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RESUMOGERAL

A piracanjuba Brycon orbignyanus e o curimbata Prochilodus lineatus
sdo peixes Characiformes, nativos da América do Sul, com grande potencial
para a aquicultura. No estudo inicial (artigo 1) foram avaliados os efeitos da
osmolalidade, diluidores, crioprotetorores (CPAs) e tempo de equilibrio sobre a
motilidade do sémen fresco de B. orbignyanus e P.lineatus. Vinte e quatro meios
numa combinacdo de seis diluidores (BTS® e glicose a 270, 315 e 360
mOsm/kg), com os CPAs DMSO (Me2SO), metanol, metilglicol (MG) e um
controle sem CPA foram preparados.Imediatamente apds diluigdo, as amostras
foram observadas em um microscépio de luz para confirmar se a todas as
combinagdes de diluidor-CPA iriam suprimir o inicio da motilidade espermatica.
A motilidade foi entdo ativada e avaliada imediatamente ap6s diluicdo (amostras
nao-equilibradas) e ap6s um tempo de equilibrio de 30 min a 4 °C. Em ambas as
espécies, a motilidade foi iniciada em todas as amostras diluidas em BTS-270-
controle, Glu-270-MG, Glu-270-MG, Glu-270-controle, e em todas as
combinagdes contendo Me2SO. Em piracanjuba, a taxa de motilidade (77-92%)
e vigor (3,3-4,7) das amostras ndo equilibradas ndo foram significativamente
afetados por qualquer parametro. Depois de 30 minutos, no entanto, o vigor foi
reduzido na maioria das amostras. Em curimbatd, a taxa de motilidade foi
significativamente maior nas amostras ndo-equilibradas (83%) em comparacédo
com amostras equilibradas por 30 min (75%). O vigor das amostras ndo-
equilibradas ndo foi afetado por nenhum parametro (3,3-4,2). No sémen
congelado (artigo 2) foram avaliados os efeitos de CPAsna motilidade
espermatica, velocidades e integridade de membrana. Foram utilizados seis meio
de congelamento compreendendo a combinacéo de trés CPAs (Me2SO, metanol
e MG) e dois diluidores (BTS® e glucose). A taxa de motilidade, e as
velocidades curvilinear (VCL), média na trajetoria (VAP) e linear (VSL) foram
avaliadas por meio de um sistema computadorizado de andlise do sémen
(CASA). A integridade de membrana foi determinada utilizando os corantes
fluorescentes SYBR® 14 e iodeto de propidio. Em B. orbignyanus, foi observada
alta qualidade pds-descongelamento apenas em amostras congeladas em BTS-
metilglicol; as amostras possuiam VSL de 90 um/s, VAP de 113 um/s e 57% de
espermatozoides intactos. Em P. lineatus, foi observada alta qualidade pos-
descongelamento em amostras congeladas em BTS-metilglicol, glicose-
metilglicol e glicose-metanol. O sémen congelado em Me2SO teve a menor
qualidade. Com base nestes resultados, conclui-se que o metilglicol é o CPA
mais adequado para B. orbignyanus e P.lineatuse fornece boa protecdo da
membrana durante o processo de criopreservacao.

Palavras-chave: Sémen. Teledsteos. Neotropical. CASA. Characiformes.



GENERAL ABSTRACT

Piracanjuba Brycon orbignyanus and streaked prochilod Prochilodus
lineatus are Characiforme fish, native to South America, with great potential for
aquaculture. In the initial study (article 1) we evaluated the effects of osmolality,
extenders, cryoprotectants (CPAs) and equilibration time over the motility of B.
orbignyanus and P.lineatus fresh sperm. Twenty four media in a combination of
six extenders (BTS™ and glucose solutions at 270, 315 and 360 mOsm/kg),
with the CPAs DMSO (Me2S0), methanol, methyl glycol (MG), and a control
without CPA were prepared. Immediately after dilution, the samples were
observed under a light microscope to confirm whether all extender-CPA
combinations would suppress the initiation of sperm motility. Motility was then
triggered and evaluated immediately after dilution (non-equilibrated samples)
and after an equilibrium period of 30 minutes at 4 °C. In both species, motility
was initiated in all samples diluted in BTS-270-control, Glu-270-MG, Glu-270-
control, and in all combinations containing DMSO. In B. orbignyanus, motility
rate (77 to 92%) and vigor (3.3 to 4.7) of the non-equilibrated samples were not
significantly affected by any parameter. After 30 min, however, vigor decreased
in most samples. In P.lineatus, motility rate was significantly higher in the non-
equilibrated samples (83%) compared to the samples equilibrated for 30 minutes
(75%). Vigor of non-equilibrated samples was not affected by any parameter
(3.3 to 4.2). In the frozen sperm (article 2) we evaluated the effects of
cryoprotectants on post-thaw sperm motility, speed and membrane integrity of
B. orbignyanus and P. lineatus. Six freezing media comprising a combination of
three CPAs (Me2SO, methanol and methyl glycol) and two extenders (BTS™
and glucose) were used. Post-thaw sperm motility rate and curvilinear (VCL),
straight-line (VSL) and average path (VAP) speeds were evaluated using a
Computer-Assisted Sperm Analyzer (CASA). Membrane integrity was
determined using SYBR™ 14 and propidium iodide staining. In B. orbignyanus,
we observed high post-thaw quality only in samples frozen in BTS-methyl
glycol; the samples presented VSL of 90 um/s, VAP of 113 um/s and 57% intact
sperm. In P. lineatus, we observed high post-thaw quality in samples frozen in
BTS-methyl glycol, glucose-methyl glycol and glucose-methanol. Semen frozen
in Me2SO presented the lowest quality. Based on these results, we conclude that
the methyl glycol is the most suitable CPA for B. orbignyanus and P.lineatus
and provides good membrane protection during the cryopreservation process.

Keywords: Semen. Teleost. Neotropical. CASA. Characiforme.
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PRIMEIRA PARTE

1 INTRODUCAO

Como consequéncia da sobre-explotagdo, das alteragBes ambientais
promovidas por desmatamento, mineracdo, poluicdo industrial e agricola, dos
usos conflitantes das aguas (irrigacdo, producdo de energia elétrica), dos
represamentos e da introducdo de espécies exodticas ha uma crescente
preocupagdo com a conservacdo da diversidade genética tanto de espécies de
valor econdmico quanto de espécies ameacadas de extingdo. As espécies de
peixes de dgua doce mais ameagadas geralmente séo as de valor econémico, de
habitos reofilicos e que realizam longas migragdes ascendentes para reproducao.
Muitas dessas espécies, conhecidas como peixes de piracema, tém grande
importancia comercial, enquanto outras devido as agdes antropogénicas tém seu
ndmero cada vez mais diminuido. Entre essas ac0es, a construcdo de barragens
nos rios causa profundas modificagdes no ambiente aquatico (SALE, 1985).

Uma vez que a pesca ndo atende ao consumo mundial de pescado, ha
uma crescente demanda pela industria de aquicultura para suprir a producéo
pesqueira. Dessa forma, na atualidade, biotecnologias aplicadas a reproducéo
sdo importantes ndo apenas para a conservacgao da diversidade genética em si,
mas também pela necessidade de manutencdo da variabilidade genética para os
programas de melhoramento genético de espécies para cultivo. As estratégias
para evitar a reducdo de recursos pesqueiros incluem o desenvolvimento de
técnicas de reproducdo artificial, de larvicultura e alevinagem, de coleta e
preservacdo de sémen. Essas estratégias podem também ser utilizadas na
producdo comercial de peixes. Bancos de sémen congelados de peixes podem
disponibilizar o sémen de muitos machos rapidamente para fertilizacdo. Se

adequadamente coletados e congelados, com a devida caracterizacdo genética,
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podem ser utilizados para programas de recomposicdo de populacfes silvestres
ameacadas de extin¢do ou para programas especificos de melhoramento genético
para atendimento a critérios de aumento nas taxas de crescimento, resisténcia a
doencas ou com propriedades funcionais especificas desejadas (RESENDE;
MARQUES, 2009). Embora exista um numero grande de estudos avaliando
técnicas de preservagdo de sémen de peixes, ainda ha ambiguidade quanto aos
resultados divulgados, primariamente devido & falta de padronizacdo das
metodologias utilizadas e da analise dos dados. Além disso, devido ao fato dos
peixes terem evoluido para se adaptarem a praticamente todas as superficies de
4gua da Terra (de 4gua doce & lagos hipersalinos, de aguas geladas do Artico as
aguas quentes do deserto da Califdrnia), existem diferengas substanciais em sua
morfofisiologia mesmo entre as espécies presentes no mesmo ambiente e,
consequentemente, os espermatozoides de cada espécie demonstram reacdes
diferentes aos protocolos de conservacdo (KOPEIKA et al., 2007). O sémen de
cada espécie apresenta uma resposta durante o processo de criopreservagao,
tendo o0os meis crioprotetores capacidades diferentes na protegdo das
espermatozoides gquando avaliada ap6s o congelamento. Essa capacidade de
protecdo dos meios de congelamento estd relacionada principalmente a
composicdo e osmolalidade do meio diluidor além da natureza do crioprotetor.
Diante dessas circunstancias hd uma demanda crescente por técnicas praticas e
acuradas de preservacao de gametas que facilitem a fertilizacdo artificial desses
animais para repovoamento dos rios e sua criagdo em cativeiro.

Assim, com o presente trabalho objetiva-se avaliar o efeito de
crioprotetores, diluidores e osmolaridade na qualidade do sémen fresco e

criopreservado de Prochilodus lineatus e Brycon orbignyanus.
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2 REFERENCIAL TEORICO

2.1 Brycon orbignyanus

A piracanjuba, Brycon orbignyanus (Figura 1) pertencente a ordem
Characiformes, familia Characidae, € um peixe migratorio nativo das bacias
formadas pelos rios Uruguai e Parana, muito apreciado pelo valor e sabor de sua
carne (GODQY, 1986). A piracanjuba é uma espécie presente nas regides sul-
sudeste brasileiras, que vem desaparecendo devido & destruicdo das matas
ciliares, poluicdo, represamento de rios e diminuicdo de lagoas marginais, em
decorréncia da construcdo de usinas hidrelétricas e drenagem para a agricultura.
Esta espécie tem despertado grande interesse ndo s por sua carne de excelente
qualidade, mas também por ser muito apreciada em pescas esportivas devido ao
seu comportamento agressivo quando fisgado, além de apresentar rapido
crescimento e facilidade de cultivo (VAZ; TORQUATO; BARBOSA, 2000). O
B. orbignyanus é uma espécie de habito alimentar onivoro, alimentando-se de
peixes (fases iniciais de vida), insetos e sementes. O macho torna-se apto a
reproducdo a partir de dois anos de idade, com 20 cm de comprimento,
apresentando como caracteristica sexual secundaria aspereza na nadadeira anal,
resultante de pequenas espiculas que aparecem na época da reproducgdo; ja a
fémea se reproduz a partir do terceiro ano de idade, com 25 cm de comprimento.
Esta espécie apresenta corpo fusiforme e comprido e a boca é ampla e terminal,
o dorso é castanho escuro e a nadadeira caudal apresenta cor vermelha com uma
faixa mediana bem escura (COMPANHIA ENERGETICA DE MINAS
GERAIS - CEMIG; FUNDACAO CENTRO TECNOLOGICO DE MINAS
GERAIS - CETEC, 2000).



13

Figural Exemplar de piracanjuba B. orbignyanus

Fonte: http://www.terradagente.com.br

O B. orbignyanus prefere ambientes I6ticos de &guas claras, sendo
encontrada nos locais em que as &rvores se deitam sobre o rio, onde obtém os
frutos que Ihes servem de alimento. A migracdo rio acima se da nos meses de
setembro e outubro, culminando com a desova entre novembro e janeiro
(CEMIG; CETEC, 2000). Entretanto, o B. orbignyanus encontra-se ameacado de
extingdo por ndo conseguir realizar migracdo reprodutiva, devido ao grande
nimero de barragens hidrelétricas encontradas nos rios e & degradagdo ambiental
(VAZ; TORQUATO; BARBOSA, 2000; ROSA; LIMA, 2008). Existe grande
interesse na utilizagdo destes briconideos tanto para produgdo em pisciculturas

comerciais, quanto para conservacdo da biodiversidade.
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Bacla do Atkintico Sul
Ttrechos norte & nondesie

Bacia da Atlintico Sul
Tinechos narte & nordeste

Bacia do rio Amaranas Bacla do rio Tocanting

Araguala
Bacia do rio 530 Francisco

Bacia do Atldntica Sul -
Trecho leste

Bacia Platina, ou dos rios
Parand & Uruguai

Bacia do Atldntica Sul -
Trechos sudeste @ sul

Figura 2 Bacias Hidrogréficas do Brasil

Fonte http://www.portalsaofrancisco.com.br

2.2 Prochilodus lineatus

O curimbatd, Prochilodus lineatus (Figura 2), pertencente a ordem
Characiformes, familia Prochilodontidae e apresenta larga distribuicdo
geografica em toda a América do Sul, representando cerca de 50-90% de toda a
biomassa de peixe existente no curso baixo do rio e nas lagoas marginais da
Bacia do rio Parana (BONETTO, 1986; YUAN, 1992). O macho reproduz-se
aos dois anos de idade, com 24 cm, e a fémea aos trés anos, com 31 cm de
comprimento. Quando adulta, a curimba pode atingir até 6 kg de peso corporal e
70 cm de comprimento (CEMIG; CETEC, 2000). Alimenta-se de lodo, algas,
perifiton e detritos organicos, sendo considerada espécie de regime alimentar
especializado, do tipo iliéfago. Como conseqliéncia do seu habito alimentar, a
curimba exerce importante fungdo no fluxo de energia dentro dos sistemas
aquaticos que habita via processamento de sedimentos (FLECKER, 1996). Essa
espécie encontra-se, geralmente, em ambiente com dguas mais lentas; porém, na

época de reproducdo, realiza migracdes em massa até as areas de desova
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(CEMIG; CETEC, 2000). A curimba é uma das espécies de peixes de agua doce
com maior significado na piscicultura comercial, sendo muito apreciada na
culinaria dos estados da Regido Nordeste do Brasil. As estacdes de piscicultura
tém grande interesse no sucesso da sua reproducdo, uma vez que as larvas de
curimba servem de alimento para espécies carnivoras de grande importancia
comercial, como, por exemplo, o dourado (Salminus brasiliensis) ou passiveis
de extin¢do, como a piracanjuba (Brycon orbignyanus) e o jau (Zungaro jahu).
Essa espécie é também muito utilizada por usinas hidrelétricas em programas de
repovoamento de reservatorios, além de servir como espécie-modelo no
desenvolvimento de pesquisas em biotecnologia reprodutiva, dadas sua elevada
prolificidade e facilidade de manejo (VIVEIROS et al., 2010).

Figura3 Exemplar de curimbata P. lineatus
Fonte: http://www.peixesdebonito.com.br

2.3 Caracteristicas do sémen de peixes teledsteos

Estudos sobre as caracteristicas fisico-quimicas do sémen de peixes tém
demonstrado  grandes  variagdes intraespecificas e interespecificas,
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principalmente na concentracdo espermatica, volume e composicdo do plasma
seminal. Estas variagBes tém sido atribuidas a fatores como variabilidade
genética, envelhecimento dos espermatozoides no testiculo, sazonalidade, estado
reprodutivo e estratégia reprodutiva. E de extrema importancia o conhecimento
das caracteristicas morfoldgicas e funcionais dos espermatozoides, para o estudo
basico da biologia reprodutiva e para a producdo em cativeiro de qualquer
espécie ictica, assim como, para o desenvolvimento de técnicas dirigidas a
conservagdo de espécies nativas. O parametro mais utilizado para a avaliacdo
seminal é a motilidade e, dentro desta varidvel, 0s espermatozoides apresentam
caracteristicas espécie-especificas, como por exemplo: o inicio, duragdo e
padrdo da motilidade (LAHNSTEINER, 2000; COSSON et al., 2000).

2.3.1 Volume, concentracdo e osmolaridade

O volume de sémen as concentragdes espermaticas e osmolaridades
encontrados nas diferentes espécies de peixes sdo bastante variaveis. Antes da
manipulacdo € necessario avaliar a qualidade do sémen aperfeicoando sua
utilizac&o no processo de fertilizaco artificial (ORFAO et al., 2011).

O valor biolégico estd ndo no volume de sémen, mas sim na quantidade
de células fecundantes que ele possa conter (FONSECA et al., 1992), sendo
muito variavel entre as diversas espécies e dentro de uma mesma espécie, de
acordo com a estacdo do ano, o clima, o periodo de repouso sexual, 0 método de
coleta e o tamanho de reprodutores. A frequéncia de coleta tem um grande efeito
sobre 0 volume de sémen liberado por peixe. Amostras coletadas no inicio e ao
final da época de reproducdo, geralmente ndo sdo de boa qualidade. A causa da
baixa qualidade no inicio ndo é conhecida, entretanto, ao final da época de
reproducdo, esta condicdo pode ser ocasionada pelo envelhecimento dos
espermatozoides nos testiculos (BILLARD; COSSON, 1992).



17

A concentracdo, ou densidade, espermatica expressa a quantidade de
espermatozoides por volume de sémen, podendo ser determinada por meio de
contagem em camaras volumétricas, mediante diluicdo do sémen. Valores de
concentracdo, assim como suas variagdes de acordo com o peso e idade do
peixe, época do ano, frequéncia de coleta e porcao do ejaculado,foram estudados
por diversos autores, inclusive no Brasil (VIEIRA et al., 2011). O método mais
comum para a determinacdo da concentracdo espermatica (espermatozoides/mL
de sémen) é a contagem de espermatozoides, por meio de cAmara hematimétrica
(BUYUKHATIPOGLU; HOLTZ, 1984). A utilizacdo da camara hematimétrica
de Neubauer, entretanto, apresenta alguns inconvenientes, como a chance de
erro na contagem. Existe a necessidade de se esperar a precipitacdo dos
espermatozoides no fundo da cdmara e, para sua utilizacdo, € preciso realizar
altas dilui¢Ges, que poderiam incorrer em erros (TAITSON; GODINHO, 2003).
Métodos alternativos tém sido propostos, podendo-se citar a contagem na
camara de Makler (LAHNSTEINER et al., 1998; RAVINDER et al.,1997),
aespectrofotometria (CIERESZKO; DABROWSKI, 1993; SILVEIRA et al,,
1987) e o espermatdcrito (LIN; CIERESZKO; DABROWSKI, 1997;
CIERESZKO; DABROWSK, 1993).Uma ampla variagdo da concentragdo
espermatica é encontrada em peixes de agua doce, encontrando-se relatos de
concentragdo minimade 1,97 x 10° sptzZmL em Rhamdia quelen
(BOMBARDELLI et al., 2006) e maxima de 41,58 x 10°sptz/mL na Perca
jlavescens(CIERESZKO; DABROWSKI, 1993).

Osmolalidade é definida como a concentracdo de solutos totais numa
solucdo, com a propriedade de exercer presséo no interior da referida solugo.
Esta propriedade do soluto é conhecida como pressdo osmotica, que esta
envolvida na regulacdo do fluxo de 4gua por meio de uma membrana. Assim,
quando concentracdo de soluto (mOsm/kg de agua) é mais baixa no meio onde

se encontra imersa uma célula, do que no préprio citosol (hiposmdtica), esta
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tende a aumentar seu volume, introduzindo &gua do meio ambiente; mas, quando
a célula é imersa numa solu¢cdo mais concentrada (hiperosmdtica), sofre a
redugdo do tamanho e saida de 4gua da membrana (BOLSOVER et al., 2004). A
osmolalidade, assim como, a temperatura, pH, fons (incluindo Na*, K*, Ca*) e
taxa de dilui¢do influenciam a motilidade espermatica, nas solucGes de ativagdo
e de imobilizacdo (ALAVI; COSSON, 2005, 2006).

A osmolalidade e composicdo do plasma seminal normalmente
previnem a motilidade espermatica nos ductos espermaticos de peixes
(BILLARD, 1986). O plasma seminal de peixes € constituido, em grande parte,
por compostos minerais (Na*, K*, Ca®*, Mg*"). Esses compostos (ions) estdo
envolvidos na regulacdo da osmolalidade (HE; KEERAN-JENKINS; WOODS,
2004). O fluido seminal ndo sé imobiliza os espermatozoides, mas também os
protege (COSSON et al., 1997). Por conseguinte, a motilidade é induzida apds
liberacdo e contato dos espermatozoides com 0 meio aquoso durante a
reproducdo natural ou com o meio ativador durante a propagacgéo artificial
(COSSON, 2010). De acordo com Morisawa e Susuki (1980) a osmolalidade do
sémen de peixes apresenta-se em torno de 300 mOsm/kg. A variabilidade
apresentada neste parametro parece ter relacdo com caracteristicas individual e
espécie-especificas, uma variacdo de 254 a 346 mOsm/kg foi encontrada em
trabalhos com ciprinideos (ALAVI; COSSON, 2006) e de 232 a 322 mOsm/kg
em salmonideos (ALAVI; COSSON, 2006). Em espécies de characiformes,
osmolalidades do sémen de 260 a 320,5 mOsm/kg tem sido reportada para
tambaqui (CARNEIRO et al., 2012; VIEIRA et al., 2011) de para 276 a 346
mOsm/kg para Prochilodus lineatus e de 239 a 313 mOsm/kg em Brycon
orbignyanus (GONCALVES et al., 2013). O conhecimento da osmolalidade
média do sémen de peixe teledsteos é de extrema importancia na reproducao
assistida, uma vez que seus espermatozoides permanecem quiescentes na

osmolaridade do plasma seminal, fator critico para espermatozoides que, apés a
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ativacdo, tem uma duracdo média da motilidade de aproximadamente 2 minutos
(VIEIRA et al., 2011).

2.3.2 Motilidade espermatica

Na maioria das espécies de peixes, 0s espermatozoides sdo imdveis nos
testiculos e no plasma seminal (MORISAWA; MORISAWA, 1990). Em geral, a
motilidade espermdtica é induzida por pressdo hiposmdtica em peixes de agua
doce e por pressdo hiperosmotica em peixes marinhos (ALAVI et al., 2007).
Durante a reproducdo natural, a motilidade é induzida depois da liberagdo dos
espermatozoides (e desta forma sua dispersdo/diluicdo) do trato genital do
macho dentro do ambiente aquoso em que 0s espermatozoides encontram 0s
componentes sollveis da agua do meio externo, principalmente ions (COSSON,
2004). Em salmonideos e ciprinideos de dgua doce, a reducdo da concentragdo
de potassio ou a osmolaridade do ambiente ao redor dos espermatozoides
liberados em &gua doce afeta diretamente o flagelo e regula a iniciacdo da
motilidade espermatica (MORISAWA et al., 1983). O fluido seminal é rico em
muitos nutrientes e ions, alguns dos quais importantes na manutencdo da
gualidade espermatica, quando estocados no estado imdvel no trato genital.
Fatores ambientais externos podem afetar a qualidade e a motilidade
espermatica, durante o processo de ativacdo. Fatores como o pH ou ions
presentes podem polarizar a membrana celular e estimular a motilidade
espermatica dos peixes (MORISAWA et al., 1999).
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Cronometragem
Transferéncia do sémen para dgua doce Tempo zero
Diminuicéo da osmolaridade externa
Desencadeamento da osmorregulacio
= influxo de agua
Diminuicdo da osmolaridade interna
Diminuicdo da concentracdo idnica interna
\J
Ligacdo da atividade da ATPase Menos que 1s
Diminuic&o dos estoques de ATP
Concentracdo idnica interna muito baixa para
atividade da ATPase
\J
Término da motilidade Um a véarios minutos

Figura 4 Sucessdo de eventos desencadeadores da motilidade espermatica em
espécies de 4gua doce

Fonte: Modificado de Cosson (2004).
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A diminuicdo da capacidade de natacdo dos espermatozoides é
originada, em parte, pela diminuicdo do estoque de energia que ocorre durante o
periodo de motilidade (BILLARD, 1990; COSSON et al., 1999). Em
espermatozoide de peixes, a fosforilizacdo oxidativa mitocondrial, que ¢é
altamente requerida para produzir energia durante a locomogdo, é insuficiente
para sustentar o armazenamento de ATP enddgeno (COSSON et al., 1999).

A motilidade espermatica é o parametro mais utilizadopara a avaliacdo
da qualidade dos espermatozoides (ALAVI et al., 2008; COSSON et al., 2008).
Esta é uma importante ferramenta para predizer a capacidade do sémen na
fertilizacdo dos ovdcitos. A simplesestimativa da motilidade do sémen
fresco,por meio de microscopia 6tica(200 ou 400 x)é usada rotineiramente para
uma avaliagdo inicial da qualidade espermatica (KAVAMOTO; SILVEIRA,
1986).0 resultado é expresso em percentagem de espermatozoides moveis, na
escala de 0 a 100%, em relacdo ao total de espermatozoides analisados (MARIA
et al., 2006; VIVEIROS et al., 2009).

Ha alguns trabalhos nos quais se avalia de forma mais detalhada a
atividade espermatica, sendo a velocidade dos espermatozoides e a frequéncia de
batimento flagelar, medidos por meio videomicrografia. O sistema
computadorizado de analise do sémen (CASA, Figura 3) tem sido amplamente
utilizado para examinar a qualidade do sémen de aves e mamiferos, sendo a sua
aplicacdo recente em estudos nos peixes (RURANGWA et al., 2001).
Parametros de motilidade espermatica analisados por meio do programa, como
porcentagem de espermatozoides méveis, velocidade curvilinear, frequéncia de
batimento flagelar, entre outros, estdo diretamente relacionados a taxa de
fertilizacdo e podem predizer o potencial reprodutivo de um individuo
(VIVEIROS et al., 2010).

Na aquicultura, o uso do CASA possibilita a verificacdo da viabilidade

de meios diluentes e crioprotetores para o congelamento de sémen a partir de
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dados com altos niveis de confianca e repetibilidade permitindo a comparagédo
de estudos realizados em diversas partes do mundo.

O CASA captura imagens sucessivas, identificando os pontos onde o
espermatozoide se encontra a cada imagem. S&o tracadas retas entre esses
pontos, sendo calculado o percurso total do espermatozoide. A partir de um
software sdo detectados, identificados e quantificados atributos da motilidade na
amostra de sémen. As definicBes para aplicagdo do CASA sdo baseadas em
caracteristicas, como tamanho, forma e trajetéria de natacdo do espermatozoide
em cada espécie avaliada (YANG; TIERSCH, 2011).

Figura5 Sistema computadorizado de analise do sémen (CASA)
Fonte: Gongalves (2013).

O vigor espermatico, que se caracteriza pela intensidade com que os

espermatozoides se movimentam, é outro parametro essencial para avaliacdo dos
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espermatozoides de peixes (COSSON et al.,, 1999; VERMEIRSSEN et al.,
2003). Sua escala segue valores de 0 a 5, em que 0 indica espermatozoides sem
motilidade e 5 espermatozoides nadando rapidamente, em velocidade maxima
(VIVEIROS et al., 2011).

2.3.3 Integridade da membrana espermatica

Considerando o valor bioldgico do sémen durante o processo de
fertilizacdo, é importante avaliar os danos impostos pela criopreservagdo, que
podem levar a diminuicdo de células viaveis, definidas como aquelas que tém
morfologia, atividade metabodlica e membranas plasmaticas normais (ARRUDA
et al., 2011). Como o potencial de fertilizagdo depende da integridade e
funcionalidade de diferentes estruturas espermaticas, o desenvolvimento de um
nico teste laboratorial para determinar a fertilidade seminal torna-se dificil. De
forma geral, as caracteristicas morfologicas espermaticas sdo analisadas
usualmente utilizando-se esfregagcos corados (corantes: Wright, Rosa de
Bengala, Giemsa e eosina-nigrosina, Karras dentre outros). Avangos recentes na
tecnologia de coloracdo tém fornecido novas metodologias para avaliacdo da
capacidade funcional de espermatozoides em varias espécies. Vale ressaltar que
nas técnicas nas quais sdo utilizados corantes em esfregacos de sémen podem
ocorrer danos as estruturas espermaticas o que ndo acontece em preparagdes
Umidas (SOARES; GUERRA, 2009). Nesse sentido, os corantes fluorescentes
(sondas epifluorescentes ou fluorocromos) sdo indicadores sensiveis e
especificos da condicdo subcelular, podendo ser aplicados para mensurar
alteracBes estruturais e metabdlicas no interior das células.

As sondas fluorescentes avaliam a funcionalidade ou a integridade das
estruturas dos espermatozoides, as quais possuem a capacidade de se ligar a

pontos especificos das células. Como exemplo de sondas fluorescentes, o
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SYBR- 14, tem especificidade pelo DNA nuclear, atravessando a membrana
plasmatica dos espermatozoides integros emitindo fétons que na microscopia de
fluorescéncia tem coloracdo verde (Figura 4). O SYBR 14 tem sido usado em
associagdo com o iodeto de propidio, o qual se liga ao DNA de células com
membrana plasmatica lesada emitindo fétons que tem coloragdo vermelha
quando observados em microscopio de fluorescéncia (Figura 5) (CARNEIRO et
al., 2012; VARELA JUNIOR et al., 2012).

Figura6 Coloracdo com SYBR- 14 em amostra de sémen descongelado de P.
lineatus

Fonte: Elaborado pela autora (2013)
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Figura7 Coloracdo com iodeto de propidium em amostra de sémen
descongelado deP. lineatus

Fonte: Elaborado pela autora (2013)

2.4 Criopreservacdo do sémen

Apesar de ser possivel a preservacdo de espermatozoides por periodos
curtos, por meio de resfriamento, o congelamento em nitrogénio liquido
constitui uma forma vidvel de manutengdo dos gametas masculinos por longos
periodos. A criopreservacao de sémen € uma boa alternativa para a melhoria da
reproducdo de peixes em cativeiro, tendo em vista que seus beneficios sdo
variados, dentre eles: sincronizacdo na disponibilidade de sémen, facilidade no
transporte e conservacao da variabilidade genética (SUQUET et al., 2000).

Este fato torna a criopreservacdo de sémen, cada vez mais, uma
importante técnica utilizada na Aaquicultura. Muitos trabalhos relatam
metodologias de preservagdo, em longo prazo, de sémen de algumas espécies de
peixes nativas, tais como B. orbignyanus (MARIA et al., 2006), B. insignis

(VIVEIROS et al., 2012), P. lineatus (VIVEIROS et al., 2009), Piaractus
brachypomus (NASCIMENTO et al., 2010), Colossoma macropomum
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(CARNEIRO et al., 2012), B. nattereri e S. brasiliensis (OLIVEIRA, 2006),
dentre outros.

As células normalmente resistem a reducdo da temperatura, entretanto
nao suportam a formacao de cristais de gelo que determina a retirada de 4gua do
sistema, levando ao desequilibrio osmoético com consequente desidratacéo
celular (HOLT, 2000). Durante o processo de congelamento, a suspensdo de
espermatozoides atinge temperaturas abaixo do ponto de congelamento do meio
(super-resfriamento), antes que haja a formacao de cristais. Quando os cristais
de gelo comecam a se formar, ocorre um aumento na temperatura, que é
necessario para a cristalizagdo, o que pode vir a ser deletério para o
espermatozoide, sendo minimizado pelo uso de curvas adequadas de
congelamento (SQUIRES et al., 1999).

Inicialmente a agua do interior do espermatozoide ndo se congela,
levando a perda de agua para o0 meio extracelular, desidratando
progressivamente o espermatozoide. Entre —-5°C a —10°C comecam a se formar
cristais de gelo no meio extracelular, que permanece super-resfriado; ocorre
troca de agua para manter o equilibrio entre 0 meio extracelular e o intracelular,
ocasionando a desidratacdo celular. A desidratagdo severa promove
desnaturacdo das macromoléculas e encolhimento excessivo da célula até
ocorrer um colapso da membrana (MEDEIROS et al., 2002). Quando 0 sémen é
colocado diretamente no nitrogénio liquido, a membrana plasmatica e a peca
intermediaria podem desaparecer inteiramente. Por outro lado, quando o sémen é
colocado no vapor de nitrogénio liquido, os espermatozoides sofrem
congelamento gradual e as estruturas membranosas ndo sdo muito alteradas,
apesar de o aspecto da cromatina ser consideravelmente modificado (BILLARD,
1983).

Se a velocidade de congelamento é muito lenta, o aumento da

concentracao de solutos intracelulares causada pela desidratacdo pode danificar
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0 espermatozoide. Se a velocidade de congelamento for muito rapida, cristais de
gelo intracelular podem se formar. A velocidade de congelamento adequada é
um equilibrio entre esses fatores (SOARES; GUERRA, 2009).

2.4.1 Crioprotetores e diluidores

No processo de criopreservacdo, o sémen antes de ser congelado,
necessita ser diluido em meio contendo diluidor e crioprotetor. Esta solugdo é
formulada para prevenir crioinjdrias aos espermatozoides e também a iniciagdo
da motilidade. Os diluidores, assim como no resfriamento, ndo devem ativar a
motilidade espermatica, ser estaveis ao longo do tempo e estéreis. Além disso,
os diluidores devem ser carreadores de crioprotetores.

Os crioprotetores devem ser adicionados ao meio diluidor para que haja
protecdo do espermatozoide durante o congelamento e o descongelamento
(SQUIRES et al., 1999).0s crioprotetores devem possuir uma baixa toxicidade
para as células e alta solubilidade em agua. Podem ser classificadas como
intracelulares ou permedveis e extracelulares ou impermeaveis. Os
crioprotetores intracelulares ou permeantes atuam por meio de suas propriedades
coligativas, reduzindo o ponto crioscopio intracelular. Desta forma, maior
guantidade de agua vai permanecer no estado liquido, quando submetida as
baixas temperaturas. Apesar de seu mecanismo de acdo ndo se encontrar
perfeitamente esclarecido, sabe-se que alguns crioprotetores intracelulares
penetram na membrana celular por meio de difusdo passiva, permanecendo na
membrana e no citoplasma, uma vez que, semelhante aos agentes ndo
penetrantes, proporciona desidratacdo celular por meio do seu efeito osmotico,
criando um meio hiperténico que induz a saida de 4gua das células espermaticas
(PARKS; GRAHAM, 1992). Entre os crioprotetores intracelulares mais

utilizados em sémen de peixes podem ser citados dimetilsulfoxido (Me2SO),
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metanol, glicerol e etilenoglicol. Além desses, o metilglicol também tem
mostrado eficiéncia como crioprotetor (MARIA et al., 2006; VIVEIROS et al.,
2009, 2010; NASCIMENTO et al., 2010).

Os crioprotetores extracelulares funcionam de forma diferente; em vez
de entrarem na célula, eles recobrem a superficie celular e estabilizam a
membrana, ajudando, portanto, a minimizar e reparar 0s possiveis danos
celulares causados pelo processo de congelamento. Algumas substancias, como
lipideos, proteinas e macromoléculas, sdo eficientes na protecdo da célula
espermatica durante o processo de congelacdo, sem que para isso necessitem
penetrar no seu interior (WATSON, 1995). Essas substancias podem ser
encontradas na gema de ovo no leite e alguns acUcares, sendo estes 0S
crioprotetores extracelulares mais comuns (CAROLSFELD; HARVEY, 1999).
Os crioprotetores externos combinados com o0s internos promovem uma
protecdo mais completa ao espermatozoide, atuando na membrana celular
(LEUNG; JAMIESON, 1991).

Os diluidores sdo solugdes de sais ou de carboidratos que ajudam a
manter a viabilidade das células durante o resfriamento e o congelamento. Para
que essas solugbes funcionem bem como diluidores, algumas condi¢Ges sdo
exigidas: o diluidor deve ser isoténico ao sémen para ndo ativar a motilidade
espermatica, ser estdvel ao longo do armazenamento e ser estéril. Os
crioprotetores sdo misturados as solucdes aquosas (diluidores) para gque atinjam
o interior e a superficie dos espermatozoides no processo de congelamento. Para
gue ndo haja a ativacdo da motilidade dos espermatozoides, a solugdo agquosa
devera conter sais (KCI, NaCl, NaHCO3, etc.) e/ou acUcares, para manter alta a
osmolaridade no meio diluidor. Solugbes simples como NaCl 0,9% e glicose
5%, bem como solugdes mais complexas como o BTS® (primariamente
desenvolvido como diluidor de sémen de suino; Minitub®), tém sido usadas com

sucesso na criopreservacao de sémen de peixes (VIVEIROS; GODINHO, 2009).
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A combinacdo diluidor e crioprotetor pode ser mais ou menos efetiva na
protecdo dos espermatozoides durante o congelamento e descongelamento, de
acordo com o protocolo utilizado em cada laboratério. Alguns fatores interferem
no sucesso da criopreservacao, tais como: taxa de diluicdo, temperatura do meio
no momento da adicdo do sémen, tempo de exposicdo dos espermatozoides ao
meio antes do congelamento propriamente dito, entre outros. Além disso,
diferencas entre exemplares domesticados em relacdo aos selvagens, e
diferencas na alimentacdo e no manejo da criagdo podem alterar a composicao
do plasma seminal e, consequentemente a sensibilidade dos espermatozoides ao

processo de criopreservagio (ARAUJO, 2011).
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3 CONSIDERACOES FINAIS

No presente trabalho, foram avaliados os efeitos de solugdes antes e
durante o processo de criopreservacdo de sémen, bem como metodologias de
avaliacdo da qualidade espermatica que visam aprimorara reproducdo artificial
de curimbaté P. lineatus e da piracanjuba B. orbignyanus.

Os danos que ocorrem durante o processo de criopreservagdo sobre 0s
espermatozoides ndo podem ser combatidos isoladamente, em virtude da
diversidade de fatores envolvidos neste processo. Desta forma, é de fundamental
importancia o desenvolvimento de pesquisas que permitam a elaboracdo de
protocolos que minimizem estes efeitos, bem como a elaboracéo e padronizacao
de métodos eficazes de andlise da viabilidade da célula espermatica submetida
ao processo de criopreservacdo para incrementar os indices de fertilidade nos
programas de reproducdo artificial.

Devido a grande diversidade da ictiofauna brasileira, as informagdes
existentes relativas & criopreservacdo de sémen ainda esti restrita a algumas
espécies onde protocolos foram testados. As técnicas usadas neste estudo podem
servir de base para outras espécies, sejam elas de importancia ecolégica ou
comercial, as quais necessitam de mais conhecimento para a conservagao ou
melhoramento genético.

Embora no Brasil ainda ndo existam programas de reproducdo artificial
onde o0 sémen de peixes criopreservado seja utilizado em larga escala, varias
pesquisas tem sido feitas com o objetivo de formacdo de banco genético para
espécies ameacadas de extingcdo, bem como programas de hibridizacdo com
finalidade de melhoramento genético. Assim, quanto mais precisa for a predicdo

da qualidade do sémen mais efetivo sera o programa de reproduco.
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Abstract

NASCIMENTO, A.F.; GONCALVES, REIS NETO, R.V.; AC.; LEAL, M.C;
VIVEIROS, A.T.M. Extender composition, osmolality, cryoprotectant and
equilibration time effects on fresh sperm motility of two Characiformes fish
species: Brycon orbignyanus and Prochilodus lineatus

Studies regarding the effects of extender composition, osmolality, cryoprotectant
(CPA) and equilibration time on the induction/suppression of sperm motility are
necessary to establish standard activating agents and immobilizing media for
improving both artificial fertilization and preservation techniques. Thus, the aim
of this study was to evaluate the effects of these factors on fresh sperm motility
in piracanjuba (Brycon orbignyanus) and streaked prochilod (Prochilodus
lineatus). Twenty four media, as a combination of six extenders (BTS™ and
glucose solutions at 270, 315 and 360 mOsm/kg) with the CPAs DMSO,
methanol, methyl glycol (MG) and a control without CPA, were prepared.
Immediately after dilution, samples were observed under a light microscope to
confirm whether different extender-CPA combinations would suppress the
initiation of sperm motility. Motility was then triggered in NaCl at 92 mOsm/kg
and evaluated immediately after dilution (non-equilibrated samples) and after a
30-min equilibration time at 4°C for motility rate and motility quality score (0 =
no movement; 5 = rapidly swimming sperm). In both species, motility was
initiated in all samples diluted with BTS-270-control, Glu-270-MG, Glu-270-
control and in all combinations containing DMSO. In B. orbignyanus, motility
rate (77 to 92%) and quality score (3.3 to 4.7) of non-equilitrated samples was
not significantly affected by any parameter. After 30 min, however, motility
quality score decreased in most of the samples, mainly when diluted with BTS™
(3.3 to 4.2). In P. lineatus, motility rate was significantly higher in non-

equilibrated samples (overall mean = 83%) compared to 30-min equilibrated
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samples (overall mean = 75%). Motility quality score of non-equilibrated
samples was not affected by any parameter (3.3 to 4.2), but samples equilibrated
in DMSO vyielded the lowest score (3.0). Sperm motility (rate and score) was
affected differently in B. orbignyanus compared to P. lineatus, and this finding
should be considered when developing a freezing methodology for sperm
cryopreservation.

Keywords:Reproduction, semen, sperm quality, teleost.
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Resumo

NASCIMENTO, A.F.; GONCALVES, REIS NETO, R.V.; AC.; LEAL, M.C;
VIVEIROS, AT.M. Efeitos da composi¢do do diluidor, osmolalidade,
crioprotetores e tempo de equilibrio na motilidade do sémen fresco de duas
espécies de peixes Characiformes: Brycon orbignyanus e Prochilodus lineatus

Estudos sobre os efeitos da composicdo do diluidor, osmolalidade, crioprotetor
(CPA) e tempo de equilibrio na inducdo/supressdo da motilidade dos
espermatozoides sdo necessarios para estabelecer agentes ativadores e meios
imobilizadores para melhorar tanto a fertilizacdo artificial como técnicas de
preservacdo. Assim, o objetivo deste estudo foi avaliar os efeitos desses fatores
sobre a motilidade do sémen fresco de piracanjuba (Brycon orbignyanus) e
curimba (Prochilodus lineatus). Vinte e quatro meios huma combinacdo de seis
diluidores (BTS® e solugdes de glicose a 270, 315 e 360 mOsm/kg) e quatro
CPAs (DMSO, metanol, metil glicol (MG)) e um controle sem CPA foram
preparados. Imediatamente ap6s diluicdo, as amostras foram observadas em um
microscopio de luz para confirmar se todas as combinagdes de diluidor-CPA
iriam suprimir o inicio da motilidade do sémen. A motilidade foi entdo ativada
em NaCl a 92 mOsm/kg e avaliada imediatamente ap6s diluicdo (amostras nao-
equilibradas) e depois de um tempo de equilibrio de 30 mina 4 °C, em relagdo a
taxa de motilidade e vigor (0 = nenhum movimento, 5 = espermatozoides
nadando rapidamente). Em ambas as espécies, a motilidade foi iniciada em todas
as amostras diluidas em BTS-270-controle, Glu-270-MG, Glu -270-controle, e
em todas as combina¢Ges contendo DMSO. Em B. orbignyanus, a taxa de
motilidade (77-92%) e o vigor (3,3-4,7) de amostras ndo equilibradas ndo foi
significativamente afetado por qualquer parametro. Depois de 30 minutos, no
entanto, o vigor espermatico diminuiu na maioria das amostras, principalmente
guando diluidas em BTS™ (3,3-4,2). Em P. lineatus, a taxa de motilidade foi

significativamente maior em amostras ndo-equilibradas (média geral = 83%) em
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comparacdo com amostras equilibradas por 30 min (média geral = 75%). O
vigor das amostras ndo-equilibradas néo foi afetado por nenhum parametro (3,3-
4,2), mas amostras equilibradas em DMSO apresentaram vigor mais baixo (3,0).
A motilidade espermética (taxa e vigor) foi afetada de forma diferente em B.
orbignyanus em comparacdo com P. lineatus, e isso deve ser considerado
guando se desenvolver uma metodologia de congelamento para a

criopreservacao do sémen.

Palavras-chave: Reproducéo, sémen, qualidade espermatica, teledsteos.



45

Introduction

Piracanjuba (Brycon orbignyanus) and streaked prochilod (Prochilodus
lineatus) belong to the order Characiformes and are native to South America.
These species have great potential for aquaculture and have been used in
restocking programs through artificial propagation (Carolsfeld et al., 2003).
During the spawning season (October to February), these species migrate to
spawning sites. This migratory behavior is known as piracema and occurs when
the environment is appropriate to stimulate the fish’s reproductive biology
(Godinho and Godinho, 1994). Changes in the course of rivers, urbanization,
pollution, overfishing and hydroelectric dams are some of the reasons why the
populations of some migratory fish are declining. The genus Brycon, family
Characidae, is highly affected by environmental changes, and many species are
on the red list of Brazilian threatened fauna, such as B. orbignyanus, pirapitinga-
do-sul (B. opalinus), tiete-tetra (B. insignis) and pirapitinga (B. nattereri; Rosa
and Lima, 2008). B. orbignyanus is native to the La Prata River basin and is
found in Argentina, Brazil and Uruguay (Lopez et al., 1987; Lima, 2003). It is a
very tasty, highly priced fish, and its aggressive behavior is appreciated for
recreational fishing (Companhia Energética de Minas Gerais (CEMIG) and
Fundacdo Centro Tecnoldgico de Minas Gerais (CETEC), 2000). P. lineatus
belongs to the family Prochilodontidae and has a large geographical distribution
throughout South America, accounting for 50-90% of the total fish biomass in
the Parana River basin. This species is popularly known as curimba, curimbaté
or grumatd. Larvae from P. lineatus are used as live feed for hatchery-raised
endangered species, such as B. orbignyanus and jad (Z. jahu). Also, this species
has been used as a model in a humber of studies addressing nutrition, health,

genetic diversity and reproduction (Orfao et al., 2010).
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Most fish spermatozoa are immotile in the seminal tract and hyposmotic
media can initiate sperm motility in freshwater fish (Morisawa and Suzuki,
1980). Besides osmolality, pH, temperature and ion concentration affect sperm
motility (Alavi and Cosson, 2006). Studies regarding the effects of these factors
on the induction and suppression of sperm motility are necessary to establish
standard activating agents (media that trigger motility) andimmobilizing media
(media that suppress the initiation of sperm motility, also called extenders) for
improving both artificial fertilization and preservation techniques (Alavi et al.,
2009). In Characiformes, there are only a few studies that describe the effects of
osmolality on fresh sperm motility. In those species, motility was suppressed in
NaCl or glucose solutions at a minimum of 360 mOsm/kg in Prochilodus
lineatus (Gongalves and Viveiros; unpublished data), 325 mOsm/kg in B.
opalinus (Orfdo et al., 2011), ~276 mOsm/kg in B. orthotaenia (Melo and
Godinho, 2006) and 410 mOsm/kg in B. insignis (Shimoda et al., 2007). In our
previous study (Maria et al., 2006b), some media with an osmolality ranging
from 240 to 429 mOsm/kg were tested in B. orbignyanus sperm. Motility was
suppressed in media at 285 mOsm/kg or above. The media tested, however,
possessed not only different osmolalities but also different compositions, thus,
conclusions regarding osmolality only could not be drawn. All these studies
suggest that sperm motility in Characiformes is triggered in a hyposmotic
medium, and that the minimum osmolality to suppress the initiation of sperm
motility is different among species.

The aim of the present study was to investigate the effects of extender
composition, osmolality, cryoprotectant agent and equilibration time on fresh

sperm motility of B. orbignyanus and P. lineatus.
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Materials and Methods

Fish handling, sperm collection and initial evaluation

All fish were handled in compliance with published guidelines for
animal experimentation (Van Zutphen et al., 1993). B. orbignyanus (n = 6) and
P. lineatus (n = 6) males were selected from earthen ponds at the Hydrobiology
and Fish Culture Station of Furnas, state of Minas Gerais, Brazil (20°43°07"" S;
46°18°50"" W) during the spawning season (November and December). All
males with detectable running sperm under soft abdominal pressure were given a
single intramuscular dose of carp pituitary extract (cPE; Argent Chemical
Laboratory, Redmond, Washington, USA) at 3 mg/kg body weight. After 5 (B.
orbignyanus) or 8 h (P. lineatus) at ~25°C, the urogenital papilla was carefully
dried and approximately 5 ml of sperm from each male was hand stripped
directly into test tubes. Sperm collection was carried out at room temperature
(~22 °C). Soon after collection, tubes containing sperm were placed in a
polystyrene box containing chemical ice (4 £ 2°C). Contamination of sperm with
water, urine or feces was carefully avoided. Immediately after collection, 5 pl of
each sample was placed on a glass slide and observed under a light microscope
(model L1000, Bioval, Jiangbei, China) at 400X magnification. As the sperm in
the seminal plasma of both species should be immaotile, any sperm motility
observed was attributed to urine or water contamination and the sample was
discarded. All samples were immotile and sperm motility was then triggered in
25 pl of 92 mOsm/kg NaCl (~0.29% NaCl) as an activating agent (Maria et
al.,2006a). Because the sticking of sperm to a glass slide has not been observed
in the Characiformes species, the addition of BSA or any other protein in the
activating agent was unnecessary. Immediately after, motility rate was

subjectively estimated and expressed as the percentage of motile sperm. All
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sperm samples possessed at least 80% motile sperm and were used in the
subsequent analyses. Motility quality scores were assigned using an arbitrary
grading system ranging from O (no movement) to 5 (rapidly swimming
spermatozoa), as described in Viveiros et al. (2011). Sperm concentration
(hemacytometer Neubauer chamber, Boeco, Hamburg, Germany) was also
determined. Approximately 1.5 ml of each sperm sample was centrifuged
(MiniStar, Shanghai, China) at 2000 g for 30 min at room temperature and the
seminal plasma osmolality (Semi-Micro Osmometer K-7400, Knauer, Berlin,

Germany) was measured.

Extender composition, osmolality, cryoprotectant and equilibration time on

sperm motility

Six extenders, comprised of the combination of two compositions and
three osmolalities, were prepared. The extender compositions were a simple
glucose solution and a more complex solution named BTS™ (80% glucose,
12.7% sodium citrate, 2.7% EDTA, 2.7% NaHCO; 1.5% KCI, 0.5%
gentamycin sulfate; Beltsville Thawing Solution Minitib™,
Tiefenbach/Landshut, Germany). Each solution was prepared at three different
osmolalities (270, 315 and 360 mOsm/kg) and referred to as Glu-270, Glu-315,
Glu-360, BTS-270, BTS-315 and BTS-360. Then, each extender was combined
with the following cryoprotectant agents (CPAs): dimethyl sulfoxide (DMSO,
(CH3),S0O); methanol (CH;OH); methyl glycol (MG, CH;O(CH,),OH) and a
control without CPA (Maria et al., 2006a, b). All CPAs were purchased from
Vetec Quimica Fina Ltda™, Duque de Caxias, RJ, Brazil. In total, 24 media (6
extenders x 4 CPAs) were tested. Sperm from each male (n = 6 males of each
species) was diluted in each medium to a final proportion (v/v) of 10% sperm,

10% CPA and 80% extender. Immediately after dilution, samples were observed
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under a light microscope to confirm whether all extender-CPA combinations
would suppress the initiation of sperm motility. Soon after, and with no
equilibration time, diluted sperm was activated and evaluated for motility (rate
and quality score) as described for fresh sperm. Because we aimed to test the
best extender-CPA combinations as freezing media for cryopreservation, sperm
was equilibrated for 30 min at 4 + 2°C and evaluated again for motility. The 30-
min equilibration time represents the lag period necessary for the permeation of
CPA into the cells for protection against cryoinjuries and for sperm
manipulation for freezing (dilution, loading, sealing straws, etc.). This
experiment was carried out with six replicates for each species (1 replicate = 1

male).

Statistical analysis

Values are expressed as mean * standard deviation (SD). Statistical
analyses were conducted with the SISVAR software program (Ferreira, 1999).
Sperm motility and motility quality scores were tested for normal distribution
using the univariate procedure. When data did not fit the normal distribution, an
arcsin transformation was performed. Data were tested for significant
differences using ANOVA, followed by the Tukey test, when applicable. The

level of significance for all statistical tests was set at 0.05.

Results

Inicial sperm evaluation

The following mean sperm values were found for B. orbignyanus males

(n = 6): 92% motile sperm, quality score of 4.5, concentration of 7.1 X
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10°sperm/ml and seminal plasma osmolality of 300 mOsm/kg; and for P.
lineatus males (n = 6): 93% motile sperm, quality score of 4.3, concentration of

18.6 x 10° sperm/mL and seminal plasma osmolality of 306 mOsm/kg (Table 1).

Extender composition, osmolality, cryoprotectant and equilibration time on

sperm motility

The initiation of sperm motility (number of samples in which motility
was initiated/total number of samples) is presented in Table 2. In both species,
motility was initiated in all samples diluted in DMSO (regardless of extender
composition or osmolality), BTS-270-control, Glu-270-control and Glu-270-
MG. In B. orbignyanus, motility was completely suppressed in all samples
diluted in the BTS-360-control, BTS-360-MG and in all Glu-315 and Glu-360
samples combined with methanol, MG or control. In P. lineatus, motility was
completely suppressed in all samples diluted in BTS and in glucose at 315 and
360 mOsm/kg combined with methanol, MG or control.

Table 1. Body weight and some fresh sperm features (mean = SD) of
piracanjuba Brycon orbignyanus and streaked prochilod Prochilodus lineatus
after carp pituitary treatment.

Characteristics B. orbignyanus P. lineatus
Number of males 6 6
Body weight (kg) 1.1+08 14+0.3
Concentration (spermx10%/mL) 7.1+56 18.6 +2.2
Motility rate (% motile sperm) 92+7 93+5
Motility quality score (0-5)* 45+05 43+04
Seminal(rp:]lgssrrr:;;;)molality 300 + 9 306 + 10

1 Motility qualitative score was assigned as an arbitrary grading system ranging
from 0 (no movement) to 5 (rapidly swimming sperm).
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Motility rate upon activation was affected differently in B. orbignyanus
compared to P. lineatus. In B. orbignyanus, sperm motility was not significantly
affected by any of the parameters tested and varied from 77 to 92% motile sperm
(Table 3A). In P. lineatus, motility rate was significantly higher (overall mean =
83 + 10%) in non-equilibrated samples compared to 30-min equilibrated samples
(overall mean = 75 £ 11%; Table 3B). In non-equilibrated samples, an

interaction between osmolality and CPA was observed.

Table 2. Initiation of motility (number of samples where sperm motility was
initiated/total number of samples) of Brycon orbignyanus (A; n = 6 males) and
Prochilodus lineatus (B; n = 6 males) sperm, diluted in BTS™ and glucose at
different osmolalities combined with four cryoprotectants (including a control
without cryoprotectant).

A) Brycon orbignyanus
Extender Cryoprotectant (motility initiated/total samples)

Composition mOsm/kg  control DMSO  methanol  methyl glycol

BTS™ 270 6/6 6/6 1/6 3/6
315 2/6 6/6 1/6 1/6
360 0/6 6/6 1/6 0/6
Glucose 270 6/6 6/6 2/6 6/6
315 0/6 6/6 0/6 0/6

360 0/6 6/6 0/6 0/6
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B) Prochilodus lineatus
Extender Cryoprotectant (motility initiated/total samples)

Composition mOsm/kg  control DMSO  methanol  methyl glycol

BTS™ 270 6/6 6/6 1/6 2/6
315 0/6 6/6 0/6 0/6
360 0/6 6/6 0/6 0/6
Glucose 270 6/6 6/6 1/6 6/6
315 0/6 6/6 0/6 0/6
360 0/6 6/6 0/6 0/6

BTS™ (Minitiib): 80% glucose, 12.7% sodium citrate, 2.7% EDTA, 2.7%
NaHCOs;, 1.5% KCI, 0.5% gentamycin sulfate

Table 3. Motility rate (mean + SD) of Brycon orbignyanus (A; n = 6 males) and
Prochilodus lineatus (B; n = 6 males) sperm, diluted in BTS™ and glucose at
different osmolalities combined with four cryoprotectants (including a control
without cryoprotectant). Motility was evaluated after O (non-equilibrated) and 30
min of equilibration at 4 °C and 92 mOsm/kg NaCl was used as activating agent.

A) Brycon orbignyanus

Cryoprotectant
Extender mOsm/kg  control DMSO  methanol ;flt(%l
Non-equilibrated samples (% motile sperm)
BTS™ 270 89+2 89+2 90+0 887
315 90+3 88+5 92+3 887
360 92+4 88+3 92+3 887
Glucose 270 89+2 85+4 88+3 88+ 11
315 885 83+5 85+ 12 87+ 14
360 88 +3 83+5 87+5 87+ 14
30-min equilibrated samples (% motile sperm)
BTS™ 270 84+4 77+5 80+0 787
315 83+4 77+5 80+0 83+5
360 84+4 77+5 80+0 83+5
Glucose 270 84+2 83+5 83+10 85+4
315 83+5 83+5 78+ 14 82+9

360 85+ 3 83+5 77 +21 80+12
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B) Prochilodus lineatus

Cryoprotectant
Extender  mOsm/kg control DMSO methanol  methyl glycol
Non-equilibrated samples (% motile sperm)
BTS™ 270 88 + 3 92+4" 75+5° 83+8
315 91+2 85+6" 79+11"® 82+7
360 89+5 77+8% 85+8" 80 + 14
Glucose 270 88+ 4 92+4" 85+10" 75+10
315 91+2 87 +8"® 73+12® 77+15
360 88+ 4 82+7® 75+8° 78 + 16
30-min equilibrated samples (% motile sperm)
BTS™ 270 79+5 75+8 70+11 70+ 15
315 78+ 8 72+10 70+15 80+ 6
360 81+5 75+14 69+12 78 + 10
Mean + SD 79+6° 74+11® 70+12° 76+11®
Glucose 270 78+ 4 67+12 77+10 80+9
315 80+ 6 63+20 77+8 85+ 8
360 82+8 68+12 75+ 10 82+4
Mean + SD 80+6° 66 +14° 76+9° 82+7°

BTS™ (Minitiib): 80% glucose, 12.7% sodium citrate, 2.7% EDTA, 2.7%
NaHCOs;, 1.5% KCI, 0.5% gentamycin sulfate.

b A8 Means followed by different superscripts (uppercases for columns and
lowercase for rows) are significantly different (Tukey; P<0.05).

Samples diluted in BTS-DMSO, Glu-DMSO and Glu-methanol
produced a higher motility rate at 270 mOsm/kg compared to the same media at
360 mOsm/kg. On the other hand, samples diluted in BTS-methanol yielded a
higher motility rate at 360 mOsm/kg (85%) compared to 270 mOsm/kg (75%).
In 30-min equilibrated samples, an interaction between extender composition
and CPA was observed. Sperm diluted in BTS-control yielded a higher motility
rate (79%) compared to samples diluted in BTS-methanol (70%). Sperm
equilibrated in Glu-control (80%), Glu-MG (82%) and in Glu-methanol (76%)
yielded a higher motility rate than samples equilibrated in Glu-DMSO (66%).

Motility quality score was affected differently in B. orbignyanus
compared to P. lineatus. In B. orbignyanus, the motility quality score of non-

equilibrated sperm was high (above 4.0) in all samples, except in BTS-270-
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control, BTS-DMSO at all osmolalities and Glu-270-control. After 30 min of
equilibration, motility quality score decreased in most of the samples, mainly
when diluted with BTS™. The highest scores (above 4.0) were observed only in
samples equilibrated in BTS-360-control, Glu-315-DMSO, Glu-360-DMSO and
in all samples in Glu-methanol and Glu-methyl glycol (Table 4A). In P. lineatus,
the motility quality score of non-equilibrated sperm was not affected by any
parameters evaluated, and varied from 3.3 to 4.2. After 30 min, samples
equilibrated in DMSO vyielded the lowest score (3.0) compared to the control
(3.7), methanol (3.8) and MG (3.9), regardless of extender composition or
osmolality (Table 4B).



55

Table 4. Motility quality score (mean = SD) of Brycon orbignyanus (A; n =6
males) and Prochilodus lineatus (B; n = 6 males) sperm diluted in BTS™ and
glucose at different osmolalities combined with four cryoprotectants (including a
control without cryoprotectant). Motility was evaluated after 0 (non-
equilibrated) and 30 min of equilibration at 4 °C and 92 mOsm/kg NaCl was
used as activating agent.

A) Brycon orbignyanus

Cryoprotectant
Extender mOsm/kg  control DMSO methanol ;flt(%l
Non-equilibrated samples (score 0-5%)
BTS™ 270 35+0.8°° 3.7+05" 4.0+0.0°® 47+05°
315 42404 37+05° 43+05%®%*47+05°
360 42+0.8 37+05° 47+05 43+1.0°
Glucose 270 33+08°° 47+05 4.0+00® 45+0.8°
315 42+04"% 47+05 47+05 45+0.8
360 43+05% 47+05 47+05 45+0.8
30-min equilibration (score 0-5%)
BTS™ 270 35+0.8 33+05 40+00 4.0+0.0
315 3.8+04 33+05 37+05 37+05
360 42+0.4 3.7+05 40+00 3.7+05
Mean + SD 3.9+0.7° 34+05 39+03 38+04°
Glucose 270 35+0.8 3.7+05 43+05 47105
315 3.8+0.4 47+05 43+10 43+1.0
360 4.0+0.6 47+05 47+05 43+1.0

Mean + SD 3.8+0.6° 43+0.7% 44+07° 44+09°
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B) Prochilodus lineatus

Cryoprotectant
Extender mOsm/kg  control DMSO methanol  methyl glycol
Non-equilibrated samples (score 0-5%)

BTS™ 270 35+05 42+08 33x05 33x038
315 38+04 4006 35x05 3705
360 40+£06 37+x05 38+04 38%08
Glucose 270 3.7+08 4.0+00 38x08 35x05
315 38+04 4.0+00 35%x05 3705
360 40+06 38+04 38+04 3505
30-min equilibration (score 0-5%)
BTS™ 270 33+05 28+04 38+04 38x04
315 3.7+05 28+04 37x10 4.0x00
360 38+08 3705 35+08 38x04
Glucose 270 3.7+05 3.0+x06 38+08 38x04
315 38+04 27+05 42+04 42+04
360 38+04 33+05 40+06 4.0+0.6
Mean + SD 37+05 3.0+06" 3.8+07° 3.9+04°

BTS™ (Minitiib): 80% glucose, 12.7% sodium citrate, 2.7% EDTA, 2.7%
NaHCOs;, 1.5% KCI, 0.5% gentamycin sulfate.

IMotility qualitative scores were assigned as an arbitrary grading system ranging
from 0 (no movement) to 5 (rapidly swimming spermatozoa).

b A8 Means followed by different superscripts (uppercases for columns and
lowercase for rows) are significantly different (Tukey; P<0.05).

Discussion

In the present study, some fresh sperm features and the effects of
extender (composition and osmolality), cryoprotectant and equilibration time on
fresh sperm motility of B. orbignyanus and P. lineatus were evaluated. Fresh
sperm quality for B. orbignyanus and for P. lineatus was all within the range
previously reported for both species after carp pituitary treatment (Godinho and
Viveiros, 2011). A better understanding of the characteristics of fresh sperm

before manipulation is necessary to evaluate sperm quality in commercial
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hatcheries before artificial reproduction and in laboratories before experiments
(Orféo et al., 2011).

Extender composition affected neither motility rate in B. orbignyanus
nor motility rate or motility quality score in P. lineatus. Similarly, in zebrafish
(Danio rerio; Wilson-Leedy et al., 2009), Northern pike (Exos lucius L.; Alavi
et al., 2009), pirapitinga (Brycon nattereri; Oliveira et al., 2007) and B. opalinus
(Orfao et al., 2011), no difference was observed in sperm motility after dilution
in NaCl or a sugar solution.

In the present study, the osmolality of 270 mOsm/kg in samples diluted
in BTS-control and in Glu-control did not prevent the initiation of sperm
motility for B. orbignyanus or P. lineatus. Because the seminal plasma
osmolality of both species is 300 mOsm/kg or higher, the initiation of sperm
motility in a medium of 270 mOsm/kg could be expected. Environmental
factors, such as ions and osmolality, stimulate the initiation of sperm motility by
changing the properties of the plasma membrane (Morisawa et al., 1999;
Krasznai et al., 2000). For fresh sperm, there are some studies showing that the
initiation of sperm motility was completely suppressed in glucose or NaCl at
325 mOsm/kg or higher in B. opalinus of the Characiformes species (Orfao et
al., 2011), in NaCl at ~276 mOsm/kg or higher in B. orthotaenia (Melo and
Godinho, 2006), in NaCl at 410 mOsm/kg or higher in B. insignis (Shimoda et
al., 2007) and in glucose solution at 410 mOsm/kg or higher in Prochilodus
magdalenae (Martinez et al., 2011). It is noteworthy that in the present study,
although samples diluted in media at 270 mOsm/kg showed some degree of
motility, sperm motility in these samples could be triggered after 30 min of
equilibration. Possibly, B. orbignyanus and P. lineatus sperm have the ability of
reactivation, as has been reported for C. carpio sperm (Perchec et al., 1995),
rainbow trout (Oncorhynchus mykiss) sperm (Christen et al., 1987) and B.

opalinus sperm (Orfao et al., 2011). A transient lack of energy and its recovery
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is one possible explanation, but osmotic reequilibration could occur in sperm
during this 30-min equilibration period, reestablishing an internal ionic
concentration compatible with a correct motility activation rate. Although the
osmolality did not affect sperm motility after 30-min of equilibration compared
to non-equilibrates samples, just to be on the safe side, we recommend that the
sperm of B. orbignyanus and P. lineatus should be stored in a medium at 315
mOsm/kg or higher.

In this study, sperm motility was initiated in all sperm samples diluted in
DMSO, regardless of extender composition or osmolality. When a CPA is added
to an extender, the global osmolality of the surrounding medium is increased.
The initiation of sperm motility, however, was not suppressed by such an
increase in global osmolality. It has been shown that the addition of DMSO
activates striped bass (Morone saxatilis; He and Woods, 2003) and B. opalinus
(Orféo et al., 2011) sperm kept quiescent in extenders. In C. carpio sperm, a
swelling following the addition of DMSO at 1 to 20% (approximately 400 to
3200 mOsm/kg) has been observed, possibly caused by an influx of water
(Perchec-Poupard et al., 1997). In the present study, DMSO was used at 10% of
the total solution, which is within the range of 1 to 20% observed for carp
sperm. It is possible that a similar water influx after the addition of DMSO had
occurred and triggered sperm motility, despite an increase in global osmolality.
Thus, we recommend the use of methyl glycol or methanol instead. However, if
DMSO is to be used, then it should be added to the sperm just before freezing to
prevent the initiation of sperm motility.

Equilibration time did not affected motility rate in B. orbignyanus
sperm, but the motility quality score decreased in most of the samples after 30-
min equilibration. In P. lineatus, motility rate was higher in non-equilibrated
samples compared to 30-min equilibrated samples. The motility quality score of

P. lineatus sperm, however, was not affected by equilibration time, except when
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DMSO was used as a CPA. Some studies suggest that equilibration time is not
necessary (Aral et al., 2009), and that excessive contact of spermatozoa with the
cryoprotectant before cryopreservation can lead to higher toxicity effects of
these cryoprotectants. Equilibration times between 10 and 20 min are the most
commonly used for fish sperm (Billard and Zhang, 2001). Since a decrease in
sperm motility (rate and/or motility quality score) was observed after 30 min of
exposure to a CPA in both species, we suggest that freezing should occur as
soon as the straws are loaded.

In conclusion, the initiation of sperm motility is triggered in a
hyposmotic medium (270 mOsm/kg) or when DMSO is added to the medium.
Although motility was initiated in samples diluted in these media, motility could
still be triggered after a 30 min equilibration time. B. orbignyanus sperm should
be tested for cryopreservation diluted in glucose at 315 mOsm/kg or higher and
combined with MG or methanol, while P. lineatus sperm should be
cryopreserved in BTS™ or glucose at 315 mOsm/kg or higher and MG as a

CPA. In both species, freezing should occur as soon as the straws are loaded.
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ARTIGO 2  Methyl glycol, methanol and Me2SO effects on post-thaw
sperm motility, velocities and membrane integrity of Brycon

orbignyanus and Prochilodus lineatus (Characiformes)
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Abstract

VIVEIROS, A.T.M.; NASCIMENTO, AF.; GONCALVES, A.C.S.; ORFAOQ,
L.H.; COSSON, J.; LEAL, M.C. Methyl glycol, methanol and Me2SO effects on
post-thaw sperm motility, velocities and membrane integrity of Brycon
orbignyanus and Prochilodus lineatus (Characiformes)

The aim of the present study was to evaluate the effects of
cryoprotectants on post-thaw sperm motility, velocities and membrane integrity
of piracanjuba Brycon orbignyanus and streaked prochilod Prochilodus lineatus.
Six freezing media comprising the combination of three cryoprotectant agents
(CPA; Me2S0O, methanol and methyl glycol) and two extenders (BTS™ and
glucose) were used. Sperm was diluted in each medium, loaded into 0.5-mL
straws, frozen in a nitrogen vapor vessel (dry-shipper) and stored in liquid
nitrogen at —196 °C. Post-thaw sperm motility rate and curvilinear (VCL),
straight-line (VSL) and average path (VAP) velocities were evaluated using a
Computer-Assisted Sperm Analyzer (CASA). Membrane integrity was
determined using SYBR™ 14 and propidium iodide staining. We considered
high post-thaw sperm quality when motility was above 60% and VCL above 140
pm/s. In B. orbignyanus, high post-thaw quality was observed only in samples
frozen in BTS-methyl glycol; those samples possessed VSL of 90 um/s, VAP of
113 um/s and 57% intact sperm. All samples frozen in glucose possessed low
quality with motility below 20%. In P. lineatus, high post-thaw quality was
observed in samples frozen in BTS-methyl glycol, glucose-methyl glycol and
glucose-methanol. Me2SO-frozen sperm vyielded the lowest quality. Based on
these results, methyl glycol is the most suitable CPA for both fish species and

provides good membrane protection during the cryopreservation process.

Keywords: CASA, Semen, Neotropical, Teleost, Fish
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Resumo
VIVEIROS, A.T.M.; NASCIMENTO, AF.; GONCALVES, A.C.S.; ORFAOQ,
L.H.; COSSON, J.; LEAL, M.C. Efeitos do metilglicol, metanol e Me2SO na
motilidade, velocidades e integridade de membrana no sémen descongelado de
Brycon orbignyanuse Prochilodus lineatus (Characiformes)
O objetivo do presente estudo foi avaliar os efeitos de crioprotetores na

motilidade espermaética, velocidades e integridade de membrana no sémenpds-
descongelamento de piracanjuba Brycon orbignyanus e curimba Prochilodus
lineatus. Seis meio de congelamento compreendendo a combinagdo de trés
crioprotetores (CPA; Me2SO, metanol e glicol metil) e dois diluidores (BTS™ e
glucose); foram utilizados. O sémen foi diluido em cada meio, envasado em
palhetas de 0,5 mL, congelado num botijdo de vapor nitrogénio (dry-shipper) e
armazenado em nitrogénio liquido a -196 °C. A taxa de motilidade, e as
velocidades curvilinear (VCL), média na trajetéria (VAP) e linear (VSL) foram
avaliadas por meio de um sistema computadorizado (CASA). A integridade de
membrana foi determinada utilizando os corantes fluorescentes SYBR® 14 e
iodeto de propidio. Foram considerados de alta qualidade p6s-descongelamento,
amostras de sémen com motilidade acima de 60% e acima de 140 pum/s de VCL.
Em B. orbignyanus, foi observada alta qualidade pds-descongelamento apenas
em amostras congeladas em BTS-metilglicol; as amostras possuiam VSL de 90
pm/s, VAP de 113 pm/s e 57% de espermatozoides intactos. Todas as amostras
congeladas em glicose apresentaram baixa qualidade com motilidade abaixo de
20%. Em P. lineatus, foi observada alta qualidade po6s-descongelamento em
amostras congeladas em BTS-metilglicol, glicose-metilglicol e glicose-metanol.
O sémen congelado em Me2SO teve a menor qualidade. Com base nestes
resultados, conclui-se que o metilglicol é o CPA mais adequado para B.
orbignyanus e P.lineatus e fornece boa protecdo da membrana durante o
processo de criopreservagao.

Palavras-chave: CASA, Sémen, Neotropical, Tele6steo, Peixes



67

Introduction

The piracanjuba Brycon orbignyanus and streaked prochilod
Prochilodus lineatus are native fish species to South America and belong to the
order Characiformes. These species, as many other Brazilian fish species,
migrate to spawn. However, the reproductive cycle of some migratory species
has been disrupted by dam construction, water quality deterioration, loss of
riparian habitats, and overfishing. The genus Brycon is highly affected by these
environmental changes, and many species are in the red list of Brazilian
threatened fauna including B. orbignyanus (ROSA; LIMA, 2008). On the other
hand, P. lineatus is well adapted to captivity, artificial fertilization methods are
well established and this species has been used as a model in a number of studies
addressing nutrition, health, genetic diversity and reproduction (ORFAO et al.,
2010). In our laboratory, these two species have been submitted to a number of
studies on initiation and suppression of sperm motility (GONCALVES et al.,
2013), sperm preservation (MARIA et al.,, 2006a; MARIA et al., 2006b;
VIVEIROS et al., 2009; ORFAO et al., 2010; VIVEIROS et al., 2010), and
spawning and spermiation inducers (VIVEIROS;GONCALVES, 2013
unpublished data ).

The cryopreservation of fish sperm provides a tool by which
reproduction is optimized and larval production is increased, thereby improving
breeding and fish conservation programs (KOPEIKA; KOPEIKA, 2008). Sperm
cryopreservation facilitates procedures for artificial reproduction, as, with viable
sperm stored in liquid nitrogen, it is necessary to induce spawning and collect
gametes only from females. Cryopreserved sperm may be kept in germplasm
banks for an indefinite period, which allows the establishment of breeding
programs, eliminates the problem of asynchronous reproductive activity between

males and females, and enables maintenance of fewer male broodfish
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(VIVEIROS; GODINHO, 2009). However, cryopreservation reduces sperm
motility rate and velocities, and increases membrane and organelles damages
(CABRITA et al., 1998; OGIER; LABBE; MAISSE, 1999; LI; LIU; ZHANG,
2006; GODINHO; VIVEIROS, 2011). To reduce these damages, several
cryoprotectant agents (CPA) have been tested in fish species. Me2SO, methyl
glycol and methanol are commonly tested as CPAs in characiforms species
(GODINHO; VIVEIRQOS, 2011). During the past few years, our research group
reported that methyl glycol was the best CPA for cryopreserving sperm of
B.orbignyanus (MARIA et al., 2006a, MARIA et al., 2006b), Brycon opalinus
(VIVEIROS et al., 2012a), Brycon insignis (VIVEIROS et al., 2011), Piaractus
mesopotamicus(ORFAO et al., 2008), Piaractus brachypomus (NASCIMENTO
et al., 2010) and P. lineatus (VIVEIROS et al., 2009). Similar results were
observed on sperm cryopreservation of P. brachypomus (VELASQUEZ-
MEDINA, 2008). In Colossoma macropomun, however, the results are
contrasting; one study shows that methyl glycol is better than Me2SO
(CARNEIRO et al., 2012) while another shows the opposite (VIEIRA, 2010). In
those studies, however, post-thaw sperm quality was mostly assessed in terms of
subjective motility rate or membrane integrity using eosin-nigrosin staining with
some exceptions (VELASQUEZ-MEDINA 2008; VIVEIROS et al.,, 2010;
NASCIMENTO et al., 2010, VIEIRA, 2010; CARNEIRO et al., 2012).

Thus, the aim of this study was to further evaluate the effects of these
three CPAs (Me2S0O, methanol and methyl glycol) on post-thaw sperm motility
rate and velocities using CASA, and membrane integrity using fluorescence

dyes.
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Material and Methods

Fish handling, sperm collection and initial evaluation

All fish were handled in compliance with the guidelines for animal
experimentation described by Van Zutphen et al. (2001). Brycon orbignyanus (n
= 5) and Prochilodus lineatus (n = 5) males were selected from earthen ponds at
the Hydrobiology and Fish Culture Station of Furnas in the city of Sdo José da
Barra (20°43°07"" S; 46°18°50™" W), state of Minas Gerais, Brazil, during the
spawning season (December to February). Males with detectable running sperm
under soft abdominal pressure received a single intramuscular dose of carp
pituitary extract (cPE; Argent Chemical Laboratory, Redmond, Washington,
USA) at 3 mg/kg body weight. After 5 (B. orbignyanus) or 8 hours (P. lineatus)
at ~25 °C, the urogenital papilla was carefully dried and approximately 3-5 mL
of sperm of each male was hand-stripped directly into test tubes. Sperm
collection was carried out at room temperature (~25 °C). Soon after collection,
tubes containing sperm were placed in a cooler (4 £ 2 °C) containing dry ice
foam (Polar Technics CRI Ltd., Brazil). Contamination of sperm with water,

urine or feces was carefully avoided.

Determination of fresh sperm features

Immediately after collection, 5 pL of each sample were placed on a
glass slide and observed under a light microscope (model L1000, Bioval,
Jiangbei, China) at 400x magnification. Samples were immotile and motility rate
(expressed as % of motile sperm) was subjectively estimated following the
addition of 25 uL of an activating agent composed of 0.29% NaCl (~ 92
mOsm/kg, Maria et al., 2006a; Viveiros et al., 2010 among others). All samples
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possessed at least 80% motile sperm and were used in the subsequence analyses.
Motility quality score was assigned using an arbitrary grading system ranging
from 0 (no movement) to 5 (rapidly swimming spermatozoa), as described in
Viveiros et al. (2011). Sperm concentration was determined using a
hemacytometer/ Neubauer chamber (Boeco, Hamburg, Germany). The
osmolality of the seminal plasma was measured (Semi-Micro Osmometer K-
7400, Knauer, Berlin, Germany) after centrifugation of the sperm at 2000 g for
30 min (MiniStar, Shanghai, China). Fresh sperm features of all samples were

evaluated at room temperature (~ 25° C) by a well-trained technician.

Sperm cryopreservation

Six freezing media comprising the combinations of three CPAs and two
extenders were prepared. The CPAs dimethyl sulfoxide (Me2SO, (CHs3),SO);
methanol (CH3;OH); and methyl glycol (MG, CH;0(CH,),OH) were purchased
from Vetec Quimica Fina Ltda™, Duque de Caxias, RJ, Brazil. Each CPA was
combined with one of the two extenders: a simple glucose solution and a more
complex solution named BTS™ (Beltsville Thawing Solution, Minitib™,
Tiefenbach/Landshut, Germany; 80% glucose, 12.7% sodium citrate, 2.7%
EDTA, 2.7% NaHCO;, 1.5% KCI, 0.5% gentamycin sulfate). Both extenders
were prepared at 315 mOsm/kg. Sperm from each male was diluted in each
medium to a final proportion (v/v) of 10% sperm, 10% CPA and 80% extender.
Immediately after, with no equilibration time (NASCIMENTO et al., 2012),
diluted sperm was aspirated into 0.5-mL open straws (n = 5 replicate straws X 6
media x 5 males of each species) and frozen in a nitrogen vapor vessel
(Cryoporter™ LN, dry vapor shipper, Cryoport Systems, Brea, CA, USA) at

approximately —170 °C. Within 24 h, straws were transferred to a liquid nitrogen
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vessel (M.V.E. Millenium, XC 20, Chart, MN, USA) at —196 °C for storage. A
few days later straws were transferred back to the nitrogen vapor vessel and
transported by car from Furnas to the Laboratory of Semen Technology of the
Federal University of Lavras (UFLA), Lavras, Minas Gerais, Brazil
(approximately 260 Km). Upon arrival, straws were stored in liquid nitrogen
vessel (M.V.E. Millenium, XC 20, Chart, MN, USA) until analysis. Straws were
thawed in a water bath at 60 °C for 8 s and evaluated for motility and velocities
six months after freezing (n = 3 replicate straws) and for membrane integrity and
mitochondrial functionality 12 months after freezing (n = 1 replicate straws)

(see below).

Sperm motility and velocities evaluation

Post-thaw sperm motility and velocities were estimated using the CASA
system according to the methodology used in our laboratory [34]. Motility was
triggered in 0.29% NaCl directly in a Makler® counting chamber (Sefi-Medical
Instruments Itd, Haifa, Israel) placed under a phase contrast microscope
(Nikon™ Eclipse E200, Tokyo, Japan) at 100 X magnification with a green
filter and pH 1 position. The microscope was connected to a video camera
(Basler Vision Technologies™ A602FC, Ahrensburg, Germany) generating 100
images/s; video recording started 10 s post-activation. Each image was analyzed
using the standard settings for fish by Sperm Class Analyzer™ software (SCA™
2010, Microptics, S.L. Version 5.1, Barcelona, Spain). Sperm was considered
immotile when velocity was < 40 pm/s. Although the SCA™ simultaneously
assesses more than 15 sperm motility endpoints, for brevity, only motility rate,
curvilinear velocity (VCL), straight line velocity (VSL) and average path
velocity (VAP) were considered for analysis. To determine these parameters,

each individual sperm (an average of 340 sperm/straw for B. orbignyanus and of
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634 sperm/straw for P. lineatus) was followed throughout the images and sperm
trajectory was calculated. We considered high post-thaw sperm quality when

motility rate was above 60% and VCL was above 140 pm/s.

Membrane integrity

Membrane integrity (expressed as the percentage of intact sperm) was
assessed using a membrane permeant dye SYBR™ 14 which stains DNA in
living cells, and propidium iodide (P1) which stains DNA in degenerate cells that
have lost membrane integrity (LIVE/DEAD® sperm viability kit; Molecular
Probes, Invitrogen, USA). We followed the staining methodology described in
Dayle and Tiersch. (2000). Briefly, 10 pL of thawed sperm (1:10) were further
diluted to 1:100 (final volume: 100 uL, ~ 1 x 10°cells/mL) in the same extender
used during freezing (BTS™ or glucose). In an Eppendorf tube covered with
aluminum foil 100 pL of diluted sperm and 0.5 pL of SYBR™ 14 (20 uM) was
placed. This tube remained in the dark for 10 min at room temperature. After
this time, 0.5 pL of Pl (2.4 mM) was added and again remained for 10 min in
the dark. A 50 pL aliquot of sperm with fluorochromes was placed on a slide
under a cover slip and immediately analyzed in an epifluorescence microscope
(Nikon™ Eclipse E200, Tokyo, Japan) with excitation filter 546-590 for
propidium iodide and excitation filter 450-490 for SYBR™ 14. Six pictures
were taken with a digital camera (Sony DSC-W530 4x Optical Zoom, Sony
Corp. China) from three different fields and a mean of 176 sperm for B.

orbignyanus and of 369 sperm for P. lineatus was counted.
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Statistical analysis

Values are expressed as means + standard deviation (SD). Statistical
analyses were conducted with the R software program version 2.9.0 (R
Development Core Team, 2010). Sperm motility, velocitities and membrane
integrity were tested for normal distribution using the univariate procedure.
When data did not fit the normal distribution, an arcsin transformation was
performed. Data were tested for significant differences using ANOVA, followed
by the Tukey test, when applicable. A Pearson test was used to determine the
correlation between sperm motility, velocities and intact sperm. The level of

significance for all statistical tests was P < 0.05.

Results

Fresh sperm features

The following mean sperm values were observed for B. orbignyanus
males (n = 5): 89% motile sperm, quality score of 4.0, concentration of 7.4 x 10°
sperm/mL and seminal plasma osmolality of 300 mOsm/kg; and for P. lineatus
males (n = 5): 96% motile sperm, quality score of 4.6, concentration of 18.4 x

10° sperm/mL and seminal plasma osmolality of 306 mOsm/kg (Table 1).

Post-thaw sperm quality

In general, post-thaw sperm of P. lineatus possessed higher quality than
of B. orbignyanus.
In B. orbignyanus, high post-thaw sperm quality was observed only in

samples frozen in BTS-methyl glycol. In those samples, 63% motile sperm,
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VCL of 140 pm/s, VSL of 90 um/s, VAP of 113 pm/s and 57% intact sperm
were observed. All samples frozen in glucose possessed low quality with
motility below 20%, regardless of CPA (Table 2).

In P. lineatus, high post-thaw sperm quality was observed in samples
frozen in BTS-methyl glycol, glucose-methyl glycol and glucose-methanol. In
those samples, the minimum values observed were 68% motile sperm, VVCL of
152 um/s, VSL of 82 pum/s, VAP of 124 um/s and 68% intact sperm. The lowest
post-thaw sperm quality were observed in Me2SO-frozen samples regardless of
extender composition, and in BTS-frozen samples within a given CPA. There
was a positive correlation between sperm motility, velocities and intact sperm in
both species (Table 3)



Table 1. Body weight and some fresh sperm features in piracanjuba Brycon orbignyanus and streaked prochilod

Prochilodus lineatus after carp pituitary treatment.

Features B. orbignyanus P. lineatus
mean = SD min-max mean = SD min-max
Body weight (k 1.3+05 0.8-1.7 0.7-1.85
y weight (ko) 1.4+0.3
Concentration (sperm x 10°/mL) 74+31 4.8 -10.7 16.9-20.1
184+13
Motile sperm? (%) 89+5 80-95 90 - 100
96 +5
Motility quality score® (0-5 42+04 40-5.0 40-5.0
y quality ©5) 46+05
Seminal plasma osmolality (mOsm/kg) 300+9 289 - 313 306 + 10 290 - 318

1 Motility rate subjectively evaluated under a light microscope.

2 Motility quality score was assigned using an arbitrary grading system ranging from 0 (no movement) to 5 (rapidly

swimming sperm).

=7



Table 2. Post-thaw motility and velocities (VCL = curvilinear, VSL = straight line and VAP = average path) and
membrane integrity (mean £ SD) of piracanjuba Brycon orbignyanus (n = 5 males) and streaked prochilod Prochilodus
lineatus (n = 5 males) sperm frozen in three cryoprotectants (CPA) combined with either glucose or BTS™ as extender.
Motility and velocities were evaluated using a Computer-Assisted Sperm Analyzer (CASA) and membrane integrity was
assessed using SYBR 14 and propidium iodide (P1) staining.

Extender CPA Motile VCL VSL VAP Intact sperm
(315 mOsm) (10%) sperm (%) (um/s) (um/s) (um/s) (%)

B. orbignyanus

BTS™ Me2SO 31+ 228 102 + 23° 58 + 16° 80 + 16° 27+ 78
BTS™ Methanol 33 +18° 119 + 16”8 72 + 27" 96 + 29° 30 + 19"
BTS™ Methyl glycol 63 + 18" 140 + 24" 90 + 23" 113 + 24* 57 + 117
Glucose Me2SO 16 £ 177 90 + 38"F 49 + 217 76 + 277 13 + 10"®
Glucose Methanol 6 + 20° 63 + 298 45 + 23~ 63 + 25" 4+48
Glucose Methyl glycol 19 + 16" 104 + 23" 52 + 22" 77 +23° 17 +8*
P. lineatus

BTS™ Me2SO 26 +11° 69 + 8F 27 + 118 41 + 148 50 + 118
BTS™ Methanol 57 + 168 144 + 30" 76 + 18" 117 + 297 60 + 1778
BTS™ Methyl glycol 72+ 128 152 + 27% 82 + 14" 124 + 28" 68 + 15"
Glucose Me2SO 45 + 18° 77 +7° 41 +12° 58 + 12° 57 +13°F
Glucose Methanol 68 +17° 161 + 38" 93 + 228 136 + 36° 67 + 22°B
Glucose Methyl glycol 81+ 10" 197 + 31* 110 + 20* 170 + 30" 78 + 14"

A® Means within the same column and extender, for each species, followed by different superscript are significantly
different (P<0.05; Tukey Test).
BTS™ (Minitlb): 80% glucose, 12.7% sodium citrate, 2.7% EDTA, 2.7% NaHCO;, 1.5% KCI, 0.5% gentamycin sulfate.

9/,
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Table 3. Correlations between sperm motility, velocities (VCL = curvilinear,
VSL = straight line and VAP = average path) and intact sperm of piracanjuba
Brycon orbignyanus (n = 5 males) and streaked prochilod Prochilodus lineatus
(n =5 males) sperm frozen in three cryoprotectants (CPA) combined with either
glucose or BTS™ as extender. Motility and velocities were evaluated using a
Computer-Assisted Sperm Analyzer (CASA) and membrane integrity was
assessed using SYBR 14 and propidium iodide (P1) staining.

Sperm VCL VSL VAP Intact sperm
motility
Sperm motility 1.0000000  0.8639613 0.8205115 0.8469520 0.9287158
VCL 0.8639613  1.0000000 0.9731287 0.9939514 0.6705992
VSL 0.8205115 0.9731287 1.0000000 0.9799901 0.5798671
VAP 0.8469520  0.9939514 0.9799901 1.0000000 0.6382295

Intact sperm  0.9287158  0.6705992 0.5798671 0.6382295 1.0000000

Discussion

In the present study, the effects of three CPAs (Me2SO, methanol and
methyl glycol) combined with glucose and BTS™ on post-thaw sperm motility
rate, velocities and membrane integrity of B. orbignyanus and P. lineatus were
investigated. This is the first report where both CASA system and fluorescence
dyes were used as a tool to assess post-thaw sperm quality of B. orbignyanus
and P. lineatus.

Fresh gamete quality of B. orbignyanus and P. lineatus was also
evaluated and the observed values were all within the range previously reported
for B. orbignyanus and P. lineatus species after carp pituitary treatment
(VIVEIROS; GODINHO 2009; GODINHO; VIVEIROS, 2011). A better

knowledge of the characteristics of fresh sperm before manipulation is necessary
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to evaluate sperm quality in commercial hatcheries before artificial reproduction

as well as in laboratories before experiments (ORFAOQ et al. 2011).

Cryoprotectants

In the present study, sperm frozen in the appropriate extender yielded high
post-thaw sperm quality when methyl glycol was used as CPA for both fish
species, and methanol P. lineatus. The Me2SO and methyl glycol have similar
molar concentrations (approximately 78 and 76 g/mol, respectively) while the
methanol has less than half of it (32.04 g/mol). In the present study, we could
not measure the final osmolality of each freezing medium because our
osmometer measures osmolality by freezing point depression and this is not
possible when CPAs are added to the solution. But the final osmolality
(measured in a vapor pressure osmometer) of the freezing medium using an
extender at 300 mOsm/kg (similar to ours) was reported in another study
(CUEVAS-URIBE, 2011). When 10% methanol or methyl glycol was added,
the final freezing medium osmolality was close to 300 mOsm/kg; however,
when 10% Me2SO was added, osmolality raised to above 2000 mOsm/kg. This
huge increase in osmolality may have caused osmotic stress with elevated
intracellular ion concentration in Me2SO- frozen samples, which damaged cell
membrane and/or some organelles during the freezing or the thawing steps,
reducing both motility rate and membrane integrity.

The reduced cryoprotective effects of Me2SO in comparison with methyl
glycol in terms of motility rate have been reported for sperm of B. orbignyanus
(MARIA et al., 2006a; MARIA et al., 2006b), Brycon opalinus (VIVEIROS et
al., 2012a), Brycon insignis (VIVEIROS et al., 2011), Colossoma macropomum
(CARNEIRO et al., 2012), Piaractus mesopotamicus (ORFAO et al., 2008),
Piaractus brachypomus (NASCIMENTO et al., 2010) and P. lineatus
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(VIVEIROS et al., 2009). When both motility rate and membrane integrity were
assessed, contrasting results were observed between the present study and the
studies using C. macropomum sperm. We observed a decrease of both
parameters in Me2SO-frozen sperm of B. orbignyanus and P. lineatus, while in
C. macropomum motility rate decreased while membrane integrity (using
SYBR/PI staining) was similar between methyl glycol- and Me2SO-frozen
samples (Carneiro et al., 2012). In another study using the same fish species,
sperm possessed higher membrane intact (using eosin/nigrosin staining) and
lower motility rate when frozen is 20% Me2SO compared to 5-10% Me2SO
(VARELA-JUNIOR et al., 2012a). In C. macropomum, the osmotic effects
caused by Me2SO seems to affect the organelles related to motility (such as
axonemes) rather than disrupting cell membrane as observed in B. orbignyanus

and P. lineatus.

Extenders

In the present study, BTS™ and glucose solutions were tested as extender of B.
orbignyanus and P. lineatus sperm. In B. orbignyanus, BTS™-frozen sperm
yielded higher sperm quality in comparison with glucose-frozen sperm. On the
other hand, in P. lineatus, post-thaw sperm quality was more related to the CPA
than to the extender, as there were samples with good and bad post-thaw quality.
Several solutions have been used as fish sperm extenders; some are simple saline
(0.9% NaCl) or sugar (5% glucose) solutions, while others have more complex
formulae, such as BTS™ and Powdered Coconut Water (ACP™), in which salts
and sugars are combined. High post-thaw motility were observed when sperm
of B. orbignyanus (MARIA et al., 2006a; MARIA et al., 2006b) and pirapitinga

Brycon nattereri (Oliveira et al., 2007)were frozen in BTS™ compared to sperm
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frozen in glucose. Despite of the great amount of glucose (almost 80%) present
in BTS™, some other component (sodium citrate, EDTA, NaHCO;, KCI or
gentamycin) when associated with the CPA methyl glycol, produced a positive
effect on B. orbinyanus sperm cells during the freezing and thawing processes
for . The ion concentration is involved on the regulation of sperm motility, and
Ca* and Na* levels have a significant positive relationship with motility rate in
some fish species, as Cyprinus carpio, Oreochromis mossambicus and
Salvelinus fontinalis (ALAVI; COSSON, 2006) and apparently on B.
orbignyanus, as high post-thaw sperm quality (motility above 60% and VCL
abovel40 pum/s) was observed when B. orbignyanus sperm was cryopreserved in
NaCl-frozen sperm compared to glucose-frozen sperm (VIVEIROS; LOPEZ,
2013 unpublished data), showing a benefic effect of Na" on sperm
cryopreservation of this species. lons presents in BTS™ seem to have effects on
plasma membrane, leading to a better quality sperm on B. orbignyanus after the
cryopreservation process. In P. lineatus the extenders composition at the
osmolality tested in this study did not affected sperm quality, the same was
observed for these species on fresh sperm (NASCIMENTO et al., 2012) and
according to these findings osmolality was most important in maintain P.
lineatus sperm quality during the cryopreservation process. When we compared
fresh sperm motility of both species with pos-thawed motility, B. orbinyanus
sperm cryopreserved in the best cryoprotectant solution tested declined above
30% in relation to fresh sperm while P. lineatus sperm motility have a decline of
only 15%. P. lineatus sperm show to be more resistant to cryopreservation
process then B. orbignyanus sperm and a simple glucose solution it was not

capable to protective this species sperm.



Table 4. Reported cryoprotectant agents (CPA) and extenders tested on sperm cryopreservation of Brycon and
Prochilodus species.

Species

CPA

Extender (mOsmol)*

Pos-thaw sperm quality

Reference

B. amazonicus

5% Me2SO

3.75% Ethylene glycol

3.75% Methanol

3.75% Propylene glycol

~ 277 Glucose + egg yolk
~ 277 Glucose + egg yolk
~ 277 Glucose + egg yolk
~ 277 Glucose + egg yolk

76% motile sperm®
68% motile sperm®
44% motile sperm®
62% motile sperm®

CRUZ CASALLAS;
ROBLES SANTAMARIA
, 2006

B. insignis 10% Me2SO 356 BTS™ 23% motile sperm® VIVEIROS et al., 2011
10% Me2SO 308 Glucose 45% motile sperm®
10% Me2SO 285 NaCl 46% motile sperm®
10% Methyl glycol 356 BTS™ 77% motile sperm®, 62% intact sperm="
10% Methyl glycol 308 Glucose 77% motile sperm®, 69% intact sperm="
10% Methyl glycol 285 NaCl 82% motile sperm®, 61% intact sperm™"

B. nattereri 10% Me2SO ~ 429 NaCl + Tris 72% motile spermS OLIVEIRA et al., 2007
10% Methyl glycol ~318 BTS™ 72% motile sperm®

B. nattereri 10% Methyl glycol 318 BTS™ 79% motile sperm® VIVEIROS et al., 2012¢

285 NaCl 70% motile sperm®

B. opalinus 10% Me2SO 365 NaCl 72% motile sperm®; 68% intact sperm™"  VIVEIROS et al., 2012a
10% Methyl glycol 365 Glucose 82% motile sperm®; 82% intact sperm®"

B. orbignyanus  10% Me2SO 318 BTS™ 11% motile sperm® MARIA et al., 2006a
10% Methanol 318 BTS™ 21% motile sperm®
10% Methyl glycol 318 BTS™ 68% motile sperm®; 66% intact sperm™"

B. orbignyanus

10% Me2SO
10% Methanol
10% Methyl glycol

285 NaCl + egg yolk
285 NaCl + egg yolk
285 NaCl + egg yolk

8% motile sperm®
7% motile sperm®
66% motile sperm®

MARIA et al., 2006b

18



B. orbignyanus  10% Me2SO 300 ACP™ 45% motile sperm® VIVEIROS et al., 2008
10% Methyl glycol 300 ACP™ 43% motile sperm®
B. orbignyanus  10% Me2SO 315 BTS™ 31% motile sperm®; VCL of 102 pm/sPresent study
27% intact sperm ™
10% Methanol 315 BTS™ 33% motile sperm®; VCL of 119 pm/s
30% intact sperm *'
10% Methyl glycol 315 BTS™ 63% motile sperm®; VCL of 140 pm/s
57% intact sperm ©'
10% Me2SO 315 Glucose 16% motile spermc; VCL of 90 um/s; 13%
intact sperm "'
10% Methanol 315 Glucose 6% motile spermc; VCL of 63 pm/s; 4%
intact sperm "'
10% Methyl glycol 315 Glucose 19% motile sperm®; VCL of 104 um/s
17% intact sperm ™
B. orthotaenia 10% Me2SO 315 BTS™ 70% motile sperm MELO; GODINHO, 2006
10% Propanediol 315 BTS™

10% Ethylene glycol

~ 277 Glucose + egg yolk

39% motile sperm

S
23% motile sperm®
S
S

P. lineatus 10% Me2SO 318 BTS™ 80% motile sperm VIVEIROS et al., 2009a
10% Me2SO 277 Glucose 25% motile sperm®
10% Me2SO 285 NaCl 5% motile sperm®
10% Methyl glycol 318 BTS™ 93% motile sperm®
10% Methyl glycol 277 Glucose 93% motile sperm®
10% Methyl glycol 285 NaCl 16% motile sperm®

P. lineatus 10% Methyl glycol 300 ACP™ 85% motile sperm®; VCL of 54 pm/s; VIVEIROS et al., 2010
10% Methyl glycol 277 Glucose 75% motile sperm®; VCL of 49 um/s

P. lineatus 10% Me2SO ~286 BTS™ + Kl 74% motile sperm® MURGAS et al., 2007
10% Methanol ~ 286 BTS™ 74% motile sperm®

P. lineatus 10% Me2SO 300 ACP™ 8% motile sperm® VIVEIROS et al., 2008
10% Methyl glycol 300 ACP™ 76% motile sperm®

8



P. lineatus 10% Me2SO 315 BTS™
10% Methanol 315 BTS™
10% Methyl glycol 315 BTS™
10% Me2SO 315 Glucose
10% Methanol 315 Glucose
10% Methyl glycol 315 Glucose

26% motile sperm®; VCL of 69 pm/s; 50%Present study
intact sperm "'

57% motile sperm®; VCL of 144 pm/s
60% intact sperm *'

72% motile sperm®; VCL of 152 pm/s
68% intact sperm ©'

45% motile spermc; VCL of 77 um/s; 57%
intact sperm ™'

68% motile sperm®; VCL of 161 pm/s
67% intact sperm ™

81% motile sperm®;, VCL of 197 pm/s
78% intact sperm ©'

*When authors presented extender as % or mM we estimated the osmolality in order to facilitate comparisons.

® Motility rate subjectively evaluated under a light microscope

¢ Motility rate evaluated under a Computer-Assisted Sperm Analyzer

EN: percentage of intact sperm after eosin-nigrosin staining
PI: percentage of of intact sperm after SYBR-PI staining

BTS™ (Minitlb): 80% glucose, 12.7% sodium citrate, 2.7% EDTA, 2.7% NaHCO3, 1.5% KCI, 0.5% gentamycin sulfate.
ACP™: powdered coconut water: 88% glucose; 0.0074% proteins; 0.124% phosphorus; 3.5% potassium; 0.35%

€8
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Conclusions

Based on sperm quality evaluated by CASA and with fluorescence dyes,
we conclude that the methyl glycol is the best CPA for B. orbignyanus and P.
lineatus sperm, and provides a best cell protection during the cryopreservation
process. Me2SO causes a decrease on sperm quality, and possibly more cellular
damage and should be avoid on sperm cryopreservation for both species. B.
orbignyanus semen is more sensitive to cryopreservation process and a
cryoprotectant solution containing ions possibly decreases the deleterious effect

of cryopreservation process.
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