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RESUMO

A espécie Brycon orbignyanus ¢ uma espécie de dgua doce de ampla ocorréncia no Brasil,
que devido a construcdo de barragens, sobrepesca e deterioracdo do meio ambiente encontra-se
ameacada de extingdo. A criopreservacdo ¢ uma técnica de armazenamento ao longo prazo do
material genético em baixas temperaturas € que pode ser usado principalmente em casos de perda
de variabilidade genética das populacdes quando estas se encontram ameacadas de extingdo. O
objetivo deste estudo foi testar novos crioprotetores para a criopreservagao do esperma de B.
orbignyanus com o intuito de melhorar os protocolos ja existentes. Foram testados crioprotetores
penetrantes e crioprotetores ndo penetrantes para o congelamento em duas etapas distintas. Na
primeira etapa usamos as amidas dimetilacetamida, dimetilformamida e metilformamida
juntamente com o controle metilglicol (j& em uso para esta espécie). Na segunda etapa testamos
os acucares rafinose, trealose, sacarose, lactose e o uso do ATP extracelular contra o controle
(dimetilformamida 7,5%). As amostras descongeladas foram avaliadas por parametros de cinética
espermatica por Computer Assisted Sémen Analysis (CASA) e os parametros de funcionalidade
celular por citometria de fluxo. Também foi realizada uma analise cienciometrica dos artigos que
publicados entre os anos de 1998-2017 sobre criopreservacdo visando a conservagdo da
biodiversidade de peixes, a fim de verificar as tendéncias de publicacdes nesta area. Dentre as
amidas testadas verificamos que a dimetilformamida na concentracdo de 7.5% mostrou melhores
resultados em relagdo as outras amidas e ao controle atingindo uma motilidade de 66%. Dentre os
acgucares testados a rafinose na concentragdo de 50 mM demonstrou ser mais eficaz em relacao
aos demais sacarideos atingindo uma motilidade de 42%, apesar de ndo diferenciar do controle
em relacdo a motilidade, apresentou menor taxa de fragmentacdo de DNA. Nao foi observado
nenhum beneficio com o uso do ATP. Desta forma recomendamos a dimetilformamida sozinha
ou combinada com a rafinose para a criopreservacdo do esperma de B. orbignyanus. Também
verificamos de acordo com o levantamento cienciometrico que a criopreservagdo ainda tem se
focado principalmente em espécies que estdo ameacadas de extingdo, mas que possuem algum

interesse economico.

Palavras-chave: criopreservacdo, B. orbignyanus, amidas, sacarideos, conservacgao,

biodiversidade, peixes



ABSTRACT

The species Brycon orbignyanus is a species of fresh water of great occurrence in Brazil,
due to the construction of dams, overfishing and deterioration of the environment it is threatened
with extinction. Cryopreservation is a technique for the long-term storage of genetic material at
low temperatures and can be used mainly in cases of loss of genetic variability of populations
when they are threatened with extinction. The objective of this study was to test new
cryoprotectants for the cryopreservation of B. orbignyanus sperm in order to improve the
existing cryopreservation protocols. Penetrant cryoprotectants and non-penetrating
cryoprotectants were tested for freezing in two distinct stages. In the first step we used the
amides dimethylacetamide, dimethylformamide, metilformamide and methylglycol as control
(already in use for this species). In the second step we tested the sugars: raffinose, trehalose,
sucrose, lactose and the use of extracellular ATP against the control (dimethylformamide 7.5%).
The thawed samples were evaluated for sperm kinetics parameters by Computer Assisted Sperm
Analysis (CASA) and the cell functionality parameters by flow cytometry. A scientometric
analysis of the articles published between 1998 and 2017 about cryopreservation for the
conservation of fish biodiversity was also carried out, in order to verify the trends of publications
in this area. Among the amides tested, it was found that the dimethylformamide at 7.5%
presented better results than the other amides and the control reached 66% of motility. Among
the sugars tested raffinose at 50 mM concentration showed to be more efficient in relation to the
other saccharides reaching a motility of 42%, although not differentiating from the control in
relation to motility, presented a lower rate of DNA fragmentation. No benefit was observed with
the use of ATP. Thus we recommend dimethylformamide alone or in combination with raffinose
for the cryopreservation of B. orbignyanus sperm. We also verified according to the
scientometric survey focused mainly on species that are threatened with extinction, but which

have some economic interest.

Key-words: cryopreservation, B. orbignyanus, amides, saccharides, conservation, biodiversity, fish



APRESENTACAO

A tese ¢ apresentada com uma introdu¢do geral que busca uma revisdo dos assuntos
abordados em cada capitulo e segue conforme as regras da ABNT. Cada capitulo corresponde a
um artigo que foi submetido ou sera submetido para uma revista cientifica. As normas de todas as
revistas foram anexadas no final de cada manuscrito e estdo apresentadas de forma resumidas
focando principalmente na preparacdo do manuscrito. As consideracdes e perspectivas finais
visam uma conclusdo envolvendo todos os capitulos da tese e também seguem as normas da
ABNT. O primeiro capitulo trata sobre uma analise cienciometrica sobre as publicagdes que
abordaram a criopreservacao e a conservacao das espécies de peixe e esta estruturada de acordo
com a revista em que ira ser submetido “Brazilian Journal of Biology”. O segundo capitulo ¢ o
primeiro de uma série de trés artigos sobre os crioprotetores que testamos na espécie em questao,
trata do uso das amidas e esta na norma de acordo com a revista a qual foi submetido
“Aquaculture”. O terceiro capitulo também sobre crioprotetores (agucares), esta de acordo com as
normas da revista “Aquaculture Internacional”. O ultimo capitulo trata do uso de ATP exdgeno e

esta nas normas da revista “Cryoletters”.
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INTRODUCAO GERAL

A espécie Brycon orbignyanus

A espécie Brycon orbignyanus (Valenciennes 1850) ¢ descrita taxonomicamente dentro de
classe Pisces, subclasse Actinopterigii, superordem Ostariophysi, série Otophysi, ordem
Characiformes, familia Characidae, subfamilia Bryconinae e género Brycon (LAUDER; LIEN,
1983). Conhecido como “piracanjuba, bracanjuva ou piracanjuva” (Figura 1) ¢ uma espécie de cor
laranja e apresenta uma cauda vermelha com uma faixa preta comecando no pedinculo caudal
estendendo-se até os raios caudais medianos (GODOY, 1975; VAZ et al., 2000). Apresenta o
corpo fusiforme e comprimido com a boca ampla e terminal, com trés séries de dentes
multicuspidados no pré-maxilar e duas no dentirio (BRITTO et al., 2006; VAZ et al., 2000),
possui exemplares registrados na natureza que atingem tamanho de até 79,5 cm e 6,0 Kg
(GODQY, 1975). Assim como a maioria das espécies do género, apresenta habito alimentar
onivoro, com alteragdes ao longo do desenvolvimento ontogenético, com preferéncia por
alimentos de origem animal e por zooplancton nas fases larvais e por frutas e sementes na fase

juvenil e adulta (VAZ et al., 2000; ZANIBONI-FILHO; SCHULZ, 2003).

Figura 1- Exemplar de piracanjuba (Brycon orbignyanus, Valenciennes 1850).

Fonte: Oliveira et al., 2017

A piracanjuba esta distribuida ao longo da bacia do Rio da Prata, composto pelos sistemas
hidrografico dos rios Paraguai, Parana e Uruguai cobrindo uma éarea de influéncia de cinco paises
como Brasil, Uruguai, Bolivia, Paraguai e Argentina (REIS et al., 2003). Principalmente no
Parana e rios do Uruguai e seus afluentes (4reas da mata atlantica e de cerrado) e especialmente

em regides tropicais, hd um amplo registro de ocorréncias para a espécie B. orbignyanus (REIS et
al., 2003).
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E uma espécie que realiza grandes migragdes reprodutivas durante os meses de novembro
a fevereiro, periodo que coincide com os maiores indices pluviométricos, temperaturas elevadas e
maior disponibilidade de alimento, permitindo maior sobrevivéncia das proles. A estratégia de
migragao entre os locais de alimentagao e reproducgao, além de estar relacionada com os processos
fisioloégicos da maturacdo final dos gametas, permite maximizar a utilizagdo do ecossistema, pois
assim busca os melhores locais para cada etapa de seu desenvolvimento (ZANIBONI-FILHO;
SCHULZ, 2003).

As espécies migratdrias como a piracanjuba sdo seriamente afetadas pelas hidrelétricas
que causam mudangas ¢ interferem em quase toda a fauna aqudtica, além da presenca das
barragens ela também ¢ especialmente sensivel as modificacdes ambientais como desmatamento
ciliar, aumento da polui¢do e pela exploracdo comercial, uma vez que sua carne ¢ de grande
aceitagdo. A piracanjuba também ¢ vitima da pesca esportiva, pois apresenta comportamento
agressivo durante a pesca (AGOSTINHO et al., 2005). Todos estes fatos levaram a redugdo
drastica das populagdes nativas remanescentes, fazendo com que a espécie se encontre ameagada
de exting¢do dentro da categoria em perigo (MMA, 2014).

O género Brycon, tém varias vantagens para a aquicultura, sdo de facil adaptacdo ao
cativeiro em quase todo o Brasil, aceitam facilmente alimentos de origem animal ou vegetal,
crescem rapido, sdo bem comercializados e tém um grande potencial para cultivo em sistemas
intensivos (ZANIBONI-FILHO et al., 2006). Contudo, apesar da atividade de aquicultura ter a
sua importincia econdomica e ser considerada uma maneira eficiente de produzir alimentos, ainda
tem uma base cientifica fraca em sua visao de conservacao (AGOSTINHO et al., 2007). A maior
parte do esforco de pesquisa despendido nesta area estd focada no desenvolvimento de
tecnologias e gestdo das condigdes ambientais dentro dos tanques, enquanto pouco tem se
investigado sobre a sustentabilidade das espécies no ambiente silvestre (AGOSTINHO et al.,
2007).

Uma alternativa para a conservacao destas espécies em conjunto com as praticas de
aquicultura seria os programas de repovoamento (SIROL; BRITTO, 2006), no Brasil a
piracanjuba ¢ uma das espécies que esta sendo testada neste tipo de programa (Lopera-Barrero et
al., 2009). Entretanto sua aplicacao ¢ ainda limitada porque nao ha um guia para uso, o que resulta
em estoques de peixe de baixa diversidade, podendo trazer danos as populagdes nativas (POVH et
al., 2008). Apesar dos programas de repovoamento serem bem aceitos pela sociedade (SIROL;
BRITTO, 2006) e parte da comunidade cientifica, ¢ importante o monitoramento genético e
biologico destas atividades, pois este reabastecimento pode representar um risco para as

populagdes naturais e para o ecossistema (AGOSTINHO; GOMES, 2005). A necessidade de
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incluir espécies no programa que visem a protecao da variabilidade genética de populacdes
selvagens assim como a localizagdo e periodos de liberagdo das progénies, tamanho corporal,
minimo dos individuos, quantidade e frequéncia das espécies em cativeiro que sao liberados, sao
pontos importantes a serem considerados na gestdo dos programas de repovoamento (SIROL;
BRITTO, 2006). Existe uma necessidade de desenvolver o manejo genético das progénies para
minimizar a perda de variabilidade genética da reproducdo em cativeiro e também para respeitar a
estrutura genética da populagdo quando presente (LOPERA-BARRERO et al., 2009). A analise
genética em estoques de incubatoérios disponobiliza informagdes importantes para resultados
significativos na conservacao dos estoques pesqueiros, porque a perda de variabilidade genética é
comum na piscicultura devido ao manejo inadequado de individuos reprodutores (POVH et al.,
2008).

Neste contexto a técnica de criopreservagao do esperma dos peixes ¢ de grande valia, pois
ha a possibilidade de manter, manipular e gerenciar a variabilidade genética das espécies em
cativeiro e criobancos (CABRITA et al., 2010; HORVATH et al., 2012). Isto é principalmente
possivel porque pode se realizar a analise de variabilidade genética dos materiais bioldgicos,
enquanto uma parte ¢ preservada para um uso em potencial como a reprodugdo artificial (FOPP-

BAYATET et al., 2012).

A criopreservacio e a conservacio da biodiversidade de peixes

Durante as ultimas décadas, a urbanizagdo intensiva, o aumento populacional. As
atividades de agricultura e industriais tem gerado enorme pressao nos ecossistemas aquaticos,
diversos fatores como constru¢do de barragens, sobrepesca, poluicdo e introdugdo de espécies
exoticas tem sido responsaveis pela grande perda da biodiversidade da fauna de peixes (GREER;
HARVEY, 2004). Esta questdo tem gerado imensa preocupacdo tanto para governos como para
pesquisadores devido aos riscos ecoldgicos associados € a ameaga a seguranca alimentar em
muitos paises (PULLIN et al., 1998).

A preocupacdo com o meio ambiente tornou-se mais evidente na década de 70 com a
Conferéncia Internacional sobre Meio Ambiente e Desenvolvimento das Nagdes Unidas
(UNCED) em Estocolmo em 1972, mas foi durante a década de 90 que ela também se focou nas
espécies aquaticas, principalmente na fauna ictiologica. A evidéncia de uma perda drastica na
diversidade genética aquatica de modo algum significou um estabelecimento automatico de um
programa de banco de genes, assim como o que acontece na agricultura com os bancos de
germoplasma (HARVEY et al., 1998). Com a crescente preocupacao instituicdes como a FAO

(Organizagdo das Nagdes Unidas para Alimentacdo e Agricultura) realizaram convengdes e
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encontros para tratar da conservacdo dos recursos genéticos dos peixes, como a “FAQO’S Expert
Consultations” em Roma (1980, 1992) e o workshop da ICLARM-FAQO também em Roma 1995
(HARVEY, 1998). Houve muitos debates sobre a contribui¢do adequada da conservagao genética
ex situ (aquela realizada fora do habitat natural da espécie) e em mais do que em alguns casos,
houve evidéncia da preocupacao imediata que a conservagdo ex situ fosse uma abdicacdo de uma
responsabilidade maior, a protecdo do habitat. Mas ja em 1997, até mesmo a prote¢do do habitat
ndo era garantia de recuperagdes da pesca (HARVEY, 1998).

Desde entdo diversos paises vem adotando bancos de germoplasma para espécies de
peixes, como estratégia de conservagdo ex situ. De acordo com Roger Pullin (1998), bancos de
germoplasma sdo qualquer colecdo de material genético que mantenha a viabilidade futura para
propositos de estudos, conservagdo ou produ¢do. No caso dos peixes bancos de germoplasmas
podem ser os chamados bancos vivos, o qual constitui uma populagdo em cativeiro com o
proposito de manter a variabilidade genética dos organismos e os criobancos com material
criopreservado que incluem o armazenamento de esperma, 6vulos, embrides, células germinativas
e de células somaticas.

Canada (FORTIER, 1998), Finlandia (HEINIMA, 1998), Japao (WADA, 1998) e Noruega
(WALSON, 1998) foram um dos primeiros a adotar os criobancos como ferramentas
reconhecidas para a conservagao dos recursos genéticos de peixes. Na Noruega houve uma grande
preocupagdo com os estoques do salmdo selvagens. As principais razdes para o seu declinio
populacional foram a precipita¢do acida, o desenvolvimento hidrelétrico, o parasita do salmao,
Gyrodactylus salaris, € a propagacao do salmao que escapa das pisciculturas (WALSON, 1998).
Caracteristicas comuns na base genética foram encontradas em estoques de salmdo noruegués e
foram descritos como adaptagdes genéticas as condigdes ambientais locais. Cruzamento com
fugitivos de cativeiros podem levar a uma mudanga nessas adaptacdes. Por conseguinte, ¢
importante proteger o material dos estoques individuais (WALSON, 1998). A criagao do banco
de genes noruegués incialmente foi apenas de esperma congelado, o objetivo era preservar
material genético de mais de 100 unidades populacionais e de pelo menos 50 individuos de cada
estoque (Figura 2). Para que isso fosse possivel se adotaram as seguintes estratégias de
amostragem: pelo menos 50 individuos de cada estoque foram congelados; cada rio ¢ considerado
uma unidade de amostragem; grandes afluentes sdo amostrados separadamente; a amostragem ¢
realizada por um periodo de pelo menos trés anos em cada rio para reduzir chances de super-
representacdo bruta de uma unica classe de ano; ¢ dada énfase a amostragem de unidades

populacionais representando uma ampla faixa ecoldgica; os estoques ameacados de extingao
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recebem prioridade sobre os demais estoques; os estoques de valor cientifico especifico ou
valiosos para fins de pesca sdo também prioridade (WALSON, 1998).

Com o passar do tempo, apds os primeiros paises adotarem os criobancos, a
criopreservacdo tem ganhado espaco nos programas de conservagdao das espécies. Mas a
efetividade depende muito mais do que o armazenamento do esperma de espécies ameagadas. Os
criobancos quando estdo associados aos bancos vivos garantem de forma mais efetiva a
conservagdo, de modo que se possa facilitar o manejo genético da populacdo em cativeiro
(GREER; HARVEY 2004). Inclusive também, como forma de seguro para espécies em perigo
critico de extingdo, pois mesmo sendo possivel preservar apenas a parte paterna do genoma, caso
haja uma boa representacdo de machos num criobanco € possivel que a variabilidade genética de
um determinado estoque seja bem representada e se houver fémeas disponiveis nos bancos vivos
a conservagao ¢ mais bem assegurada (HARVEY, 1999).

Figura 2 - “The Norwegian Gene Bank Program for Atlantic Salmon” (Salmo
salar). Os trés centros bancarios de genes (quadrados) preservam 33
unidades populacionais: 5 em Bjerka (circulos fechados), 18 em Haukvik
(circulos abertos) e 10 em Eidfjord (triangulos), Noruega.

Fonte: Walso, 1998 em Action before extinction: an international conference on conservation
of fish genetic diversity, Vancouver, Canada.

Ambos os tipos de bancos de genes — bancos vivos e criobancos - envolvem a pesca, porque
a questdo do banco de genes ¢ coletar material genético selvagem, os coletores devem ser capazes

de irem aos rios, lagos ou no oceano com os devidos meios de encontrar e capturar peixes
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selvagens e vivos. Porém existem algumas complicacdes. Os doadores de esperma precisam estar
maduros, o que ocorre em certas épocas do ano, eles tendem a frequentar certos locais quando
estdo prontos para desovar, além disso, podem viajar em grupos de desova que ndo devem ser
perturbados pela remocao de alguns peixes (GREER; HARVEY, 2004).

Assim, a engrenagem necessaria inclui ferramentas de pesca tipicas tais como barcos,
motores, redes e roupas impermedveis para rios, bem como tanques criogénicos se o esperma for
congelado. Se os reprodutores forem procurados, eles precisam ser pescados e manuseados com
cuidado e transportados para a instalacio de espera (banco vivo) com mortalidade minima
possivel, ja que ha situagdes de estresse. O transporte ¢ geralmente por caminhdo e deve ser
limitado a menos de um dia para garantir uma boa sobrevivéncia. Se os espermatozoides forem
congelados, os peixes machos devem ser classificados manualmente para saber se estdo maduros,
assim serd possivel obter os espermatozoides dos doadores selecionados por massagem
abdominal, ambos os procedimentos envolvem habilidade e conhecimento local (GREER;
HARVEY, 2004). O processo de congelamento é simples e envolve misturar os espermatozoides
com uma mistura crioprotetora para armazena-los um recipiente criogénico. A remoc¢ao dos
espermatozoides ndo prejudica os peixes doadores, que muitas vezes sdo devolvidos para desova
natural na natureza. Os reprodutores vivos que forem coletados para formar um banco genético
vivo sdo geralmente acondicionados em tanques, com controles de escape para garantir que eles e
sua progénie ndao fujam, seja para recintos vizinhos ou para o mundo exterior (GREER;
HARVEY, 2004). O software para manter o controle das amostras criopreservados de peixes nao
¢ nem de perto tao desenvolvida quanto o software de banco de genes para plantas, mas a maioria
das colegdes sdo relativamente pequenas (menos de 2500 amostras) e podem ser gerenciadas
usando planilhas (GREER; HARVEY, 2004).

Os bancos de genes vivos sdo extremamente importantes, no entanto, eles sdo caros para
manter a menos que estejam associados a empresas comerciais vidveis como as apoiadas por
industria da aquicultura (PULLIN, 1998). Em 2014 cerca de 93 milhdes de toneladas de peixes
foram retirados diretamente dos mares naturais e dos rios, enquanto apenas 73 milhdes de
toneladas vieram da aquicultura FAO (2016). Uma forma indireta de contribui¢do dos criobancos
para a diminui¢do da pressdo sobre os estoques naturais seria um maior investimento na
aquicultura sustentdvel. A introducdo ou a expansdo da aquicultura de peixes cria a necessidade
dos fabricantes considerarem uma ampla variedade de questdes, como os impactos ambientais,
riscos potenciais para a saude dos consumidores de produtos geneticamente modificados, acesso
dos piscicultores aos reprodutores selvagens e a transferéncias de seus ecossistemas de origem.

Pesquisas sobre as diferentes caracteristicas genéticas de diferentes populacdes selvagens e
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conservagdo da diversidade genética selvagem sdo indispensaveis para a manutengdo dos
estoques. E necessario desenvolver novas abordagens politicas para novos usos da biodiversidade
aquatica (GREER; HARVEY, 2004).

Seja qual for a abordagem adotada para a melhoria dos estoques cultivados, os aquicultores
precisam pronto acesso a recursos genéticos. Fontes potenciais incluem:

* estoques selvagens em seu habitat natural.

* colecdes de reprodutores ("bancos vivos') em fazendas ou em institutos de pesquisa.

* pisciculturas rurais em paises em desenvolvimento.

* bancos de genes criopreservados (espermatozoides congelados ou embrides) (GREER;
HARVEY, 2004).

No Brasil ainda de forma incipiente na formagdo de criobancos temos algum esfor¢co da
EMBRAPA (Empresa Brasileira de Pesquisa Agropecudria), a qual realizou a elaboragao de
manual de curadores para manter criobancos com o esperma de peixes. No manual ¢ possivel
encontrar recomendagdes para o congelamento de algumas espécies brasileiras que ja foram
testadas para a criopreservacdo. Também ¢ ressaltada a necessidade de descritores dos criobancos
serem documentados em planilhas eletronicas e em bancos de dados informatizados. Estes
descritores sdao principalmente, concentracdo espermatica, local de coleta e inclusive a
identificacdo do doador por meio de analise molecular (CARNEIRO et al., 2012). A Companhia
Energetica de Sao Paulo (CESP) também possui um programa de conservacdo de espécies
ameacadas em que se utiliza de criobancas para a reproducdo artificial, principalmente de

espécies ameagadas como Steindachneridion scriptum e Brycon orbignyanus (CESP, 2006).

Todo esforco envolvido no processo de conservacdo das espécies de peixe via
criopreservacdo serd mais bem recompensado se a qualidade e viabilidade do criobanco forem a
melhor possivel, garantido maiores taxas de fertilizacao e desenvolvimento embrionario. Por isso
¢ imprescindivel a pesquisa que envolve a melhora de crioprotetores, diluentes e protocolos de
congelamento usados para a criopreservagdo, visto que a interagdo com o0s crioprotetores ¢
especifica da espécie, uma vez que a composi¢do bioquimica do plasma seminal varia
amplamente devido as diferentes concentracdes de lipidios, acticares e dcidos encontradas para as

diferentes espécies existentes (HOLT, 2000).

Crioprotetores, diluentes e crioinjurias
A criopreservagdo ¢ um processo em que materiais bioldgicos, como células e tecidos sdo

preservados por resfriamento a temperaturas muito baixas, geralmente a -196 °© C (temperatura do
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nitrogénio liquido), mas permanece viavel apoés um aquecimento posterior em temperaturas acima
de 0 °C. Ela possibilita o armazenamento quase indefinido dos pools de genes desejaveis e
assegura a disponibilidade de sémen criopreservado para inseminagdo artificial e reproducao
(MEDEIROS et al., 2002). Quando se trata das espécies de peixes a criopreservacao das células
espermaticas € a Unica vantajosa para a reproducdo das espécies, visto que a viabilidade de
embrides e 6vulos de peixes criopreservados ainda ndo foi alcangada. O congelamento de sémen ¢
uma técnica vantajosa, pois facilita reproducdo artificial, elimina a assincronia gonadal entre
machos e fémeas, aumenta a producao larval e permite a constru¢do de bancos de germoplasma
(CABRITA et al., 2010). Globalmente, o método de criopreservacdo inclui reducdo de
temperatura, desidratacdo celular, congelamento e descongelamento. A redugdo da temperatura
normal para 4 °C reduz a atividade metabdlica celular e aumenta o tempo de vida das células
espermaticas. A criopreservagao interrompe a atividade celular, reiniciando suas fungdes normais
apo6s o descongelamento (MEDEIROS et al., 2002).

Para ser possivel preservar as células em baixas temperaturas ¢ necessario o uso de
crioprotetores e diluentes. Independentemente da espécie, o esperma do peixe requer diluicao antes
do congelamento para melhor sobrevida. Os diluentes sdo solugdes de sais balanceados que tem
funcgdo de carrear os crioprotetores para dentro das células e no caso dos peixes, também de inibir a
ativacao do esperma, por isso devem ser adaptados para manter os espermatozoides completamente
quiescentes. Para isso os diluidores devem ter pH, capacidade de tamponamento e osmolalidade
adequada e devem proteger as células espermaticas das lesdes criogénicas (AKCAY et al., 1995).

Um diluente ideal ¢ isotdnico, possui uma boa capacidade de tamponamento, contém
nutrientes, estabilizante, antioxidantes e agentes antibacterianos. Os diferentes sais, compostos
organicos e inorganicos presentes nos diluidores sdo usados para simular o meio externo de uma
espécie, como exemplo o NaHCO3, KHCO3 e o TRIS sdo usados como tampao, o NaCl usado para
tonicidade e o KCl para impedir a ativacio do esperma, fons como o Mg*" e 0 Ca>" sdo componentes
normais do fluido seminal e os agucares sao fonte de energia (MUCHLISIN, 2005). Inimeras
solugdes foram testadas para espermatozoides de peixe; algumas eram solugdes salinas simples (0,8
ou 0,9% NaCl) ou acticar (5% glicose), enquanto outras possuem féormulas mais complexas, como
BTS™ ¢ 0 Minitub™ onde sais e glicose sdo combinados (VIVEIROS; GODINHO, 2009).

A defini¢ao de um crioprotetor ¢ qualquer soluto que, quando adicionado as células em seu
meio, permite maiores recuperagdes pods-descongelamento do que se ndo estivesse presente
(KAROW; ARMAND, 1969). Os crioprotetores sdo de duas categorias: crioprotetores penetrantes e
crioprotetores nao penetrantes. Os crioprotetores permedveis @ membrana celular sdo chamados de

penetrantes, possuem baixo peso molecular e o seu efeito crioprotetor ¢ atribuido a sua propriedade
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coligativa ou de ligagdo com a agua reduzindo a temperatura de congelamento do meio
intracelular, prevenindo a formagao de cristais de gelo, diluindo as altas concentragdes de sais e
diminuindo a pressdao osmética do meio resfriado (SALAMON; MAXWELL, 2000).

Dos agentes crioprotetores penetrantes temos as classes dos alcoois e derivados do metanol
como etileno glicol, glicerol, metilglicol; os derivados dos sulfoxidos e amidas como o
dimetilsulfoxido, dimetilformamida, metilformamida e as aminas como prolina e glutamina
(ELLIOT et al., 2017). J& os crioprotetores ndo penetrantes possuem alto peso molecular e ndo
sdo permeaveis a membrana celular. Portanto, podem alterar a membrana plasmatica ou agir
como um soluto, diminuindo a temperatura de congelamento do meio e diminuindo a formagao
de gelo extracelular (MUCHLISIN, 2005). Das classes dos crioprotetores nao penetrantes temos
os agucares: galactose, lactose, sacarose; os polimeros como amido hidroxietilico e as proteinas
séricas e proteinas do leite (ELLIOT et al., 2017). A adequacao de diluentes e crioprotetores
diferem de um peixe para outro, os constituintes quimicos dos diluentes variam enormemente e
temos também uma variedade de agentes crioprotetores de categorias penetrantes e nao
penetrantes que estdo disponiveis para minimizar as lesdes criogénicas durante o processo de
resfriamento e descongelamento (MUCHLISIN, 2005).

Apesar da eficacia dos crioprotetores e diluentes na viabilidade espermatica pos-
descongelamento, os protocolo de criopreservagdo causam varios danos nas células espermaticas,
o chamado criodano ou lesdes criogénicas, os espermatozoides sdo expostos a estresse fisico e
quimico e mudancas na composicdo lipidica da membrana plasmadtica, podendo causar danos
estruturais e modificagdes funcionais nos espermatozoides. Danos na viabilidade, motilidade,
velocidade e potencial de fertilizacdo dos espermatozoides sdo parcialmente devidos a disturbios
da integridade da membrana plasmatica e a outros fatores ainda ndo definidos (ELLIOT et al.,
2017). Acredita-se que a maioria desses efeitos deletérios esteja relacionada as espécies reativas
de oxigénio (EROs) geradas durante a criopreservacao, as quais sao também um dos efeitos mais
estudados e potencialmente causador de criodanos (BUCAK et al., 2013; LUCIO et al., 2016).

Durante o congelamento o metabolismo dos espermatozoides ¢ desacelerado, onde
permanece ativo e reduzido, contudo, o choque térmico e a exposi¢ao ao oxigénio atmosférico
tornam as células suscetiveis a formacao de EROS (KARAJI et al., 2014). A produgdo de EROs
como peroxido de hidrogénio (H202), anions superdxido (O2-) e radicais hidroxila (OH-)
aumenta nas mitocondrias espermaticas devido ao congelamento e ao descongelamento, enquanto
um mecanismo osmoético pode aumentar a permeabilidade da membrana mitocondrial, ativando
assim a apoptose. De fato, o estresse oxidativo ¢ um indutor de apoptose bem documentado

(AMIDI et al., 2006). Estes efeitos podem induzir danos estruturais as mitocondrias que
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desempenham um papel fundamental no mecanismo de ativagdo do movimento flagelar durante
a motilidade espermatica, assim os criodanos alteram os processos bioquimicos envolvido na
producao de ATP, causando uma redugao na motilidade dos espermatozoides.

Danos por fragmentacdo do DNA nuclear ¢ diminui¢do da motilidade espermatica
estdo principalmente associados a danos na estrutura e no funcionamento metabolico da
mitocondria (FIGUEROA et al., 2017). A altas concentragdes de EROs além de causarem a
ruptura das membranas mitocondrial e plasmatica, também agem na fragmentagdo
cromossomica € do DNA levando a uma reducao na motilidade e viabilidade espermaticas
(TAYLOR et al., 2009). Uma porcentagem elevada de DNA fragmentado causa falha no
desenvolvimento do embrido, além disso, o DNA de boa qualidade ¢ essencial para a
consequente manutencao de futuras geracdes saudaveis (EVENSON, 1999).

Nas membranas celulares o efeito dos EROS causa a peroxidagdo lipidica, as
membranas espermaticas sdo ricas em acidos graxos poliinsaturados, o que as torna suscetiveis
aos danos induzidos por oxigénio (SIKKA, 2001), além da deficiéncia inata dos
espermatozoides quanto a disponibilidade de enzimas protetoras citoplasmaticas tornando estas
células ainda mais sensiveis (LENZI et al., 1996). A peroxidagdo de lipidios da membrana
plasmatica (LPO) tem sido proposta como um dos principais fatores envolvidos no criodano de
espermatozoides em muitas espécies (PAGL et al., 2006).

Além dos possiveis ataques das moléculas de EROS durante o congelamento e
descongelamento, a redugdo da fertilidade do sémen congelado ¢ atribuida em grande parte a
alteragdo da estrutura e fungdo da membrana durante o resfriamento, congelamento e
descongelamento. A natureza do dano da membrana a uma reducdo de temperatura permanece
incerta, mas evidéncias sugerem que as membranas estdo também comprometidas devido a
reordenagdo dos lipidios durante o resfriamento e o reaquecimento, perturbando assim as
associacoes entre lipidios e proteinas lipidicas necessarias para a fun¢ao normal da membrana
(PARKS et al., 1992). De certa forma a membrana altera seu mecanismo de empacotamento
lipidico, o qual modifica a sua estrutura com espacamento entre os lipideos, aumentando a
fluidez de membrana e contribuindo para o rompimento celular. Todos esses fatores levam ao

potencial iminente de crioinjaria, incluindo por choque frio, dano por congelamento ou

descongelamento (TORRES et al., 2016).

Avaliacdo espermatica pos-descongelamento
O controle da qualidade dos espermatozoides ¢ uma questdo importante tanto para a

industria da aquicultura como para a conservagdo das espécies, no entanto, tem sido
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extremamente dificil estimar com precisdo a qualidade dos espermatozoides e
correlacionar esses estimadores de qualidade com a capacidade dessas células, ndo
apenas para alcangar o

obcito e fertilizar o 6vulo, mas também para contribuir com desenvolvimento embrionario
precoce bem sucedido. Essa avaliagao da qualidade pode ser relevante para entender melhor os
mecanismos pelos quais o esperma ¢ afetado e para controlar alguns dos fatores que
influenciam a qualidade geral dos gametas (CABRITA et al., 2014). O espermatozoide pos-
descongelamento ¢ avaliado principalmente pela porcentagem de motilidade observada em um
microscopio de luz. Este método de avaliagdo ¢ subjetivo e usa a estimativa visual de
parametros, mas durante as ultimas décadas, o uso da andlise de esperma assistida por
computador (Computer Assisted Sperm Analysis, C.A.S.A.) tem se tornado a principal forma
de avaliagdo da cinética espermatica (VIVEIROS; GODINHO, 2009). O CASA ¢ um sistema
automatico (hardware e software) utilizado para visualizar, digitalizar e analisar imagens
sucessivas, fornecendo informagdes acuradas, precisas e significativas do movimento
individual de cada célula bem como de subpopulagdes de células esperméticas (VERSTEGEN
et al., 2002). A anélise da motilidade e morfologia espermatica t€ém sido apontadas por muitos
autores como importante ferramenta na sele¢ao de um ejaculado, sendo que a determinacao da
porcentagem de espermatozoides moéveis € o teste mais utilizado para predizer a qualidade
seminal (VERSTEGEN et al., 2002).

Mesmo com a significativa contribuicdo do CASA para a analise de viabilidade
espermatica, ¢ amplamente reconhecido que apenas esta técnica ndo € suficiente para descrever
completamente o conjunto de propriedades bioldgicas espermaticas necessarias para alcancar a
fertilizagdo (CORDELLI et al., 2005). Mais recentemente, o uso de corantes fluorescentes,
tornou-se mais popular nos laboratérios. Sondas como Hoechst, PI/SYBR-14, DAPI, eosine,
trypan blue, YO-PROI sdo usadas para analisar a membrana plasmatica, por exemplo, € outras
como JC1, Rhodamine 123 sdo usadas para avaliagdo de mitocondria e para determinar a
fragmentacdo de DNA ¢ possivel realizar os ensaios de TUNEL ou “Sperm Chromatin
Structure Assay” (SCSA) (CABRITA et al., 2014). Esses biomarcadores representam uma
nova classe de indicadores objetivos, sensiveis e vidveis da fun¢do reprodutiva masculina.
Neste contexto, a citometria de fluxo automatizada, que pode medir simultanecamente
importantes e multiplos atributos espermaticos, incluindo viabilidade celular, contetdo e
estrutura de DNA, integridade acrossomal e fun¢do mitocondrial, ¢ um método valioso para
avaliar a qualidade das células espermaticas. A citometria ¢ uma abordagem automatizada

capaz de medir quantidade de uma ou mais manchas fluorescentes associadas as células,
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oferecendo propriedades incomparaveis de precisdo, sensibilidade, precisdo, rapidez em um
numero estatisticamente relevante de células (CORDELLI et al., 2005).

Apesar da longa data deste que foi utilizado o primeiro crioprotetor para o uso em esperma
de peixe por Blaxter (1953), a pesquisa em criopreservacao para espécies de peixes continua
buscando novos protocolos de congelamento, novos crioprotetores e diluentes mais apropriadas
para determinadas espécies assim como novas formas de avaliagdo que visam melhor refletir a
verdadeira eficacia dos métodos de congelamento.

Como justificativa para a realizacao do trabalho de tese temos a importancia de garantir
a melhor viabilidade espermatica possivel para a criopreservagdo do esperma de Brycon
orbignyanus, espécie em perigo de extingdo, com grande potencial para aquicultura e
programas de conservagao de espécies.

Nosso principal objetivo ¢ fornecer um protocolo de criopreservacdo que garanta a
viabilidade das células espermaticas. Como objetivos especificos tém: analisar o resultado da
utilizagdo de diferentes concentragdes das amidas: MF, DMF e DMA associadas ao diluente
BTS™ sobre a estrutura (membrana, mitocondria e DNA), danos (peroxidagio lipidica e
espécies reativas de oxigénio) e cinética espermatica; analisar o resultado da combinacdo da
melhor amida junto com sacarideos (rafinose, trealose, sacarose e lactose) associado ao diluente
BTS™ sobre a estrutura, danos e cinética. Analisar a possivel eficacia do ATPe em diferentes
concentragdes associado ao diluente BTS™ sobre a estrutura, danos e cinética. Determinar qual
das concentragdes dos crioprotetores combinados ou ndo preservou melhor a viabilidade
espermatica. Por ultimo fornecer uma visao geral do papel da criopreservagdo na conservagao de

espécies ameagadas.
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Manuscrito a ser submetido para a revista “Brazilian Journal of Biology.”

A criopreservaciao e conservaciao da biodiversidade de peixes: uma

analise cienciometrica
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Grande, 9620-900, Brasil.

2 Universidade Federal de Pelotas, Medicina Veterinaria. Capao do Ledo, 96010900, Brasil.

Resumo

O presente estudo ¢ uma andlise cienciometrica das publicagcdes que relacionam a criopreservagao
a conservacgdo da biodiversidade de peixes. Nossos principais objetivos sdo: ter uma visdo geral
das tendéncias e lacunas na pesquisa envolvendo criopreservagdo focada na conservacdo de
espécies; verificar quais sdo as diferentes pesquisas dentro da criopreservacdo que mais
contribuem para a conservacao da biodiversidade de peixes e conhecer as espécies mais estudadas
para criopreservacao de espermatozoides para fins de conservacdo. Utilizamos palavras-chave
para selecionar publicagdes no banco de dados da Web of Science (Thomson Reuters) entre 1998
e 2017 relacionadas a criopreservacdo na conservacdo da biodiversidade de peixes. Foram
encontrados 90 artigos publicados em 46 periddicos, a analise cienciometrica revelou uma
tendéncia de diminuig¢do da qualidade e um aumento no numero de publicagdes entre o periodo de
2007 e 2010 com uma diminuig¢do apds este periodo. A ordem com o maior numero de pesquisas
relacionadas sdo os Characiformes seguido dos Cypriniformes. O género Brycon ¢ o mais
frequente e a espécie brasileira Brycon orbignyanus ¢ a mais estudada. De acordo com a pesquisa,
a criopreservacdo tem se concentrado principalmente em espécies ameagadas, mas a0 mesmo
tempo elas t€ém importdncia na pesca ou aquicultura, paises com maior diversidade aquatica
apresentam maior nimero de publicagdes, destacando também a participagdo de paises em
desenvolvimento. O congelamento de espermatozoides foi o tipo de pesquisa mais frequente, mas
também houve uma participacdo significativa de pesquisas que tentam preservar oS genomas

materno e paterno, como a técnica de transplante de células germinativas. Por fim, houve menor
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participagdo no numero de publicagdes que tratam de programas de conservagdo que utilizam a
criopreservacdo como ferramenta. Como principal lacuna, observou-se a falta de pesquisas que
realizam estudos de variabilidade genética utilizando criopreservacdo para a conservagao da
biodiversidade de peixes.

Palavras chaves: cienciometria; criopreservagao; peixes; biodiversidade

Introducio

A criopreservagdo ¢ uma técnica de armazenamento em longo prazo a baixas
temperaturas, preservando células e tecidos vivos, bem como material genético. No caso do
congelamento de espermatozoides ¢ possivel armazenar um pool genético por tempo indefinido
para um uso potencial, como inseminagdo artificial e reprodugdo (Tsai et al., 2012). A primeira
pesquisa sobre criopreservagdo de esperma de peixe foi publicada por Blaxter (1953), desde entdo
novas pesquisas surgiram para demonstrar a viabilidade da criopreserva¢do de peixes em um
grande numero de espécies de agua doce e marinhas (Cabrita et al., 2010). A criopreservacao de
esperma de peixe ¢ uma técnica de indiscutivel interesse que pode ser aplicada em diversos
campos de pesquisa e producdo, mas sua maior aplicagdo é certamente na aquicultura comercial
(Cabrita et al., 2010). Em seu uso na conservagdo da biodiversidade de peixes, tem sido uma
alternativa para a preservacdo da variabilidade genética adotada por muitos paises através da
criacdo de bancos de germoplasma (Harvey et al., 1999; Greer and Harvey, 2004). Segundo Pullin
(1998), bancos de germoplasma sdo qualquer colegdo de material genético que mantém
viabilidade futura para fins de estudos, conservagdo ou producdo. Bancos de germoplasma com
material criopreservado ou criobancos incluem o armazenamento de espermatozoides, 6vulos,
embrides, células germinativas e células somaticas (Tsai et al., 2012).

Os espermatozoides sdo a maioria em estudos de criopreservacao devido a estrutura
celular simples, tamanho pequeno e alta resisténcia a refrigeracao (Cabrita et al., 2010). Assim,
quando se trata da conservacao da ictiofauna ameagada, os criobancos de espermatozoides tém

maior relevancia, uma vez que a criopreservacao de Ovulos e embrides ainda ndo apresenta
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resultados satisfatorios quanto a viabilidade celular (Tsai et al., 2012). Uma das principais
contribui¢cdes dos bancos de esperma € a preservacao da variabilidade genética, a reducao da
endogamia em bancos vivos (organismos criados em cativeiro) e a preservagdo de material
genético por longos periodos como medida de seguranca contra futuras extingdes (Carolsfeld et
al., 2003; O'Reilly et al., 2007). A pesquisa sobre criopreservacao ¢ conduzida principalmente
pela busca de diluentes e crioprotetores apropriados para cada espécie (Lahnsteiner et al., 2010),
por novas formas de avaliar e validar a eficacia dos crioprotetores e diluentes (Cabrita et al.,
2014) e pelo fato dos espermatozoides serem células altamente especificas deste modo ¢
necessario testar diferentes crioprotetores para diferentes espécies (Holt, 2000).

Realizamos um estudo cienciometrico focado na pesquisa de criopreservacao de peixes
para conservacao ex situ da biodiversidade. Nossas principais questdoes sdao: Os protocolos de
criopreservacao para espécies ameacadas incluem espécies que nao sdo de interesse econdmico?
H4 um aumento ao longo do tempo nas publicacdes relacionadas a criopreservagao para
conservagao da biodiversidade? Quais sao as biotécnicas mais estudadas em conjunto com a
criopreservagdo que podem contribuir para a conservacao das espécies? Quais sdo os principais
paises que publicaram sobre o assunto? Existe uma tendéncia temporal na qualidade ou
visibilidade dos periédicos medidos pelo fator de impacto em que esses documentos foram
publicados? Quais sdo as principais lacunas do estudo sobre esse assunto?

Material e Métodos

Utilizamos a base de dados Web of Science (Thomson Reuters) referente a produgdo
bibliografica de 1998 a 2017. Os dados foram coletados em maio de 2017. A analise foi realizada
em quatro diferentes campos de busca correspondentes a quatro diferentes combinacgdes de
palavras, foram analisados os artigos que possuiam no titulo, resumo ou palavras-chave as
seguintes combinagdes: campo 1 (fish and cryopreservation and (endangered or threatened))*;

campo 2 (genetic variability and cryopreservation and fish), campo 3: (cryopreservation and fish
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and conservation and biodiversity)* campo 4 (fish and cryopreservation)*. Essas buscas
retornaram 879 artigos, dos quais foram selecionados aqueles que: a - realizaram criopreservagao
de espermatozoides para conservagdo ex situ ou para espécies ameagadas; b- utilizou outras
células ou material bioldégico para criopreservagdo e atribuiu a importincia para fins
conservacionistas; c- fez uso de outras biotécnicas junto com criopreservacdo e atribuiu
importancia para fins conservacionistas; d- citou o uso de esperma criopreservado em projetos de
conservagao ou estudos de variabilidade genética para fins conservacionistas; e- artigos de revisao
sobre criopreservagdo em peixes ou na conservacao da biodiversidade de peixes que tém atribuido
importancia da criopreservacdo na conservacdo da biodiversidade. Pesquisas que ndo
mencionaram a contribui¢ao da criopreservacao para a conservacao da biodiversidade nao foram
incluidas na pesquisa, mesmo que as técnicas desenvolvidas possam ser usadas em prol da
conservagao da biodiversidade. Foram feitas analises dos artigos selecionados referentes a: (i) ano
de publicagao, (i1) periddico e fator de impacto, (iii) nimero de citagdes, (iv) pais do primeiro
autor, (v) espécies utilizadas para criopreservacao e categoria de ameacga (vi) nameros de
diferentes tipos de material biologico criopreservado (6vulos, embrides, células somaticas...) sem
o uso de outras técnicas biologicas, (vii) nimero de técnicas biologicas usadas em conjunto com a
criopreservacdo, (viil) nimero de artigos de revisdo que citaram o uso da técnica para fins de
conservagdo, (iix) nimero de artigos que abordaram estudos de variabilidade genética e
criopreservacdo, (ix) numero de artigos sobre programas de conservacdo que utilizavam
criopreservacdo. Todas as espécies que tiveram esperma congelado foram classificadas nas
categorias de ameaga da IUCN (2016). As espécies que ocorrem no Brasil foram classificadas de
acordo com a lista brasileira (MMA, 2014). Para saber se as espécies encontradas na pesquisa sao
relevantes na aqiiicultura e pesca, foi utilizada a Lista de Espécies para Fins Estatisticos da Pesca
(ASFIS, 2017) da Organizagao de Alimentos e Agricultura (FAO). Esta lista inclui 12 721 itens

de espécies selecionados de acordo com a relacdo com a pesca e/ou aquicultura. Também
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obtivemos os fatores de impacto dos periddicos no Journal Citation Reports (JCR) do ano de
publicacdo de cada artigo. Usamos uma arvore de regressao para identificar possiveis tendéncias
ao longo do tempo no numero de artigos sobre criopreservacao e conservaciao da biodiversidade
de peixes. Esse método divide a varidvel preditora em segmentos compostos por valores similares
da varidvel resposta (Barbosa et al., 2012).

Utilizamos a razao de contribui¢do (% 1000) dos artigos em relagdo ao ntimero total de
artigos publicados no ano correspondente para todos os peridodicos do banco de dados Web of
Science. Posteriormente, os dados foram transformados em log e suavizados usando média mével
de 3 pontos no software PAST 2.17¢ para Windows (Hammer et al., 2001). Para testar se o fator
de impacto dos periodicos nos quais os artigos foram publicados aumentou ao longo dos anos,
padronizamos o fator de impacto de cada periddico dividindo pelo fator de impacto maximo da
categoria correspondente no ano em que foi publicado, quando o a revista teve mais de uma
categoria escolhemos a mais frequente dentro do levantamento para realizar a padronizagao.

Inicialmente, realizamos uma regressao linear. No entanto, devido ao arranjo triangular
dos dados no grafico de dispersao, foi realizado um teste de permutagdo para avaliar se esse
padrao poderia ser gerado por acaso (Bardsley et al., 1999). O teste avalia simultaneamente se a
média e a variagdo dos fatores de impacto aumentaram nos ultimos anos. Utilizamos o software
Ecosim (Gotelli e Entsminger, 2001), modulo "Macroecologia" para realizar a analise.
Resultados

Ao total, foram selecionados 90 artigos que se enquadram nos critérios da pesquisa. A
andlise de arvore de regressao (Fig. 1) dividiu a variavel preditora (ano de publicagdao) em trés
segmentos, antes de 2007, entre 2007 e 2010 e depois de 2010. O segmento de 1998 a 2007
corresponde ao periodo com menos publicacdes com um aumento relativamente constante de
documentos sobre criopreservagdo e conservagdo da biodiversidade. O segundo segmento (2007 a

2010) reflete o periodo com um aumento consideravel no percentual de artigos publicados e o
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terceiro periodo marca uma queda até¢ o ano de 2014 com um posterior aumento até¢ 2017. Um
total de 46 revistas publicaram sobre questdes relacionadas a criopreservacao e conservacao de
biodiversidade de peixes, 31 periddicos contribuiram com apenas um artigo, 5 periodicos
contribuiram com menos de 2 e 10 periodicos contribuiram com mais de dois artigos (Fig. 2a). A
média e variagdo dos fatores de impacto das revistas que publicaram sobre criopreservacao e
conservacgao da biodiversidade de peixes mostraram um aumento das publicagdes em jornais com
menores fatores de impacto ao longo do periodo (Fig. 2b), que ¢ confirmado também apos a
aplicacdo do modelo de simulagcdo de dados onde foi verificado uma tendéncia de diminuicao
(teste para arranjo triangular de dados, P = 0,006). Muitos artigos receberam de 1 a 5 citagdes (24
de 90), 32 artigos receberam de 6 a 15 citagdes e 23 receberam 16 ou mais citagdes, enquanto 11
nao receberam citacoes (Fig. 3a). O artigo mais citado foi Fraser (2008) com 183 citagdes,
seguido de Hangerdorn (2002) com 61 citagdes e Maria et al. (2006) com 57 citagdes. Depois de
padronizar o nimero de citagdes por idade do artigo (dividir o namero de citagdes pelo numero de
anos desde sua publicacao) Fraser (2008), Lee et al. (2013) e Lacerda et al. (2010) foram os mais
citados (Fig. 3b) . Pesquisas em 24 paises publicaram sobre a criopreservacdo como uma
importante técnica para a conservagao da biodiversidade de peixes (Fig. 4a). Vinte artigos foram
publicados por pesquisadores do Brasil seguidos do Japao (12) e Estados Unidos (9). Os
espermatozoides foram a célula mais criopreservada com 55 artigos, seguidos por embrides,
células somaticas e oocitos (Fig. 4b). A principal técnica estudada em conjunto com a
criopreservacao foi o transplante de células germinativas com 10 e androgénia com 2 publicacdes.
Enquanto apenas um estudo realizou um estudo de variabilidade genética usando
criopreservacao, outros dois tratam de programas de conservacdo que usam criopreservagdo como
ferramenta. No total, 47 espécies tiveram o esperma congelado para conservacdo ex situ e foram
consideradas ameagadas pelos pesquisadores. Os Cypriniforme e os Characiformes foram as

ordens melhores representadas. As espécies Brycon orbignyanus, Prochilodus magdalenae e Tork
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khudree tiveram maior frequéncia entre os estudos com criopreservagdo de espermatozoides
(Tabela 1). Dezessete destas espécies nao foram avaliadas pela IUCN (2016) ou pelo MMA
(2014), 7 espécies estdo na categoria de perigo (EN), 9 espécies sdao consideradas pouco
preocupante (LC) e apenas 4 em perigo critico (CR). Destas 47 espécies (Tabela 1), apenas 6 nao
foram encontradas no ASFIFS 2017, sdo as espécies brasileiras, Salminus maxillosus e
Pseudoplatystom corruscans (Carolsfeld et al., 2003), uma espécies da América do Norte,
Ptychocheilus Luciu (Tiersch et al. , 2004) e outra asidtica Varicorhinus macrolepis (Ji et al.,
2008), enquanto outros duas sdo espécies de aquarios Poecilia latipinna e Poecilia reticulate
(Huang et al., 2009)

Discussao

Nossos resultados mostram que houve um periodo de aumento nas publicagdes entre 2007
e 2010 em relacao a criopreservagdo e conservacao da biodiversidade de peixes, apos um declinio
com certa constancia nas proporgdes das publicagdes. Se levarmos em conta o fator de impacto
como uma medida de avaliagdo, os periddicos nos quais os trabalhos foram publicados mostraram
uma tendéncia em diminuir a qualidade, tanto que os periddicos que mais contribuiram tiveram
um fator de impacto menor em sua categoria, como a Crybiology, especialista em criopreservacao
que contribuiu com 13 artigos. Como a pesquisa sobre criopreservagdo ja vem de longa data
comecando na década de 50, o interesse dos periddicos de maior impacto podem ter diminuido
com o passar do tempo.

A frequéncia de citacdo de artigos académicos ¢ frequentemente usada como pardmetro na
avaliacdo da pesquisa (Yoshikane et al., 2013), embora os pesquisadores de cienciometria
geralmente acreditem que as citagdes refletem a influéncia da pesquisa e ndo sua qualidade
(Leydesdorff et al., 2014). Em nosso estudo, havia 11 publicagdes que ndo foram citadas,
enquanto 24 de 90 receberam apenas de 1 a 5 citagdes. Garfield (2006) afirma que a maioria das

publicagdes nunca ¢ citada ou sdo citadas apenas algumas vezes. Essa tendéncia aparece em parte
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na presente pesquisa, uma vez que muitos artigos tiveram poucas ou nenhumas citagcdes, mas
também houve 32 artigos que tiveram seis ou mais citacdes. Considerando a padronizagdo de
dados que exclui o fator idade de publicacdo, o artigo mais citado foi Frase (2008) que trata de
uma ampla revisdo sobre a conservacdo de salmonideos em cativeiro, onde a técnica de
criopreservacao ¢ citada como uma importante ferramenta. Outro artigo entre os mais citados ¢
Lee et al. (2013), que estabelece uma metodologia capaz de derivar 6évulos e espermatozoides
funcionais de espermatogonias tipo A congeladas (ASGs) e Lacerda et al. (2010), onde descreve
uma nova metodologia ndo cirtrgica para o transplante eficiente de espermatogoénias nos
testiculos de tilapia adulta, segundo o autor ¢ de grande valor para preservar ambos os genomas
(materno e paterno) de espécies ameacgadas de extingao.

O Brasil, pais com uma alta biodiversidade de peixes, obteve o maior nimero de primeiros
autores, a pesquisa no Brasil € principalmente focado em espécies migratorias, que sao ameagadas
principalmente por construcdes de barreira (Carosfeld et al., 2003, Maria et al., Souza et al.,
2014). O Japao, que ¢ o segundo pais em nimero de primeiros autores, tem se destacado por
décadas com biotecnologias de ponta (Bartholomew, 1997). Os Estados Unidos em terceiro lugar
tém um alto investimento em infraestrutura e pesquisa, € também possui uma grande area
geografica com alta biodiversidade de peixes, dos quais muitas espécies estio ameacadas (Warren
e Burr, 1994). Destacam-se também os paises com alta diversidade aquatica, como a India e a
China, e a menor participagcdo de outros paises em desenvolvimento, como a Malésia, a Colombia
e a Taiwan. Também destacamos a participacdo de Bangladesh, em quarto lugar na pesquisa, € o
terceiro pais da Asia com maior diversidade aquatica e onde ha esfor¢os para criar criobancos
para a conservacgdo de espécies (Bart, 2002).

Publicagdes que usaram espermatozoides para criopreservagdo sdo de longe o maior
numero dentro da pesquisa, embora a técnica tenha sido aplicada com sucesso em

espermatozoides de muitas espécies de peixes, faltam métodos viaveis para a preservagdo em
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longo prazo de ovos e embrides (Cabrita et al., 2010). Foram levantados 2 estudos sobre a
viabilidade da criopreservacao de células somaticas, os autores afirmam que, quando gametas e
embrides nao estdo disponiveis, um criobanco de tecidos somaticos ¢ uma possibilidade de
manter um registro de valor genético de peixes em um contexto de conservagao da biodiversidade
(Maugeret et al., 2006; Moritz et al., 2008). A técnica mais utilizada juntamente com a
criopreservacdo, com o total de 10 publicagdes levantadas, ¢ o transplante de células
germinativas, que tem se mostrado mais promissor em relagdo aos oocitos e embrides na tentativa
de preservar tanto as partes maternas quanto paternas da espécie (Kobayashi et al., 2007; Lacerda
et al., 2010; Yoshizaki et al., 2011).

Desta forma, técnicas de congelamento de diferentes linhagens germinativas (células
germinativas primordiais, espermatogonias, producao de quimera) podem ser desenvolvidas. Essa
técnica de criopreservacao deve estar associada ao transplante em hospedeiros antes que o sistema
imunologico se desenvolva, a fim de gerar évulos e espermatozoides vidveis (Kobayashi et al.,
2007). Uma combinagdo de transplante espermatogdénico e criopreservacdo pode ser uma
ferramenta poderosa para preservar linhagens de peixes valiosas com caracteristicas genéticas
desejaveis assim como para espécies ameagadas (Yoshizaki et al., 2011; Swanson et al., 2008). A
segunda técnica com o maior nimero de pesquisas ¢ a androgénese, uma forma de manipulagdo
de conjuntos cromossomicos que ¢ bem estudada em peixes, ¢ induzida de forma semelhante a
tetraploidia, exceto que os cromossomos maternos sao inativados por irradiacdo e que apos dobrar
o nucleo paterno em a primeira mitose gera homozigose completa. Este processo levanta a
possibilidade de recuperar linhas de pesquisa perdidas ou espécies extintas. Se espermatozoides
criopreservados estiverem disponiveis a partir de uma determinada linhagem ou espécie, ele pode
ser usado para produzir progénies homozigotas por androgénese irradiando o 6vulo por outra
linhagem ou espécies diferentes (Tiersch, 2001). A criopreservagdo permite a andlise da

variabilidade genética do material biologico enquanto outra parte ¢ armazenada para uso potencial
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(Fopp-Bayat e Andrzej, 2012). Uma clara lacuna na pesquisa € apenas uma publicacdo que
utilizou criopreservacao para variabilidade genética em estudos de conservacao, essas pesquisas
sdo importantes porque as espécies criadas em cativeiro e os programas de reintroducdo t€m altos
riscos genéticos associados, como depressdo na variabilidade genética, derivas entre outros (Favé
et al., 2008). Duas publicagdes relatam programas de conservacdo de peixes em que a
criopreservacdo ¢ uma ferramenta adotada, Wang et al. (2011), trata sobre praticas de
conservagao do esturjdo chinés (Acipenser sinensis), uma espécie protegida pelo governo da
China e Akbulut et al. (2011), que trata do potencial de reabilitacdo de populagdes de esturjao em
aguas turcas.

A maioria das espécies do levantamento estdo entre as categorias de ameaga pouco
preocupante (LC) ou em perigo (EN). Muitos ndo foram avaliados pelo ICUN (2016) ou pelo
MMA (2014), mas a importancia da criopreservagao para a conservagdo foi citada como a
conservagao de estoques ameacados de populacdes (Jesenet al., 2008), a criagdo de protocolos
para conservagao de grupos de espécies (Huang et al., 2009) ou de conservagdo ex situ para a
conservagao da biodiversidade (Carosfeld et al., 2003; Tian et al., 2008). Outras espécies que nao
foram classificadas como ameagadas pela ICUN (2016) sdo consideradas ameagadas de extin¢ao
na China como V. variegatus (Tian et al., 2008) e na Malésia 7. douronensis (Chew et al., 2010b).
A espécie com maior frequéncia ¢ a B. orbignyanus, uma espécie migratoria ameacada de
extingdo no Brasil e tem grande potencial para programas de aquicultura e programas de
repovoamento (Maria et al., 2006). Apenas quatro espécies foram consideradas criticamente
ameacadas, provavelmente porque os estudos de criopreservagdo sdo principalmente focados em
espécies comerciais, entdo a grande maioria das espécies com espermatozoides criopreservados
também tem potencial para aquicultura ou pesca, conforme verificado na Lista Estatistica da
Agricultura e Alimentacdo das Nagoes Unidas (ASFIS, 2017) onde a maioria das espécies nesta

pesquisa foi encontrada. Entre as poucas espécies que ndo estavam na lista ainda temos duas
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espécies de aquarios as quais podemos considerar que possuem valor comercial. Também
enfatizamos que € mais simples testar protocolos de criopreservagdo para espécies em cativeiro do
que para animais silvestres.

Apesar da crescente preocupagdo com a conservagao da biodiversidade da fauna aquatica,
a pesquisa sobre criopreservagao focada na conservagao de espécies de peixes apresentou uma
queda navisibilidade considerando o fator de impacto como medida, porém a criopreservacgao ja ¢
utilizada como parte de programas de conservacao em muitos paises (Bart, 2002; Akbulut et al.,
2011; Wang et al., 2011). Acreditamos que cada vez mais fardo parte de programas de
conservagao ex situ e do restabelecimento de populagdes silvestres pela possibilidade de manejo
da variabilidade genética, mas ¢ necessario aumentar o numero de pesquisas sobre a possibilidade
de tal manejo utilizando a criopreservacao. De certa forma, a criopreservagao de esperma de peixe
pode ser considerada um seguro importante, especialmente para populacdes humanas, contra a
extingao de espécies de importancia econdmica.
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Fig. 1. log de proporg¢ado de artigos (x 1000) sobre a criopreservacao relacionada a conservacao
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conservacgao da biodiversidade de peixes indexados na Web of Science de 1998 a 2017 (a) e
variagdo temporal no fator de impacto padronizado (fator de impacto do periédico em um
dado ano dividido pelo o fator de impacto maximo de um periddico na categoria
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Tabela 1- Referéncias das publicagdes que criopreservaram o esperma de espécies ameagadas com a respectiva

categoria de ameaca ¢ indicagdo das espécies ndo encontradas na ASFI (2017).

Espécies CA Referéncias Espécies CA  Referéncias
Acipenseriformes
Abed-Elmdoust et al. (2015
Acipenserpersicus CR Ab: d—El$ dgﬁzt :t :l. 52017; *Poecilia latipinna LC  Huang et al. (2009)
Scaphirhynchus albus EN Wayman et al. (2008) *Poecilia reticulate NE  Huang et al. (2009)
Characiformes Xiphophorus couchianus CR  Yangetal. (2009)
Brycon insignis EN Viveiros et al. (2011) Xiphophorus helleri NE Yangetal. (2007)
Brycon siebenthalae NE Cruz et al. (2004) Gadiformes
Brycon opalinus « Orfdo et al. (2011)
VU Viveiros et al (2012) Gadus morhua VU Buttsetal. (2011)
Carolsfeld et al. (2003)
. Maria et al. (2006)
Brycon orbignyanus EN"  Viveiros et al. (2008; 2010; 2015) Lota lota NE  Jensen et al. (2008)
Galo et al. (2011)
Souza et al. (2014)
Leporinus obtusidens LC Viveiros et al. (2008) Perciformes
. . Nunes et al. (2016) . .
Prochilodus brevis NE Silva et al. (2017) Anarhichas lupus DD Le Frangois et al. (2008)
Nascimento et al. (2017)
Prochilodus lineatus Carolsfeld et al. (2003) . . .
NE Viveiros et al (2008: 2015) Anarhichas minor NT  Le Frangois et al. (2008)
Souza et al. (2014)
. Martinez et al. (2012)
Prochilodus magdalenae NE Martinez ct al. (2013) Nandus nandus LC  Sarderetal. (2012)
Atencio et al. (2015)
. . . Carolsfeld et al. (2003) o "
Piaractus mesopotamicu NE Souza et al. (2014) Maccullochella peelii CR  Daly etal. (2008)
Hucho hucho EN Aramli et al. (2014) Rhinogobius sp - Yokoi et al. (2008)
Salminus brasiliensis NE  Viveiros et al. (2009) Pleuronectiformes
*Salminus maxillosu NE  Carolsfeldet al. (2003) Verasper variegatus NE  Tian etal. (2008)
Leporinus elongatus NE  Carolsfeldet al. (2003) Salmoniformes
Cypriniforme Coregonus lavaretus VU  Ciereszko et al. (2008)
Probarbus jullieni EN Chew et al. (2010)* Hucho hucho EN  Nyncaetal. (2015)

. N . Horvath et al. (2012)
Cyprinus carpio VU Linhart et al. (2000) Thymallus thymallus LC Nynca et al. (2015)
Labeo calbasu LC Nahiduzzaman et al. (2012) Oncorhynchus formosanus CR  Gwoet al. (1999)
Labeo rohita LC Routray et al. (2006) Oncorhynchus mykiss NE  Aguilar-Juarez (2014)
thychocheilus Lucius vu Tiersch et al. (2004) Salmo trutta caspius LC  Rahimi et al. (2016)
*Varicorhinus macrolepis ~ LC Ji et al. (2008) Siluriformes
Tanakia limbata NE Ohta et al (2001) Ompok pabda NT  Sarder et al. (2013)

Basavaraja et al. (2004) .
Tork hudree EN Basavaraja et al. (2006) Silurus glanis Lc Linhartetal. (2005)
Patil et al. (2005), (2016)
Tor putitora EN Patil et al. (2005) * Pseudoplatystom corruscans NE  Carolsfeld et al. (2003)
Tor tambroides DD Chew et al. (2010)° Synbranchiformes
Tor douronensis NE Chew et al. (2010)° Mastacembelus armatus LC  Rahman etal. (2016)
Puntius sarana NE Nahiduzzaman et al. (2011)

“Espécies ndo encontradas na ASFI (2017). MMA (2014), outras espécies [UCN, (2016). Categoria de ameaga (CA):
criticamente em perigo (CR), em perigo (EN), quase ameagada (NT), vulneravel (VU), pouco preocupante (LC), dados
deficientes (DD), nao avaliado (NE).
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http://www.fishbase.org/summary/OrdersSummary.php?order=Acipenseriformes
http://www.fishbase.org/summary/OrdersSummary.php?order=Characiformes
http://www.fishbase.org/summary/OrdersSummary.php?order=Gadiformes
http://www.fishbase.de/summary/OrdersSummary.php?order=Cypriniformes
http://www.fishbase.org/summary/OrdersSummary.php?order=Salmoniformes
http://www.fishbase.org/summary/OrdersSummary.php?order=Cypriniformes
http://www.fishbase.org/summary/OrdersSummary.php?order=Siluriformes

Normas da revista

Brazilian Journal of Biology

O Brazilian Journal of Biology publica resultados de pesquisa original em qualquer ramo das ciéncias
biolégicas. Estard sendo estimulada a publicacdo de trabalhos nas areas de biologia celular,
sistematica, ecologia (auto-ecologia e sinecologia) e biologia evolutiva, e que abordem problemas da
regido neotropical. A revista publica somente artigos em inglés. Artigos de revisGes de temas gerais
também serdo publicados desde que previamente propostos e aprovados pela Comissao Editorial.
Informagdes Gerais: Os originais deverdo ser enviados a Comissao Editorial e estar de acordo com as
Instrucbes aos Autores, trabalhos que ndo se enquadrem nesses moldes serdo imediatamente
devolvidos ao(s) autor(es) para reformulagdo. Os trabalhos que estejam de acordo com as Instrucées
aos Autores, serdao enviados aos assessores cientificos, indicados pela Comissdo Editorial. Em cada
caso, o parecer sera transmitido anonimamente aos autores. Em caso de recomendacdo desfavoravel
por parte de um assessor, sera usualmente pedida a opinido de um outro. Os trabalhos serdo
publicados na ordem de aceitagdo pela Comissdo Editorial, e ndo de seu recebimento. Os artigos
aceitos para a publicacdo se tornam propriedade da revista.

Preparagao de originais

O trabalho a ser considerado para publicacdo deve obedecer as seguintes recomendacgdes gerais: Ser
digitado e impresso em um sé lado do papel tipo A4 e em espaco duplo com uma margem de 3 cm a
esquerda e 2 cm a direita, sem preocupag¢do de que as linhas terminem alinhadas e sem dividir
palavras no final da linha. Palavras a serem impressas em italico podem ser sublinhadas.O titulo deve
dar uma idéia precisa do conteudo e ser o mais curto possivel. Um titulo abreviado deve ser
fornecido para impressao nas cabecas de pagina.

Nomes dos autores — As indicacGes Junior, Filho, Neto, Sobrinho etc. devem ser sempre antecedidas
por um hifen. Exemplo: J. Pereira-Neto. Usar também hifen para nomes compostos (exemplos: C.
Azevedo-Ramos, M. L. Lopez-Rulf). Os nomes dos autores devem constar sempre na sua ordem
correta, sem inversoes. Nao usar nunca, como autor ou co-autor nomes como Pereira-Neto J. Usar e,
y, and, et em vez de & para ligar o Ultimo co-autor aos antecedentes.

Os trabalhos devem ser redigidos de forma concisa, com a exatiddo e a clareza necessarias para sua
fiel compreensdo. Sua redacdo deve ser definitiva a fim de evitar modificacbes nas provas de
impressao, muito onerosas e cujo pagamento ficara sempre a cargo do autor. Os trabalhos (incluindo
ilustracdo e tabelas) devem ser submetidos através da interface de administracdo do sistema
“Submission da SciELO” cujo endereco www.scielo.br/bjb (SUBMISSAO - ONLINE).

Serdo considerados para publicacdo apenas os artigos redigidos em inglés. Todos os trabalhos
deverdo ter resumos em inglés e portugués. Esses resumos deverdo constar no inicio do trabalho e
iniciar com o titulo traduzido para o idioma correspondente. O Abstract e o Resumo devem conter as
mesmas informagdes e sempre sumariar resultados e conclusdes.

Em linhas gerais, as diferentes partes dos artigos devem ter a seguinte seriagdo:

12 pagina — Titulo do trabalho. Nome(s) do(s) autor(es). Instituicdo ou instituicdes, com enderego..
Palavras-chave em portugués e inglés (no maximo 5). Titulo abreviado para cabeca das paginas.
Rodapé: nome do autor correspondente e endereco atual (se for o caso).

22 pagina e seguintes — Abstract (sem titulo); Introdugdo, Material e Métodos, Resultados,
Discussao, Agradecimentos.

Em separado - Tabelas e Figuras.

O trabalho devera ter, no maximo, 25 paginas, incluindo tabelas e figuras, em caso de Notes and
Comments limitar-se a 4 péginas.

A seria¢do dos itens de Introducdo e Agradecimentos s se aplicam, obviamente, a trabalhos capazes
de adota-la. Os demais artigos (como os de Sistematica) devem ser redigidos de acordo com critérios
geralmente aceitos na drea.
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1. Citagdo no texto: Use o nome e o ano de publicagdo: Reis (1980); (Reis, 1980); (Zaluar and Rocha,
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2. Cita¢des na lista de referéncias devem estar em conformidade com a norma ISO 690/2010.
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ABSTRACT

The objective of this study was to evaluate the use of different amides as an alternative for the
cryopreservation of sperm from the endangered species, Brycon orbignyamus, an important
fish for aquaculture in Brazil. The cryoprotectants which were combined with Beltsville
Thawing Solution™ extender, each at the concentrations of 2.5%, 5.0%, 7.5%, and 10%, were
as follows: (1) dimethylacetamide (DMA), (2) dimethylformamide (DMF), and (3)
methylformamide (MF). The cyoprotectant methylglycol (MG, 10%) was used as a control
group. Therefore, 13 treatment groups were performed. The sperm were diluted in each
cryoprotectant, loaded into 0.25-mL straws, frozen in a nitrogen vapor vessel (dry shipper),
and stored in liquid nitrogen at -196 °C. The following sperm-movement parameters were
measured using CASA: total motility (TM), progressive motility (PM), curvilinear speed
(VCL), rectilinear speed (VSL), average path velocity (VAP), curved line distance (DCL),
straight line distance (DSL), average path distance (DAP), straightness (STR), linearity (LIN),
wobble (WOB), cross beat frequency (BCF) and sperm movement duration (SMD). In order
to assess DNA fragmentation index, lipid peroxidation, cell integrity, integrity of plasma

membrane, membrane fluidity, mitochondrial functionality, and reactive oxygen species, flow
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cytometry was used. The best results were obtained with 7.5% DMF, among all the amides
tested, with sperm motility (66%) significantly higher than the other cryoprotectants evaluated
(P < 0.05). DMF (7.5%) exhibited higher velocities and distances, and lower ROS production
and lipoperoxidation, in comparison to MG (P < 0.05). It also exhibited high membrane
integrity (84.5%) and cell integrity (98.7%), and low membrane fluidity (20.3%) (P < 0.05).
MG (10%) exhibited only 38% motility, lower mitochondrial protection (39.8%), and higher
DNA fragmentation index (0.07), despite the high membrane integrity observed (85.6%). The
DMF concentration of 7.5% demonstrated greater protection of sperm function and cellular

structure, and is therefore recommended for the cryopreservation of B. orbignyamus

Keywords: cryoprotectants, amides, conservation, B. orbignyamus, CASA, flow

Cytometry

1. Introduction

Brazilian migratory fish are known as piracema fish. During the spawning season,
these fish migrate upstream, in order to find clean water to spawn. Overfishing, changes in
rivers, urbanization, and construction of dams are among the major causes for population
decline in these species (Carosfeldet et al., 2003). Among these migratory fish is B.
orbignyanus (Valenciennes, 1849) of Characiformes order, popularly known as piracanjuba.
This species is found in the Parana-Uruguay basin, mainly in Grande and Parand rivers
(Zaniboni-Filho et al., 2006). The species is threatened with extinction and is classified as an
endangered species (MMA, 2014). Piracanjuba is a well-studied species with a great potential
in aquaculture and is also used in the conservation programs in Brazil, including the
repopulation programs (Lopera-Barrero et al., 2010). An important advantage of
cryopreservation technique is that, in addition to being associated with long-term genotype
conservation as a safeguard for endangered species, it is also necessary for conservation
programs (Frase, 2008). The possibility of maintaining, manipulating, and managing the
genetic variability in live gene banks and cryobanks is facilitated by the use of this technique
(Cabrita et al., 2010; Horvath et al., 2012). This is mainly due to the possibility of genetic
variability analysis of the biological materials, while a part is preserved for potential use
(Fopp-Bayatet et al., 2012).

Until 2017, 10% methylglycol (MG) was recommended as the suitable cryoprotectant
for freezing the sperm of endangered species, especially from genus Brycon (Maria et al.,

2006; Oliveira et al., 2007; Orfao et al., 2011). Although methylglycol together with dimethyl
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sulfoxide are the most common cryoprotectants used for Characiformes order (Salmito-
Vanderley et al.,, 2014), each species requires a specific protocol, as the diluents and
cryoprotectants may exhibit different toxicities because the biochemical composition of the
seminal plasma varies between the species (Holt, 2000a).

Another group of penetrating cryoprotectants includes amides, which have been
investigated as an alternative to other types of cryoprotectants, with cell viability results pos-
thaw better than glycerol and DMSO, in bird species (Alvarenga et al., 2005), kangaroos
(McClean et al., 2008), and swine (Bianchi et al., 2008) and have been successfully tested for
Characiformes, as well as for other fish species, (Babiak, 2008; Varela et al., 2012). Amides,
may be useful as a cryoprotectant because of its low molecular weight and high cell
permeability. Their lower molecular weights allow more easily and rapidly while entering and
while specially leaving the cell more rapidly during sperm thawing, thus causing less osmotic
stress (Pena et al., 2011). In this way the amides may be a more suitable cryoprotective for B.
orbignyanus, since it has not yet been tested for this species.

Although there are certain species of the native fish that already have a cryoprotectant
established for their cryopreservation, there is nonetheless a requirement to aim for improved
results. Another important factor that requires improvement in the cryopreservation research
is the sperm quality analysis protocol. This can improve the understanding of the mechanisms
through which sperm are affected and the factors that influence sperm quality (Cabrita et al.,
2014). The analysis of structural levels of the membrane, mitochondria, and biochemical
parameters that promote cell damage, such as the production of reactive species of oxygen
(ROS) and lipoperoxidation (LPO), could contribute in controlling sperm quality during
freezing.

The objective of this study was to perform a structural and functional evaluation of the
sperm cells from B. orbignyanus using the amides: dimethylformamide, methylformamide,
and dimethylacetamine, each at the concentrations of 2.5%, 5.0%, 7.5%, and 10%, using 10%

methylglycol as a control.

Materials and methods
1.1. Sperm collection and post-thaw evaluation using CASA

All the reagents used in this experiment were obtained from Sigma Chemical
Company (St. Louis, MO, USA), unless mentioned otherwise. Fish (B. orbignyanus) were

supplied by Piscicultura Panamé in Paulo Lopes, Santa Catarina, Brazil. The collection was
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performed in December at the peak of breeding season; therefore, no hormonal induction was
necessary. Only animals weighing over 1 kg were used in our study. In order to prevent sperm
activity due to the contact with water, urine, or excrement, the fish were dried with a cloth and
the urogenital orifice was cleaned with a paper towel. Samples were collected using
abdominal massage and the biological material was collected directly into sterile test tubes.
Immediately after collection, the samples were analyzed under a phase-contrast microscope at
200x magnification (Olympus BX41, 400x).

Any sperm motility (auto-activation) observed was considered urine or water
contamination, and the sample was discarded. In order to analyze the selected samples, 1 pL
of semen from each sample along with 99 pL of distilled water was placed on a slide and
observed under the microscope. Only samples containing at least 80% moving cells were used
for further analysis. Sperm samples from 10 males were used for this experiment with each
male representing one biological replicate (n = 10). Samples from each treatment was diluted
at 1:10 ratio (sperm: extender with cryoprotectant), packaged into 0.25 mL straws, and frozen
in a dry shipper (Taitson et al., 2008, Varela et al., 2012). The extender solution was the
Beltsville Thawing Solution (BTS™), composed of 37 g glucose, 6 g sodium citrate
dehydrate, 1.25 g sodium bicarbonate, 1.25 g ethylene diaminetetraacetate, and 0.9 g
potassium chloride (Pursel and Jonhson, 1975). The 13 treatments were diluted in BTS™,
which are: MF, DMF, and DMA, each at the concentrations of 2.5%, 5.0%, 7.5%, and 10%,
and MG at a concentration of 10% as control (Maria et al., 2006). The equilibration time was
15 min for MG (Lopez et al., 2015) and 2 min for the amides (Varela et al., 2012) at room
temperature. After a month, the straws were thawed in a water bath at 45°C for 10s (Varela et
al., 2012) and post-thaw sperm quality was immediately estimated using the CASA system
and flow cytometry. The thawed sperm was activated by using 5 pL distilled water for 1 uL of
sperm, and the activity was recorded using Computer Assisted Semen Analysis (CASA). In
order to perform this evaluation, 10 fields with at least a total of 100 cells were captured, and
the activation was repeated 2 times up to 5 field captures. The parameters evaluated were total
motility (TM), progressive motility (PM), curvilinear speed (VCL), rectilinear speed(VSL),
average path velocity (VAP), curved line distance (DCL), straight line distance (DSL),
average path distance (DAP), straightness (STR), linearity (LIN), wobble (WOB) and cross
beat frequency (BCF). The sperm movement duration (SMD) after sperm activation was
determined based on the time of complete arrest of the progressive movement of the

spermatozoa (Sorensen, 1979).
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2.2. Flow cytometry

Attune® Acoustic Focusing Flow Cytometer (Applied Biosystems, Waltham, MA
USA) was used in our study. The non-sperm cells were removed on the basis of FSC/SSC
dispersion plots, and the debris was removed by staining the cells with Hoechst 33342 stain at
a concentration of 16.2 uM, except while measuring DNA fragmentation index (Petrunkina et
al., 2005). A total of 10,000 spermatozoa per sample of sperm were analyzed with a flow rate

of 200 cells/s using Attune Cytometric Software V2.1.

2.2.1. Integrity of the plasma membrane (IPM)

Membrane integrity was verified by using fluorophores, SYBR-14 and propidium
iodide (PI) (MiniTube, Tiefenbach, Germany). Sperm aliquots were homogenized and
incubated at room temperature for 10 min with a fluorescent probe containing 0.25 mM of
SYBR-14 and 7.5 uM of PI. The sperm cells were classified as not-damaged and functional
membrane (SYBR+/PI-), and damaged and/or non-functional membrane (SYBR+/PI+;
SYBR—/PI+; SYBR—/PI-). The rate was calculated from the number of not-damaged sperm
cells with functional membrane/number of sperm cells positive for H 33342; this number was

multiplied by 100 to express the percentage of spermatozoa for each category.

2.2.3. Mitochondrial functionality (MIT)

Rhodamine 123 (13 pM) and IP (7.3 uM) were used to assess the mitochondrial
function according protocol previously described (Liu et al., 2015). Briefly, only intact sperm
cells (IP-) were selected and classified into cells with high functionality (high fluorescence,
high accumulation of Rhodamine) and cells with low functionality (low fluorescence, low

accumulation of Rhodamine) (Liu et al., 2015).

2.2.4. DNA fragmentation index (DFI)

DNA fragmentation index was determined using the fluorescent probe acridine orange
metachromatic and Sperm Chromatin Structure Assay (SCSA). In order to perform this
evaluation, 5 pL aliquots of sperm, TNE [0.01 M Tris-HCI, 0.15 M NaCl, 0.001 M EDTA,;
pH 7.2], and Triton [Triton X-100, 0.1% (v/v)] were mixed for 30 s. Acridine orange was
added only at the moment of reading, which did not exceed the duration of 2 min after the
addition of the probe. The solution was diluted in 500 pL PBS in order to obtain appropriate

cytometer readings. The results were obtained using BL1 (green fluorescence) and BL3
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detectors (red fluorescence), which equals red fluorescence / total (green+ red) fluorescence

(Lewin et al., 1999).

2.2.5. Concentration of reactive oxygen species (ROS)

Concentration of ROS was determined using the fluorescent probe, we used the
fluorescent dye 2,7 -dichlorodihydrofluoresceindiacetate, which emits green fluorescence
when oxidized by intracellular ROS, at a final concentration of 1.0 uM, and IP at a final
concentration of 7.3 uM. The median intensity of green fluorescence for only live sperm (IP-)

was used (Dominguez-Rebolledo et al., 2011).

2.2.6. Lipid peroxidation (LPO)

Lipid peroxidation was determined using C11-BODIPY added to the sample at a final
concentration of 1 uM (Hagedorn et al., 2012), incubated for 2 h at room temperature (20 °C);
only the live spermatozoa were analyzed. Green fluorescence represented peroxidized lipid
and red fluorescence represented no peroxidation of lipid. The lipid peroxidation rate of the
sperm was calculated as: the median intensity of green fluorescence/ (mean green

fluorescence intensity + mean red fluorescence intensity) x 100.

2.2.7. Membrane Fluidity (FLU)

In order to evaluate Membrane Fluidity, we used 2.7 uM hydrophobic merocyanine
540 (M540) and 0.1 uM YO-PRO-1 (Invitrogen, Eugene, OR, USA) with the sample for 5
min. High fluidity (high concentration of M540) and low fluidity (low concentration of
M540) cells were evaluated only for intact spermatozoa (YO-PRO-1 negative) (Fernandez-
Gago et al., 2013). The membrane flow rate was calculated as: the number of spermatozoa
with high fluidity/ (number of spermatozoa with low fluidity + spermatozoa with high
fluidity) x100.
2.2.8. Cell integrity (CI)

We used propidium iodide (PI), which emits red fluorescence, at a concentration of 7.3
uM to verify cell integrity. The sperm were classified as non-disrupted (IP negative) and
disrupted (IP positive). The cell integrity rate was calculated as: the number of spermatozoa

non-disrupted/ (the number of spermatozoa disrupted + spermatozoa non- disrupted) x 100.
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2.3. Statistical analysis

In this study, all the variables were normally distributed according to Shapiro—Wilk
test, and descriptive data (mean and standard error of the mean) were generated for each of
the dependent variables: MT, SMD, PM, VCL, VSL, VAP, DCL, DSL, DAP, LIN, STR,
WOB, BCF, mitochondrial functionality, reactive oxygen species, cell integrity, plasma
membrane integrity, membrane fluidity, and DNA fragmentation index. The effects of the
cryoprotectant combinations and concentrations on the responses were tested by two-way
analyzed of variance ANOVA, and the means were analyzed using the LSD test. The
Pearson's correlation coefficients using only the control treatment. Statistix® 2009 software

was used for analysis.

3. Results
3.1. CASA and duration of motility period

The use of 7.5% DMF (Fig. 1A) presented the highest values for total and progressive
motility in comparison to the other cryoprotectants with an improvement of 73.94% in total
motility and 113.1% in progressive motility, in comparison to the control treatment of 10%
MG (P < 0.05). The highest values for curvilinear velocity and curvilinear distance (Fig. 1B,
1C) were also observed with 7.5% DMF (P < 0.05), and these values demonstrated no
differences when compared to those observed with 10% DMF (P >0.05). The parameters of
VSL, VAP, DSL, and DAP (Fig. 1B, 1C) also presented higher values with 7.5% DMF
compared to the other treatments, with the exception of 5.0% and 10% DMF, for which no
difference was observed (P > 0.05). The amide DMF 7.5% is among the highest values
observed for STR, LIN, Wobble and BCF (Fig. 2A, 2B, 2C and 2D). The duration of sperm
movement (SMD) did not demonstrate any differences (Fig. 3A) with DMF at the
concentrations of 5.0% and 10%, and with DMA at the concentration of 5.0% (P > 0.05);
whereas, in comparison to the other treatments, the DMF concentration of 7.5% exhibited

higher values (P < 0.05).

3.2. Flow cytometry

The cryoprotectants that presented the highest mitochondrial protection (Fig. 3B) were
DMA at the concentrations of 2.5%, 5.0%, and 10%, DMF at 2.5%, 7.5%, and 10%, and MF
at all the concentrations tested (P < 0.05). MG presented the lowest mitochondrial protection
value among all the cryoprotectants tested (P < 0.05). In the evaluation of cell integrity (Fig.

3C), less protection was observed with the use of 10% MG (P < 0.05), which demonstrated no
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difference with 2.5% and 5.0% concentrations of MF (P > 0.05). The membrane integrity
(Fig. 3D) was maintained in all the treatments, the lowest values were observed with 2.5%
DMA and 2.5% MF (P < 0.05). Higher membrane fluidity (Fig. 3E) was observed with the
use of 2.5% and 10% MF, and lower membrane fluidity was observed with the use of 5.0%
MF, 5.0% and 7.5% DMA, 5.0%, 7.5%, and 10% DMF, and 10% MG (P < 0.05). There was a
lower production of ROS (Fig. 3F) with the use of 7.5% and 10% DMF, 2.5%, 5.0%, and
10% DMA, and 7.5% MF (P < 0.05). The concentrations of 7.5% and 10% DMF
demonstrated higher protection against lipoperoxidation (Fig. 3 G) when compared to10%
DMA, 2.5% DMF, 7.5% MF, and 10% MF (P < 0.05). In the fragmentation of DNA (Fig.
3H), while smaller values were observed with the use of amides, 10% MG exhibited a greater
fragmentation compared to the other cryoprotectants (P < 0.05). Correlations among total
motility, mitochondria, sperm move duration, lipid peroxidation, concentration of reactive
oxygen species, and cell integrity are depicted (Fig. 4). The DNA fragmentation index
demonstrated a negative correlation with the parameters: total motility, mitochondria and
integrity of the plasma membrane (P < 0.004). Correlations were also observed between lipid

peroxidation and concentration of reactive oxygen species (P <0.01).

4. Discussion

This study is a pioneer in using amides for the cryopreservation of B. orbignyanus
sperm. Our results clearly demonstrate that the addition of DMF at a concentration of 7.5% in
the BTS™ extender leads to better results in terms of motility, mitochondrial functionality,
ROS generation, lipid peroxidation, and DNA fragmentation index, in comparison to the
control treatment of 10% MG (P < 0.05). To date, 10% MG has been considered the best
cryoprotectant for B. orbignyanus sperm conservation as it was compared only with dimethyl
sulfoxide and methanol (Maria et al., 2006). When 10% MG in BTS™ was used for the
cryopreservation of B. orbignyanus sperm in a previous study, 42% motility was observed
(Viveiros et al., 2015); a value close to that obtained in our study. Amides are organic
compounds derived from carboxylic acids by replacing the hydroxyl (-OH) with the amino (-
NH2) group, while glycols are any of a class of organic compounds belonging to the alcohol
family in the molecule of a glycol, two hydroxyl (—OH) groups are attached to different
carbon atoms. Both belong to the group of penetrating cryoprotectants, which act by means of
their colligative properties, decreasing the intracellular freezing point, decreasing the
intracellular concentration of solutes and creating a less harmful environment for sperm

during freezing (Holt, 200b).
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The advantages of its use must be associated with the benefits of the protective effect
against its harmful toxic effect. In the evaluation of sperm kinetics, the use of the amide DMF
at a concentration of 7.5% was observed to be more effective in the preservation of the
movement, presenting better results for velocity and distance parameters compared to the
other cryoprotectants. As with total (Urbanyi et al., 2006; Liu et al., 2007; Espinoza et al.,
2010; Dziewulska et al., 2011; Babiak et al., 2012; Varela et al., 2012; Kainin et al., 2014),
and progressive motility (Maria et al., 2015; Gallego et al., 2017) the values for velocities,
(Viveiros et al., 2010; Dziewulska et al., 2011; Babiak et al., 2012; Maria et al., 2015;
Figueroa et al., 2016; Gallego et al., 2017) and linearity (Martinez et al., 2012) correlated with
the rate of fertilization. The evaluation of these parameters in the sperm quality analysis is of
great value as it renders the evaluation of the rate of fertilization and hatching unnecessary,
thus avoiding the loss of female reproductive material and the difficulty encountered in that
evaluation due to the variability in the quality of the eggs.

Regarding the mitochondrial functionality values, the only one that was inferior to the
other treatments was the one observed with 10% MG (P < 0.05). It is recognized that
cryopreservation causes damage to the cell structures and that there is a positive correlation
between mitochondrial functionality and motility (r = 0.20; P < 0.05, Fig. 4), as there is a
change in the biochemical process involved in the production of ATP, causing a reduction in
sperm motility (Figueroa et al., 2017). Among all the concentrations of cryoprotectants tested,
the 7.5% concentration of amide DMF exhibited a lower production of ROS and LPO. ROS
production is one of the major causes of the deleterious effects of cryopreservation in sperm
cells. The imbalance between the presence of ROS and sperm antioxidant activity is the main
cause of cryogenic damages in sperm, while the specific cellular structure of spermatozoa,
with little cytoplasm and low antioxidant power, makes these cells even more vulnerable to
free radical damage (Bollwein et al., 2008).

Oxidative stress also produces lipid peroxidation (r = 0.33; P < 0.05, Fig. 4), which
may cause irreparable damage to the plasma membrane, rendering the cell inactive. The
plasma membrane is an important structure that could be damaged during cryopreservation
(Segovia et al., 2000). It plays a fundamental role in the maintenance and establishment of
cellular homeostasis (Hammerstedt et al., 1990). Most of the cryoprotectants exhibited
membrane preservation greater than 80%, implying that the evaluation of plasma membrane
integrity does not hold a paramount importance in choosing the most effective cryoprotectant,

as no differences were observed between the following treatments: 7.5% and 10% DMA,
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2.5%, 5.0%, and 7.5% DMF, 5.0%, 7.5%, and 10% MF, and 10% MG. Several
cryoprotectants exhibited low membrane fluidity, indicating greater stability of the plasma
membrane. The amides maintained the membrane structure better when compared to MG.
Methylglycol did not exhibit the same protection against cellular disruption, as verified
through the cellular integrity evaluation, where the value observed with MG was lower than
those observed with most of the amides (P < 0.05), presenting no differences with the
treatments 2.5% DMA and 5% MF (P > 0.05).

The DNA fragmentation index of the 10% MG treatment was higher than all the other
treatments (P < 0.05). The DNA fragmentation is the most frequently observed anomaly in the
infertile individuals (Tamburino et al., 2012). This induces the occurrence of DNA with
structural imperfections between improperly paired nucleotides, at different levels of
embryogenesis (Lewis and Simon, 2010), thus reducing the rate of fertilization and hatching
in fish (Santos et al., 2013). Although the DNA has the capacity to repair itself when
fragmentation occurs, the level of repair depends on the extent of damage as well as on the
gamete quality (Tamburrino et al., 2012). Therefore, the importance of maintaining the
integrity of sperm DNA during cryopreservation is necessary to avoid fertilization failure
(Devaux et al., 2010; Perez-Cerezales et al., 2010; Santos et al., 2013).

Among the amides tested in our study, DMA at concentration of 10% has been
successfully used for research concerning cryopreservation of the fish Arctic charr (Salvelinus
alpinus). For species Medaka (Oryzias latipes) (Aokiet et al., 1997) and Characiformes
Tambaqui (Colossoma macropomum) (Richardson et al., 2000; Varela et al., 2012), the best
results for cell viability after thawing were with DMF at concentrations of 10 and 8%
respectively when compared to DMSO. In a study involving Spotted halibut (Verasper
variegatus), the amide DMF used at a concentration of 13% has been demonstrated to be less
efficient than DMSO and propylene glycol (Tian et al., 2008). However, in case of amides,
concentrations greater than 11% are not recommended, as it results in an increased toxic
effect (Varela et al., 2012; Alvez et al., 2016).

Nevertheless, in order to protect the sperm of Atlantic halibut (Hippoglos sus
hippoglossus), the amide DMA was used at a concentration of 10%, however, it did not
exhibit significant differences with DMSO and methanol, when used without equilibration
time as that reduces the efficiency of amides (Babiak et al., 2008). These facts confirm the
need to test different cryoprotectants for different species due to the high specificity of the
toxic effects of the cryoprotectants (Holt, 2000). Similar to the amides, MG is also a low

molecular weight penetrating cryoprotectant and the advantages of its use must be associated
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with the benefits of the protective effect against its harmful toxic effect. The use of DMF at
7.5% may improve at protocol for semen cryopreservation of endangered fish species (similar

at B. orbignyanus).
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Fig. 1. Post thaw evaluation of spermatic kinetics: total and progressive motility (A),
curvilinear, straight-line and average path velocities (B), curvilinear, straight-line and
average path distances (C) for all cryoprotectants and concentrations (%) diluted in
BTS™ with B. orbignyamus sperm. Dimethylacetamide (DMA), dimethylformamide
(DMF), methylformamide (MF) and methygycol (MG). Means (+ standard error) with
different superscripts are significantly different, n = 10 males, P<0.05.
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Fig. 3. Post thaw evaluation of sperm movement duration (A), mitochondrial functionality (B), cell
integrity (C), plasma membrane integrity (D), membrane fluidity (E), concentration of reactive
oxygen species (F), lipid peroxidation (G) and DNA fragmentation index (H) for all cryoprotectants
and concentrations (%) diluted in BTS™ with B. orbignyamus sperm. Dimethylacetamide (DMA),
dimethylformamide (DMF), methylformamide (MF) and methygycol (MG). Means (+ standard error)
with different superscripts are significantly different, n = 10 males, P<0.05.

71



r=-0.30 g [= -0,09 .
e 2 =t ™~lo
BN SE SE
] o QG-{:’O N = I} =)
v Oy nlwv njv
—|a 4 | o
W i W
r=0.38 . r=-021
B a2
SMD [—p<0.005 | ™™ [T p<ooos | LPO
< [
N 'Gv\ N ] =
' Q° 0> I :_
q | -
= -0.13 By
Cl P <0.005 “| ROS
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Abbreviations

DAP: Average path distance

VAP: Average Path Velocity

CASA: Computer Assisted Sperm Analysis
CD: Cell Disruption

ROS: Concentration of reactive oxygen species
DCL: Curved Line Distance

VCL: Curvilinear Speed

DMF: Dimethylformamide

DFI: DNA fragmentation index

FLU: Membrane Fluidity

LAC: Lactose

LPO: Lipoperoxidation

MIT: Mitochondrial Functionality
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IPM: Plasma Membrane Integrity
PM: Progressive Motility

RAF: Raffinose

VSL: Rectilinear Speed

DSL: Straight line distance

SUC: Sucrose

TM: Total Motility

TRE: Trehalose

Abstract The objective of this study was to evaluate the use of saccharides for the cryopreservation of
sperm of the endangered species Brycon orbignyanus. The non-permeating cryoprotectants used were
lactose, sucrose, trehalose, and raffinose each at the concentrations of 50 mM, 100 mM, 150 mM, and
200 mM along with Beltsville Thawing Solution™ extender and 7.5% dimethylformamide as
permeating cryoprotectant. The sperm were diluted in each cryoprotectant, loaded into 0.25-mL
straws, frozen in a nitrogen vapor vessel (dry shipper), and stored in liquid nitrogen at —196 °C. The
following sperm-movement parameters were measured using CASA: total motility (TM), progressive
motility (PM), curvilinear speed (VCL), rectilinear speed (VSL), average path velocity (VAP), curved
line distance (DCL), straight line distance (DSL), average path distance (DAP), straightness (STR),
linearity (LIN), wobble (WOB), and cross beat frequency (BCF). In order to assess DNA
fragmentation index, lipid peroxidation, cell disruption, integrity of plasma membrane, membrane
fluidity, mitochondrial functionality, and reactive oxygen species, flow cytometry was used. The
saccharides did not improve sperm kinetics after thawing. However, beside the kinetic outcomes,
raffinose at 50 mM prevented ROS production, membrane fluidity, cell disruption, and fragmentation

of DNA (P <0.05). The results indicate that raffinose has the potential to preserve B. orbignyanus.

Keywords: cryopreservation, membrane fluidity, saccharides, B. orbignyanus
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Introduction

The Piracanjuba, B. orbignyanus, (Valenciennes, 1849) belonging to Characiformes order, is a
Brazilian migratory species with great potential for aquaculture. In the natural environment, it is
threatened principally by the construction of dams, environmental deterioration, and fishing (Carosfeld
et al. 2003) and has been categorized as endangered (MMA 2014). The benefits of using the
cryopreservation technique in aquaculture and to conserve the species are well known. In aquaculture
practices, cryopreservation facilitates artificial breeding in captivity (Cabrita et al. 2010), while in the
conservation of endangered species, the use of the technique offers cryopreserved sperm banks that
may be of particular importance to guarantee genetic diversity in captive breeding programs and allow
the reproductive success of population management strategies (Carosfeld et al. 2003; Viveiros et al.
2009). However, cryopreservation is detrimental to sperm quality, affecting organelles such as
mitochondria (Figueroa et al. 2007), DNA (Pérez-Cerezales et al. 2010) and plasma membrane
(Martinez-Paramo et al. 2012). Although for several species of fish, cryopreserved sperm are already
available, there is still a need to improve the outcome to ensure maximum efficiency in
cryopreservation and to reduce cryodamage, especially when it comes to the formation of germplasm
banks with the aim of conserving endangered species. This improvement can be achieved by
supplementing non-permeating cryoprotectants such as saccharides to improve sperm quality in the

seminal extender together with a permeating cryoprotectant.

Saccharides play an important role during the cryopreservation of biological materials, not
only due to their osmotic effects on cell dehydration, reducing the formation of ice crystals and
cryoinjury to the cellular organelles, but also stabilize the membrane lipid bilayer in spermatozoa.
Sugars can prevent structural and substructural damage to the spermatozoa by interacting with the
polar groups of the phospholipids (Crowe et al. 1984; De Leeuwet et al. 1993). Disaccharides are more
efficient in stabilizing the membrane than monosaccharides (Strauss et al. 1986; Anchordoguy et al.
1987) as well as in increasing osmotic dehydration (Salamon 1968; Koshimoto and Mazur 2002). In
the case of cryopreservation of fish, the most commonly used saccharides in diluents include the

monosaccharide, glucose (Bozkurtet al. 2005; Martinez et al. 2012; Horvath et al. 2015) and the
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disaccharide, sucrose, made of by the condensation of fructose and glucose (Mounib 1978; Holtz et
al. 1991; Boryshpolets et al. 2011). Other saccharides, such as trehalose, lactose, and raffinose, have
not been explored in detail for fish species. Trehalose is a naturally occurring non-toxic disaccharide
found in bacteria, fungi, plants, and invertebrates; it has been shown to provide cellular protection
during water-limited conditions (Alpert 2005). It showed better results than sucrose for Boer goat with
improved membrane motility and integrity (Naing et al. 2010), increased motility for birds (Blanco et
al. 2011) and for Zandi ram where improvement was observed in motility and membrane functionality
(Najafi et al. 2013). It showed good results, in terms of motility, for kelp grouper, Epinephelus moara
(Miyaki et al. 2005), rainbow trout, Oncorhynchus mykiss (Judycka et al. 2016) and White fish,
Coregonus lavaretus, where motility did not differentiate from that offered by sucrose (Nynca et al.

2016).

Lactose is a disaccharide whose monosaccharide composition differs from sucrose and
trehalose. It improves sperm motility in cryopreservation of pigs (Gomez-Fernandez et al. 2012),
buffalos (Eriani et al. 2017) and other mammals (Keeley et al. 2012). In sturgeons such as Acipenser
sinensis and Acipenser dabryanus, it also improves motility when combined with trehalose (Xi et al.
2018), while in the case of B. orbignyanus, the use of lactose in Beltsville Thawing Solution ™ (BTS
™) with DMSO or methanol could not preserve motility more than 30% (Felizardo et al. 2016).
Raffinose, a naturally occurring trisaccharide in many plants (Van den Ende and Valluru 2008), has
been used as a cryoprotectant mainly for sperm from rats (Nakagata et al. 1992; Nakagata et al. 2000;
Sztein et al. 2001), while in other mammals, it decreased sperm abnormalities in Moghani ram
(Jafaroghli et al. 2011) and increased motility in Merino ram (Bucak et al. 2013). There have already
been a few studies on its effect in fish species; in some recent studies, it was used as a part of a new
extender that was found to be more effective in terms of fertilization and motility than diluents
containing trehalose or sucrose for Danio rerio cryopreservation (Matthews et al. 2018) and also
promoted motility in Characiformes, pacu, Piaractus mesopotamicus sperm (Pires et al. 2018). This
study aimed to evaluate the application of saccharides in the post-thawing sperm quality of B.

orbignyanus.
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Materials and methods

Fish handling and sperm collection

The sperm of fish B. orbignyanus (0.5 =+ 1.0 kg) were collected at the farm Pisciculture
Panama located in Paulo Lopes, Santa Catarina, Brazil (27 © 57'37.8 "'S and 48 © 45'29.0" W). The
collection was performed during December 2017 at the peak of the breeding season; therefore, no
hormonal induction was necessary. The urogenital papilla was cleaned and dried with a paper towel
and sperm were collected in a 15-mL conical tube through abdominal massage, with avoiding
simultaneous extrusion of feces and urine to prevent milt contamination and sperm activation. Sperm
collection was carried out at room temperature (~27 °C) and tubes containing sperm were placed in a
cooler (9—10 °C). Immediately after the collection, visual parameters of sperm motility were
monitored using 1 mL of semen and 99 mL of distilled water (27 °C) mounted on a slide and analyzed
under a phase contrast microscope (BX Olympus 41, 400x) at 200x magnification. The same

technician analyzed all the samples. Only samples containing at least 80% moving cells were used.

Sperm cryopreservation

Sperm samples from 10 males were used for this experiment with each male representing one
biological replicate (n = 10). The extender solution was Beltsville Thawing Solution (BTS™),
composed of 37 g glucose, 6 g sodium citrate dehydrate, 1.25 g sodium bicarbonate, 1.25 g ethylene
diaminetetraacetate, and 0.9 g potassium chloride (Pursel and Jonhson 1975). The treatments diluted in
BTS™ included following compositions: 7.5% dimethylformamide (DMF) as a control (Perry et al.
2019) and other treatments were DMF 7.5% as permeating cryoprotectant supplemented with non-
permeating cryoprotectants at the concentrations of 50 mM, 100 mM, 150 mM, and 200 mM of each
of lactose, sucrose, raffinose, and trehalose (Sigma-Aldrich Co. St. Louis, MO, EUA). In total, 17
treatments, four non-penetrating cryoprotectants at four concentrations and one control, all diluted in
BTS™ with DMF 7.5% were used. There was no equilibrium time and all cryoprotectants were
maintained in a cooler (9—10 °C) during the freezing step. The samples from each treatment were

diluted at 1:10 ratio (sperm: extender with cryoprotectant). After dilution, the samples were
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homogenized, packed in 250 pL containers and closed with polyvinyl alcohol. The samples were then
placed in aluminum racks; subsequently, the samples were placed in a dry shipper of nitrogen vapor
(Taylor-Wharton, model CP 300 dry shipper) for 12 h before being transferred to a liquid nitrogen
canister (MVE ™, VOLTA 34, GA, USA) maintained at —196 °C, where samples were stored for at
least 30 days (Varela Junior et al., 2012). After a month, the straws were thawed in a water bath at 45
°C for 10 s (Varela et al. 2012) and post-thaw sperm quality was immediately estimated using the

CASA system and flow cytometry.

CASA evaluation

The thawed sperm were activated by using 5 pL distilled water for 1 pL of sperm, and the
activity was recorded using Computer Assisted Semen Analysis (CASA). In order to perform this
evaluation, 10 fields with at least a total of 100 cells were captured, and the activation was repeated 2
times up to 5 field captures. The parameters evaluated were total motility (TM), progressive motility
(PM), curvilinear speed (VCL), rectilinear speed (VSL), average path velocity (VAP), curved line
distance (DCL), straight line distance (DSL), average path distance (DAP), straightness (STR),

linearity (LIN), wobble (WOB), and cross beat frequency (BCF).

Flow cytometry evaluation

Attune Acoustic Focusing® (Life Technologies) was used for flow cytometric analysis using
blue (Argon 488 nm) and violet (UV 405 nm) lasers. In order to detect the sperm population, non-
sperm cells were removed following the FSC x SSC scatter plots (Petrunkina et al. 2005) and the
debris was eliminated by staining the cells with Hoechst 33342 (Sigma-Aldrich Co. St. Louis, MO,
EUA) at a concentration of 16.2 uM, except for the samples to be used to measure the DNA
fragmentation index. In order to monitor the parameters, all cells were stained with fluorophores and
added with calcium free PBS (80 g NaCl, 11.5 g KCl, 24 g Na,HPO,, 2 g KH,PO, in 1 L deionized
water). A total of 10,000 events per sperm sample with a flow of 200 cells/s were analyzed using the

Cytometric Attune Software V2.1 program.
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The integrity of the plasma membrane (IPM) and Cell Disruption (CD)

The membrane integrity was verified by using fluorophores SYBR-14 and propidium iodide
(PI) (MiniTube, Tiefenbach, Germany). Sperm aliquots were homogenized and incubated at room
temperature for 10 min with a fluorescent probe containing 0.25 mM of SYBR-14 and 7.5 uM of PIL.
The sperm cells were classified as not-damaged and functional membrane (SYBR+/PI-), and damaged
and/or non-functional membrane (SYBR+/PI+; SYBR—/PI+; SYBR—/PI-). The rate was calculated
from the number of not-damaged sperm cells with the functional membrane/number of sperm cells
positive for H33342; this number was multiplied by 100 to express the percentage of spermatozoa for
each category (Figueroa et al. 2015). In order to verify the percentage of cellular rupture, the cells that
were IP— were classified as non-ruptured whereas those that were I[P+ were regarded as ruptured. The
cell disruption rate was calculated as — the number of spermatozoa disrupted / (the number of

spermatozoa disrupted + the number of spermatozoa non-disrupted) x 100.

The concentration of reactive oxygen species (ROS)

The concentration of ROS was determined using the fluorescent probe dye 2,7'-
dichlorofluorescein diacetate (Sigma-Aldrich Co. St. Louis, MO, EUA), which emits green
fluorescence when oxidized by intracellular ROS, at a final concentration of 1.0 pM, and IP at a final
concentration of 7.3 uM. The median intensity of green fluorescence for only live sperm (IP—) was

used (Dominguez-Rebolledo et al. 2011).

Mitochondrial functionality (MIT)

Rhodamine 123 (13 uM) and IP (7.3 uM) (Sigma-Aldrich Co. St. Louis, MO, EUA) were used
to assess the mitochondrial function according to the protocol previously described (Liu et al., 2015).
Only intact sperm (IP-) were selected and classified into cells with high functionality (high
fluorescence, high accumulation of rhodamine) and cells with low functionality (low fluorescence, low
accumulation of rhodamine). The mitochondrial functionality rate was calculated by the following

formula: [(number of spermatozoa with high mitochondrial membrane potential) / (high sperm count
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potential of mitochondrial membrane + spermatozoa with low mitochondrial membrane potential)] X

100.

Lipid peroxidation (LPO)

Lipid peroxidation was determined using C11-BODIPY (Sigma-Aldrich Co. St. Louis, MO,
EUA), which was added to the sample at a final concentration of 1 uM. The samples were then
incubated at room temperature (20 °C) for 2 h and only the live spermatozoa were analyzed. Green
fluorescence represented peroxidized lipid and red fluorescence represented no peroxidation of lipid.
The lipid peroxidation rate of the sperm was calculated as — the median intensity of green fluorescence

/ (mean green fluorescence intensity + mean red fluorescence intensity) x 100 (Hagedorn et al. 2012).

Membrane Fluidity (FLU)

In order to evaluate Membrane Fluidity, we used 2.7 uM hydrophobic merocyanine 540
(M540) and 0.1 uM YO-PRO-1 (Invitrogen, Eugene, OR, USA) with the sample for 5 min. High
fluidity (high concentration of M540) and low fluidity (low concentration of M540) cells that were
stained with YO-PRO were classified as dead sperm and were not used in the calculation (Fernandez-
Gago et al. 2013). The membrane fluidity rate was calculated as the number of spermatozoa with high

fluidity / (number of spermatozoa with low fluidity + spermatozoa with high fluidity) x100.

DNA fragmentation index (DFI)

DNA fragmentation index was determined using the fluorescent probe acridine orange
metachromatic and Sperm Chromatin Structure Assay (SCSA). In order to perform this evaluation, 5
uL aliquot of sperm, TNE (0.01 M Tris-HCI, 0.15 M NaCl, 0.001 M EDTA; pH 7.2) and Triton
[Triton X—-100, 0.1% (v/v)] were mixed for 30 s. Acridine orange was added only at the moment of
reading, which did not exceed the duration of 2 min after the addition of the probe. The samples were
read using BL1 (green fluorescence) and BL3 detectors (red fluorescence). DFI corresponds to red

fluorescence / total (green+ red) fluorescence (Lewin et al. 1999).
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Statistical analysis

All the variables were normally distributed according to the Shapiro-Wilk test, and descriptive
data (mean and standard error mean) were generated for each of the dependent variables: MT, PM,
VCL, VSL, VAP, DCL, DSL, DAP, LIN, STR, WOB, BCF, mitochondrial functionality, reactive
oxygen species, cell disruption, plasma membrane integrity, membrane fluidity, and DNA
fragmentation index. The effects of the saccharides concentrations on the responses were tested
against control analyzed by ANOVA, and the means were analyzed using the LSD test. The
associations between the variable responses and saccharide concentrations were determined by

Pearson’s correlation coefficients. Statistix® 2009 software was used for analysis.

Results

Post-thaw sperm quality CASA

The saccharides added to BTS™ with DMF 7.5% did not improve post-thaw sperm kinetics in
B. orbignyanus cells in relation to the control. Among the saccharides tested, the concentration of 50
mM raffinose was the only one that showed no difference (P > 0.05) compared to the control in terms
of total and progressive motility, velocities (Table 1), and distances (Table 2) as well as LIN (Table 1),
STR, BCF, and WOB (Table 2). The 50 mM sucrose concentration, although not differing (P > 0.05)
from the control in motilities, showed lowest velocities (Table 1) and distances (Table 2) (P < 0.05).
Both lactose and trehalose caused losses in motilities, velocities, and distances in all evaluated
concentrations (P < 0.05). There was no difference in some parameters like VAP, LIN (Table 1), DAP,
BCF, and WOB (Table 2) between 50 mM trehalose and the control (P > 0.05), while lactose was
shown to be less effective for other kinetic parameters, STR, BCF (Table 1), and WOB (Table 2) at all
concentrations (P < 0.05). Motility, velocity (Table 1), and distances (Table 2) were negatively
affected by 100 mM, 150 mM, and 200 mM concentrations for saccharides used (P <0.05). The values
of LIN (Table 1) STR, BCF, and WOB (Table 2) were also mostly affected by the increase in

saccharide concentrations with some exceptions, where the parameters of LIN, STR, and WOB were
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not affected by 100 and 150 mM concentrations of raffinose (P > 0.05). The increase in the
concentrations of each saccharide showed a dose dependent increase in the parameters of sperm

kinetics; this can be verified through the negative correlations (P < 0.01) observed in Table 4.

Post-thaw sperm quality flow cytometer

The flow cytometric evaluation showed that the different saccharides with different
concentrations affected sperm cells (Table 3). The ROS production was lower with all concentrations
of raffinose and higher with 100 mM sucrose (P < 0.05). Lower cellular disruption was observed at 50
mM concentration of raffinose, trehalose, and sucrose (P < 0.05). Increased cell disruption was
observed for all saccharides at 200 mM (P < 0.05). No differences in the membrane integrity were
observed for most cryoprotectants (P > 0.05) except for raffinose and trehalose at 200 mM. The
membrane fluidity was also affected by the saccharides, as raffinose, sucrose, and trehalose presented
lower fluidity at 50 mM. Trehalose presented a higher fluidity (P < 0.05) at 200 mM and higher DNA
fragmentation at 150 and 200 mM (P < 0.05). Lower fragmentation was observed with the use of 50
mM and 100 mM raffinose (P <0.05). Mitochondrial functionality was not much affected by the
saccharides; only 50 mM lactose and 100 mM sucrose resulted in lower mitochondrial functionality
compared to the control (P <0.05). Fluidity (Table 4) showed a positive correlation only with lactose
and trehalose (P < 0.01), while cell disruption (Table 4) showed a positive correlation with all
saccharides (P < 0.01). On the other hand, membrane integrity was found to be negatively correlated

for raffinose, trehalose, and sucrose (P < 0.01).

Discussion

This is the first study that has evaluated the use of trehalose, raffinose, lactose, and sucrose in
the spermatic cryopreservation of B. orbignyanus. The addition of saccharides did not improve
spermatic kinetics in relation to the control. Further, raffinose at 50 mM did not affect kinetic
parameter but decreased the production of ROS, membrane fluidity, cell rupture, and fragmentation of

DNA (P <0.05).
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The analyzed saccharides showed distinct cryoprotective effects. However, it has been
reported that the effectiveness of saccharides depends on the molecular weight of sugar
(Anchordoguyet al. 1987; Molinia et al. 1994), saccharide type and composition (Browne et al. 2002;
Gomez-Fernandez et al. 2012), and the type of buffer used in the extender (Garcia et al. 1989;
Abdelhakeam et al. 1991; Garde et al. 2008). In terms of motility, while comparing the most efficient
concentrations (50 mM) of each saccharide, we observed that only raffinose and sucrose maintained
motility, whereas trehalose and lactose were less effective in improving this parameter. If the
aforementioned hypothesis is correct, the sugars with the same molecular weight should have a similar
cryoprotective effect, which did not occur in the case of lactose and trehalose. Both these sugars were
less effective than the control in improving the kinetic parameters of sperm quality but lactose was
also the only saccharide that did not improve the fluidity and prevent the cellular disruption at 50 mM
concentration. The difference in cryoprotectant effectivity between trehalose and lactose has also been
verified in other studies (Gutiérrez-Pérez et al. 2009; Malo et al. 2010). Browne et al. (2002) suggested
that trehalose is more effective than sucrose because of the higher ratio of —OH to C, suggesting that
the action of disaccharides in the stabilization of membranes is due to the electrostatic bonding of OH-
saccharide groups with phosphates in the lipid membranes, thus depending on the monosaccharide
composition certain saccharides would be more effective than others in cell protection. In our study,
this hypothesis could not be confirmed because sucrose preserved motility better than trehalose

regardless of the ratio of —OH to C.

The combination of the cryoprotectant with an extender, not only considering the type of
buffer, but also the composition and osmolarity, may be more decisive than factors such as molecular
weight and saccharide composition (An et al. 2000; Jafaroghli et al. 2011; Judycka et al. 2016;
Matthews et al. 2018), thus 50 mM raffinose, which did not promote motility in our study, may work
well in combination of other types of extender. Another important factor in the choice of saccharides is
the species-specific interaction since the biochemical composition of the seminal plasma varies widely
among the different species due to the different concentrations of lipids, sugars, and acids responsible

for sperm cell metabolism (Holt 2000). Therefore, each species can find a certain concentration of a
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certain saccharide (Browne et al. 2002; Garde et al. 2008; Malo et al. 2010) or a combination of them
(Naing et al. 2010; Blanco et al. 2011; Xi et al. 2018) more suitable than others. This interaction
between the cryoprotectant and membrane may show the same behavior for other species of the same
genus (Huang et al. 2009). This was found to be true in case of P. mesopotamicus and B. orbignyanus
belonging to the order Characiformes where both obtained good results with the use of raffinose in
freezing. In the case of P. mesopotamicus, improvements in motility values were observed with the

use of raffinose (50 and 100 mM) rather than other saccharides tested (Pires et al. 2018).

Saccharides are known to preserve membrane properties by interacting with the polar groups
of phospholipids, preventing lateral spacing, membrane fluidity, and rupture, and reducing the
temperature where transition occurs in the phases of lipid membranes. Thus by preventing or retarding
the transition phase, the extravasation of cellular components and the fusion of the membranes can be
prevented (Crowe et al. 1984; De Lecuwet al. 1993). One of the effects of cryopreservation is the
destabilization of proteins and lipids that cause changes in fluidity, the preservation of lipid
interactions and those between lipids and proteins is fundamental for the maintenance of the general
function of sperm since each of them plays a very specific role in fertilization (Parks and Graham
1992). The used saccharides (at 50 mM concentration) were able to preserve the membrane fluidity in
order to maintain lipid and protein interactions and impede lateral spacing. In the same condition, the
cellular disruption was also prevented, which further reduced the extravasation of components
guaranteeing better cellular preservation than without saccharides. As the concentration of the
saccharides increased there was an increase in fluidity, further destabilizing the membrane lipids and
proteins, increasing the spacing between them and thus causing greater cellular disruption at the higher

concentrations of the treatments.

Raffinose being a nature component of plants causes effect that are related to indirect sugar
signaling, triggering the production of ROS-specific scavengers (Van den Ende and Valluru 2008). In
our study, 50 mM raffinose showed lower ROS production and decreased fragmentation rate of DNA
in relation to the control. The imbalance between ROS accumulation and their clearance by the

antioxidant activity in spermatozoa is the main cause of cryogenic damage. The oxidative stress
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besides producing lipoperoxidation, which is damaging mainly to the membranes (Bollwein et al.
2008), can also induce DNA damage (Rajeshet al. 2002; Bollwein et al. 2008). Tuncer et al. (2010)
also observed lower DNA damage and higher antioxidant activities with the use of raffinose in frozen
semen of the mammal Angora buck, Capra hircusancryrensis, but also observed no improvement in
spermatic kinetics. The protection of DNA damage with the use of raffinose was also observed for
Merino ram (Buacket al. 2013) and mice (Sari6zkan et al. 2012), and also fewer sperm abnormalities
were observed in Moghani ram (Jafaroghli et al. 2011). The integrity of sperm DNA is vital for sperm
function since it is essential during embryogenesis (Lewis and Simon 2010) and fragmented DNA
reduces the rate of fertilization and hatching in fish (Santos et al. 2013). The integrity of sperm DNA
is an important marker of sperm function since it is essential to transmit genetic information. In this
way, it acts as a parameter of paramount importance of viability and motility (Love et al. 2005;

Ibrahim et al. 2008; Bucak et al. 2010).

In summary, raffinose at 50 mM maintained sperm kinetic parameters and reduced ROS
production, cell disruption, membrane fluidity, and DNA fragmentation. Therefore, we suggest that it

could be used with BTS™ and 7.5% DMEF to cryopreserve the B. orbignyanus cells.
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Table 1 Post thaw evaluation of sperm kinetics: total motility (TM), progressive motility (PM), curvilinear (VCL),
straight-line (VSL), average path (VAP), and velocities and linearity (LIN) for all saccharides at different
concentrations with B. orbignyamus sperm (n = 10 males).

Treatment ™ (%) PM (%) VCL (um/s) VSL (um/s) VAP (um/s) LIN (%)

Control 44.1 £1.7 33.7 +1.8 64.7 £1.3 45.6 £1.3 51.8 £1.4 0.66 +£0.013

LAC50mM  26.1 +1.8° 18.6 £1.5" 48.0 +1.6° 30.5 +1.88° 374 +22° 0.54 +0.024"
LAC 100 mM 23.4 +1.9° 174 +1.7° 409 +2.3" 28.6 2.5 33.1 £2.8" 0.53 +0.029"
LAC150 mM 212 +1.4° 149 +1.2" 479 £2.03° 314 £2.2° 372 £2.6° 0.50 +0.027"
LAC200mM 9.8 +1.0" 69 £09" 292 +19° 19.5 £2.1° 23.1 £2.6° 0.43 +0.032"

RAF50mM  41.8 £1.5 34.5 £1.4 59.4 £1.3 427 +1.3 479 +1.3 0.65 +0.010
RAF 100 mM  27.0 £1.9°  20.0 £1.7" 53.1 £4.3" 38.6 £4.3" 449 +4.4" 0.61 +0.026
RAF 150 mM 175 12"  12.6 £1.0" 49.0 +1.8 344 £1.9 394 £2.0° 0.65 +0.020
RAF200 mM 20.6 £1.9° 15.7 £1.7° 472 2.6 33.8 £2.8" 38.0 £3.1° 0.56 £0.029

SUC50mM  40.1 £2.0 30.3 £1.9 53.0 £1.6° 33.0 £1.9° 39.8 £2.27 0.58 +0.018"
SUC 100 mM 209 +1.7°  14.7 +1.4" 49.0 +3.7" 35.7 +3.7° 40.7 +3.8 0.57 +0.028"
SUC 150 mM  13.0 £1.4° 8.1 0.9 33.6 £2.8" 23.5 £2.9° 272 +32° 0.50 +0.031"
SUC200mM  10.3 £1.0° 7.0 0.9 352 +1.7° 23.6 1.9 28.0 +2.4" 0.42 +0.032"

TRE50mM  37.2 £1.8° 263 =1.7° 57.6 £2.2° 38.8 £2.37 46.0 £2.5 0.59 +0.022
TRE 100 mM 23.8 +2.0°  18.2 +1.8 455 +1.8" 205 +22" 35.7 £2.4" 0.56 +0.024"
TRE 150 mM 9.5 +0.9° 6.7 0.8 30.9 £1.6° 213 £1.9 243 22" 0.45 +0.030"
TRE200mM 8.4 +1.0° 5.1 £0.7° 252 +1.8" 17.0 £2.0° 20.1 +2.4" 0.44 £0.037"

Lactose (LAC), raffinose (RAF), sucrose (SUC), trehalose (TRE). *Means are significantly different from the
control, mean (+ standard error), P < 0.05.
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Table 2 Post thaw evaluation of sperm kinetics: curved line, (DCL) straight line, (DSL) average path (DAP)
distances, straightness (STR), beat cross frequency (BCF), and wobble (WOB) for all saccharides at different
concentration with B. orbignyamus sperm (n = 10 males).

Treatment DCL (nm) DSL (nm) DAP (um) STR (%) BCF (Hz) WOB (%)
Control 29.5 +1.1 20.7 1.2 23.5 1.2 0.8 +0.01 31.2 +0.46 0.8 £0.010

LAC50mM  21.9 il.O** 14.1 io.s’; 17.0 i0.9** 0.7 i0.0** 25.7 ﬂ:l.l3: ) :
LAC100 mM 21.6 +1.2 13.1 1.0 16.9 +1.1° 0.6 +0.03 21.8 £1.30° 0.6 +0.032]

LAC 150 mM 18.8 ﬂ:l.3: 14.3 i1.9* 15.2 1.1 0.7 ﬂ:0.03: 23.9 +1.28 )
LAC200 mM 12.8 +1.2° 8.7 0.9 10.3 £1.0 0.5 +0.04 18.4 +1.38° 0.5 +0.036

RAF50mM  27.0 0.6 18.8 £2.0 20.2 £2.0 0.8 +0.01 30.2 +0.39 0.8 +0.008
RAF 100 mM  24.5 £2.1 17.0 £0.6" 19.0 +0.6 0.8 +0.03 26.6 £1.16 0.7 +0.027
RAF 150 mM  22.4 £1.0° 15.9 £0.9" 18.1 £0.9 0.8 +0.02 28.7 +0.92 0.8 +0.021
RAF200 mM 22.0 £1.5 15.7 £1.3 17.9 +1.3 0.7 +0.03" 18.7 £1.32 0.6 +0.031

SUC50mM  24.4 +1.0 15.2 +0.7° 18.3 +0.8" 0.8 +0.02 28.9 £0.98 0.7 +0.020
SUC100mM 21.7 £1.6 15.7 1.5 18.0 £1.5 0.7 +0.03" 242 +1.20° 0.7 +0.030"
SUC 150 mM  15.0 1.5 10.6 +1.3° 122 +1.3 0.5 +0.04" 22.7 £1.60° 0.5 +0.036
SUC200mM  15.9 =+1.1 10.7 +0.8" 12.6 £0.9 0.6 +0.04" 19.1 £1.61° 0.6 +0.035"

TRES50mM 263 £1.1° 177 1.0 21.0 £1.0 0.7 £0.02° 293 £1.01 0.7 +0.024
TRE 100mM 20.6 +1.2°  13.5 £0.9" 16.3 £1.0 0.7 +0.03" 272 £1.22° 0.7 £0.027"
TRE 150 mM  13.4 £1.0° 9.4 +0.8 11.0 £0.8 0.5 +0.03" 25.8 £1.35° 0.5 +0.035
TRE200mM 115 +1.1° 7.6 +0.9 8.9 +0.9 0.5 +0.04" 18.5 £1.65° 0.5 +0.041"

Lactose (LAC), raffinose (RAF), sucrose (SUC), trehalose (TRE). *Means are significantly different from the
control, mean (+ standard error), P < 0.05.

Table 3 Post thaw evaluation by flow cytometer. The effects on mitochondrial functionality (MIT), cell disruption (CD), plasma
membrane integrity (IPM), membrane fluidity (FLU), DNA fragmentation index (DFI), lipoperoxidation (LPO), concentration of
reactive oxygen species (ROS) for all saccharides at different concentrations with B. orbignyamus sperm (n = 10 males).

Treatment MIT (%) CD (%) FLU (%) IPM (%) DFI LPO (%) ROS (MFI")
Control 94.4 +1.4 305 £1.4 21.1 £2.0 46.0 £3.4 0.0114 +0.0014 59.6 £3.8 57340 +£2943.5

LAC50mM 755 £10.5° 34.4 +4.4 162 £52 439 #6.1 0.0111 +0.0023 584 £2.4 57865 +1140.5
LAC 100 mM 88.5 +4.1 37.2 £5.0 19.0 £5.6  48.4 8.7 0.0100 +0.0011  58.0 £5.0 77063 +1480.1
LAC 150 mM 80.5 9.4 29.6 +£7.3 29.2 £7.4 39.9 £7.9 0.0112 £0.0015  62.0 £1.2 53015 £1669.4
LAC200 mM 86.2 5.7 42.7 £2.17 30.1 £9.3 38.0 £6.5 0.0110 £0.0016  60.4 £2.4 51671 +1086.1

RAF50 mM  90.4 +1.6 20.0 £3.6° 102 £2.1° 482 +9.4  0.0082 +0.0011° 57.7 1.8 40027 +5152.4
RAF 100 mM  88.8 2.5 341 £7.0  21.5 £53 379 £7.1  0.0088 £0.0011° 58.0 1.9 39978 +5400.4"
RAF 150 mM  88.1 +9.4 37.9 £59 212 64  41.6 £42  0.0108 £0.0012  62.4 +1.7 40347 +6798.1"
RAF200 mM 87.2 +6.1 449 9.5 207 £2.6 332 427  0.0120 £0.0011  63.7 +2.8 43455 +5186.7

SUCS50mM  85.7 £6.3 21.9 £59° 129 377  39.6 +5.4 0.0116 £0.0026  63.3 £3.8 55912 +4645.1
SUC 100 mM  80.5 +8.9 304 +6.4 32.5 £9.9 39.5 +6.9 0,0102 £0.0011  62.5 +2.8 88271 +2406.6°
SUC 150 mM  87.5 £6.8 31.1 £5.5 29.4 £9.7 374 £6.2 0.0118 £0.0012  62.1 £2.8 59776 +£9466.0
SUC 200 mM  87.0 £7.1 43.4 £7.0°  26.7 8.5 35.1 £7.1 0.0125 £0.0022  61.5 £2.0 47862 £7310.8

TRE50mM  91.1 +1.6 19.7 £2.6°  13.8 £3.5° 455 £59  0.0110 £0.0009 58.1 £1.0 57539 +1333.0
TRE 100 mM  86.7 +7.5 31.4 £72  29.1 £93 422 £5.6  0.0114 £0.0010 62.2 2.9 67592 +1115.0
TRE 150 mM  87.8 +6.7 363 £7.3  28.0 £5.9 442 +69  0.0136 £0.0017° 63.2 3.4 68595 +1002.3
TRE 200 mM 86.2 +7.0 50.6 £9.0° 37.2 £9.7° 342 +48 0.0152 £0.0011° 64.8 +3.3 74596 +1408.4

Lactose (LAC), raffinose (RAF), sucrose (SUC), trehalose (TRE), *median fluorescence intensity. *Means are significantly
different from the control (+ standard error), P < 0.05.
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Table 4 Pearson’s correlation (P < 0.01) between the parameters and concentration of saccharides.

Concentration

Parameters Lactose  Raffinose Sucrose Trehalose
Total motility (%) -0.49 -0.52 -0.63 —0.68
Progressive motility (%) —0.44 -0.44 —0.63 -0.6
Average path velocity (um/s) -0.29 —-0.15 -0.28 -0.46
Curved line velocity (nm/s) -0.32 -0.20 -0.33 -0.51
Straight-line velocity (nm/s) -0.28 —-0.13 -0.26 -0.43
Average path distance (um) -0.30 -0.14 —-0.29 —0.46
Curved line distance (um) -0.34 -0.19 -0.35 -0.52
Straight-line distance (um) -0.23 -0.12 -0.27 -0.45
Straightness (%) -0.26 -0.20 —0.30 -0.35
Linearity (%) -0.22 —-0.13 -0.24 -0.30
Wobble (%) —-0.32 -0.21 -0.42 -0.31
Beat cross frequency (Hz) —-0.40 -0.22 -0.41 -0.39
Membrane fluidity (%) 0.19 0.27
Cell disruption (%) 0.36 0.22 0.28 0.29
Plasma membrane integrity (%) -0.20 —0.16 -0.17
Lipoperoxidation (%) 0.21
Concentration of reactive oxygen species (MFI") 0.18 0.15

*Median fluorescence intensity
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Abstract

BACKGROUND: ATP exogenous has been used successfully in improving motility and fertility for many
animal species. However this has not yet been tested on Brycon orbignyamus. OBJECTIVE: The objective of
this study was to evaluate the use of ATPe for the cryopreservation of sperm from B. orbignyamus.
MATERIALS AND METHODS: The ATPe concentrations tested were 1.0 uM, 5.0 uM and 10uM combined
with Beltsville Thawing Solution™ extender and dimethylformamide 7.5%. The sperm were frozen in a nitrogen
vapor vessel and stored in liquid nitrogen at -196 °C. The parameters of viability pos-thawing were evaluated
using CASA, and flow cytometer. RESULTS: The ATPe did not promote improvements in spermatic kinetics,
in the higher concentrations caused a worsening in these parameters, also there was loss of mitochondrial
functionality and greater cellular disruption with the concentration of 10 uM. CONCLUSION: We do not
recommend the addition of ATP for cryopreserving B. orbignyamus. Keywords: ATPe, fish,

cryopreservation, motility

INTRODUCTION strongly charged anion it does not readily cross
the plasma membrane, the role of ATPe is

The cryopreservation technique has brought presumably mediated by purinergic P2 receptors

undoubted  benefits to the reproductive on the cell surface (4) increasing the internal
biotechnology of mammalian birds and fish, as concentration of Ca®" and possibly regulating the
cryopreservation protocols cause damage to cell process of acrosomal exocytosis (17). There is
structure and physiology, cryopreservation the suggestion that the plasma membrane

research always seeks new ways to improve the undergoes rearrangements in its structure
viability of cells in post-thawing. As molecules involving lipids and proteins during the thawing
added to the diluents that aim to improve sperm phase (13). Assuming that the incorporation of
quality we have exogenous adenosine ATPe coincides with membrane structural
triphosphate (ATPe) that has proven to increase rearrangements during thawing, the potential of
motility and fertilization in humans, rats and ATP supplementation to improve the viability of
birds (9, 22, 3). It is believed that ATPe plays a thawed spermatozoa seems plausible (3) and in
fundamental role in fertilization, being present in the case of fish in which the rate of consumption
the female reproductive tract of mammals and of ATP for flagellar movement is higher than the
birds with an increase in concentration during rate of production (5) the expected extra benefit
the ovulation period (14). Because it is a would be an increase in rate and duration of
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motility. The objective was to test the use of
ATP at the concentrations of 1.0 uM, 5.0 uM
and 10 puM in cryopreservation of Brycon
orbignyamus sperm.

MATERIALS AND METHODS

Fish handling, sperm collection

Nine mature males of B. orbignyanus (05. £
1.0 kg) that were in a period (December) when
reproduction was occurring were used for this
study, as reproductive peak, there for hormonal
induction was not necessary. They were supplied
from a commercial farm (Piscicultura Panama)
located in Paulo Lopes, Santa Catarina, Brazil.
All subjects were kept in tanks with water that
were maintained at a constant 26 °C. Sperm was
collected with a 15 mL conical tube through
abdominal massage, after urogenital papilla was
cleaned and dried with a paper towel to prevent
milt contamination and sperm activation. Sperm
collection was carried out at room temperature
(~27 °C) and tubes containing sperm were
placed in a cooler (9 - 10 °C) containing dry ice.
After collection the evaluation visual estimation
of sperm motility was done with 1 ml of semen
and 99 ml of distilled water (27 °C) placed on a
slide, cover slipped and analyzed with a phase
contrast microscope at 200x magnification (BX
Olympus 41, 400x). Only the samples
containing at least 80% moving cells were used
for further analysis

Sperm cryopreservation

Sperm samples from 9 males were used for
this experiment with each male representing one
biological replicate (n = 9). The extender
solution was the Beltsville Thawing Solution
(BTS™), The treatments diluted in BTS™ wich
are dimethylformamide (DMF) 7.5% (18) as a
control and the other treatments wich are DMF
7.5% as internal cryoprotectant supplemented
with ATPe at the concentrations of 1.0 uM, 5.0
uM and 10 uM. There was no equilibrium time
and all cryoprotectants are also maintained in a
cooler (9 - 10 °C) during the freezing step.
Samples from each treatment was dilution at
1/10 ratio (sperm: extender with cryoprotectant).
Samples were homogenized, packed in 250 pL
containers and closed with polyvinyl alcohol.
The samples were then placed in aluminum
racks, and were placed in a dry shipper of
nitrogen vapor (Taylor-Wharton, model CP 300
dry shipper) for 12 hours before being
transferred to a liquid nitrogen canister (MVE
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™ VOLTA 34, GA, USA) maintained at -
196°C, where samples were stored for at least 30
days (21).

After a month, the straws were thawed in a
water bath at 45°C for 10s (21) and post-thaw
sperm quality was immediately estimated using
the CASA system and flow cytometry.

CASA evaluation

We used 5 pL distilled water for 1 pL of
sperm for activate sperm and the activity was
recorded using Computer Assisted Semen
Analysis (CASA). In order to perform this
evaluation, 10 fields with at least a total of 100
cells were captured, and the activation was
repeated 2 times up to 5 field captures. The
parameters evaluated were total motility,
progressive  motility,  curvilinear  speed,
rectilinear speed, average path velocity, curved
line distance, straight line distance, average path
distance, straightness, linearity, wobble and beat
cross frequency .

Flow cytometry evaluation

The Attune® Acoustic Focusing Flow
Cytometer (Applied Biosystems) was used in
our study. To detect the sperm population, non-
sperm cells were removed based on the FSC x
SSC scatter plots (19) and debris was eliminated
by staining of the cells with Hoechst 33342
(Sigma - AldrichCo. - St. Louis, MO, EUA) at a
concentration of 16.2 uM, except for those

samples used to measure the DNA
fragmentation index. For reading the
parameters, all cells were stained with

fluorophores and added with calcium free PBS
(80g NaCl, 11.5g KCl, 24g Na 2 HPO 4, 2g KH
2 PO 4 in 1L deionized water). A total of 10,000
events per sperm sample with a flow of 200
cells/s were analyzed using the Cytometric
Attune Software V2.1 program.

Integrity of the plasma membrane

Membrane functionality was evaluated
using the fluorophoresfluorophores SYBR-14
and propidium iodide (PI) (MiniTube,
Tiefenbach, Germany). An aliquot of thawed
semen was incubated for 10 min in a solution
containing 0.25 pM of Sybr14 and 7.5 uM IP (as
per manufacturer's instructions—Minitube). The
sperm cells were classified as not-damaged and
functional membrane (SYBR+/PI-), and
damaged and/or non-functional membrane
(SYBR+/PI+; SYBR—/PI+; SYBR-/PI-). The
rate was calculated from the number of not-



damaged sperm cells with  functional
membrane/number of sperm cells positive for H
33342, this number was multiplied by 100 to
express the percentage of spermatozoa for each

category (11).

Mitochondrial functionality

The mitochondrial functionality —was
verified with 3.1 uM Rhodamine 123 (Sigma -
AldrichCo. - St. Louis, MO, EUA), and 7.5 uM
IP in 10 pL of thawed sample for 5 min. Sperm
cells were classified as high functionality (high
fluorescence by Rhodamine accumulation) and
low functionality (low fluorescence, low
accumulation of Rhodamine), and only intact
spermatozoa (IP negative) were evaluated (16).
The mitochondrial functionality rate was
calculated by the number of spermatozoa with
high mitochondrial membrane potential / high

sperm count potential of mitochondrial
membrane  +  spermatozoa  with  low
mitochondrial membrane potential * 100.

Lipid peroxidation

Lipid peroxidation of spermatozoa was
evaluated soon after thawing. The final
concentration of 1uM Bodipy CI11 (Sigma -
AldrichCo. - St. Louis, MO, EUA) was added to
10 pL of sample, and incubated for 2 hours at
room temperature (27 °C), and only live
spermatozoa were analyzed. The rate of lipid
peroxidation was calculated by the median
intensity of green fluorescence (peroxidized
lipid) / median green fluorescence intensity +
median red fluorescence (non-peroxidized lipid)
*100 (12).

Membrane Fluidity

In order to evaluate Membrane Fluidity, we
used 2.7 uM hydrophobic merocyanine 540
(M540) and 0.1 uM YO-PRO-1 (Invitrogen,
Eugene, OR, USA) with the sample for 5 min.
High fluidity (high concentration of M540) and
low fluidity (low concentration of M540) cells
were evaluated only for intact spermatozoa (Y O-
PRO-1 negative) (10). The membrane fluidity
rate was calculated as the number of
spermatozoa with high fluidity/ (number of
spermatozoa with low fluidity + spermatozoa
with high fluidity) x100.

Concentration of reactive oxygen species

We used the fluorescent dye 2,7°
dichlorofluorescein  diacetate  (Sigma
AldrichCo. - St. Louis, MO, EUA), which emits
green fluorescence  when oxidized by
intracellular ROS, at a final concentration of 1.0
puM, and IP at a final concentration of 7.3 puM.
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The median intensity of green fluorescence for
only live sperm (IP—) was used (8).

Cell Disruption
We used propidium iodide (PI) (MiniTube,
Tiefenbach, Germany), which emits red

fluorescence, at a concentration of 7.3 uM to
verify cell disruption. The sperm were classified
as non-disrupted (PI negative) and disrupted (PI
positive). The cell integrity rate was calculated
as: the number of spermatozoa disrupted/ (the
number of spermatozoa disrupted + the number
of spermatozoa non- disrupted) x 100.
DNA fragmentation index

DNA integrity was assessed by fluorescent
acridine orange metachromatic probe and Sperm
Chromatin Structure Assay (SCSA), 5 uL
aliquots of sperm, TNE (0.01 M Tris-HCI, 0.15
M NaCl, 0.001 M EDTA; pH 7.2) and Triton
[Triton X-100, 0.1% (v/v)] were mixed for 30 s.
Acridine orange was added only at the moment
of reading. The results were obtained using BL1
(green fluorescence) and BL3 detectors (red
fluorescence), which equals red fluorescence /
total (green+ red) fluorescence (15).

Statistical analysis

Statistix® 2009 software was used for
analysis. All the variables presented normally
distributed according to ShapiroWilk test, and
descriptive data (mean and standard error mean)
were generated for each of the dependent
variables: total motility, progressive motility,
curvilinear  velocity, straight-line  velocity,
average path velocity, curved line distance,
straight line distance , average path distance,

linearity, straightness, wobble, beat cross
frequency, mitochondrial functionality, reactive
oxygen species, cell disruption, plasma

membrane integrity, membrane fluidity, and
DNA fragmentation index. The effects of the
ATPe concentrations on the responses were
tested against control analyzed of variance
ANOVA, and the means were analyzed using
the LSD test (P < 0.05). The associations
between the variable responses and ATPe
concentrations were determined by Pearson’s
correlation coefficients (P < 0.01).

RESULTS

Spermatic Kinetic Evaluation
The addition of ATPe in the seminal
diluent for B. orbignyamus did not promote
improvements in sperm kinetics (Table 1), and
the lowest concentration of 1.0 puM did not



present differences with the control (P > 0.05)
for all parameters evaluated. When we increased
the concentrations tested to 5.0 and 10 uM we
observed a worsening in motility, speeds and
distances as well as linearity, wobble and
straightness (P < 0.05), except for beat cross
frequency where no differences were observed
in relation to the control (P <0.05 ).

The influence of increased concentrations can
also be verified by significant negative
correlations (Table 2) with most parameters of
sperm kinetics (P <0.01).

Table 1. Post thaw evaluation of sperm viability for all concentrations with B. orbignyamus sperm (n= 9 males).

Parameters Control ATP 1.0 uyM ATP 5.0 pM ATP 10 uM
Total motility (%) 466 +1.7 459 +2.1 359+1.6 348+1.4
Progressive motility (%) 33.7+1.8 38.0+2.0 27.9+15 26.3+1.4
Curvilinear velocity (pm/s) 65.0+1.4 62.1+1.5 488+1.6 55.2+2.6
Straight-line velocity (um/s) 46.1 +1.3 42.9+1.2 31.4+14 353+29
Average path velocity (um/s) 52.4 +1.3 496 +1.2 37.7+14 413128
Curved line distance (um) 29.5+1.1 28.8+0.7 224+0.7 25.6+0.8
Straight line distance (um) 209+1.2 19.9+ 0.6 145+0.6 16.3+0.6
Average path distance (um) 23.7+1.2 23.5+0.6 17.4+06 19.1+0.7
Straightness (%) 0.84 +0.01 0.85 + 0.01 0.77 £0.02° 0.80 +0.02"
Linearity (%) 0.66 + 0.013 0.68 + 0.02 0.60 +0.018" 0.60 +0.015
Beat cross frequency (Hz) 30.0 + 0.46 31.5+0.80 31.8+0.43 30.0 +£0.52
Wobble (%) 0.77 +0.010 0.79 + 0.008 0.73+0.019 0.71+0.015
Lipoperoxidation (%) 60.6 £3.6 60.4 + 1.6 62.2 +1.4 63.3+3.7
Reactive oxygen species ('MFI) 51122 + 9303.4 45476 +7858.5 58495+ 97721 44814 +7135.0°
Cell disruption (%) 309+54 282+2.0 20.7+34 418+6.3
Mitochondrial functionality (%) 94.4 +1.4 83.6+7.7 82.9+4.1 83.4+94
Membrane fluidity (%) 21.1+8.2 233+7.8 19.9+7.5 19.9+£7.0
Plasma membrane integrity (%) 46.0£6.2 46.9 £ 6.0 40.7 £ 9.4 41.1+87

DNA fragmentation index 0.0111 £ 0.002

0.0082 + 0.001 0.0114 + 0.001 0.0088 + 0.002

*Median fluorescence intensity. *Means are significantly different from the control (* standard error), P < 0.05.

Table 2. Significant Pearson’s correlation (P < 0.01), between
parameters and concentration of ATP.

Cell disruption (%)

Parameters Concentration
Total motility (%) -0,23
Progressive motility (%) -0,20
Curvilinear velocity (um/s) -0,21
Straight-line velocity (um/s) -0,19
Average path velocity (um/s) -0,22
Curved line distance (um) -0,19
Straight-line velocity (um/s) -0,21
Average path distance (um) -0,22
Straight line distance (um) -0,14
Linearity (%) -0,19
Wobble (%) -0,19
0,37

Flow cytometric assay

The evaluation wusing the flow
cytometric (Table 1) showed that the fluidity,
membrane integrity, lipoperoxidation and DNA
fragmentation were not influenced by the
addition of ATP and did not present differences
in relation to the control for all the
concentrations evaluated (P > 0.05). The
mitochondria had their function decreased by the
addition of ATP at all concentrations (P < 0.05)
and the cellular disruption was higher with the
concentration of 10 uM (P < 0.05). The
concentration of 10 uM presented lower ROS
production (P < 0.05).
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DISCUSSION

This is the first study to evaluate the use
of ATPe in the cryopreservation of B.
orbignyamus sperm. Despite the benefit of the
use of ATPe in mammals and birds (9, 22) we
have verified that ATPe did not improve the
control. Even though ATPe was the main source
of energy for motility, higher concentrations (5.0
and 10 uM) caused loss of motility, velocity and
distances in B. orbignyanus spermatozoa. If we
assume that there was incorporation of ATPe at
the moment in which membrane structural
rearrangements occur during the thawing (13)
we can affirm that the cells of B. orbignyamus
were not able to use the ATP for energy
generation, as well as some benefit that it can
bring as a signaling molecule. In rat studies, a
shift in motility with increased velocities and
linearity has been observed suggesting that the
mechanism of action of extracellular ATP is by
induction of a rapid increase in intracellular
calcium concentrations that facilitate
hyperactive motility (20). In the case of fish
from external fertilization, the motility is
triggered by intracellular ionic changes (K" and
Ca"?) produced by osmolarity difference, only at
the moment when the spermatozoa are released
in the medium (6).

Regarding the possibility of using the
ATPe as an energy source also seems unlikely,
since in fish the reproductive strategy will
decide on the ability of their spermatozoa to
metabolize exogenous and / or endogenous
substrates. In species subjected to internal
fertilization, spermatozoa may metabolize the
extracellular substrate, similar to that found in
mammals or birds. In species submitted to
external fertilization, spermatozoa cannot rely
on the external medium to sustain their energy
supply, since they have less capacity to
metabolize the extracellular substrate (7)

In an experiment with the addition of
ATP-Mg (2) observed that beat cross frequency
did not exceed 50Hz and decreased
proportionally with the decrease in ATP-Mg
concentration. However, with the use of cellular
respiration inhibitors / blockers, immobilization
immediately occurred, suggesting that ATP is
supplied entirely by an endogenous production
by mitochondria during the motile period,
corroborating the impossibility of fish from
external fertilization using a source of
Exogenous ATP, coinciding with the results of
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(1) we tested ATPe in Colossoma macropomum
not observing improvements in the motility and
increased beat cross frequency.

The increase in ATP concentration
caused a progressive decrease in sperm kinetic
parameters (dose dependence) as can be verified
by correlation analysis (Table 2). A positive
correlation was also observed between the
cellular disruption with the concentrations, and
in the concentration of 10 uM a greater rupture
was observed. In our study the addition of ATP
caused losses in mitochondrial functionality
from the lowest concentration tested.

Due to no evidence of benefit we do not
recommend the use of ATP for cryopreservation
of B. orbignyamus.
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and continuous with no spaces between paragraphs, the first line of which should
be indented approximately four spaces. Subheadings should be in lower case
italic with initial capital. Sub-subheadings should be in regular scipt underlined
with initial capital and conclude with colon or full stop; text should then continue
the line. If you use a font other than Times Roman or Arial to prepare the
document, please ensure that all characters are properly converted to Times
Roman or Arial before submitting the document to the editorial office. Please use
the correct characters for degree Celsius (°C) not the superscripted o. Statistical
symbols should be italicised according to this example (P, F, t,x).

9. Tables should be included in the text. All tables (titles, footnotes, table entries)
should be clearly distinguished from the main text by changing to a sans-serif
font such as Arial 11-point (this is an example to allow 10% reduction by the
printer without loss of legibility, and separated by at least one line from the text
above and below. Do not include vertical lines, and keep horizontal lines to the
minimum to distinguish the column headings.

10. Figures, graphs, structural formulae etc., should be prepared by computer using
a common spreadsheet or graphics package such as Microsoft Excel (see
Template Instructions - point 16 onwards). Remove all horizontal scale lines from
graphs and do not box in either the axes or the whole figure. Line drawings
should be sufficiently bold to remain clear after 10% reduction. Figure legends
(axis labels, keys) should be clearly distinguished from the main text by changing
to a sans-serif font such as Arial 11-point allowing 10% reduction by the printer
without loss of legibility. In general unless there is reason to choose 'standard
deviation' for error bars standard error of the mean (abbreviated SEM) is
preferred. Figure legends should carry enough information to be understood
without detailed reference to the text. Numbers of replicates for calculation of the
statistical significance should be given. Figures should be included directly in the

107



text. IT IS VERY IMPORTANT THAT YOU CHECK THE APPEARANCE OF
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10% REDUCTION. If you use a font other than Times Roman or Arial to prepare
the document, please ensure that all characters are properly converted to Times
Roman or Arial before submitting the document to the editorial office.

11. Photographs should be submitted electronically embedded in the text (see
Template Instructions - point 16 onwards) Authors should bear in mind that the
page size before reduction is 160 x 250mm and the photograph should fit within
that area allowing space for legend. If at all possible, photographs should be
grouped together, bearing in mind the maximum possible size. Good contrast is
imperative. Labelling should be black or white according to maximum contrast in
Arial 11-point font, or similar. For micrographs, a scale bar indicating
magnification should be shown on the photographic print. If several images are
used in a figure, they should be elec tronically grouped
Units: Sl units are preferred. Consistency is essential.

12.References should be referred to in the text by number in parenthesis (5, 21) and
should be arranged after the text in alphabetical order and numbered 1...n in the
form indicated by the following examples (all authors should be listed). Standard
abbreviations for journal titles may be used.:
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Altman, Marcel Dekker Inc, New York, pp 57-88.

13. The Journal maintains its high standard by means of expert refereeing by an
international panel. After review, if considered worthy of publication the
manuscript will normally be returned for revision as recommended by the
referee(s).

14.Revised manuscripts must be marked up to show revisions as requested by the
Editorial Office. CryolLetters is a rapid publication journal and the responsibility
for the appearance of the final revised article rests with the Authors.

15. Ethical standards

o All experimental work involving animals should conform to European
Convention on the use of Experimental Animals (website) and the
Directive (PDF) that seeks to implement it. Where appropriate, authors
should state that animal experiments were conducted in accordance with
a named National Policy or Licensing Authority and were approved by the
Institutional Ethics Committee. Experimental methods should include
details of anaesthetic (generic name, dose, route of administration) and
surgical procedures. Chilling alone is not an acceptable method for
rendering vertebrates insentient; an anaesthetic agent must be used.
Work on isolated tissues, including primary cell cultures, must state from
where and how the materials were derived.

o All work involving humans or human tissues or cells must contain in the
text a statement that approval for the study has been obtained from the
appropriate National or Institutional Ethics Committee and conforms to the
standards set by the Declaration of Helsinki (last modified in 2004-
www.wma.net/e/policy/b3.htm), and that material was obtained only with
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CONSIDERACOES FINAIS E PERSPECTIVAS

As espécies diferem no que se diz respeito ao congelamento, ja que variam conforme a
diferente biologia, por isso, um protocolo universal ndo pode ser sugerido, assim, os protocolos de
criopreservacdo devem ser adaptados para encontrar comprometimentos especificos para cada
espécie, o numero crescente de estudos descrevendo métodos para criopreservar espermatozoides em
muitas espécies, evidencia essa diversidade (CABRITA et al., 2009). A espécie Brycon orbignyamus
ja teve diversos protocolos testados para o congelamento do esperma (MURGAS et al., 2003;
LOPEZ et al., 2015;VIVEIROS et al., 2015) em nosso estudos testamos crioprotetores penetrantes,
no caso a amida DMF na concentracao de 7.5%, que se mostrou mais eficaz que os crioprotetores
testados em estudos anteriores, posteriormente combinamos os sacarideo com DMF 7.5% e a
rafinose 50 Mm, apesar de ndo promover aumento da motilidade promoveu maior protecio ao DNA
e as membranas plasmaticas. Por sua vez testamos também o ATPe que se demonstrou ineficaz na
criopreservacao para esta espécie.

A motilidade continua sendo um dos parametros mais importantes para analise da
viabilidade, mas a avaliacdo da estrutura ¢ fun¢do celular, no nosso caso através do citometro de
fluxo, permitiu avaliar pardmetros dos processos de congelamento-descongelamento e fornecer
informagdes mais detalhadas sobre os efeitos desses processos que reduzem a qualidade do esperma.
Por exemplo, o processo de criopreservagdo pode induzir diferentes tipos de danos aos
espermatozoides, como a fragmentagio do DNA (PEREZ-CEREZALES et al. , 2010 SANTOS et
al., 2013) bem como aumentos na producdo de espécies reativas de oxigénio (EROs) induzindo
alteragdes no nivel do DNA (MARTINEZ-PARAMO et al., 2012). A integridade do DNA deve ser
garantida para o sucesso do desenvolvimento embriondrio apds a fertilizagdo. A avaliagdo da
qualidade do esperma usando as ferramentas disponiveis tais como testes de viabilidade, analise de
motilidade, integridade de DNA, entre outros, sdo decisivos para a sele¢do de boas amostras de
esperma e para a padronizacdo do protocolo de criopreservagao projetado (CABRITA et al., 2009).

Os criobancos com espermas criopreservados que garantem a maxima qualidade e viabilidade
possiveis sdo importantes em programas de conservacdo, por isso a necessidade de elaborar e
pesquisar novos protocolos e formas de avaliagdes mais eficazes dos processos de congelamento.
Em se tratando de conservagdo das espécies a utilizagdo da técnica vai muito mais além do que
simplesmente congelar amostras de sémen, esfor¢os maiores sao imprescindiveis para o retorno da
utilizacao da criopreservacao na conservacao das espécies. A criopreservacao ¢ uma ferramenta que

deve ser usada em conjunto com politicas de sustentabilidade, como incentivo a criagdo de bancos
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vivos e principalmente conservacao dos estoques genéticos in sifu (no habitat da espécie). O uso dos
criobancos tem contribuido na conservagao de muitas espécies em perigo de extingao, mas ainda
estdo longe de garantir a conservacao da biodiversidade da fauna de peixes, o ritmo acelerado da
degradacdo ambiental faz com que muitas espécies aquaticas desaparegam sem mesmo tomarmos
conhecimento de sua existéncia. Programas de conservagdo ex situ para a fauna de peixe estdo muito
mais focados em espécies de interesse econdmico como certos salmonideos (WALSON, 1998;
HORVATH et al., 2012) ¢ esturjdes (AKBULUT et al., 2011; WANG et al., 2011) do que em outras
com menor valor econdmico agregado.

A criopreservacao ¢ uma ferramenta que pode ajudar a garantir o futuro de muitas espécies,

mas ainda € essencial politicas de conservagdo e principalmente a preservacao do habitat.
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