, 2.2 mg/mL sodium pyruvate,
50,000 IU mL penicillin and 50 mg/mL streptomycin. Sperm cells were allowed to
swim-up in a 45° position for 45 min, at 38.5 °C in a humidified 5% COz2 (in air)
atmosphere. After this incubation, the supernatant with the spermatozoa was
harvested and the motility was assessed. Then, the spermatozoa were transferred to
another tube containing 1 mL SP-TALP and centrifuged at 300 x g for 8 min. Finally,

the pellet was resuspended in 0.25 mL of SP-TALP.



68

Sperm washing by centrifugation

This technique was performed following the method described by Mara et al.
[18], with some modifications. A 0.15 mL aliquot of the thawed sperm pool was placed
in a 15 mL conical tube containing 6 mL of SP-TALP and washed twice by
centrifugation at 200 x g for 5 min. Before the second centrifugation, the pellet was
suspended with 6 mL of SP-TALP and an aliquot was pipetted to assess the motility.
After the last centrifugation, the supernatant was discarded and the spermatozoa

pellet was resuspended in 0.25 mL of SP-TALP.

Sperm assays

Sperm recovery rate

This rate was obtained after each treatment by the use of a Neubauer counting
chamber after spermatozoa dilution (1:200). The rate was calculated by the formula:

[final concentration x final volume] x [initial concentration x initial volume] — 1x100.

Sperm Capacitation

The capacitation status was assessed by chlortetracycline (CTC) test and was
based at the technique described by Pérez-Pé et al. [29], with slight modifications. A
0.75 mM CTC solution was daily prepared in a buffer containing 20 mM Tris, 130 mM
NaCl and 5 mM cysteine, pH 7.8. For staining, 0.01 mL of sperm sample were mixed
with 0.01 mL of CTC solution onto a glass slide. Finally, a drop of an antifading solution
(0.22 M 1,4-diazabicyclo [2.2.2] octane, DABCO, Sigma) was mixed to retard the

fading of CTC fluorescence. For the evaluation of CTC patterns, the samples were
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observed in a microscope (Nikon Eclipse Ci®) under epifluorescence illumination, in
1000x magnification with oil immersion. One hundred spermatozoa per slide were
scored [3] and classified into three groups, as described by Cormier et al. [5]: bright
fluorescence over the whole head (noncapacitated cells, F pattern); fluorescence-free
band in the postacrosomal region (capacitated cells, B pattern); and full fluorescence
over the whole head except for a thin, bright band of fluorescence along the equatorial

region (acrosome-reacted cells, AR pattern).

Sperm motility

Sperm motility parameters were analyzed by computer-assisted semen
analysis (CASA) using the SCA® system (Sperm Class Analyzer Microptic®),
connected to a microscope and the following settings were applied: image collection
speed: 25 images per second; magnifying power of microscope: x100; measurements
were performed in a 24 x 24 mm coverslide with a 10 pL sample drop volume. Sperm
movement was observed under negative phase contrast optics and videotape
recorded in three different fields, at least, or 500 spermatozoa were captured for
analyzing. Software settings were adjusted to ram spermatozoa. The main software
settings were as follows: the sperm head dimensions detected by the system were
between 18 and 60 um2. Spermatozoa were identified as immotile by curvilinear
velocity (VCL) below 10 pm/s; between 10 and 45 um/ s were classified as slow;
between 45 and 75 pm/ s were classified as medium; and above 75 pm/ s were
classified as rapid. The sperm cells presenting straightness (STR) above 80% were
featured as progressive. The following motility patterns were analyzed: total motility

(%), progressive motility (%), fast progressive (%), fast sperm (%), , average path
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velocity (VAP; mm/s), VCL (mm/s), straight line velocity (VSL; mm/s), straightness
(STR: VSLIVAP; %), linearity (LIN: VSL/ VCL; %), wobble (WOB: VAP/ VCL; %),

lateral head displacement (ALH; mm) and beat cross frequency (BCF; Hz).

PM integrity

This assessment was carried out by VitalTest kit and followed the manufacturer
instructions. At least 100 spermatozoa per slide were analyzed. The test was
performed by CASA system connected to a microscope under epifluorescence
illumination, using 100x magnification. This procedure resulted in selective labelling of

either damage or normal cells visualized in red or green colors, respectively.

Statistical analysis

All quantitative variables were subjected to normality (Lilliefors test) and
homoscedasticity tests and one-way analysis of variance (ANOVA) was performed
with Tukey or Fisher-LSD tests for means comparisons. The non-normal variables
were subjected to Kruskal-Wallis test followed by Dunn’s test. A value of P < 0.05 was
considered to be statistically significant. Statistical analyses were performed using the

9.0 SAEG® program’.

RESULTS

Sperm recovery rate was similar (P > 0.05) among sperm washing, Percoll and
mini-Percoll (7.4 + 2.3%; average of these techniques). Swim-up resulted in the lowest

(1.0 £ 0.3%; P < 0.05) whilst the control group, in the highest (31.2 £ 4.6%; P < 0.05)
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rate. The majority of sperm motility parameters assessed were not affected (P > 0.05)
by the technique, immediately after the selection (0 h). The only exceptions were VSL,

VAP and ALH parameters, as shown in Table 1.

When we compared the intervals of incubation among the treatments on motility
parameters, swim-up obtained higher (P < 0.05) values at most intervals assessed
(Table 2). On the other hand, there was no difference (P > 0.05) among the
incubation intervals after each selection technique for all parameters studied,

exception for BCF.

Overall, when we pool the data regardless of the interval of incubation (average
from O to 3 h), there was difference (P > 0.05) among the treatments for the majority
of the motility parameters assessed. For total motility, swim-up (32.4 = 2.2%), mini-
Percoll (28.1 + 2.9%), Percoll (28.0 £ 2.2%) and control group (28.0 + 3.0%) did not
differ (P > 0.05), but swim-up was higher (P < 0.05) than sperm washing (24.6 + 2.1%).
For progressive sperm, swim-up (9.3 £ 1.6%), mini-Percoll (6.0 + 1.9%) and Percoll
(4.5 + 1.2%) were not different (P > 0.05) among each other, but swim-up was higher
(P < 0.05) than sperm washing (3.6 + 1.1%) and control group (3.9 £ 1.3%). Swim-up
presented the highest value for fast sperm (7.2 £ 1.4%; P < 0.05), but it did not differ

(P > 0.05) to mini-Percoll (4.6 = 1.5%).

Mini-Percoll and Percoll were similar (P > 0.05), regardless of the interval of
incubation (average from O to 3 h), for all velocities studied (VCL: 40.1 + 4.6 vs. 39.1
+5.1; VSL: 20.1 £3.8 vs. 21.4 £ 4.1; and VAP: 26.3 + 4.1vs. 26.8 + 4.4um/s). For VAP
and VSL, swim-up presented higher values (P < 0.05; 33.9 £ 4.9 vs. 29.4 +4.7um/s)
than the other treatments, but was similar (P > 0.05) to mini-Percoll, Percoll and control

group for VCL (swim-up: 44.0 + 5.2; mini-Percoll: 40.1 £4.6; Percoll: 39.1 +5.1; control
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group: 40.8 4.4 pm/s). Control group presented the highest value for ALH (1.8 +
0.1um) and it was not different from swim-up (1.7 £0.1um), that was similar (P > 0.05)
to Percoll and mini-Percoll. For BCF, swim-up value was higher (P < 0.05; 6.6 + 0.4
Hz) than the others. LIN and WOB values for swim-up technique were higher (P <
0.05; 52.9 + 4.6 vs. 64.9 = 4.0%) than the other treatments. There was no difference
(P > 0.05) between Percoll (39.2 £4.1 vs. 54.5 £ 3.8%) and mini-Percoll (38.0 + 4.2 vs.
54.4 + 3.7%) for these parameters, and values were higher (P < 0.05) than sperm
washing (31.4 + 4.2 vs. 47.0 = 3.9%) and control group (29.0 + 3.2 vs. 47.8 + 2.9%),

that were similar (P > 0.05) between each other.

Regarding to capacitation status immediately after the selection (0 h), control
group and sperm washing by centrifugation obtained more (P < 0.05) capacitated cells,
and swim-up and mini-Percoll recovered less (P < 0.05) cells. Control group and sperm
washing recovered the lowest (P < 0.05) percentages of acrosome-reacted cells,
whereas swim-up obtained the highest (P < 0.05). When we studied the PM integrity
at 0 h, intact cell rate was higher (P < 0.05) after swim-up technique (P < 0.05). There

was no difference (P > 0.05) among the other treatments for PM integrity (Figure 1).

Overall, when we pool the data regardless of the interval of incubation (average
from 0 to 3 h), there was no difference (P > 0.05) for sperm washing, Percoll, mini-
Percoll and swim-up, respectively, for: capacitated (41.8 + 2.0, 35.6 + 2.3, 33.9+ 2.1
and 30.3 + 2.4%) and noncapacitated (5.3 £1.0,4.6 +0.8,5,5+ 1.1 and 4.9 £ 0.8%).
When the sperm selections were compared with the control group, the last was higher
(P < 0.05; 46.8 + 2.3%), than all treatments for capacitated. Regarding to acrosome-
reacted rate, Percoll, mini-Percoll and swim-up had highest rates (P<0.05; 59.8 + 2.4,

60.6 £ 2.3 and 57.5 + 2.6%, respectively), but swim-up was no different (P > 0.05) of
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sperm washing (53.6 + 2.4 %). Control group rate was lower (P < 0.05; 48.6 + 2.6 %)

than all treatments and was similar (P > 0.05) to sperm washing.

Regarding to PM integrity, when we compared the intervals of incubation
among the treatments, swim-up obtained higher (P < 0.05) rates of intact cells at 2 h
of incubation (control group: 4.5 £ 0.7; sperm washing: 4.2 + 0.5; Percoll: 5.0 £1.7;
mini-Percoll: 7.4 £ 2.2; swim-up: 13.3 £ 3.7%). On the other hand, there was no

difference (P > 0.05) among the incubation intervals after each selection technique.

When we pool the data regardless of the interval of incubation (average from 0
to 3 h), the intact cell rate was higher (P < 0.05) at swim-up (17.4 * 2.8%). No
differences (P > 0.05) were found among all the other treatments for either intact
(Control: 8.0 £ 1.7; sperm washing: 7.1 + 1.0; Percoll: 9.4 + 1.8; and mini-Percoll: 7.3
+ 1.1%) or damaged (Control: 91.9 £ 1.7; sperm washing: 92.8 + 1.0; Percoll: 90.6 £

1.8; and mini-Percoll: 92.7 + 1.1%) cells.

DISCUSSION

Different sperm selection techniques have been developed to obtain a
procedure efficient to produce a final sample with great sperm parameters so
fertilization may occur successfully. The sperm physiology and biochemistry are
complex and a lot of studies are designed to evaluate the sperm cell and its
preparation for receiving the oocyte under optimal conditions. Although the swim-up
technique promoted higher rates for some of the sperm parameters evaluated, Percoll
protocols are the most widely used procedures for selection during the sperm
preparation for in vitro fertilization (IVF) in many species, possibly because of its

greater speed, practical method and convenience compared to the swim-up technique.
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Lower recovery rate was obtained after swim-up, which is relatively low and
corroborate with several other studies comparing different sperm selection techniques
on bovine, ovine and caprine [27, 30, 37, 36, 24]. In this study, Percoll and mini-Percoll
recovered approximately 10 times more cells than swim-up, which is an important
feature to be considered during sperm preparation for IVF, being possible to use only
one semen straw. The swim-up technique is based on the ability of mobile sperm
migrate to the upper levels of the culture media, in a determinate interval [12]. On the
other hand, the swim-down techniques, such as washing by centrifugation and density
gradient methods, are based on the recovery of sperm by forced migration to the
bottom of the tube, which is assigned to the gravitational force during centrifugation
[36], which explains the difference between recovery rates among the sperm selection

techniques obtained in this study.

Capacitated cells and acrosome-reacted rates were higher after each selection
technique, when compared to the control group. These observations corroborate with
Marti et al. [19] who reported that sperm selected by Percoll demonstrated greater
hyperactivation ability and thus, greater ability to undergo capacitation, when
compared to nonselected cells. The processing of the selection techniques is more
time consuming and involves more than one centrifugation. The centrifugation
processes generate mechanical stress, favoring damage to sperm cells and their PM
during the selection techniques [7]. This fact probably holds up the destabilization of
sperm PM, facilitating the occurrence of capacitation events and acrosome reaction.
Furthermore, it is known that oxidative stress caused by the presence of reactive
oxygen species (ROS) increased during centrifugations [1]. The presence of ROS
induce lipid peroxidation causing considerable PM damage [22]. Beyond the stress of

the centrifugation, extended incubation intervals, as in swim-up procedure, generate
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further oxidative stress [6]. Lastly, the incubation interval of the technique tends to
make the incubated spermatozoa more sensitive to damage caused by the
centrifugation [37], which explains the PM greater sensitivity of the selected sperm

and occurrence of capacitation and acrosome reaction.

Garcia-Alvarez et al. [9] observed that both capacitation or noncapacitation
media in PT moment and after incubation showed high rates of PM fluidity in ram
frozen-thawed sperm. In this same study, cells subjected to noncapacitation media
underwent premature acrosome reaction. The authors attributed these facts to the
cryopreservation process and described that after this process, the sperm present
defects in calcium regulation, being more susceptible to PM destabilization and
capacitation. Similarly, the high capacitated and acrosome reaction rates observed
after treatments in the current study are probably reinforced by changes in sperm cells

caused by the cryopreservation process.

A low percentage of noncapacitated cells was observed at O h in the present
study. When incubated, these cells seem to start the capacitation process
immediately, and after 1 h this rate decreased drastically. The continuing decreased
of this pattern can be explained due to the capacitation event and consequent
acrosome reaction, which makes the rate of noncapacitated to greatly reduce after 3
h of incubation and the capacitated and acrosome-reacted rates high. A similar study,
after selection of frozen-thawed sperm by Percoll, Gillan et al. [10] found
approximately 8% of noncapacitated cells. In addition, after 6 h incubation,
noncapacitated cells were not found, and they found approximately 38% of

capacitated cells and 68% of acrosome-reacted cells.
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In order to strength the evidence that frozen-thawed sperm, even after
selection, is sensible and reactive to capacitation-like events, we demonstrated the
capacitated and acrosome-reacted cell values immediately after the selection
treatments behaved differently than when authors used ram fresh sperm [19]. The
authors observed low capacitated and acrosome-reacted rates after swim-up
(12.5 £ 4.2% and 15.2 £ 3.3%). This difference can be due to cryocapacitation event
that frozen sperm suffers, and thus is not observed in fresh semen [14]. Possibly, this
capacitation-like changes observed in frozen-thawed sperm occurs regardless of the

selection treatment used.

The capacitated rate remained constant up to 2 h and declined after 3 h, which
coincided with the increase of the acrosome-reacted rate. This behavior may suggest
that the capacitation event in ram is time dependent and lasts around 2 h [2], once the
sperm remained capacitated to 2 h, initiating the process of acrosome reaction. These
results corroborate with Pérez et al. [28]. The authors demonstrated, also using CTC
fluorescence, that the ram frozen-thawed sperm underwent capacitation (90%) faster

than fresh sperm after 2 h of incubation.

Analyzing the motility parameters immediately after the selection, all treatments
maintained or increased the rates compared to the control group. The swim-up, mini-
Percoll and Percoll did not differ in any parameters. These results are important since
the processing of selection techniques did not infer damages to spermatozoa. The
sperm recovered by swim-up are considered excellent about biochemical, kinematics,
motility and morphological patterns [12, 35]. Given that Percoll and mini-Percoll did
not show differences in relation to swim-up for motility parameters, such techniques

can be used to replace the latter, obtaining similar sperm samples with good quality.
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Regarding ALH immediately after selection, swim-up and sperm washing by
centrifugation obtained samples with low rates. Holt and Palomo [13] observed this
same behavior after ram sperm selection by swim-up. The authors suggest that this is
due to a cleaner culture media promoted by the technique, free of debris and
cytoplasmic droplets, improving route and sperm quality. This result is positive since
high ALH values are associated with low quality sperm that moves in aleatory tracks

with low linearity and progressivity, which is unwanted [13].

The VSL parameter was the only velocity that got improvement in relation to
control group, and just after swim-up. Holt and Palomo [13] affirmed VSL is the
parameter that most strongly characterizes the quality of ram selected sperm.
However, immediately after treatments and regardless of the incubation interval, the
selected sperm by swim-up, showed higher values for VSL and also for VAP,
corroborating with other studies [13, 7]. In ovine, there are still some discrepancies in
relation to the motility parameters that can be well correlated with fertility. Robayo et
al. [31] reported VAP was positively correlated with sperm migration in the cervical

mucus, and thus, a parameter more strongly correlated with fertility.

Swim-up technique, after incubation, also showed better results for several
sperm parameters, including LIN, enhancing that the incubated cells recovered by this
technique presents better quality [12]. According to Garcia-Alvarez et al. [8], high
values of LIN indicate sperm motility patterns sperm related with most progressive

sperm and acquisition of fertilizing ability.

When assessing the motility parameters after treatment and incubation, swim-
up showed superiority in relation to total progressive and fast cell percentages. These

results are consistent with other studies that also found superiority in various motility
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parameters after swim-up [13, 20]. The fact the swim-up technique select more mobile cells
which feature progressive movement and ability to reach the top of the media [27], explains

the greater amount of such subpopulations in the final sample.

Regarding to PM integrity of selected and incubated sperm, the only treatment
that was superior to the control and the others was swim-up, corroborating with other
studies in buffalos [20], bucks [25] and bulls [27]. Swim-up involves a procedure that
recovers a clean fraction without debris and other types of cells, with high rate of
mobile sperm with excellent quality [35], reason why it can justify the higher recovery

of intact spermatozoa after the technique.

CONCLUSIONS

Spermatozoa selected by swim-up presents higher sperm parameters values
throughout the incubation intervals, indicating a more long-lived sample and an
advantage for IVF. However, Percoll protocols recover 10 times more cells than the
swim-up, suggesting these protocols represent a great economical advantage for ram
frozen—thawed sperm selection. Moreover, Percoll and mini-Percoll techniques did not
show sperm injuries in comparison with the control group, thus, not affecting sperm

cells along time.
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Table 1. Sperm motility values immediately after spermatozoa selection by different techniques (0 h) in ram frozen—thawed sperm of

Santa Inés breed (mean £ SEM).

Within a column, values without a common superscript (2°) differ significantly by Tukey test (P<0.05); n=10; VCL: curvilinear velocity;

Treatment/ Total motility Progressive  Fast VCL VSL VAP ALH BCF LIN wOB
Parameter (%) sperm (%) sperm (%) (um/s) (um/s) (um/s) (um) (H2) (%) (%)
Control 61.3+5.42 81+1.32 44+0.9° 54.8 £ 9.52 29.7+7.2° 38.5 + 8.1ab 25+0.12 76+03* 478+5.18 65.3+£4.12
Sperm washing 442 +5.28 28+1.12 15+1.42 49.7 £ 9.92 30.4 +7.9° 36.4 + 8.5° 1.9+0.1° 80+£05% 524772 66.0 £ 6.2
Percoll 36.4+£5.42 6.5+ 1.42 3.7+x1.02 55.2+£10.32 35.4 + 8.9ab 41.8+9.32b  22+0.12b 8.0+0.42 555+6.32 69.6 £ 4.72
Mini-Percoll 354+4.62 44+1.32 25+0.82 57.6 £10.52 37.5+9.5ab 445 + 9.9ab 24+0.12 76+£022 550+7.1° 69.6 £ 5.52
Swim-up 55.4 + 3.82 13.1+1.52 11.5+1.12 574 +11.78 41.8+11.12 46.9+11.22 1.8+0.2° 7.8+0.5* 61.6+9.44 725+7.78
Mean 46.6 £ 3.6 70+1.2 47+1.3 54.9+10.2 33.1+83 40.1 + 8.9 25+0.1 95+0.7 53.1+6.3 67.7+5.0

VSL.: straight line velocity; VAP: average path velocity; ALH: lateral head displacement; BCF: beat cross frequency; LIN: linearity;

WOB: wobble.
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Table 2. Sperm motility values after incubation intervals of selection treatments in ram frozen—thawed sperm of Santa Inés breed

(mean £ SEM).

Treatment/ Total Progressive Fast VCL VSL VAP ALH BCF LIN WOB
Parameter motility (%) sperm (%) sperm (%) (um/s) (Um/s) (Um/s) (um) (Hz2) (%) (%)
1lh 209+1.78 0.6 £0.22 0.4+0.12 36.5+4.723 9.6 £1.7b 16.5+2.1b 1.7+0.32 3.1+£0.6° 21.8+2.8° 39.3+3.0°
Control 2h 189+ 1.52 0.6 £0.18 0.4+0.12 38.2+£ 3.4 12.0 £ 5.5 19.4+6.2° 1.6+0.32 4.0+1.02 25.0+3.9° 44,8 + 3.2°
3h 19.1+1.22 0.4+0.12 0.3+0.12 335+ 342 8.9+ 342 16.0 £ 4.52 1.5+0.22 3.6+0.82 21.3+5.2° 41.3+5.42
1lh 20.6 £2.12 20+0.78 1.7+0.62 32.7+6.00 11.6 £ 3.8° 17.2+4.35 1.0+0.32 2.8+1.0° 21.9+55P 38.8+5.7°
Sperm 2h 18.6 + 2.12 0.9+0.22 0.5+0.22 26.0+£5.72 10.6 £ 5.0° 14.8 £5.9° 1.2+0.42 4.8+1.42 279+ 4.2 425+ 4.1°
washing 3h 19.6 £ 2.12 0.5+0.18 0.4+0.12 26.7 £ 4.52 85+3.72 13.7+4.32 0.9+0.22 29+0.92 23.4+7.3° 40.7 £ 7.42
1lh 241 +£2.748 1.8+0.72 1.0+£0.32 35.6 £6.12 16.8 £ 4.1 22.3+4.45 15+0.42 4.8 +£1.13b 31.4+509° 48.0 +5.7°
Percoll 2h 22.3+213 1.6+0.62 0.9+0.32 36.2+£5.82 18.8 £ 8.42b 23.9+9.0ab 1.2+0.32 49+1.22 34.1+6.8° 48.7 £ 6.2°
3h 21.2+212 1.3+0.52 0.6 +£0.28 29.3+5.52 146 £ 6.22 19.2 +6.82 1.1+0.32 4.1+1.02 35.9+8.63b 51.7+8.22
1h 18.7+1.22 1.1+0.22 0.7+0.28 31.5+4.82 11.3+3.1° 17.2+3.2b 0.9+0.22 3.5+1.0° 28.2 +6.8° 44.8 + 6.4°
Mini- 2h 209+1.52 20+£0.62 1.2+£0.32 36.6 £5.22 17.9 £7.13b 23.9 +7.82b 1.3+0.22 5.1+1.12 35.8+6.1° 52.7 +4.9°
Percoll 3h 18.8+1.42 1.0+£0.22 0.7+0.22 33.3+£3.92 124 £ 4,72 18.4+£5.12 1.2+£0.32 3.4+£0.92 31.6+7.63b 49.0+7.02
1lh 275+ 2.7 7.1+£2.0° 5.7+1.8° 43.1+6.0° 30.8 £ 4.5 32.7+ 4.4 20+£0.32 7.0+0.78 56.1 £ 5.52 66.5 £ 4.7
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Swim-up 2h 26.9+2.9° 6.3+2.2b 4.7+1.7° 41.0 + 5.82 28.1+8.82 32.2+9.42 1.7+0.22 6.0 + 0.62 56.8 + 3.82 66.9 + 3.62

3h 25.2+2.0° 35+0.7° 1.7+0.4° 33.8+4.92 19.0 £ 6.52 23.5+7.12 1.4+0.22 5.8+0.82 43.8 £9.02 57.3 +8.62

Mean 216+21 21+1.0 1.4+0.8 34.7+8.7 15.0+6.5 20771 12+0.3 3.6+1.0 341+8.3 504+7.6

Within a column, values without a common superscript (2P) in the same incubation interval among the treatments, differ significantly
by Tukey test (P > 0.05); n=10; VCL: curvilinear velocity; VSL: straight line velocity; VAP: average path velocity; ALH: lateral head

displacement; BCF: beat cross frequency; LIN: linearity; WOB: wobble.
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Figure 1. Capacitation status and plasma membrane (PM) integrity immediately after
spermatozoa selection by different treatments in ram frozen—thawed sperm of Santa Inés
breed (Mean + SEM). Within a column, values without a common superscript (2°) differ

significantly (P < 0.05); n=10.
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RESUMO

O presente estudo avaliou o efeito do aumento da forca de centrifugacédo, bem como a
reducdo do tempo de centrifugacdo e o volume do gradiente de Percoll em diferentes
protocolos nos parametros espermaticos de ovinos. Foi utilizado sémen comercial de
carneiros da raca Santa Inés e cinco tratamentos foram realizados: Percoll tradicional e
guatro técnicas de mini-Percoll (I- 5000 x g, 5 min; IlI- 2500 x g, 5 min; Ill- 1250 x g, 5
min; 1V- 700 x g, 10 min). ApOs o descongelamento e ap0s a selecdo espermatica em
cada técnica utilizada (Oh), amostras foram avaliadas quanto a taxa de recuperacao
espermatica, motilidade, integridade de membrana plasmatica, capacitagédo e morfologia.
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Ao final, foram incubados a 37 °C por 1, 2 e 3 h. A taxa de recuperacdo média (9,1 *
1,4%) e a maioria dos parametros de motilidade foram similares (P > 0,05) entre os
tratamentos. VCL foi maior (P < 0,05) apos MP-II, lll e IV (66,1 + 4,5) guando comparados
ao Percoll tradicional (46,3 + 4,9). O status da capacitacdo e a integridade de membrana
foram similares (P > 0,05) entre os tratamentos. Pela primeira vez, foi demonstrado que
a reducao do volume do gradiente utilizado e do tempo de centrifugacao associados com
0 aumento da forca de centrifugacdo no protocolos de Percoll podem ser usados com
sucesso na selecdo espermatica de sémen congelado de ovinos. O mini-Percoll pode
ser utilizado em alternativa a técnica de Percoll tradicional , diminuindo custos e tempo
de manipulacéo do sémen durante a técnica.

Palavras-chave: CASA; capacitacdo espermatica; sémen congelado; ovino; protocolos

de Percoll.

ABSTRACT

This study evaluated the effect of increasing centrifugal force and reducing centrifugation
time and volume in Percoll protocols on ram sperm parameters. Commercial semen of
Santa Inés rams were used and five treatments were performed: traditional Percoll and
mini-Percoll (MP) techniques (I- 5000 x g, 5 min; ll- 2500 x g, 5 min; IlI- 1250 x g, 5 min;
IV- 700 x g, 10 min). At post-thawing (PT) and post-selection protocols (0 h), samples
were assessed for spermatozoa recovery rate, motility, plasma membrane (PM) integrity,
sperm capacitation and morphology and incubated at 37 °C for 1, 2 and 3 h. The sperm
recovery rate averaged 9.1 £ 1.4%, and most motility parameters were similar (P > 0.05)
among protocols. VCL (um/s) was higher (P < 0.05) after MP-II, Ill and IV (66.1 + 4.5)
than traditional Percoll (46.3 + 4.9). Capacitation status and PM integrity were similar
(P > 0.05) among treatments. For the first time, we have demonstrated the reduction of
the gradient volume and centrifugation time associated with an increase on centrifugation
force at Percoll can be successfully used for frozen-thawed ram sperm selection. MP may
be used instead of traditional Percoll, decreasing costs and semen handling time.

Keywords: CASA; sperm capacitation; frozen-thawed sperm; ovine; Percoll protocols.
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1. Introduction

The success of in vitro fertilization (IVF) and subsequent development during in
vitro production of embryos (IVP) are directly related to oocyte quality and maturation, the
selection of good quality spermatozoa. With the advent of biotechnology applied to
assisted reproduction, there was a need to develop strategies for rigorous sperm
preparation since, in most cases, cryopreserved cells are required (Souza-Fabjan et al.,
2014).

In order to achieve a sperm preparation based on natural principles, sperm
selection events are mimicked to the success of IVP. Therefore, it is very important to
develop high-quality procedures, providing a normal and healthy selection. The sperm
selection methods used in sheep are: swim-up (Shirazi and Motaghi, 2013; Luna et al.,
2015), Percoll density gradients (Wang et al., 2013; Garcia-Alvarez et al., 2015) and

sperm washing by centrifugation (Cocero et al., 2011; Mara et al., 2013).

Studies commonly describe a 2 mL-Percoll gradient centrifugation technique,
prepared at 700 x g for a period of 10-20 minutes (Machado et al., 2009; Garcia-Alvarez
et al., 2015). However, the search for a maximum recovery of good quality sperm, led to
several changes over the years in this technique. Possibly, the main change was a
decrease in the volume of the density gradient, using a higher centrifugation force and
shorter time of procedure, characterizing the mini-Percoll (MP) protocols. In cattle
(Machado et al., 2009) and goat (Olivares et al., 2015) species, it was demonstrated that
the mini-Percoll technique could be applied for sperm selection. Machado et al. (2009)
reported that decreasing Percoll volume, reducing the duration of centrifugation, and
using a higher centrifugation force had no adversely effect on bovine sperm quality and
embryo development. Moreover, the authors obtained higher cleavage and blastocysts

rates for mini-Percoll when compared to traditional Percoll.

The use of MP technique appears as an attractive alternative to minimize the cost,
reduce the contact with the density gradient molecules that cause toxicity in humans
(Strehler et al., 1998) and, thus, to decrease sample processing time during IVP
(Machado et al., 2009). However, the number of studies about the effect of MP techniques

in small ruminants (Pegoraro et al., 2013; Olivares et al., 2015) is still very limited in
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comparison with bovine. As such, the aims of this study were to compare the
effectiveness and influence of four different MP techniques with the traditional Percoll in

several parameters of Santa Inés ram frozen-thawed sperm.

2. Materials and methods

The procedures were approved by the local ethic committee (protocol approval:
374/13). All chemicals used were from Sigma Chemical (St. Louis, USA). Exceptions

were acridine orange and propidium iodide obtained from Halotech DNA (Madrid, Spain).

Commercial frozen semen straws (0.25 mL; initial concentration: 226.7 + 15.9 x
108 sptz/ mL) of the same batch from 10 Santa Inés rams aging 2-5 years old, sexually
matured and of proved fertility were used. The straws were thawed at 37 °C for 30 s. A
pool of five straws of the same ram was thawed and homogenized in a warmed 1.5 mL
microtube (Eppendorf Brasil, Sdo Paulo, Brazil). At post-thawing (PT), we evaluated
sperm concentration, motility, plasma membrane (PM) integrity and morphology. The
semen was divided and submitted to either: traditional Percoll or four different MP
techniques for sperm selection. Similarly, at the end of all treatments (post-selection
protocols = 0 h) sperm recovery, motility, PM integrity, sperm capacitation and
morphology were accessed. Afterwards, samples of all treatments were submitted to
incubation at 37 °C, for 1 h, 2 h and 3 h and the same parameters mentioned were

assessed among the intervals, except the recovery rate.

The sperm selection by Percoll technique was established based on the method
by Papadopoulos et al. (2005), with slight modifications. A total of 2 mL-gradient (90/45%
density) of Percoll solution was prepared and a 0.15 mL aliquot of semen was poured
into the Percoll gradient tube and it was subjected to a 700 x g centrifugation for 10 min.
At the end of centrifugation, the supernatant was removed and the sample was again
subjected to another centrifugation in SP-TALP (supplemented with 3 mg/ mL BSA 'V, 2.2
mg/ mL sodium pyruvate, 50,000Ul/ mL penicillin and 50 mg/ mL streptomycin), at 200 x
g for 5 min. After the second centrifugation, the pellet was resuspended in 0.4 mL of SP-
TALP.
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The mini-Percoll protocols were performed: (i) mini-Percoll | (MP-I): two
centrifugations of 5000 x g for 5 min (Machado et al., 2009); (ii) mini-Percoll Il (MP-II): two
centrifugations of 2500 x g for 5 min; (iii) mini-Percoll Il (MP-111): two centrifugations of
1250 x g for 5 min; (iv) mini-Percoll IV (MP-IV): 700 x g for 10 min (following the same
force and time of centrifugation of the traditional Percoll technique), followed by another
centrifugation in SP-TALP, at 200 x g for 5 min. For all protocols, the gradient was formed
by pipetting 0.4 mL of 90% Percoll and then overlaying it with 0.4 mL of 45% Percoll
solution. A 0.15 mL aliquot of semen was placed onto the top of the 45% layer and then
centrifuged. After the second centrifugation, the pellet was resuspended in 0.4 mL of SP-
TALP.

The sperm concentration rate was obtained after each treatment by using a
Neubauer counting chamber after spermatozoa dilution (1:200). The rate was calculated
by the formula: (final concentration x final volume) x (initial concentration x initial
volume)~ ! x 100. The morphology evaluation was carried out by the preparation of wet
smears previously diluted in formol saline solution. Using 1000x magnification with oll
immersion under phase contrast microscopy, sperm cells were evaluated to establish the
percentage of sperm cells with normal morphology (Bloom, 1973). The capacitation status
was assessed by chlortetracycline (CTC) test and was based at the technique described
by Pérez-Pé et al. (2002), with slight modifications. A 0.75 mM CTC solution was daily
prepared in a buffer containing 20 mM Tris, 130 mM NaCl and 5 Mm cysteine, pH 7.8.
For staining, 0.01 mL of sperm sample were mixed with 0.01 mL of CTC solution onto a
glass slide. Finally, a drop of an antifade solution (0.22 M 1,4-diazabicyclo [2.2.2] octane,
DABCO) was mixed to retard the fading of CTC fluorescence. The samples were
observed in a microscope (Nikon Eclipse Ci, Nikon Corporation, Tokyo, Japan) under
epifluorescence illumination, in 1000x magnification with oil immersion. One hundred
spermatozoa per slide were scored (Chamberland et al., 2001) and classified as
described by Cormier et al. (1997): bright fluorescence over the whole head
(noncapacitated cells, F pattern); fluorescence-free band in the postacrosomal region
(capacitated cells, B pattern); and full fluorescence over the whole head except for a thin,
bright band of fluorescence along the equatorial region (acrosome-reacted cells, AR

pattern; Fig. 1).
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Figure 1. CTC patterns of ram frozen-thawed spermatozoa, under epifluorescence
illumination at 1000x. (a) F pattern (noncapacitated cells); (b) B pattern (capacitated

cells); (c) AR pattern (acrosome-reacted cells).

Sperm motility parameters were analyzed by computer-assisted semen analysis
(CASA) using the SCA® system (Sperm Class Analyzer — Microptic, Automatic Diagnostic
Systems - Barcelona, Spain) connected to a microscope and the following settings were
applied: image collection speed: 25 images per second; magnifying power of microscope:
x100; measurements were performed in a 24x24 mm coverslide with a 10 pL sample drop
volume. Sperm movement was observed under negative phase contrast optics and
videotape recorded in three diferent fields, at least. Software settings were adjusted to
ram spermatozoa. The main software settings were as follows: the sperm head
dimensions detected by the system were between 18 and 60 pm?2. Spermatozoa were
identified as immotile by curvilinear velocity (VCL) below 10 pm/ s; between 10 and 45
um/ s were classified as slow; between 45 and 75 um/ s were classified as medium; and
above 75 um/ s were classified as rapid. The sperm cells presenting straightness (STR)
above 80% were featured as progressive. The following motility patterns were analyzed:
total motility (%), progressive motility (%), fast sperm (%), average path velocity (VAP;
mm/s), VCL (mm/s), straight line velocity (VSL; mm/s), straightness (STR: VSL/VAP; %),
linearity (LIN: VSL/ VCL; %), wobble (WOB: VAP/ VCL; %), lateral head displacement
(ALH; mm) and beat cross frequency (BCF; Hz).

The PM integrity was carried out by VitalTest kit, based on acridine orange and

propidium iodide labelling and followed manufacturer instructions. At least 100
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spermatozoa per slide were analyzed. An epifluorescence microscope were using, at
100x magnification. This procedure resulted in selective labelling of either damage or

normal cells visualized in red or green colors, respectively.

All quantitative variables were subjected to normality (Lilliefors test) and
homoscedasticity tests and one-way analysis of variance (ANOVA) was performed with
Tukey or Fisher-LSD tests for means comparisons. The non-normal variables were
subjected to Kruskal-Wallis test followed by Dunn’s test. A value of P < 0.05 was
considered to be statistically significant. Statistical analyses were performed using the 9.0
SAEG® program.

3. Results

The final sperm concentrations did not vary (P > 0.05) after the sperm selection
techniques (Percoll: 15.1 £ 1.9; MP-1: 23.2 + 3.2; MP-1I: 19.6 £ 2.6; MP-Ill: 21.9 + 3.5; MP-
IV: 23.5 + 3.1 x 108 sptz/ mL), resulting in a similar (P > 0.05) sperm recovery rate
between traditional Percoll and any MP treatment (Percoll: 6.5 + 1.5; MP-I: 10.8 = 1.7;
MP-II: 8.8 £ 1.4; MP-III: 9.3 £ 1.0; MP-IV: 10.1 + 1.2%). The majority of sperm parameters
assessed were not affected (P > 0.05) by the selection technique motility at O h, as listed
in Tab. 1. The only exception was VCL parameter that was higher (P < 0.05) after the MP
techniques I, Ill and IV when compared to traditional Percoll (Tab. 1). Regardless to the
treatment, high rates of acrosome-reacted and capacitated cells were verified in the
current study and it they were not different among the treatments tested. The PM integrity
was also similar (P > 0.05) among treatments. Spermatozoa defects did not differ among
treatments (P > 0.05).

Overall, when we pool the data regardless of the interval of incubation (average
from O to 3 h), there was no difference (P > 0.05) for Percoll, MP-1, MP-Il, MP-1ll and MP-
IV, respectively, for: total motility (29.6 £3.4, 32.5+3.3, 34.7+ 3.4, 32.9+ 3.6, and
33.0 £ 3.6%), progressive sperm (6.3+16, 7.0+16, 87+19, 88+19 and
9.0 £ 1.9%), fast sperm (7.0+1.7, 7.0+ 1.7, 9.0+ 2.0, 9.0+ 2.0 and 10.0 + 2.1%) and
slow sperm (21.7 £ 2.2,23.5+2.1,23.9+£2.0,21.8+1.9 and 21.4 + 1.9%). Similarly, no
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differences (P > 0.05) were found for all the other motility parameters, such as VCL, VSL,
VAP, ALH, BCF, LIN, STR and WOB (data not shown). There was no difference
(P > 0.05) among the treatments when the intervals of incubation were compared, for all

motility parameters described.

When we pool the data regardless of the treatment, considering only the moment
of evaluation (average of all treatments), there were significant differences in motility
parameters, as shown in Tab. 2. The rate of motility, progressive sperm and fast sperm,
was higher (P < 0.05) in PT compared to other moments. These parameters were also
higher (P < 0.05) immediately after the protocols (0 h) in relation to any incubation
interval. After 1 h of incubation, these parameters decreased (P < 0.05) dramatically. As
expected, the slow sperm rate was higher (P < 0.05) at all incubation intervals than at PT
(data not shown). For VCL, VSL, VAP and ALH, the PT values were higher (P < 0.05)
than all other moments. For all variables, 0 h was higher (P < 0.05) then all incubation
intervals. After evaluating VCL, VSL, VAP, LIN, STR and ALH there was no difference
(P > 0.05) between the intervals of 1 h and 2 h and between 2 h and 3 h, but the values
were higher (P <0.05) at 1 h in comparison with 3 h. For WOB and BCF, values were
higher (P < 0.05) at 1 h when compared to 2 h or 3 h of incubation.

Overall, when we pool the data regardless of the interval of incubation (average
from O to 3 h), there was no difference (P > 0.05) for Percoll, MP-I, MP-II, MP-Ill and MP-
IV, respectively, for. capacitated (24.0+2.2, 25.4+1.7, 24.4+1.6, 27.5+2.0 and
26.6 *+ 2.2%), noncapacitated (5.1 +0.9, 3.6 + 1.0, 4.4 £0.9, 4.1 £ 0.9 and 3.2 £ 0.6%),
acrosome-reacted (70.8 £+ 2.5, 71.0+£1.9,71.2+2.0,68.4 £ 1.9 and 70.3 = 2.2%), major
(28+1.9,28+1.6,25+£2.0, 3.6 +4.4 and 3.8 + 5.5%) and minor (7.4 £+ 6.2, 9.1 £ 5.9,
8.3+5.9, 84+6.1 and 8.4 £ 5.4%) defects. Similarly, no differences (P > 0.05) were
found regarding PM integrity for either intact (9.0 £1.8,10.0+1.5,12.0+2.1,11.0+2.2
and 13.0 £+ 2.6%) or damaged (91.0+1.8, 90.0+ 1.5, 88.0+2.1, 89.0+2.2 and
86.0 £ 2.6%) cells. There was no difference (P > 0.05) among the treatments when the

intervals of incubation were compared, for capacitation status and PM integrity.

When we pool the data regardless of the treatment, considering only the moment

of evaluation (average of all treatments), there were significant differences in the
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capacitation status, PM integrity (Fig. 2) and more (P <0.05) minor defects were
observed at PT (14.9 + 5.4%) than at O h (9.1 £ 6.1%). On the other hand, the major
defects were similar at PT (2.7 + 1.6%) and 0 h (3.9 + 6.8%). No significant differences
were observed in spermatozoa defects over time (data not shown). When analyzing just
intact cells, the PT and post-selection protocols values were greater (P < 0.05) than any

incubation interval.

l;“()):)) . OCapacitated ~ ONencapacitated B Acrosome-reacted
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50,0
40,0 4

3001 b b
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30,0 -
20,0
10,0 -
0.0

PT Oh 1h 2h 3h Mean

Figure 2. Capacitation status and plasma membrane (PM) integrity after different
moments of Percoll protocols in ram frozen—thawed sperm of Santa Inés breed (Mean +
SEM). Within a column, values without a common superscript (2:€) differ significantly by
Tukey and Student t tests (P<0.05); n=50 (ten replicates for each treatment). PT: Post
thawing; 0 h: immediately after treatments; 1 h, 2 h and 3 h: hours of incubation after each
selection technique.
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4. Discussion

In this study, different Percoll protocols were tested in order to determine whether
changes in the technique could bring any damage to ram frozen-thawed sperm. MP
techniques and traditional Percoll were compared and there were no significant
differences among them for most variables. This lack of difference corroborates with
Machado et al. (2009), in catlle. Moreover, these authors showed that MP gradients had
no adversely effect on cleavage rate or could even increase the blastocyst formation. The
only study performed in sheep, but using fresh semen, reported no difference between
MP and the swim-up technique in the parameters (Pegoraro et al., 2013). All together,
these data lead to the possibility of reducing the volume of the gradient used and
centrifugation time can open perspectives for the use of new technical protocols, reducing

costs and semen processing time.

In the present study, all MP techniques showed higher values of VCL in
comparison with traditional Percoll (Tab. 1). In sheep, the literature is not unanimous
about which motility and kinematics parameters can reliably predict sperm fertility.
However, in previous study, the authors observed that VCL and VAP presented a high
correlation with ovine sperm migration, inferring these parameters are related with fertility
(Robayo et al., 2008). Garcia-Alvarez et al. (2014) also determined that they may
correspond to hyperactivated spermatozoa, an essential event to spermatozoa be able

to fertilize the oocyte.

No significant difference was detected in sperm recovery rates among treatments,
corroborating other studies that tested different technical protocols, mostly in cattle
(Machado et al., 2009; Folchini et al., 2012; Guimaraes et al., 2014). Even when applying
the same force and centrifugation time of traditional Percoll in a MP gradient (1V), the
sperm recovery rate was unchanged, indicating a worthy replacement of the traditional
Percoll. These reductions are offset by the increased centrifugal force assigned to
protocols (Machado et al., 2009).

We observed a high rate of capacitated and acrosome-reacted cells at PT and
after the protocols (0 h; Fig. 2), even considering the medium does not provide evidence

to induce sperm capacitation in sheep. These high rates can be attributed to changes in
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sperm cell caused by the cryopreservation process. In a previous study, the authors
reported that the passage of sperm by the particles of the Percoll gradient causes great
destabilization of PM and facilitates the promotion of premature acrosome reaction in
sheep (Cesari et al., 2006). It must be considered that the ovine sperm PM are probably
more sensitive to destabilization when subjected to centrifugation (Gil et al., 1999). The
current behavior of noncapacitated cells rate was similar to that reported by Gillan et al.
(1997). The decrease noncapacitated in this rate was evident after 3 h, due to the start of
the capacitation event and, in turn coinciding with the increase of capacitated cells in the
same interval. As the process of sheep sperm capacitation lasts around 2 h (Austin,
1970), perhaps a longer incubation interval would be needed to ascertain the onset of
acrosome reaction. This may explain why the acrosome-reacted cell rates have remained

constant during incubation.

PT velocities values were higher than after the sperm selection protocols (0 h; Tab.
2). This may be due to the fact that mitochondria are damaged during the process of
freezing and thawing, causing a reduction in the flagellar activity (Muifio et al., 2008) and,
possibly, after the processing of sperm selection techniques. In addition to this fact, the
decline of these parameters after the selection can be due to centrifugation process. The
mechanical and oxidative stress of the centrifugation induce lipid peroxidation causing
considerable damage to sperm functions, including, motility (Mortimer, 1991). A study in
sheep have shown that even after the sperm selection, the cellular chromatin integrity,
PM integrity and DNA fragmentation may change (Garcia-Alvarez et al., 2010).

Low values were found in intact PM sperm cells rate, similar to a previous study
(Folchini et al., 2012) in cattle. It is known that the process of freezing and thawing affects
much less cell motility as compared with the damages of the PM integrity (Gil et al., 1999).
Conversely, increasing the centrifugation force did not reduce the quality and integrity of
ovine sperm PM on the results obtained in this study. Guimaraes et al. (2014) observed
that the 9000 x g centrifugation of MP, did not differ with respect to functional PM and
morphology, still higher in the recovery of motile cells in relation to the protocols using
lower forces. The similarity of the intact PM values in PT and after the treatments obtained

in our study suggest the particles of the gradient are not harmful to ram sperm.
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There is great evidence that Percoll gradients reduce the recovery of cells with
morphological changes (Folchini et al., 2012; Guimaraes et al., 2014). The reduction in
the recovery of sperm presenting any pathologies appears as a further advantage of
Percoll protocols, which in turn not only prevented damage to the sperm cells, but also

improved the quality of the samples.

This study showed the reduction of the gradient volume and time of the
centrifugation, and the increase of its force at Percoll density gradient technique, may be
successfully applied for ram frozen—thawed sperm selection since all the MP treatments
tested were similar to the traditional Percoll. In conclusion, MP may be a great alternative
to traditional Percoll technique, decreasing costs and time of sperm handling, without cell

damages in ram frozen—-thawed sperm.
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Table 1. Sperm maotility values immediately after spermatozoa selection by different treatments in ram frozen—thawed sperm

of Santa Inés breed (mean £ SEM)

Treatment/ Total Progressive Fast VCL VSL VAP ALH BCF LIN STR WOB
motility (%)
Parameter sperm (%) sperm (um/s) (um/s) (um/s) (um) (H2) (%) (%) (%)
(%)

Percoll 32.4+3.6 8.2+1.7 7.8+1.4 46.3+49°> 33.8+48 386+50 1.3+0.2 6.1+0.8 69.1+52 84.8+3.3 80.3%+4.0
mini-Percoll | 35.2+5.6 105+19 104+18 585+3.6%P 427+46 489+45 1.8+0.2 7.3+0.3 71.7+37 863+21 826+27
mini-Percoll 1l 453 +5.8 175+ 3.3 17.8+ 3.6 645+6.02 473x56 551x6.4 1.8+0.1 6.6 +0.3 71.3+35 854+16 832+3.1
mini-Percoll 111 45.7+6.8 171+37 174+39 66.2+55* 494+53 573+55 18+0.1 6.9+0.2 735+34 855+21 856+23
mini-Percoll IV 456 £ 5.7 181+35 185+43 674+52% 526+50 59.7+55 17101 6.9+0.2 772+25 87.8+13 87.8+17
Mean 40.8 +5.7 143+31 144+34 606+55 452+53 519+57 17+0.2 6.8+04 726+37 859+21 839%28

(P > 0.05); n=10; &P Within a column, values without a common superscript differ significantly; Percoll: 700 x g for 10 min

followed by 200 x g for 5 min; mini-Percoll I: 5000 x g for 5 min twice; mini-Percoll II: 2500 x g for 5 min twice; mini-Percoll

l1l: 1250 x g for 5 min twice; mini-Percoll IV: 700 x g for 10 min followed by 200 x g for 5 min; VCL: curvilinear velocity; VSL:

straight line velocity; VAP: average path velocity; ALH: lateral head displacement; BCF: beat cross frequency; LIN: linearity;
STR: straightness; WOB:
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Table 2. Sperm motility values after different assay moments of Percoll protocols in ram frozen—thawed sperm of Santa Inés
breed (Mean + SEM)

Moment/ Total Progressive  Fast sperm VCL VSL VAP ALH BCF LIN STR WOB
Parameter  motility (%) sperm (%) ) (um/s) (um/s) (um/s) (um) (Hz) (%) (%) (%)
PT* 523+21% 19.7+152 220+1.22 73.1+25 53.2+2.8% 62.0 + 2.8 25+0.072 7.8+0.12 71.0+ 1.5 84.5+1.0% 83.5+1.02
Oh 41.0+25°> 143+1.6° 144+15° 60.6 + 2.4 452 + 2.45 51.9+2.5P 1.7+0.07° 6.8+0.22 726+ 1.72 86.0 £ 0.92 83.9+1.32
1h 242+1.9¢ 3.1+1.3¢ 2.7 £0.5¢ 28.0 £ 1.6¢ 154+ 1.6¢ 194+ 1.7¢ 1.1+0.1° 43+04> 49.7+29° 735+2.3° 64.2 +2.6°
2h 22.0+1.6° 1.6 +0.9° 1.5+£0.3¢ 225+1.3¢d 104+ 1.4°4 13.7+14°9 0.7+£0.1%¢ 27+04° 39.7+3.2b¢ 66.0 £2.85%¢ 551 +209°
3h 240+ 2.1° 1.1+0.8° 0.8+0.2¢ 18.5+0.7¢ 7.3+0.8¢ 10.1£0.9d 0.5+0.19 2.3+04° 34.7+3.1° 62.3+2.3¢ 49.9 + 3.0¢
Mean 32027 80x15 83x15 40.6 £ 3.6 26.3+3.3 314+ 3.6 1.3+0.1 48+04 53.5+34 745+29 67.3+3.0

Within a column, values without a common superscript (2°¢9) differ significantly by Tukey test (P<0.05); n=50 (ten

replicates for each treatment); *PT: Post thawing; O h: immediately after treatments; 1 h, 2 h and 3 h: hours of incubation

after each selection technique; VCL: curvilinear velocity; VSL: straight line velocity; VAP: average path velocity; ALH:

lateral head displacement; BCF: beat cross frequency; LIN: linearity; STR: straightness; WOB: wobble
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9. CAPITULO 4

Mini-Percoll technique induces similar capacitation features in domestic ruminant

frozen-thawed spermatozoa regardless the presence of heparin

A técnica de mini-Percoll induz a ocorréncia de caracteristicas similares a capacitacéao
espermatica em sémen congelado/descongelado de ruminantes domésticos

independentemente da presenca da heparina
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ABSTRACT

Sperm capacitation is a prerequisite for mammal successful fertilization. Evidences
suggest that cryopreservation and Percoll technique induce spontaneous capacitation.
This study aimed to compare ovine, caprine and bovine frozen-thawed sperm after mini-
Percoll processing on sperm parameters, either receiving or not heparin within incubation
medium. Commercial semen of all species was used. After thawing, motility and

capacitation status were evaluated. Sperm samples were selected by mini-Percoll,
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evaluated and received or not heparin within incubation medium for 18 h. Sperm
parameters were assessed in different intervals. In comparison with post-thawing
analysis, after mini-Percoll, ovine, caprine and bovine species, respectively,
demonstrated: a reduction in progressive motility (P < 0.05; 20.3, 4.5 and 12.1%) and an
increase in both capacitation (P < 0.05; 11.4, 15.1 and 8.1%) and acrosome-reacted cells
rate (P > 0.05; 4.7, 1.8 and 6.4%). Among species, ovine presented higher acrosome-
reacted cells rate both post-thawing and after mini-Percoll analyses. Heparin
supplementation did not affect (P > 0.05) most of the parameters evaluated. In ovine
species, a lower (P < 0.05) rate of sperm agglutination throughout the incubation period
was observed in the presence of heparin. In the absence of heparin, ovine showed a
higher (P < 0.05) agglutination rate throughout the incubation compared to other species.
In conclusion, frozen-thawed ovine, caprine and bovine sperm selected by mini-Percoll
technique demonstrate similar capacitation status, regardless the presence of heparin

during in vitro incubation.

Keywords: sperm capacitation, ovine, caprine, bovine, CTC

1. Introduction

The sperm capacitation in mammalian is a prerequisite for successful fertilization
[1]. This process consists of a series of functional, biochemical and biophysical
modifications that render the ejaculated sperm competent for oocyte fertilization. These
fundamental processes normally take place into the female genital tract during the
migration of sperm to the site of fertilization [2]. Few seconds after ejaculation, the
concentrations of calcium and bicarbonate in sperm increase. Increased bicarbonate

concentrations result in enhanced intracellular pH and activation of adenyl cyclase.
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Bicarbonate levels produce a rapid collapse in the asymmetry of the plasma membrane
(PM) components, causing the activation of lipid translocation enzymes, thus increasing
the exposure of cholesterol receptors. Simultaneously, there is an increase in cAMP and,
consequently, activation of the kinase proteins, that modulate calcium channels, leading
to changes in membrane potential and intracellular calcium levels [3]. The onset of a slow
capacitation step is marked by cholesterol removal from the PM and the increase in its
fluidity [4]. At the same time as the cholesterol decreases, the lipid structure reorganizes.
During this phase, the kinase proteins affect the phosphorylation of several proteins
directly or indirectly activating other kinase proteins [5]. These changes will lead to sperm
capacitation, promoting the following events: ability of the sperm to undergo acrosome

reaction (AR), hyperactivation, chemotaxis and ability to fertilize the oocyte.

It is well documented in the literature that glycosaminoglycan such as heparin
plays a crucial role in the capacitation process in vitro [6, 7]. Secreted by the female
reproductive tract epithelium, heparin promotes capacitation by binding to and removing
seminal plasma proteins which are adsorbed to the sperm PM and would inhibit
capacitation [8]. In ruminants, such as ovine, caprine and bovine, heparin also produces
an increase of sperm intracellular pH and Ca2+ concentration, protein phosphorylation

and modification of motility parameters [9].

Reproductive biotechnologies such as semen cryopreservation and sperm
processing with the Percoll gradient, routinely used in in vitro embryo production
laboratory for in vitro fertilization, induce modifications in the sperm PM that trigger the
premature capacitation. There is substantial evidence that cryopreservation promotes
capacitation-like changes on bull [10-12], ram [13, 14] and buck [15] sperm. As the sperm
are cooled, membrane phospholipids undergo a high rotational of the lipids, generating

an increase in PM fluidity [16], and in reactive oxygen species that cause release of
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cholesterol and tyrosine phosphorylation of proteins [12], the marker of sperm
cryocapacitation. Indeed, there is an accumulation of Ca+2 as a result of poor efflux
mechanisms. Consequently, the sperm population becomes partially capacitated and AR

[17].

Although sperm cryocapacitation occurs in all ruminant species, it is known that
ram sperm, which have a very low cholesterol/phospholipid ratio, is more sensitive to
cooling and cold-shock stress than other species [18]. Thus, there is a lot of effort to
minimize the detrimental effects of cryopreservation and thawing on ram sperm
membrane [19]. To our knowledge, there are no studies comparing the capacitation
status in frozen-thawed semen between ram and other ruminant species. Our general
hypotheses were: (a) cryopreserved sperm of ram suffer capacitation more quickly than
buck and bull under the same conditions; (b) capacitation status of ruminant
cryopreserved semen behaves similarly regardless the presence of heparin after mini-
Percoll technique; (c) ruminant frozen-thawed semen selected by mini-Percoll and
incubated within a media without heparin supplementation is not impaired regarding
capacitation status and sperm parameters. Therefore, the aim of this study was to
compare ovine, caprine and bovine frozen-thawed sperm after mini-Percoll selection on
sperm motility parameters, agglutination rate and capacitation status, either receiving or

not heparin supplementation within the medium throughout in vitro incubation.

2. Material and Methods

All the experiments were carried out at Fluminense Federal University (UFF),
Niteroi (Brazil, latitude 22°53’S, longitude 43°06"W). The procedures were approved by

the local ethic committee (protocol approval: 374/13).
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2.1. Reagents

All chemicals were purchased from Sigma Chemical (St. Louis, MO, USA).

2.2. Experimental design

To evaluate sperm motility and capacitation parameters in caprine (n = 3; Alpine),
ovine (n = 3; Santa Inés) and bovine (n = 3; Holstein) species, commercial frozen-thawed
semen of nine animals of proven fertility were used. Semen 0.25 mL straws from each
animal were maintained in liquid N2 until analysis. Six replicates were performed. For
each replicate, two straws of each animal per species were thawed in the water bath at
37 °C for 30 s, totaling six straws for each species. This pool was placed into a 15 mL
conical centrifuge tube (Corning Incorporated, Sao Paulo, Brazil), from which a sample
was obtained (after thawing) to determine motility and capacitation status. The remainder
of the pool was divided into five aliquots of 0.15 mL and submitted to sperm selection with
mini-Percoll gradient (item 2.3). After this procedure, an aliquot of each species was used
for motility rate and capacitating status (after mini-Percoll). Samples of each remaining
aliquot (n = 4, for each species) were divided into two parts for incubation in the SP-TALP
medium (supplemented with 1 mg/ mL BSA V, 2.2 mg/mL sodium pyruvate, 50,000 U/
mL penicillin and 50 mg/mL streptomycin) with 5 ug/mL of heparin (Heparin group) [20,
21] or SP-TALP medium without heparin (Control group). Incubation occurred at 38.5 °C
under humidified atmosphere with 5% CO2 for 18 h. Samples of each species and
treatment were obtained at intervals (1.5 h, 3 h, 6 h or 18 h) during incubation and

analysis of agglutination rate, motility and capacitation status were performed.
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2.3. Mini-Percoll technique

The sperm selection by Mini-Percoll technigue was made based on the method
we have previously established in sheep [22]. The gradient was formed by pipetting
0.4 mL of 90% Percoll solution into a 1.5 mL microtube and then overlaying it with 0.4 mL
of 45% Percoll solution. A 0.15 mL aliquot of semen was placed onto the top of the 45%
layer and then subjected to a 5000 x g centrifugation for 5 min. After the centrifugation,
the supernatant was removed and the pellet was resuspended in 0.4 mL of SP-TALP.
Then, another centrifugation was performed with the same force and time. After the
second centrifugation, the supernatant was discarded and the pellet was resuspended in

0.25 mL of SP-TALP.

2.4. Incubation media

Immediately post-selection, the content of the four mini-Percoll microtubes per
species was verted to a 15 mL conical centrifugal tube and was completed until 1 mL with
SP-TALP. The total content was divided into either: (a) SP-TALP medium without heparin
(Control group); or (b) SP-TALP in the presence of 5 pg/mL heparin (Heparin group). The
treatments comprised a total content of 1 mL, which was divided into four 0.25 mL
aliquots. These aliquots were verted into four microtubes and the samples were
completed with 0.5 mL SP-TALP. The microtubes proceeded to incubation and samples

were assessed in the different incubation intervals.

2.5. Sperm assays

2.5.1. Sperm Capacitation status
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The capacitation status was assessed by chlortetracycline (CTC) test and was
based at the technique described by Olivares et al. [23]. A 0.75 mM CTC solution was
daily prepared in a buffer containing 20 mM Tris, 130 mM NaCl and 5 mM cysteine, pH
7.8. For staining, 0.01 mL of sperm sample were mixed with 0.01 mL of CTC solution
onto a glass slide. Finally, a drop of an antifade solution (0.22 M 1,4-diazabicyclo [2.2.2]
octane, DABCO, Sigma) was mixed to retard the fading of CTC fluorescence. For the
evaluation of CTC patterns, the samples were observed in a microscope (Nikon Eclipse
Ci, Nikon Corporation, Tokyo, Japan) under epifluorescence illumination, in 1000x
magnification with oil immersion. Two hundred sperm per slide were scored [9] and
classified into three groups, as described by Cormier et al. [12]: bright fluorescence over
the whole head (noncapacitated cells, F pattern); fluorescence-free band in the post-
acrosomal region (capacitated cells, B pattern); and full fluorescence over the whole head
except for a thin, bright band of fluorescence along the equatorial region (acrosome-

reacted cells, AR pattern).

Particularly for CTC assay at post-thawing (PT), a sperm washing was necessary
to remove the semen extenders patrticles that bind to CTC and harms the evaluation. On
the top of semen, 4 mL of phosphate-buffered saline was layered within a 15 mL conical
centrifuge tube. The tube was centrifuged at 200 x g for 6 min twice. After aspiration of
the supernatant, the sperm were resuspended in 500 uL of phosphate-buffered saline
again. Then, the washed sperm were finally subjected to CTC staining assay, as

described above.

2.5.2. Sperm motility

Sperm motility parameters were analyzed by computer-assisted semen analysis

(CASA) using the SCA® system (Sperm Class Analyzer — Microptic, Automatic
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Diagnostic Systems - Barcelona, Spain) connected to a microscope and the following
settings were applied, for all species studied: image collection speed: 25 images per
second; magnifying power of microscope: x100; measurements were performed in a
24x24 mm coverslide with a 10 pL sample drop volume. Sperm movement was observed
under negative phase contrast optics and videotape recorded in three to five different
fields, with at least 500 sperm captured for analysis. Software settings were adjusted to
each evaluated species sperm. The main software settings were as follows: the sperm
head dimensions detected by the system were between 18-60 um2 for ovine and caprine,
and 25-60 um2 for bovine. Sperm were identified as immotile by curvilinear velocity (VCL)
below 10 um/ s; between 10 and 45 pym/ s were classified as slow; between 45 and 75
pm/ s were classified as medium; and above 75 um/ s were classified as rapid. The sperm
cells presenting straightness (STR) above 80% were featured as progressive. The
following motility patterns were analyzed: total motility (%), progressive motility (%),
average path velocity (VAP; mm/s), VCL (mm/s), straight line velocity (VSL; mm/s),
straightness (STR: VSL/VAP; %), linearity (LIN: VSL/ VCL; %), wobble (WOB: VAP/ VCL,

%), lateral head displacement (ALH; mm) and beat cross frequency (BCF; Hz).

2.5.3. Agglutination rate

To determine the agglutination rate, the evaluation was performed during the
motility assessment. Approximately 50 motile sperm cells were visually examined in each
one of four different fields, totaling 250 counted cells. The percentage of head-to-head
agglutinated sperm was defined as the number of sperm agglutinated to at least one other

sperm per total motile sperm [24].
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2.6. Statistical analysis

All quantitative variables were subjected to normality (Lilliefors test) and
homoscedasticity tests and one-way analysis of variance (ANOVA) was performed with
Tukey or Fisher-LSD tests for means comparisons. The non-normal variables were
subjected to Kruskal-Wallis test followed by Dunn’s test. A value of P <0.05 was
considered to be statistically significant. Statistical analyses were performed using the

9.0 SAEG® program [25].

3. Results

3.1. Sperm motility and capacitation status before and after mini-Percoll processing

Sperm motility parameters of the three species after thawing and mini-Percoll
processing are presented in Table 1. After mini-Percoll selection, a reduction (P < 0.05)
in all sperm motility parameters was observed in the three species. Conversely, an
increase (P <0.05) was observed in all the parameters associated with sperm

capacitation after processing with mini-Percoll (Table 1).

Higher (P < 0.05) total motility rate and progressive motility after thawing was
observed in caprine compared to ovine and bovine species, which did not differ between
themselves. This difference persisted after sperm processing with mini-Percoll, but a
reduction (P < 0.05) in total motility was observed in ovine compared to bovine.
Concerning capacitation status, higher percentage of capacitated cells after thawing was
observed in the bovine species. However, after processing semen with mini-Percoll, the
results of bovine were similar to caprine species. Regarding the acrosome-reacted cells,
ovine species presented the highest rates, both after thawing and after processing with

mini-Percoll.
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3.2. Sperm motility and capacitation status after incubation in the presence of heparin

Regardless of the species and the moment of evaluation (1.5, 3, 6 and 18 h),
heparin supplementation in the sperm incubation medium resulted in no extra benefits
(P > 0.05) to the parameters associated with sperm motility. Similarly, heparin did not
affect (P > 0.05) the rate of capacitated and acrosome-reacted cells in comparison to
control groups, except for caprine species (P <0.05). There was a species effect
(P <0.05) when acrosome-reacted cells were observed, given that heparin group
resulted in higher values at 1.5 h and 18 h (Table 2). However, a lower (P < 0.05) rate of
sperm agglutination was observed in the group supplemented with heparin compared to
the control group in ovine species (Figure 1), in all moments of evaluation tested.
Additionally, in the absence of heparin, ovine presented higher (P < 0.05) agglutination

compared to the bovine and caprine species throughout the incubation period (Figure 1).

4. Discussion

Three general hypotheses were postulated: (a) cryopreserved sperm of ram suffer
capacitation more quickly than buck and bull under the same conditions; (b) capacitation
status of ruminant cryopreserved semen behaves similarly regardless the presence of
heparin after mini-Percoll technique; (c) ruminant frozen-thawed semen selected by mini-
Percoll and incubated within a media without heparin supplementation do not result in

damage during capacitation status and sperm parameters.

The first hypothesis was not supported by the present study, once we observed
that all species studied seemed to behave the same way regarding capacitation status

overtime. Cryopreserved samples lose phospholipids faster [26] and present higher
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proportion of sperm cells with high intracellular Ca+2 [27], making the frozen-thawed
sperm more susceptible to capacitating process, no matter the species. This is in
accordance with the maintenance of the B pattern throughout the incubation time in all
species and demonstrated in the present study. The capacitation event that occurs in
frozen-thawed semen, cryocapacitation, is often reported in literature. Studies using
ruminant sperm, reported that fresh semen needs 3 h of incubation to reach 50% of
capacitated cells, whereas frozen-thawed semen presents higher rates of capacitated
cells immediately after thawing [28], as also demonstrated in the present study. Pons-
Rejraji et al. [11] affirmed that, upon thawing, bull sperm bind to CTC in a manner very
similar to freshly ejaculated sperm that have been incubated for 5 h. The authors
suggested that immediately after thawing, frozen sperm are in an advanced capacitating
state similar to fresh sperm incubated in the presence of a capacitation inducer, similar

to that observed in the current study.

Regarding the second hypothesis, data obtained in the present study showed there
was no difference, at most of the evaluated parameters, between the group in the
presence or not of heparin, in all species tested. These data are similar to values found
by other studies immediately after thawing [bull:10, 11; ram: 13, 14; buck: 15]. The results
indicate ruminant frozen-thawed sperm undergo an easier premature capacitation,
regardless the presence of heparin, making the use of frozen-thawed semen more
practical and economic. The absence of heparin effect may be since non-intact acrosome
sperm, coming from capacitating event, do not react with heparin and it is not possible

for heparin to fix in external acrosome membrane [29].

The third hypothesis was also supported by the results of the current study. Thus,
Mini-Percoll technique without heparin can be a useful alternative for frozen-thawed

semen preparation, dispensing the use of expensive capacitating inducers. Percoll
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gradient is one of the main techniques used in the laboratories of in vitro embryo
production for the separation of sperm from seminal plasma and/or cryoprotectant in
mammals. Although we have observed reduced rates of sperm motility in all species after
Percoll, its effect on the capacitated cells rate was also observed in all species. Percoll
particles can induce the capacitation process, due its adherence to the sperm
membranes and might alter them by removing some coating glycoproteins [30].
Moreover, after the selection step, this technique involves one more washing step. Our
results are in accordance with the fact that Percoll technique and repeated washing
removes decapacitating component present in the PM [31] and could alter Ca+2

distribution [32], yielding capacitating cells.

Lower rates of motility were found in ovine species in the present study. These
data can be supported since a species with sperm membranes characterized by a high
degree of saturation in the phospholipid-bound acyl moieties [33] and a high sterol to
phospholipid ratio [34] presents more resistance for cold-shock damages. Sperm
membrane cholesterol/phospholipid ratios differ among species: goat (0.59), bull (0.45)
and ram (0.37) [18]. Thus, ram sperm are more sensitive to cooling and cold-shock stress

than other species, which can explain the lower motility rates found.

A motility pattern was observed in all frozen-thawed samples and after mini-Percoll
processing in all species assessed in the present study, similar to that described by Muifio
et al. [35]. According to the authors, sperm with relatively low velocity (VCL and VAP) and
with high progressiveness (LIN %, STR % and WOB %) comprised a slow but progressive
sperm population. This motility pattern is a result of PT thermal stress, as some of the
sperm may reduce their flagella activity, probably due to sublethal cryoinjury, although

their movement is still forward [35].
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The precise relationship between sperm agglutination and its in vivo fertilizing
ability remains unclear [24]. Sperm head-to-head agglutination during in vitro incubation
could stimulate capacitation and it was believed that sperm agglutination was one of the
events associated with fertilizing ability [36; 37]. In the present study, the absence of
heparin led to higher agglutination rates in ovine and caprine species. This fact can also
explain the higher capacitating rates found, and the presence of the agglutination could

contribute to the cell fertilizing ability as well as a positive feature of the sample.

5. Conclusion

The present study observed similar capacitation features in domestic ruminant
frozen-thawed sperm among species and their sperm maintained similar capacitation,
motility and agglutination patterns along incubation intervals. Immediately after thawing,
after mini-Percoll selection and up to 18 h, the frozen-thawed sperm had a high
percentage of capacitated cells, even in the absence of heparin. It suggests that ruminant
frozen-thawed semen preparation by mini-Percoll selection and incubated in a media
without heparin supplementation, can be an efficient technique and an alternative to
dispense the use of expensive capacitating inducers, making the sperm preparation

easier, cheaper and more practical.
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Table 1: Motility parameters of ovine, caprine and bovine frozen-thawed sperm subjected to mini-Percoll treatment

122

™ PM VCL VSL VAP LIN STR wOB ALH BCF
Species Time
(%) (%) (um/s) (um/s)  (um/s) (%) (%) (%) (um)  (H2)
AT*  46+628 23+32F 103+72A 86+62A O5+72A 83+22AB Q0+12A 91+12AB 24(Q2A 71028
Ovine
AMP**  14+2PC  3+1PC  44+3PC 33+3PB 37+3P8 74+1PA 88+12A 83+1°AB  1+0PC 6x02C
AT* 58+83ah 27+43A 98+73A 75+2aB 87+7aB 754+2aAB g5 4 pabA gg i+ pabAB Dy QaA giQah
Caprine
P AMP** 53+ 42aA 23+2bA  75+3bA 5+ 3PA G5+ 4bPA 75+2aA 854 1abA 87 4 1abAB 24 (QbB 74 (2B
AT* 46+523B 20+33C 67+43B 47+33C 56+x3aC 70+123B 84x12A 83x12B  2x03A 8x0°3A
Bovine
AMP** 28 +2bB  g8+1bB  53+2bB 36+3PB 41+3PB G7x33A  Bex2aA 77+23B  2+03A 9x(Q2aA

Mean + SEM value obtained from six replicates of three animals for each species.

* AT — after thawing; ** AMP — after mini-Percoll

The following motility parameters were analyzed by Computer-Assisted Semen Analysis system (CASA): total motility (TM), progressive
motility (PM), average path velocity (VCL), straight line velocity (VSL), straightness (STR: VSL/VAP), linearity (LIN: VSL/ VCL), wobble
(WOB: VAP/VCL), lateral head displacement (ALH) and beat cross frequency (BCF).

Within a column, values with different superscripts differ significantly (P<0.05) by Fisher-LSD test. Uppercase letter is the comparison
among different species (ovine, caprine, bovine) at the same time (i.e., AT or AMP) and lowercase letters is the comparison between
AT and AMP, within the same species (ovine, caprine, bovine).
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Table 2: Capacitation status and plasma membrane integrity of ovine, caprine and bovine
frozen-thawed sperm subjected or not to heparin supplementation overtime

Non-

Species Treatment Time  Capacitated Acrosgnze-) capacitated  Mtact cel
0 reacted (% 0
(h) (%) (%) (%)
15 52+4 40+ 4 6+1 1+0
3.0 56 +4 39+4 3+1 2+1
Control*
6.0 54 +8 42 +9 2+1 1+0
18.0 79+1 17 +2 2+1 0+0
Ovine
15 46 + 7 44 + 7 8+1 1+0
3.0 44 + 8 42 +3 4+1 1+0
Heparin**
6.0 66 +2 29+3 4+1 1+0
18.0 77 +2 20+3 2+1 0+0
15 30+2 53+ 2abB 7+1 2+ 1PB
3.0 38+5 58 + 4abA 2+0 4 + 1aA
Control*
6.0 41 +4 48 + 6bA 1+0 3 +0aA
18.0 37+4 59 + 32A 3+1 0 £+ Q0PA
Caprine
1.5 29+4 64 + 5aA 5+1 3+ 1abA
3.0 33+3 64 + 32A 2+1 2+ 1PB
Heparin**
6.0 41 +4 56 + 43A 1+1 2 + 0abA
18.0 41 +9 39 + gbB 2+1 0+ 0cA
15 38+3 55+3 6+1 3+1
3.0 35+4 60+4 3+1 5+2
Control*
6.0 37 +3 59 +4 3+1 2+0
18.0 30+3 56 +1 4+1 0+0
Bovine
1.5 37+4 58+5 4+1 5+1
3.0 36+4 50 +4 4+1 4+1
Heparin**
6.0 45 + 2 51+3 3+1 2+0
18.0 42 +3 52 +4 5+1 0+0

Mean + SEM value obtained from six replicates of three animals for each species.

Within a column, values with different superscripts differ significantly (P<0.05) by Fisher-
LSD test. Uppercase letters is the comparison in the same species, indicating differences
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of moments between treatments and lowercase letters is the comparison in the same
species, indicating difference within moments of each treatment.

* Control — sperm incubation in SP-TALP medium.

** Heparin — sperm incubation in SP-TALP medium supplemented with 5 pg/mL of
heparin.
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Figure 1. Agglutination rate of spermatozoa incubated in media supplemented or not with
heparin. Each bar represents mean + SEM obtained from six replicates of three animals
for each species. Within a column, values with different superscripts differ significantly
(P<0.05) by paired t test. Uppercase letters is the comparison between different species

and lowercase letters is the comparison between control and heparin.
Control — sperm incubation in SP-TALP medium.

Heparin — sperm incubation in SP-TALP medium supplemented with 5 pg/mL of heparin.
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10. CONCLUSOES

Os espermatozoides selecionados pelo SU apresentam maior longevidade da
amostra, fato interessante para o intervalo de incubacao da FIV. Por outro lado, as
técnicas de Percoll e mini-Percoll parecem nao prejudicar espermatozoides de

carneiros a longo prazo.

A reducdo do volume do gradiente de Percoll utilizado e do tempo de
centrifugacdo, bem como o aumento da sua forca, promovem efeitos benéficos na

gualidade da amostra.

Os eventos de criocapacitacdo parecem ocorrem de forma similar ao longo do
tempo entre as espécies de ruminantes testadas. Possivelmente, os agentes
indutores da capacitacdo espermatica in vitro ndo sdo necessarios para a preparacao
esperméatica de sémen descongelado e selecionado pela técnica de mini-Percoll, em

todas as espécies estudadas.

11. PERSPECTIVAS

O uso do mini-Percoll aparece como uma alternativa atrativa por minimizar o
custo da etapa de preparacdo espermatica e tornd-la mais pratica e eficiente,
podendo ser apresentado como um método recomendado para a selecao
espermatica para a PIVE na espécie ovina, em opc¢ao a outras técnicas utilizadas,

gue por sua vez demandam mais dinheiro, complexidade e tempo.

O uso de protocolos de mini gradientes abre novas perspectivas a substituicdo do
Percoll convencional, minimizando prejuizos a célula espermatica, bem como

reduzindo custos e tempo de processamento da amostra seminal de ovinos.

A prescindibilidade do agente indutor de capacitacdo espermatica mais
comumente utilizado, a heparina, na preparagéo espermatica de sémen das principais
espécies domeésticas, faz com que mais um obstaculo da técnica de PIVE seja
facilitado. A compra desse reagente, que pode ser dificultada, demorada e muitas

vezes cara, pode ser dispensada ao trabalhar com sémen descongelado e



132

processado pelo mini-Percoll, facilitando ainda mais a vida laboral do pesquisador e
dos técnicos que atuam em laboratérios de PIVE. Como j& relatado antes, a
associacdo com a técnica de mini-Percoll, que por sua vez também torna a
manipulacdo do sémen mais pratica e barata, pode resultar em uma etapa de
preparacdo de sémen descongelado de ovinos, caprinos e bovinos ainda mais

eficiente.
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12. ANEXOS

ANEXO 1 - Aprovacéo do Comité de Etica no Uso de Animais (CEUA) da

Universidade Federal Fluminense, n° 374/2013.

Servigo Piblico Federal
Umiversidade Federal Fluminense
Pro-Reitonia de Pesquisa, Pos-Graduagio e Inovagéo
Comissdo de Etica no Uso de Animais

Certificamos que o projeto n° 374, intitulado “Estudo de pontos estratégicos para
elevagiio da eficiéncia da técnica de producdo in vifro de embrides em ovelhas™ sob
a orientagdo do Prof. Dr. Felipe Zandonadi Brandio da Faculdade de Veterinaria,

esta de acordo com os Principios Eticos na Experimentacio Animal da SBCAL e

obteve a aprovacdo da Comisséo de Etica no Uso de Animais em 12 de setembro de

2013. Este certificado € valido por trés anos.

Niterdi, 12 de setembro de 2013.
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