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RESUMO

O objetivo do presente estudo foi avaliar a associacdo de diluentes e crioprotetores
sobre a morfometria da cabeca de espermatozdides de Pirapitinga (Piaractus
brachypomus) pds-descongelacdo em relacdo ao sémen fresco. Trinta machos de
Pirapitinga foram hipofisados 14 horas antes da coleta do sémen. Uma aliquota de cada
amostra seminal valida foi fixada para analise da morfometria e o restante constituiu o
pool que foi dividido em trés partes. A primeira parte foi criopreservada em ACP-104
ou Ringer adicionados de 10% de Dimetilsulfoxido (DMSO) ou 10% de Metilglicol
(MG), com taxa de diluicdo de 1:4 ou 1:6 (sémen:diluente) e acondicionadas em
palhetas francesas de 0,5 mL. A segunda, juntamente com as amostras individuais de
cada animal, foi fixada para posterior analise morfométrica. A terceira foi transportada
ao laboratdrio em isopor a 4°C para analises de motilidade objetiva pos-ativacdo. Todas
as analises foram realizadas com o auxilio do software Sperm Class Analyzer. Apos 45
dias, as palhetas foram descongeladas e os espermatozoides foram avaliados em relagédo
a motilidade e morfometria. Os dados foram submetidos & Analise de Variancia e a
motilidade foi comparada através do teste de Kruskal-Wallis. Os dados morfométricos
foram comparados entre 0s tratamentos através do teste SNK e com o controle pelo teste
de Dunnett (p<0,05), sendo expressos em meédia e desvio padrdo. Apos a
descongelacdo, todos os tratamentos apresentaram motilidade significativamente
inferior ao controle, e as amostras criopreservadas com ACP-104 apresentaram
motilidade significativamente superior as amostras criopreservadas com Ringer. Em
relacio a morfometria da cabeca dos espermatozdides frescos, estes apresentaram
comprimento de 3,3784+0,132um, largura 2,3391+0,075um, &rea 7,3130+0,386um?,
perimetro  9,7249+0,332um, elongacdo 0,1843+0,018, elipticidade 1,4592+0,055,
regularidade 0,8536+0,009 e rugosidade 0,9589+0,027. Apds a criopreservacdo, nao foi
observada influéncia da taxa de diluicdo utilizada em nenhum dos parametros avaliados,
aléem disso, as amostras criopreservadas com Ringer apresentaram area, perimetro,
largura e comprimento similares ao controle. Também ndo houve diferencas
significativas dos efeitos testados sobre as variaveis regularidade e rugosidade (p>0,05).
As amostras criopreservadas com ACP-104 apresentaram medidas significativamente
superiores de comprimento e perimetro que as criopreservadas com Ringer. Com

relacdo a largura e conseqlientemente a area, as amostras criopreservadas com ACP-104
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apresentaram medidas significativamente superiores ao controle e as amostras
criopreservadas com Ringer. Houve uma redugdo significativa da elipticidade e
elongacdo em todos os tratamentos pos-descongelacdo em relacdo ao controle. Além
disso, as amostras criopreservadas com ACP-104 apresentaram uma reducgéo
significativa desses dois parametros em relagdo as amostras criopreservadas com
Ringer. Conclui-se que, diante de uma melhor motilidade espermética e maior alteracdo
de cabega pos-descongelacdo, provavelmente, a criopreservacdao com ACP-104 tornou
0s espermatozdides mais adaptados a sobreviver em condi¢cdes desfavoraveis. Esse
trabalho foi aprovado pelo CEUA (Comité de Etica para o Uso de Animais da
Universidade Estadual do Ceard) com protocolo nimero 09230730-2.

Palavras-chave: Peixe. Sémen. Analise Seminal Auxiliada por Computador.



ABSTRACT

This study was designed to evaluate the association of extenders and cryoprotectants on
the sperm head morphometry of Pirapitinga (Piaractus brachypomus) after thawing
compared to fresh semen. Thirty Pirapitinga males were hypophysed 14 hours before
semen collection. One aliquot of each seminal sample valid was fixed for morphometric
analysis and the remainder formed the pool which was divided into three parts. The first
part was frozen in PCW-104 or Ringer added 10% of Dimethyl sulfoxide (DMSQO) or
10% of methylglycol (MG) with a dilution rate of 1:4 or 1:6 (semen: extender) and
filled into 0.50 mL straws. The second, together with individual samples from each
animal, was fixed for subsequent morphometric analysis. The third was transported to
the laboratory in styrofoam at 4 ° C for analysis of objective motility post-activation.
All analysis was carried out using the software Sperm Class Analyzer. After 45 days,
the straws were thawed and sperm were assessed for motility and morphology. The data
were submitted to ANOVA and motility was compared using the Kruskal-Wallis.
Morphometric data were compared between treatments using the SNK test and the
control by Dunnett test (p<0.05), expressed as mean and standard deviation. After
thawing, all treatments had significantly lower motility compared to the control, and the
samples preserved in PCW-104 had significantly higher motility compared to those
preserved in Ringer (p<0.05). Related to sperm head morphometry of fresh semen, the
means values were: length 3.3784+0.132ym, width 0.075+2.3391um, area
0.38617.3130um2, perimeter 9.7249+0.332um, elongation 0.1843+0.018, ellipticity
0.055+1.4592, regularity 0.8536£0.009 and roughness 0.9589+0.027. After
cryopreservation, there was no influence of dilution rate used in any of the parameters
evaluated, in addition, the samples preserved in Ringer showed area, perimeter, length
and width similar to control. There were also no significant differences in the effects on
the variables regularly and roughness (p> 0.05). The samples cryopreserved in PCW-
104 had significantly higher measures of length and perimeter that preserved in Ringer
(p<0.05). Respect to the width and consequently the area, samples cryopreserved in
PCW-104 were significantly superior to the control measures and to the samples
preserved in Ringer (p<0.05). There was a significant reduction in the ellipticity and
elongation in all treatments after thawing as compared to control (p<0.05). In addition,

samples cryopreserved in PCW-104 showed a significant reduction of these two
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parameters compared to samples preserved in Ringer (p<0.05). It can be conclude that,
with a better sperm motility and greatest change in head after thawing, probably,
cryopreservation in PCW-104 made the sperm more adapted to survive in unfavorable
conditions. This study was approved by CEUA (Ethics Committee for Animal Use of
the Ceara State University) with protocol number 09230730-2.

Keywords: Fish. Semen. Computer-assisted Semen Analysis.
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1 INTRODUCAO

Nas Gltimas décadas as populagdes naturais de peixes tém diminuido devido a
degradacdo ambiental e a pesca excessiva, 0s quais precipitam a descaracterizacdo e o
desaparecimento do habitat aquatico natural e dos organismos que nele vivem
(MILIORINI, 2006). Com o passar dos anos a demanda de pescado vem aumentando
impulsionada principalmente pelo crescimento da populagéo, e a tendéncia mundial da
procura de alimentos saudaveis indicados para a satde humana, como o pescado, sendo
este uma alternativa alimentar de alto valor nutritivo, baixo teor de gordura e alta
digestibilidade (ANDRADE; YUSI, 2003).

Embora seja endémica do Amazonas, a espécie Piaractus brachypomus
(pirapintiga ou pacu branco), pertencente aos characideos, € um peixe altamente
comercial na regido Nordeste brasileira pela qualidade de sua carne. Recentemente, a
diminuicdo na diversidade genética observada nos plantéis de reprodutores das granjas
dedicadas a producéo de alevinos e os freqiientes fendmenos ciclicos de secas, 0s quais
exercem acentuada acdo sobre seus processos reprodutivos, obriga a regularizagdo ou
desenvolvimento de tecnologias que permitam o intercdmbio de material seminal entre
0s produtores, aproveitamento de gametas que possam obter-se de individuos silvestres
e conservacdo de amostras seminais nos periodos menos favoraveis (FARIAS, 1998;
FRESNEDA et al., 2004).

As técnicas de congelamento tém sido utilizadas no controle da reproducéo
assistida de muitas espécies de interesse econdmico (BILLARD et al.,, 1995), na
formacdo de bancos de sémen de espécies ameacadas de extincdo (HARVEY, 1996) e
na manutencdo da variabilidade genética nas pisciculturas (MC ANDREW et al., 1993).
Conhecimentos basicos, nesta area, sdo cada vez mais solicitados, principalmente em
funcdo da necessidade de se ter cada vez mais sémen criopreservado de boa qualidade
(SHIMODA, 2004) dessa forma, a aplicacdo desta técnica em peixes esta em amplo
desenvolvimento (MURGAS et al., 2007). No entanto, varios aspectos da morfologia
dos espermatozoides sdo afetados pelos danos causados as células durante a
criopreservacdo. A progressiva desidratacdo das células espermaticas durante o processo
de criopreservacdo (ENGLAND, 1993), a perda da funcionalidade da membrana
(MARCO-JIMENEZ et al., 2006) e mudancas na estrutura da cromatina espermatica

(ROYERE et al., 1988) sdo possiveis explicacdes para alteracdes nas dimensdes
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morfométricas das células espermaéticas apds a criopreservacdo. A diminuicdo na
porcentagem de espermatozoides morfologicamente normais tem sido correlacionada
com a diminuicdo da fertilidade tanto de homens como de outros animais (SEKONI &
GUSTAFFSSON, 1987).
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2 REVISAO DE LITERATURA

2.1 Espécie

A Pirapitinga, Piaractus brachypomus (Cuvier, 1818), é um peixe migratério, de
habitos onivoros, originario das Bacias do rio Amazonas e Orinoco. Essa espécie pode
alcancar até 20 kg de peso e comprimento de aproximadamente 55 centimetros
(ALCANTARA et al., 1990). E uma espécie rustica, de rapido crescimento, carne de
grande aceitacdo no mercado e excelentes condic¢des para a piscicultura (FRESNEDA et
al., 2004) e de grande importancia econdémica para cultivo em escala comercial na
Coldombia, Brasil, Peru, Venezuela e América Central (VASQUEZ-TORRES et al.,
2002). Segundo MESA & BOTERO (2007), as pirapitingas sdo especies de grande
importancia comercial devido a seu excelente crescimento, resisténcia ao manejo em
cativeiro, alta docilidade, resisténcia as enfermidades, é de facil adaptacéo as condicbes
limnoldgicas desfavoraveis por periodos ndo prolongados e porque podem ser criadas

com outras espécies, tais como as tilapias e as carpas.

Figura 1 - Pirapitinga (Piaractus brachypomus)

2.2 Taxonomia (FISHBASE, 2008)

Reino Animalia
Filo Chordata
Classe Teleostei
Ordem Cypriniforme
Familia Characidae
Género Piaractus (Holmberg, 1887)

Espécie Piaractus brachypomus (Cuvier, 1818)
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2.3 Reproducéo

As fémeas de Pirapitinga alcancam sua maturidade sexual ao cabo de trés anos,
enquanto que nos machos ocorre ao final de dois anos. S&o espécies de fecundacdo
externa que liberam seus gametas no meio ambiente. Nas condi¢cdes naturais, estes
peixes migram rio acima no periodo entre junho/julho até outubro, quando os ovarios
das fémeas ainda ndo estdo desenvolvidos, por isso sdo chamadas de espécies de
piracema. A desova ocorre no periodo de novembro a fevereiro quando as condigdes
ambientais se tornam ideais, com temperatura média da dgua de 27°C, apés as primeiras
chuvas (VELASQUEZ-MEDINA, 2008).

Em tanques de piscicultura, esta migracdo fica impossibilitada e a reproducéo
apenas é viavel mediante a utilizacdo de técnicas de inducdo hormonal, como a
hipofisacdo. A técnica de hipofisacdo consiste na aplicacdo de horménios oriundos da
hipofise de peixes doadores ou produzidos industrialmente (WOYNAROVICH &
HORVATH, 1983).

Os machos dessa espécie produzem sémen o ano todo e a coleta do sémen é
possivel apds a inducdo hormonal. No entanto, as fémeas sdo mais sensiveis as estacdes

do ano e, algumas vezes, ndo respondem a inducdo hormonal. Quando respondem, 0s

ovdcitos produzidos sdo de ma qualidade e as taxas de fertilizacdo sdo insatisfatorias
(NASCIMENTO et al., 2010).

Figura 2 - Hipofisacdo e coleta de sémen de pirapitinga

2.4 Caracteristicas gerais do sémen de peixe

Os espermatozdides da maioria dos peixes ndo possuem acrossoma,

caracteristica que os diferencia do sémen de mamiferos. Nao precisam desta estrutura
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porque 0s gametas, ao serem liberados no meio, entram diretamente na micropila dos
ovacitos, finalizando a fecundacgdo. Esta cavidade permanece pouco tempo aberta, se
fechando em poucos minutos ao hidratar-se no momento em que entra em contato com a
agua, por ocasido da desova (MORALES, 1986). Segundo BILLARD et al. (1980), o
vigor dos espermatozoides € um parametro importante para ser correlacionado com a
fertilizacdo, ja que a micrdpila dos Gvulos abre-se rapidamente, permanecendo aberta
por apenas alguns segundos, possibilitando aos espermatozoéides com maior motilidade
penetrarem e provocarem, assim, maiores taxas de fertilizacdo.

A producdo espermatica de peixes é muito alta, devido ao grande numero de
divisdes espermatogdniais (BILLARD, 1990a) e muito variada. Em algumas espécies o
macho produz 100 bilhdes de espermatozoides/ano/kg do peso corporal ou mais de 1 x
10° espermatozéides/g de testiculo/dia, o que é 10 vezes maior do que a produc&o
relatada para mamiferos (BILLARD, 1990b)

2.4.1 Motilidade espermatica

Os espermatozdides de peixes se encontram inativos dentro dos testiculos. Ao
entrar em contato com a agua, contam com um breve periodo de ativacdo, que se
expressa no movimento e velocidade para lograr a fertilizacdo. Esta motilidade se deve
a mudancas na pressdo osmatica, balanco iénico e pH do meio em que se encontram. O
fluido seminal ndo sé imobiliza os espermatozdides, como também oferece protecédo
(COSSON et al., 1999). Quando ocorre a espermia¢do no meio aquoso, os fatores que
suprimem a motilidade sdo neutralizados, no momento, pelas condicbes do meio
ambiente e a motilidade espermatica é parcialmente controlada pela pressdo osmética.

Em peixes continentais, a agua tem uma baixa osmolaridade em comparacgéo
com o plasma seminal, ocorrendo assim um choque hiposmatico que gera o sinal inicial
para 0s eventos gue conduzem a ativacdo e que, na maioria dos peixes de agua doce,
tem uma duracdo de 30 a 40 segundos ndo sendo relatada na literatura tempo de
sobrevivéncia superior a uma hora em espécies de fecundacdo externa (BILLARD et
al., 1980; HINES & YASHOUYV, 1971). Com uma solucdo ativadora de qualquer
composicao idnica, entre 100 e 200 miliosmoles (mOsm/kg), ja € possivel desencadear
a ativacdo espermatica (VELASQUEZ-MEDINA, 2008). Ja foram validados como
ativadores de sémen de peixe o0 bicarbonato de sddio 1% para piracanjuba (Brycon

orbignyanus) (MURGAS et al., 1998), agua de coco in natura entre 125 e 150mM para
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tambaqui (Colossoma macropomum) (FARIAS et al., 1999), bicarbonato de sddio
119mM para curimba (Prochilodus lineatus) (MURGAS et al., 2007), 0,29% de NaCl
para pirapitinga (NASCIMENTO et al., 2010) entre outros. O pH extracelular € outro
fator que controla os parametros da motilidade, e seus valores 6timos sdo necessarios,
mas nao suficientes, para as condi¢cOes de ativacdo espermatica. Alteracbes do pH
interno (um possivel segundo mensageiro celular) interferem na motilidade em
diferentes espécies (TABARES et al., 2005).

2.4.2 Avaliacao da motilidade espermatica

A anélise espermédtica computadorizada tem se desenvolvido e estd
continuamente sendo aperfeicoada desde que foi introduzida no inicio dos anos 80
(AMANN & HAMMERSTEDT, 1980). Usualmente, a qualidade do sémen é apenas
avaliada através da estimativa da porcentagem de espermatozdides méveis. Alguns
trabalhos avaliam de forma mais detalhada a atividade espermatica, apresentando a
velocidade dos espermatozdides e a frequéncia de batimento flagelar, medido mediante
analise de video-micrografia. O analisador de motilidade espermatica assistida por
computador, Sperm Class Analyser (SCA), tem sido amplamente utilizado para
examinar a qualidade do sémen de aves e mamiferos, sendo a sua aplicacdo recente em
estudos nos peixes (RURANGWA et al., 2001). Com o auxilio do programa é possivel

identificar espermatozoides parados (amarelo) com velocidade lenta (azul), média

(verde) e rapida (vermelha) (Figura 3).

Figura 3 - Analise da motilidade espermatica auxiliada por computador (CASA) de

sémen de pirapitinga.
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2.4.3 Morfometria espermatica

Teécnicas convencionais de avaliacdo tém sido utilizadas para avaliagdo subjetiva
dos parametros seminais como a motilidade, morfologia, volume e concentracdo do
sémen (VERSTEGEN et al., 2002). H& muitos anos a morfologia espermatica tem sido
avaliada de forma subjetiva utilizando a observacdo visual ao microscépio, o0 que deu
origem a variagdes entre os resultados obtidos por diferentes técnicos e laboratorios
(OMBELET et al., 1997). Estudos anteriores tém descrito a ultraestrutura de
espermatozdides de peixe e examinado sua morfologia através da microscopia
eletronica de varredura e microscopia eletronica de transmissdo (TADDEI et al., 2001).
Embora a microscopia eletronica seja uma ferramenta para avaliagdo das estruturas
morfologicas por fornecer informacdes detalhadas, seu uso ndo é préatico, pois nédo
permite uma rapida avaliacdo de um grande nimero de espermatozoides. Além disso, a
microscopia eletrénica requer reagentes e equipamentos mais caros e um maior tempo é
necessario para realizacio das analises (MARCO-JIMENEZ et al., 2008).

Assim, a busca por métodos que tenham acurécia, objetividade e repetibilidade
na avaliacdo da fertilidade espermatica continua sendo o objetivo de diversos estudos. A
introducdo do sistema de analise da morfometria espermatica assistida por computador
(ASMA) tentou superar o problema da subjetividade dos métodos de avaliagédo visual,
pois é totalmente automatizado.

A avaliacdo das dimensbes e conformacdo geral dos espermatozoides se faz
necessaria, pois, ja foi demonstrado que uma pobre morfologia seminal € um indicador
importante da diminuicdo da fertilidade em caprinos (CHANDLER et al., 1988),
equinos (VOSS et al., 1981), bovinos (SEKONI & GUSTAFSSON, 1987) e humanos
(KRUGER et al., 1988).

A andlise da morfometria espermatica assistida por computador foi desenvolvida
inicialmente para avaliacdo do sémen humano (DE MONSERRAT et al., 1995) e tem
sido progressivamente adaptada a outras espécies mamiferas (GRAVANCE et al., 1996)
demonstrando niveis altos de precisdo e confianca (VERSTEGEN et al., 2002). Em
peixes, a ASMA foi utilizada para descrever mudancas na forma dos espermatozoides
da enguia européia causada pela inducdo hormonal da espermiacdo (ASTURIANO et
al., 2006) e observados efeitos da taxa de diluicdo, crioprotetores utilizados e
suplementac&o do meio de criopreservacio (MARCO-JIMENEZ et al., 2006b), uma vez

que crioprotetores e protocolos de criopreservagdo sdo conhecidos por causar danos a
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morfologia dos espermatozoides (BILLARD, 1983). MARCO-JIMENEZ et al. (2008),
trabalhando com sargo bicudo (Diplodus puntazzo) e sargo cabega-dourada (Sparus
aurata) mostraram que a mensuragdo morfométrica da cabecas dos espermatozdides
utilizando o ASMA foi similar as mensuragdes obtidas utilizando a microscopia

eletrbnica de varredura.

Figura 4 - Analise morfométrica da cabeca dos espermatozoides antes (A) e apos (B)
digitalizacdo pelo programa de andlise da morfologia espermatica auxiliada por
computador (ASMA). 40x.

2.5 Criopreservacao

A criopreservacdo de sémen € uma importante técnica na aquicultura e tem
facilitado os procedimentos de reproducdo assistida. Com o sémen criopreservado, é
necessario apenas trabalhar com as fémeas na inducéo da desova e coleta dos ovocitos.
O sémen congelado pode ser mantido em bancos de sémen por prazo indeterminado, o
que possibilita o estabelecimento de programas de melhoramento genético com a
utilizacdo de machos selecionados, eliminacédo do problema de assincronia da atividade
reprodutiva entre machos e fémeas, reducdo do nimero de reprodutores machos
mantidos na estacdo de piscicultura, com consequente reducdo dos custos (GODINHO,
2007). Vérios autores sugerem gue essa técnica pode ser usada em escala comercial com
Otimas taxas de fertilizacdo, na carpa Cyprinus carpio (LINHART et al., 2000), bagre
Africano Clarias gariepinus (VIVEIROS et al., 2000) e em truta Oncorhynchus mykiss
(GLOGOWSKI et al., 2000).
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2.5.1 Processo de criopreservagao

A técnica de congelamento celular pode ser dividida em trés etapas: (1) As
células sdo submetidas a uma solucéo crioprotetora (metanol, etilenoglicol, glicerol e
outros) que penetra na célula e substitui a maior quantidade de agua intracelular. (2)
Posteriormente, a célula deve regular a osmolaridade, ficando isotdnica com o meio
extracelular, o que pode causar efeitos toxicos e impacto osmotico nas mesmas. (3)
Finalmente, diminui-se a temperatura passando pelo ponto de congelamento da agua e
da solucdo crioprotetora onde, segundo a curva de congelamento empregada, se
realizara de maneira diferente a formacdo de cristais, os quais podem danificar a célula
(LEZCANO, 2001). Existem varios utensilios e equipamentos para congelar as amostras
de sémen, sendo os mais utilizados as geladeiras de isopor, dry shippers, freezers
regulaveis e botijoes criogénicos, dentro dos quais sdo introduzidas palhetas francesas
plasticas, cujo volume pode ser de 0.25, 0.5 e 5 mL (MAISSE et al., 1998).

O dry shipper € um contéiner para transportar com seguranga amostras em
temperaturas criogénicas. Trata-se de um botijdo em aluminio de 50 cm de altura x 30
cm de diametro, cujo interior estd recoberto por um material de absor¢do e no meio
possui um cilindro onde se suspende uma caneca onde séo colocadas as amostras, as
quais também sdo congeladas com os vapores do nitrogénio (PESSOA, 2010). Este
equipamento foi testado para criopreservacdo do sémen de piracanjuba (MURGAS et
al., 2003) obtendo motilidade espermatica pds-descongelamento de 74,17% nas
amostras criopreservadas com diluidor contendo 5% Glicose, 10% DMSO e 5% gema
de ovo.

Esse equipamento também foi utilizado com sucesso na criopreservacdo do sémen
de pirapitinga (VELASQUEZ-MEDINA, 2008; NASCIMENTO et al., 2010; PESSOA,
2010), curimba (Prochilodus lineatus) e piapara (Leporinus obtusidenss) (VIVEIROS et
al., 2008).
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Figura 5 - Equipamento para criopreservagdo: Dry shipper

2.5.2 Crioprotetores e diluentes de congelacéo

O sémen puro é praticamente impossivel de ser congelado, necessitando tanto da
adicao de crioprotetores como de meios diluentes. Sendo estes ultimos solucgdes de sais
ou de carboidratos, que adicionados ao sémen, mantém a viabilidade das células
espermaticas durante a reducdo da temperatura. As condi¢cbes minimas requeridas para
um diluente adequado s&o: isotonicidade, para que ndo haja ativacdo prévia da
motilidade espermatica; estabilidade, pois suas caracteristicas fisico-quimicas nao
devem ser alteradas durante o contato com o sémen; condutividade térmica elevada,
permitindo a rapida transferéncia de temperatura do meio externo para 0S
espermatozodides; esterilidade, ou seja, ndo devem vincular microrganismos
potencialmente nocivos as células espermaticas; e, finalmente, servir de carreador de
crioprotetores. E importante que a motilidade dos espermatozdides ndo seja ativada
antes do congelamento e nem durante o descongelamento, pois a mesma pode exaurir a
reserva energética necessaria a fertilizacdo (LEGENDRE & BILLARD, 1980). Ja foram
testados, com sucesso, como diluentes de sémen de peixe o BTS — Beltsville Thawing
Solution®) (MURGAS et al., 2007), 5% de glicose (NASCIMENTO et al., 2010), 4gua
de coco in natura (FARIAS et al., 1999), 4gua de coco em p6 (PESSOA, 2009) entre
outros.

Crioprotetores devem ser adicionados ao meio diluidor para que haja protecdo

do espermatozoide contra as crioinjarias durante o congelamento e o descongelamento
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(VIVEIRQOS, 2005), além disso, devem possuir baixa toxicidade para as células e alta
solubilidade em agua (BATISTA et al., 2006). Quando esses crioprotetores sao internos,
0s espermatozoides iniciam um progressivo re-crescimento causado pelo fluxo de
crioprotetor de fora para dentro do espago intracelular tentando re-estabelecer o
equilibrio osmético. No entanto, a desidratacdo e re-crescimento dependem da
concentracdo dos crioprotetores, temperatura, superficie de troca e coeficiente de
permeabilidade do tipo celular (ASTURIANO et al., 2007).

Na maioria dos trabalhos, a combinacdo desses dois agentes (crioprotetores e
diluentes) é diferente, sendo muito dificil saber qual € o fator ideal para cada espécie, ja
que eles atuam de forma distinta (MAISSE et al., 1998).

Entre os crioprotetores mais utilizados na criopreservacdo do sémen de peixe
podem ser citados crioprotetores internos como o dimetilsulfoxido (DMSO), glicerol,
metanol e etilenoglicol usados geralmente a uma concentragdo de 10% (NI1Z10, 2005).
Outra substancia crioprotetora que vem sendo utilizada é o metilglicol, relativamente
ndo toxico e ja foi testado com sucesso na criopreservacdo de sémen de piracanjuba,
Brycon orbignyanus (MARIA et al., 2006), curimba, Prochilodus lineatus (VIVEIROS
et al, 2008), pacu, Piaractus mesopotamicus (ORFAO et al., 2008) e, mais
recentemente, em pirapitinga, Piaractus brachypomus (NASCIMENTO et al., 2010) .

2.5.3 Diluente a base de agua de coco em po

A éagua de coco é uma solucdo natural e estéril, composta de sais, proteinas,
acucares, vitaminas, gorduras neutras e eletrolitos diversos, além de indutores da
divisdo celular, fornecendo os nutrientes necessarios para a conservacdo de celulas
espermaticas (BLUME & MARQUES JR., 1994). A &gua de coco in natura, ap0s
corrigidos a osmolaridade e o pH para o sémen da espécie respectiva, representa um
diluente eficiente, com uma relacdo custo/beneficio favordvel aos programas de
inseminacao artificial no Brasil (NUNES & COBARNOUS, 1995).

A 4gua de coco sob a forma de p6 (ACP® - ACP Biotecnologia, Brasil),
apresenta 0S mesmos constituintes bioquimicos da forma in natura, porém ¢é
padronizada e mais eficazmente conservada, o que facilita sua comercializacdo para
regides onde o fruto ndo existe (SILVA et al., 2006). A ACP® foi testada inicialmente
como diluente de sémen de caprino (SALGUEIRO et al., 2002), e mais recentemente na

criopreservacdo de sémen de piracanjuba (Brycon orbignyanus), curimba (Prochilodus
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lineatus), piapara (Leporinus obtusidenss) (VIVEIROS et al., 2008) e pirapitinga
(Piaractus brachypomus) (VELASQUEZ-MEDINA, 2008) mantendo altas taxas de

motilidade.

AGUA DE COCOEM PO
(Cocos pj:c;fg‘r"@;l_r )

ACPBIOTECNOUOGIA
. (%) 1

Figura 6 - Agua de Coco em P6 (ACP®)

2.5.4 Danos causados pela criopreservagao

Ao longo dos ultimos anos, técnicas tém sido desenvolvidas para capacitar os
espermatozdides para serem congelados satisfatoriamente para uma preservacao
indeterminadas dos gametas com capacidade de fertilizacdo (HAMMERSTEDT et al.,
1990). Contudo, a criopreservacdo dos espermatozoides continua a provocar efeitos
deletérios em relacdo a funcdo espermatica e fertilizacdo (PURDY, 2006). Dois
aspectos aos danos celulares ocorrem durante o processo de criopreservacdo: efeitos
osmoticos e formacéo intracelular de gelo. Tais danos provocam perda da integridade da
membrana, causando morte celular e modificagbes na habilidade de responder ao
estresse ou manter o volume isotdnico (PETRUNKINA et al.,, 2004). Segundo
THUNDATTHIL et al. (1999), o processo de criopreservacao esta associado com danos
a funcdo dos espermatozoides, incluindo inchaco e ruptura da célula, perda da
permeabilidade seletiva da membrana e mudanca na sua fluidez, além de reducdo da
motilidade e da viabilidade espermatica.

A menor fertilidade das amostras de sémen criopreservadas pode ser resultado
da diminuicdo do nimero de espermatozoides normais nessas amostras (GRAVANCE
et al., 1997).
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Estudos anteriores usando a ASMA tém demonstrado que a criopreservagao
afeta as dimensdes da cabeca dos espermatozdides de touros (GRAVANCE et al.,
1998), cervos vermelhos (ESTESO et al., 2003), cédes (RIJSSELAERE et al., 2004) e
suinos (ARRUDA et al., 2002) com menores valores apds a descongelacdo. Em
caprinos, a criopreservacdo ndo causou diferenca significativa na morfometria da cabeca
dos espermatozdides (GRAVANCE et al., 1997). Possiveis explanagdes para a redugéo
das dimensdes morfométricas ap0s a criopreservacdo em mamiferos sdo a progressiva
desidratacdo celular durante o processo de criopreservacdo (ENGLAND, 1993), alta
propor¢do de espermatozdides com danos no acrossoma e subsequente perda de
conteddo acrossomal (GRAVANCE et al., 1998; RODRIGUEZ-MARTINEZ et al.,

1993) e mudancas na estrutura da cromatina espermética (ROYERE et al., 1988).
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3 JUSTIFICATIVA

As técnicas de preservagdo do sémen podem auxiliar em programas de
melhoramento genético e formacdo de um banco para conservacdo dos recursos
genéticos. No entanto, diversos trabalhos tém mostrado que as taxas de fertilizagdo
estdo intimamente relacionadas com a morfometria dos espermatozoides que pode ser
alterada durante o processo de criopreservagao.

Dessa forma, é necessario saber os parametros morfométricos dos
espermatozoides de Pirapitinga (Piaractus brachypomus) antes do congelamento e suas
mudancas pds-descongelamento, especialmente em criopreservacdo utilizando-se a dgua
de coco em pd, por ser um diluente de custo beneficio aceitavel para 0 mercado. Estas
caracteristicas representam o estado dos gametas no momento do congelamento e
podem revelar possiveis criodanos causados por este processo.

As técnicas de microscopia eletrénica sdo precisas, mas de dificil execucdo,
sendo, portanto, a analise da morfologia espermatica auxiliada por computador (ASMA)
ideal para esse tipo de avaliagéo.
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4 HIPOTESES CIENTIFICAS

Apds criopreservacdo em ACP-104, ndo ocorrem mudancas na estrutura celular
dos espermatozoides de Pirapitinga nem na cinética espermatica.
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5 OBJETIVOS
5.1 Objetivo Geral

Avaliar a associacdo de diluidores e crioprotetores sobre a morfometria da
cabeca e a cinética de espermatozdides de Pirapitinga (Piaractus brachypomus) pds-
descongelamento em relacdo ao sémen fresco.

5.2 Objetivos especificos

e Determinar os padrées morfométricos da cabeca e cinética dos espermatozoides

de Pirapitinga (Piaractus brachypomus);

e Avaliar a morfometria da cabeca e cinética dos espermatozoides de Pirapitinga

poOs-descongelamento;
e Comparar a morfometria da cabeca e cinética dos espermatozlides de

Pirapitinga (Piaractus brachypomus) provenientes do sémen fresco e

criopreservado desta espécie.
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6 Capitulo 1

Analysis of sperm head morphometry of Pirapitinga (Piaractus brachypomus)
criopreserved in powder coconut water (PCW-104") or Ringer added

cryoprotectants
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Abstract

This study was designed to evaluate the association of extenders and
cryoprotectants on the sperm head morphometry of Pirapitinga (Piaractus
brachypomus) after thawing compared to fresh semen. Thirty Pirapitinga males were
hypophysed 14 hours before semen collection. One aliquot of each seminal sample valid
was fixed for morphometric analysis and the remainder formed the pool which was

divided into three parts. The first part was frozen in PCW-104™ or Ringer added 10%
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of Dimethyl sulfoxide (DMSO) or 10% of methylglycol (MG) with a dilution rate of 1:4
or 1:6 (semen: extender) and filled into 0.50 mL straws. The second, together with
individual samples from each animal, was fixed for subsequent morphometric analysis.
The third was transported to the laboratory in styrofoam at 4° C for analysis of objective
motility post-activation. All analysis was carried out using the software Sperm Class
Analyzer. After 45 days, the straws were thawed and sperm were assessed for motility
and morphology. The data were submitted to ANOVA and motility was compared using
the Kruskal-Wallis. Morphometric data were compared between treatments using the
SNK test and the control by Dunnett test (p<0.05), expressed as mean and standard
deviation. After thawing, all treatments had significantly lower motility compared to the
control, and the samples preserved in PCW-104™ had significantly higher motility
compared to those preserved in Ringer (p<0.05). Related to sperm head morphometry of
fresh semen, the means values were: length 3.3784+0.132um, width 0.075+2.3391um,
area 0.386+7.3130um? perimeter 9.7249+0.332um, elongation 0.1843+0.018,
ellipticity 0.055+1.4592, regularity 0.8536+0.009 and roughness 0.9589+0.027. After
cryopreservation, there was no influence of dilution rate used in any of the parameters
evaluated, in addition, the samples preserved in Ringer showed area, perimeter, length
and width similar to control. There were also no significant differences in the effects on
the variables regularly and roughness (p> 0.05). The samples cryopreserved in PCW-
104™ had significantly higher measures of length and perimeter that preserved in
Ringer (p<0.05). Respect to the width and consequently the area, samples cryopreserved
in PCW-104™ were significantly superior to the control measures and to the samples
preserved in Ringer (p<0.05). There was a significant reduction in the ellipticity and
elongation in all treatments after thawing as compared to control (p<0.05). In addition,

samples cryopreserved in PCW-104™ showed a significant reduction of these two
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parameters compared to samples preserved in Ringer (p<0.05). It can be conclude that,
with a better sperm motility and greatest change in head after thawing, probably,
cryopreservation in PCW-104™ made the sperm more adapted to survive in
unfavorable conditions. This study was approved by CEUA (Ethics Committee for
Animal Use of the Ceara State University) with protocol number 09230730-2.

Keywords: Fish; Semen; Computed-Assisted Semen Analysis; ASMA.

1. Introduction

The species Piaractus brachypomus (pirapitinga), endemic to the Amazon,
belonging to characid is a highly commercial fish in other regions of Brazil. Recently,
the decrease in genetic diversity observed in herds of breeding farms dedicated to the
production of fingerlings and the frequent cyclic phenomena of droughts, which exert
strong action on their reproductive processes, require the adjustment or development of
technologies that enable the exchange of seminal material between producers, use of
gametes which may be obtained from individuals wild and conservation of semen
samples in less favorable times [1-2]. So, the freezing techniques have been used to
control the assisted reproduction of many species of economic interest [3], the
formation of semen banks of endangered species [4] and the maintenance of genetic
variability in fish farms [5]. The application of this technique in fish is extensive
development [6]; however, several aspects of sperm morphology are affected during this
process. Changes in morphology are correlated with the decreased rate of fertilization in
various animals [7]. Thus, it is necessary to identify the morphometric parameters of
spermatozoa Pirapitinga (P. brachypomus) fresh and observe the changes after thawing.

The electron microscopy techniques are accurate but difficult to implement,

therefore, the analysis of computer-aided sperm morphology (ASMA) is ideal for this
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type of evaluation [8]. In fish, ASMA has been used to describe changes in the shape of
the sperm caused by hormonal induction of spermiation [9] and the effects of dilution
rate, used cryoprotectants and cryopreservation media supplementation [10].

Already been tested successfully as semen diluents fish, in natura coconut water
[11] BTS - Beltsville Thawing Solution® [6] and more recently the PCW™ - powder
coconut water, which is a solution composed of salts, proteins, sugars, vitamins, neutral
fats, as well as inducers of cell division and various electrolytes, providing the nutrients
necessary for the preservation of sperm cells [12]. The PCW™ was initially tested as an
extender of goat semen [13] and more recently in cryopreservation of piracanjuba
(Brycon orbignyanus), curimba (Prochilodus lineatus), piapara (Leporinus obtusidenss)
[14], pirapitinga (Piaractus brachypomus) [15] and tambaqui (Colossoma macropomun)
semen [16] while maintaining high rates of motility.

Among the most commonly used cryoprotectants on cryopreservation of fish
semen, may be cited the internals: Dimethyl sulfoxide (DMSQO), glycerol, methylglycol,
methanol and ethylene glycol, commonly used at a concentration of 10% [14, 17-20].
The study aimed to evaluate the association of extenders and cryoprotectants on the

Pirapitinga sperm head morphometry after thawing compared to fresh semen.

2. Materials and methods
2.1. Experimental animal and collection

It was used 30 adult male Pirapitinga (P. brachypomus), identified by microchip,
reared at the Aquaculture Research Center (CPAqQ) of the National Department of
Works Against Drought (DNOCS) at Pentecoste, Ceara, Brazil, located between
03°45'00" S and 39°21'00" W, 90 km from Fortaleza. It was performed two semen

collections from each animal. The first in October 2009 and the second in January 2010.
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The animals received a single dose of carp pituitary extract (CPE: 2mg/kg body
weight) for hormonal induction, 14 hours before semen collection. On the day of
collection, the animals were sedated using a solution based on clove oil (Eugenol,
Union Plant Nutritional Supplements Ltda.) [21], which was immediately subjected to
semen collection after sedation and then returned to tank handling. For collection, each
animal was restrained in lateral decumbency, eyes wrapped in damp cloth to minimize
stress and facilitate retention. The genital orifice was dry with paper towel, and a mild
abdominal compression was performed in the anteroposterior direction. Semen was
collected and released the rates that were contaminated with feces, urine or blood were
discarded, and the ones that showed a percentage less than 80% motile sperm after
activation with water tank during the initial evaluation by an optical microscope [8].

An aliquot of 100 pL of valid semen samples from each animal was fixed in
saline formaldehyde solution 1% at proportion of 1:10 (semen: fixative) for
morphometric analysis and the remainder formed the pools. The pools were formed
from a mixture of valid semen samples from at least four animals, to eliminate the male
effect.

These pools were divided into three parts, in which the first was frozen at CPAQ,
the second was fixed, as previously mentioned, for subsequent morphometric analysis,
and the third was stored in a cooler with ice at 4°C for analysis of objective motility at
the Laboratory of Semen Technology, Biotechnology Integrated Nucleus, Ceara State

University.

2.2. Semen cryopreservation
For cryopreservation, the pool was extended into media based on powder

coconut water for fish semen (PCW-104™) or Ringer modified for fish associated with
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10% DMSO or 10% methylglycol and at dilution rates of 1:4 or 1:6 (semen: extender).
The semen was immediately packed in straws of 0.5 mL with the aid of disposable
syringes. The end of each straw was closed with polyvinyl alcohol. After filling, the
straws were immediately transferred to a dry shipper where they received liquid
nitrogen vapor (NL) to -174°C for 30 minutes, beginning then cryopreservation, were
then stored immersed in NL at -196°C in cryogenic tanks [18]. Thawing was performed
45 days after freezing by removing the straws of the cryogenic tank and immersing in a
water bath at 60°C for 8 seconds [19]. The straws were dried with paper towel and cut
the ends with scissors and the sperm released in a test tube immersed in a water bath at
27°C. The thawed samples were analyzed for objective motility and fixed for

morphometric analysis of the sperm head.

2.3. Assessment of sperm motility

The kinetic parameters of spermatozoa of fresh pool (control) and post-thaw
samples were measured by computer-aided semen analysis using the software Sperm
Class Analyzer (SCA®, version 3.2., Microptics, Spain), binocular optical microscope
(Nikon 50i) with phase contrast (Ph 1), a 40x lens and green filter, coupled to a camera
for capturing images (Basler). The semen was deposited in a cell counting chamber
(Makler chamber, depth 10 mL), after activation with NaCl (50 mM) in the ratio 1:50
(semen: NaCl) and performed the analysis of motility. It was analyzed approximately

2000 sperm per sample.

2.4. Assessment of sperm morphology
For morphometric analysis, two micro liters of the fixed samples were used for

making smears of each animal from each pool and each treatment after thawing. Air
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dried slides were stained with the kit for Panoptic CBC (Instant-Prov) dipping each
slide twice in each of the three solutions of the kit. After drying the slides, they were
mounted with cover slip using nail polish-stained. It was analyzed 200 sperm from each
animal and each pool through the analysis of computer-aided sperm morphology
(ASMA). Data obtained from morphometric analysis of sperm from the pool of fresh
semen were called control. The program was set up so that all sperm were viewed with
an increase of 40x, with interactive analysis and manual detection of sperm.

During the analysis, each sperm selected by the observer was scanned by the
program. Were computed data on the length (L, in zm), the major axis of sperm head;
width (W, in gm), the minor axis of the sperm head; perimeter (P, in uzm), distance
surrounding the sperm head; area (A, in um?), the surface of the sperm head. From these
data were calculated, by the program, data on morphometric parameters, so that the
ellipticity is the ratio between length and width (L / W). When this ratio was equal to 1,
the sperm head was round, when greater than 1, the head was elongated. The elongation
corresponds to the formula L - W/ L + W. When the result of this formula is equal to 0,
there was no elongation; therefore, the sperm is round. When more than 1, the sperm
had a length greater than width, and when less than 1, the width was greater than the
length.

The roughness (4nA/P?) refers to the perimeter of an ellipse in relation to the
perimeter of the sperm head. When the roughness was 1, the membrane was smooth, i.e.
without roughness. The regularity (tLW/4A) is the ratio of the theoretical area of the
ellipse and the actual area of the sperm head, and the closer to 1, more similar to an

ellipse, or more regular was the head of the sperm.

2.5. Statistical analysis
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Data on motility of fresh and post-thaw semen were submitted to analysis of
variance (ANOVA) and compared by Kruskal-Wallis. The motility experiments were
repeated eight times. For the morphometric analysis, data were tested for normality and
homoscedasticity and were subjected to analysis of variance for randomized design.
When main effects or their interactions were significant, means were compared by
Student-Newman-Keuls (SNK). Comparisons with the control group were performed by
the Dunnett test. The morphometric experiments were repeated five times. Differences
were considered significant when p <0.05, and the results were expressed as mean +

standard deviation.

3. Results
3.1. Semen collection

The animals replay well to hormonal treatment and had easy release of semen. A
few samples were contaminated with blood, water, feces or urine. These samples were
discarded from the experiment. No uncontaminated sample showed subjective motility
less than 80% after activation with water tank. Semen samples from 30 pirapitinga
showed milky white color. The major volume collected into specimens was 11 mL and
the lowest was 1 mL. The pH did not vary greatly during the collections, and were
around 8.5. The average weight of males, subjective sperm motility, semen volume and

pH can be seen in Table 1.

Table 1: Average weight of males and fresh semen characteristics of pirapitinga (n =

30) collected in October 2009 and January 2010.
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Characteristics 1% collection 2" collection

Body weight (kg) 3.127 2.886
Subjective spermatic motility (%) 88 88
Semen volume (mL) 4,48 5,44
Semen pH 8,5 8,6

3.2. Post-thaw sperm motility

After freezing-thawing, all samples showed activation below 10%. After an
objective analysis of the motility of sperm activated with NaCl after thawing, it was
observed that all treatments had significantly lower total motility compared to control
(84.81 £ 10.33%). When the comparison was made between treatments, there was no
effect of dilution rate, 1:4 or 1:6 (semen: extender), or of cryoprotectants used in this
study (DMSO and MG). However, when a comparison was made between the extenders
PCW-104™ and Ringer, was found that motility was significantly higher in samples

preserved in PCW-104™ (Table 2).
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Table 2: Percentage of total sperm motility in fresh semen of pirapitinga (control) and
frozen in PCW-104™ or Ringer added Dimethyl sulfoxide (DMSO) or methylglycol

(MG), with dilution rates of 1:4 or 1:6.

Total Sperm Motility (%)

Control 84,81 + 10,33

DMSO MG

1:4 1:6 1:4 1:6

PCW-104" 20.97 +8.17*® 24.68 + 14.12*® 20.32 +9.61**  18.50 + 17.44*®

Ringer 7.63+£7.78*" 993 +6.69*" 6.20 + 2.82*" 8.24 + 7.69*"

*Differ from control; *°: Different lowercase letters between lines (p < 0,05)

3.4. Individual sperm morphometry

After head analysis of 200 sperm from each of the 30 animals was possible to
obtain the average of the morphometric data: length 3.3784 + 0.132 um, width 2.339 +
0.075 um, area 7.313 + 00.386 pum?, perimeter 9.7249 + 0.332 um, elongation 0.1843 +

0.018, ellipticity 1.4592 + 0.055, regularity 0.8536 + 0.009 and roughness 0.9589 *

0.027.

Sperm morphometry of fresh pool and post-thaw semen

Size parameters

After thawing, there were some changes in the pattern of sperm head
morphometry. However, the dilution rate did not influence the observed parameters

(Figure 1).
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Figure 1: Morphometric analysis of head sperm of pirapitinga post-thaw before and
after scanning by the program. (1) PCW-104" + DMSO, 1:4. (2) PCW-104"" + MG, 1:4.
(3) Ringer + DMSO, 1:4. (4) Ringer + MG, 1:4. (5) PCW-104" + DMSO, 1:6. (6)
PCW-104" + MG, 1:6. (7) Ringer + DMSO, 1:6. (8) Ringer + MG, 1:6. 40x.

In relation to the sperm head width, no significant difference between semen
treated with Ringer + DMSO (2.46 + 0.06 um) and Ringer + MG (2.39 + 0.06 um),
being both similar to control (2.39 + 0.04 um). However, the semen cryopreserved in
PCW-104™ + DMSO (2.71 + 0.05 pm), the sperm head width showed significantly
superior to cryopreserved in PCW-104™ + MG (2.60 = 0.07 pm), which were

significantly higher than the control (Table 3).
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Table 3: Width (um) from pirapitinga sperm head in fresh semen (control) and frozen in

PCW-104™ or Ringer added Dimethyl sulfoxide (DMSO) or methylglycol (MG).

Width (um)
DMSO MG
Control 2.39 £ 0.04
PCW-104™ 2.71 £ 0.05*" 2.60 £ 0.07*
Ringer 2.46 +£0.06 *° 2.39£0.06 *°

*Differ from control; *°: Different lowercase letters between lines; *°: Different capital

letters between columns (p < 0,05).

Measures related to the area, length and circumference were not affected by
cryoprotectant used or the rate of dilution. In relation to the area, samples cryopreserved

in PCW-104™ (8.56 + 0.63 um) was significantly greater than control (7.72 + 0.53 um)
and that the samples cryopreserved in Ringer (7.56 + 0.65 um). Respect to length (3.48
+ 0.14 ym) and perimeter (10.06 + 0.44 pm), it has no changes in these parameters

compared to control. However, when a comparison was made between the extenders, it

was observed a significant increase in length (3.53 + 0.13 um) and perimeter (10.47 +
0.38 um) in the samples cryopreserved in PCW-104™ in relation to the length (3.34 +

0.24 um) and perimeter (9.76 = 0.66 um) from cryopreserved in Ringer (Table 4).

43



Table 4: Area, length and perimeter of spermatozoa head in fresh semen (control) and

frozen in PCW-104™ or Ringer.

Area (um?) Length (um) Perimeter (um)
Control 7.72 £0.53 3.48 £ 0.14 10.06 £ 0.44
PCW-104™ 8.56 + 0.63** 3.53+0.13 10.47 +0.38°
Ringer 7.56 + 0.65° 3.34 £0.24° 9.76 + 0.66°

*Differ from control; *°: Different lowercase letters between lines (p < 0,05).

Shape parameters

There was no influence of cryoprotectant, or the dilution rate, for the ellipticity
parameter. However, after cryopreservation, this value was significantly lower when
compared with control (1.45 + 0.03 um) independent of the extender used, Ringer (1.41
+ 0.03 pm) or PCW-104™ (1.33 £ 0.04 um), and this reduction was more significant

for samples cryopreserved in PCW-104™ (Table 5).

Table 5: Ellipticity of spermatozoa head in fresh semen (control) and frozen in PCW-

104™ or Ringer.

Ellipticity
Control 1.45 +0.03
PCW-104™ 1.33 + 0.04*°
Ringer 1.41 +0.03*°

*Differ from control; °: Different lowercase letters between lines (p < 0,05).
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After cryopreservation, there was a significant reduction in elongation rate in all
treatments compared to control (0.1799 + 0.0068). Furthermore, there was a significant
decrease when the samples were cryopreserved in PCW-104™ + DMSO (0.1305 +
0.0087) compared to those cryopreserved in Ringer + DMSO (0.1697 £ 0.0093).
However, this reduction was not observed when samples were preserved with

methylglycol (Table 6).

Table 6: Elongation of spermatozoa head in fresh semen (control) and frozen in PCW-

104™ or Ringer added Dimethyl sulfoxide (DMSO) or methylglycol (MG).

Elongation
DMSO MG
Control 0.1799 + 0.0068
PCW-104™ 0.1305 + 0.0087*"° 0.1497 + 0.0108*"
Ringer 0.1697 + 0.0093*" 0.1670 + 0.0114*"

*Differ from control; ®°: Different lowercase letters between lines; *°: Different capital

letters between columns (p < 0,05).

It was no significant differences in the effects tested on the variables regularly
and roughness (p> 0.05). The overall averages for these variables were 0.87 = 0.05 and

0.96 £ 0.04, respectively.

4. Discussion
The seminal collections made in this study occurred in the pirapitinga breeding

season. Differences of the seasons lead to differences in water quality, feeding and
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sexual maturity of the animals which affect sperm quality [17]. The semen volume
found in this study was different from other studies with that species, being higher than
that found by Pessoa [18], which held its collections outside the breeding season,
between June and September, and lower than that found by Veldzquez -Medina [15],
which held its collections in the middle of the season (December and January). It was
also observed a reduction in weight of animals. This is due to the fact that in nature, the
spawning fish, such as pirapitinga, migrate upstream out of the food environment in
search of reproductive environment [22].

Our results confirmed the Pessoa [18] where there was no significant difference
in post-thaw motility of cryopreserved samples with dilution rates of 1:4 and 1:6,
independent of the extender or cryoprotectant used. This result is similar to that found
by Godinho et al. [23] that found no significant difference between the dilutions 1:1,
1:2, 1:3 and 1:4. This is probably due to the fact that these rates are very similar, not
bringing direct effects of the proportion of extender on sperm motility. In addition,
samples cryopreserved in PCW-104™ had significantly higher motility compared to
cryopreserved in Ringer. Best results of post-thaw motility in samples cryopreserved in
PCW-104™ are because of the powder coconut water have substances in their
composition in favor of cryopreservation as fructose and glucose, which act as external
cryoprotectants, protecting the cell membrane, and antioxidants such as ascorbic acid,
which fight free radicals during cryopreservation [24].

In the present study was performed morphometric analysis of 200 sperm head of
each animal from each pool and each treatment. Previous work with goats [25] show
that the analysis of only 100 sperm stained with Diff-Quick is sufficient because it did
not present significant difference in analysis of 150, 175 and 200 sperm. The

standardization of a minimum number of spermatozoa to be analyzed is interesting
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since the morphometry technique, for fish, is very laborious, because the sperm of this
class are much smaller than those of mammals, often being confused with the program
artifacts. Another difficulty in this process was the lack of information on the step of
coloring fish semen. The limited success of this step can also occur due to numerous
artifacts produced during the making of the smears [26]. According to Verstegen et al.
[27], the dyes do not necessarily provide an appropriate contrast in gray scale for an
accurate analysis by the program.

Tuset et al. [26] obtained satisfactory results for spermatozoa of rainbow trout
(Oncorhynchus mykiss) using Hemacolor and Diff-Quick, dyes similar to that used in
this study. In pre-test (unpublished data), various dyes were tested as Panoptic of CBC,
Diff-Quick, Bromophenol Blue and Rose Bengal, and the CBC Panoptic of the most
efficient for morphometric analysis of the sperm head of pirapitinga. However,
spermatozoa were strongly stained, making it difficult to capture images of the program.
Because of this, the exposure time of the smear to the manufacturer's suggested colors
(five dives) was decreased for two dives in each substance-kit staining, which
significantly improved the analysis.

The analysis of sperm head morphometry of pirapitinga has shown that these

have an area (7.31 umz) much smaller than the sperm of mammals (29.02 umz) [25].

The smaller size is probably due to lack of acrosome, which is unnecessary to externally
fertilizing fish, because they do not achieve acrosome reaction, going through a hole in

the oocyte called micropyle [28]. The average area (7.31 Hmz), perimeter (9.72 pum),
width (2.33 pm) and length (3.37 pum) from the sperm head found in this study are
similar to area (7.25 umz), perimeter (9.99 um), width (2.67 pm) and length (3.22 um)

from the sperm head of rainbow trout (Onchorrynchus mykiss) found by Tuset et al.

[26].
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Despite showing significantly lower motility of samples cryopreserved in PCW-
104™, the semen cryopreserved in Ringer maintained the head size (length, width, area
and perimeter) similar to control. The motility reduction may be due to sperm midpiece
and tail damage during the cryopreservation process, being these two structures
essential for motility. Velazquez-Medina [15] examined the morphology of pirapitinga
spermatozoa before and after freezing with the extenders Ringer, PCW-104™ and
glucose, added to the cryoprotectant DMSO and MG, finding a significant increase in
problems related to the sperm tail in the samples fresh (5%) compared to samples
cryopreserved, regardless of the extender or cryoprotectant used (23%). Similar results
were found previously by Gravance et al. [29], working with goat semen, where they
obtained less than 30% motility post-thaw and sperm head morphometry similar to the
samples before freezing.

For samples cryopreserved in PCW-104™, width, and consequently the area,
showed measures significantly higher compared to control. This finding contradicts
those presented in the literature in which Asturiano et al. [30], working with European
eel, found that a significant reduction in area and perimeter of the head occurred after
sperm cryopreservation. Probably this phenomenon was due to nucleus super
condensation. In European seabass (Dicentrarchus labrax), sperm exposure to DMSO
caused a concentration-dependent reduction in the overall size of the cell [31].

In this study, an increase of the sperm head may be due to the high permeability
of the sperm membrane to PCW-104™, despite this product is derived by dehydration
of the integral coconut water, without fractionation, where the level of its constituents is
in agreement with the natural balance found in nature, in proportions consistent with the
body fluids such as blood plasma and seminal plasma, making the extender to interact

with the seminal plasma, among rapidly in homeostasis, maintaining and even
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improving the conditions of viability. Moreover, the amount of sodium and potassium
may have interfered with their pumps sodium and potassium active transport
mechanism of sperm membrane.

The parameters of shape, ellipticity and elongation are directly dependent on the
sperm length and width and are related to the round or oval of them. In this paper, these
two shape parameters showed significantly lower than the control after

cryopreservation, however, this result was due to increased width of the sperm head.

5. Conclusion

We would like to emphasize that it is the first time that the ASMA methodology
is applied to morphometric characterization of the sperm head of pirapitinga before and
after thawing. And that, in light of improved post-thaw motility of sperm extended in
PCW-104™ and greatest change in the head, probably, cryopreservation with PCW-
104™ made the sperm more adapted to survive under unfavorable conditions during the
cryopreservation process. More studies should be conducted in search of a better
understanding of the changes during sperm cryopreservation and its influences on

semen quality post-thaw.
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7 CONCLUSAO

N&o tinha sido utilizado ainda a metodologia ASMA para a caracterizagdo morfométrica
da cabeca de espermatozoides de pirapitinga antes e ap6s o descongelamento. E que, a
melhor motilidade ap6s o descongelamento do sémen tratado com ACP-104 e alteragoes
de cabeca, poderd esta relacionado a maior adaptacdo dos espermatozdides a

sobrevivéncia em condicOes desfavoraveis durante os processos de criopreservacao.
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8 PERSPECTIVAS

Realizar analise ultraestrutural para confirmar a auséncia de acrossoma nos

espermatozdides de pirapitinga;

Observar os possiveis danos causados durante o processo de criopreservacao ao
DNA espermaético;

Realizar testes de fertilizacdo para verificar a capacidade fecundante desses

espermatozdéides pos-descongelamento;

Observar a sobrevivéncia dos espermatozdides que ndo foram ativados pos-

descongelamento;

Elucidar como a criopreservacdo aumenta os danos na peca intermediaria e

cauda dos espermatozdides;

Descobrir os mecanismos de acdo do ACP-104 na célula espermatica
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