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RESUMO

A piabanhaBrycon insigni® uma espécie nativa e endémica da bacia do
rio Paraiba do Sul. Ao longo dos anos esta bacia sefrendo com
represamentos, desmatamento da mata ciliar e polfégendo com que muitas
espécies, incluindo aB. insignis estejam ameacadas de extingdo. A
criopreservacao de sémen pode ser uma ferramdnta €ertilizacéo artificial e
programas de recuperac¢ao de estoques ameacadasgd@ @s efeitos do uso de
sémen criopreservado sobre o desenvolvimento endsitp sobrevivéncia e
desenvolvimento da progénie ainda nédo estédo clbleste estudo, procurou-se
aprofundar o conhecimento sobre os eventos pdbziagfio e embriogénese
nesta espécie, através de andlise ao microsc@iiéreto e estereomicroscopio
(artigo 1), bem como avaliar o efeito da criopreageio do sémen na qualidade
espermatica, embriogénese e desenvolvimento d&mieogté 112 dias (artigo
2). O sémen foi criopreservado em meio contendd gienl e BTS® (Minitube
do Brasil), em palhetas de 0,5 mL, no congeladovajer de nitrogénialry-
shipper e descongelado em banho maria a 60°C. Sete estadgo
desenvolvimento embrionario foram observados: migalivagem, blastula,
gastrula, segmentacdo, larval e eclosdo. O séniepreservado apresentou
menores taxas de motilidade e de vigor esperm@R¥, escore 3) em relacao
ao sémen fresco (100% e escore 5). Apesar da dgamwna qualidade
espermatica, ndo houve diferenca quanto ao des&mesito embrionario entre
as progénies originadas do sémen criopreservadelag@o ao fresco (24% dos
embrifes estavam em estagio de gastrulacdo 10 & agértilizacdo), nem
guanto a taxa de eclosdo (24%). O percentual gasarormais (88-97%) foi
semelhante entre as progénies. As larvas se ddgerara de forma semelhante
nas duas progénies, passando de 1,3 cm e 0,037gdas apos a eclosado, para
13,8 cm e 45,9 g aos 112 dias apds a eclosdo. sD#taaos obtidos séo
relevantes por aprofundar o conhecimento sobrevestes da fertilizacdo e
embriogénese e por demonstrar que o desenvolvinemtwionario, larval e
crescimento da progénie até 112 dias desta esp&gcisofreu interferéncia do
uso do sémen criopreservado. Assim sémen de piabarbpreservado de
acordo com o método descrito pode ser utilizadmtiaa das pisciculturas para
facilitar a reproducao artificial, formar um bande germoplasma e preservar a
variabilidade genética dessa espécie.

Palavras-chave: Criopreservacdo. Embriogéneseci@msto Larval. Sémen.
Brycon insignis.



ABSTRACT

The piabanharycon insignisis a native and endemic species of the
Paraiba do Sul river basin. Over the past yeais,thsin has suffered with
hydroelectric dams, deforestation and pollutiordieg to threat many species,
including B. insignis Sperm cryopreservation can be a useful tool fificial
fertilization programs, and recovery of threateséatks. However, the effects
of the cryopreserved sperm on embryonic developnanwival and om the
progeny development are still unclear. Thus, thisl\s aimed at investigating
the post-fertilization events and embryogenesithia species under scanning
electron microscopy and stereomicroscopy (artigleas well to evaluate the
effects of sperm cryopreservation on sperm qual@mbryogenesis and
development of progeny up to 112 days (articleSperm was cryopreserved in
a mean containing methylglycol and BTS™ (Minitube Brasil), in 0.5-mL
straws, in a vapor nitrogen freezdny-shipperand thawed in a water bath at
60°C. Seven stages of development were observewteycleavage, blastula,
gastrula, segmentation, larval and hatching. Cesgnved sperm yielded lower
rates of motility and quality motility score (53%core 3) compared to sperm
(100%, score 5). Despite the decrease in spernityjuad difference on embryo
development among the progeny originated from ag®grved or fresh sperm
(24% embryos were at the gastrula stage 10 h padizfation), or on the
hatching rate (24%). The percentage of normal &r{@8-97%) was similar
between the progenies. Larvae developed similarlyath progenies, from 1.3
cm and 0.03 g at 7 days post-hatching up to 13.@mi5.9 g at 112 days post-
hatching. The results are relevant for advancingwktedge concerning the
fertilization events and embryogenesis stages, fandlemonstrating that the
embryonic development and larval growth were ndectéd by the use of
cryopreserved semen. Thus, cryopreserved sperniab&pha can be used to
facilitate artificial reproduction in fish farms @rfor gene banking to preserve
the species genetic variability.

Keywords: Cryopreservation. Embryogenesis. Larvawgh. Sperm.Brycon
insignis.
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PRIMEIRA PARTE

1 INTRODUCAO

A fauna de peixes de agua doce do Brasil é a ntaisio mundo, com
cerca de 2.587 espécies nativas, existindo ainddtasnudesconhecidas
(BUCKUP; MENEZES; GHAZZI, 2007). Entre elas peloms 40 espécies, de
varias familias, tém sido tradicionalmente utilaacbu apresentam potencial
para aquicultura. Fazem parte desta lista varipécess da familia Characidae
entre elas, sete espécies do género Brycon, idduin piabanha. insignis
(GODINHO, 2007).

A piabanha, também conhecida como tiete tetra (ejés, (FROESE;
PAULY, 2010) é uma espécie nativa e endémica di lokcrio Paraiba do Sul,
cujo percurso inicia no municipio de Paraibuna (&Rjartir da confluéncia dos
rios Paraitinga e Paraibuna, e atravessa o0 Rioadeird de sul a norte
desaguando em Atafona (RJ) percorrendo um totaledea de 1.000 km. Na
década de 50, o rio Paraiba do Sul e seus aflufar®a considerados um dos
mais piscosos do Estado de Sdo Paulo. Apesar ddeydiversidade de peixes,
poucos possuiam valor comercial, entre estes sacdeam principalmente a
piabanhaBrycon insignis surubim-do-paraibaSteindacneridion parahybae
piavas Leporinus sp piaparaleporinus sp e o robaloCentropomus sp
(MACHADO; ABREU, 1952). Ao longo dos anos, a bad@rio Paraiba do Sul
vém sofrendo represamentos, desmatamento da rliataegpoluicdo em razéo
da industrializacdo e atividade agricola regiomalimpacto ambiental destas
acles antropogénicas tém resultado numa diminueadiversidade da fauna
pesqueira na regido, fazendo que muitas espéadsindo aB. insignissejam
incluidas na lista de espécies brasileiras ameagial@xtincdo (ROSA; LIMA
2008).
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Considerando a necessidade de repovoamento dosrdethaquéticos,
a reproducédo artificial se faz necesséria. No ¢otgrara que esta seja bem
sucedida é importante um bom conhecimento sobréolagla da espécie
principalmente em se tratando de uma espécie naigtadomo a piabanha, que
carece de inducao hormonal para liberagcédo de @geifacilitar a espermiacao.
Durante o processo de reproducdo artificial emveati, um aspecto muito
importante para o0 manejo das progénies € o0 conkatimsobre o
desenvolvimento embrionério e larval da espéciea informacao valiosa para
pesquisas relacionadas ao cultivo, uma vez quederinformacdes adicionais
sobre o ciclo de vida da espécie.

Nos programas de repovoamento e expansdo da (tisc@cua
criopreservacdo de sémen é uma ferramenta que ggdbastante util para
reproducdo artificial. Entre as diversas vantageles seu emprego nas
pisciculturas, podem ser citadas a redug¢do do rminder reprodutores, a
eliminacédo de problemas de assincronia da matwidadadal entre machos e
fémeas e as falhas na indugdo hormonal. Os espadideés da grande maioria
das espécies de peixes sdo imoéveis no plasma deenpracisam entrar em
contato como a agua no meio exterior para adguirir@tilidade. A fim de se
permitir a conservacdo do sémen deve se evitaivacab pré-matura pelo
contato com agua ou urina e utilizar diluidores ammolaridade semelhante ao
plasma seminal e crioprotetores adequados. Desgenteiro estudo bem
sucedido de criopreservacdo de sémen de peixe (BERX 1953) varios
pesquisadores se dedicaram a estudar e aprim@artémica, inclusive no
Brasil. Em Brycon insignisdois estudos foram feitos recentemente testando
meios e protocolos de congelamento diferentes (M, 2004; VIVEIROS
et al., 2010). Na maioria das vezes, a qualidade sdmen ap6s o
descongelamento é avaliada em fungcdo da percentadgemélulas moveis

observada em microscépio de luz. Contudo, durantiraa década, o uso de
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um sistema de andlise espermética assistida poputador, conhecido como
“CASA” (do ingléscomputer-assisted sperm analydism se tornado cada vez
mais popular em laboratérios de tecnologia de s§goepermitir uma avaliacéo
mais precisa da motilidade, além de outros paramete qualidade do sémen.
Além disso, estudos recentes tém sido publicads@ndb avaliar caracteristicas
das progénies oriundas da fertilizagdo com sémiepreservado, tais como:
malformacdo, ploidia, e sobrevivéncia larval (HAYESal., 2005; HORVATH
et al., 2007; LINHART; RODINA; COSSON, 2000; MISK@ZI et al., 2005;
YOUNG et al., 2009).
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2 REVISAO DE LITERATURA

2.1 Brycon insignis

Piabanha
Brycon insignis

Figura 1Exemplar deB. Insignis popularmente conhecida como piabanha

Brycon insigniqSteindachner, 1877), conhecido como piabanha (#&igu
1) é uma espécie de peixe nativa e endémica da Baagio Paraiba do Sul cuja
extensdo compreende os estados de S&o Paulo, @laras e Rio de Janeiro
(HILSDORF; PETRERE JUNIOR, 2002) (Figura 2). O g@rBrycon pertence
a ordem Characiformes, familia Characidae, subfamBryconinae, e
compreende mais de 70 espécies de peixes com dayduicdo geografica
(FROESE; PAULY, 2010). A piabanha possui abdémeseade o dorso
prateado, mandibula projetada para frente e a aahetatada, caracteristicas
gerais de peixes predadores (Figura 1). E considezapécie de grande porte,
podendo atingir aproximadamente 8 a 10 kg de pasoatureza (NOMURA,
1984; PEREIRA, 1986; SANTOS, 1987).

Quanto ao habito alimentar, a piabanha é ictiofagasetivora quando
jovem e herbivora e frugivora quando adulta. Derantarvicultura da piabanha
€ comum verificar-se canibalismo entre individues,que pode reduzir
substancialmente o nimero de alevinos produzidasm Be minimizarem as
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perdas, normalmente sdo usadas larvas de outrasiespgle peixe, como o
curimbatda, que servem como alimento para as piasai$HIMODA, 2004).

O periodo reprodutivo da piabanha, no municipioPdeaibuna (SP),
estende-se de dezembro a fevereiro. Os machosagsti#oa reproducdo a partir
do segundo ano de vida, quando alcancam cerca cim 2@ comprimento total,
e as fémeas a partir do terceiro ano de vida, quard geral, atingem 25,0 cm
de comprimento total (GIRARDI; FARIA; SANTOS, 1993)

A fecundacdo é externa e as desovas ocorrem quanit@l das aguas
estd em ascensdo, durante as chuvas de verdao.odades desenvolvimento
dos embrides ocorrem nas areas inundadas ou respansstes locais 0s
alevinos encontram alimento e refligio para o sserdmlvimento (SALGADO
et al., 1997).

Na década de 5@. insignisfoi considerado a quarta espécie mais
capturada pela pesca comercial na bacia do Rioildaado Sul, possuindo

importante papel para economia regional (MACHADOBREU, 1952).
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Atualmente, a sobrevivéncia dessa espécie encsatrdastante
ameacada devido ao grande nimero de barragenktridess, que impedem sua
migracdo reprodutiva, pela poluicdo do rio Paraflsa Sul decorrente do
lancamento de esgoto doméstico, industrial e agt@p®, como também pela
introducdo do dourad&@éliminus brasiliensjsum voraz predador (SHIMODA,
2004).

No que se refere a sua utilizacdo, a piabanha &rapreciada pela
resisténcia a captura com anzol na pesca espoAivexploracdo para fins

comerciais € ainda praticamente inexistente, temdwiacdo de piabanha em

estacOes de piscicultura apenas fins conservatisnis

2.2 Criopreservacao de sémen

Desde o primeiro estudo bem sucedido de criopragg@orde sémen de
peixe (BLAXTER, 1953), véarios pesquisadores se awdm a estudar e
aprimorar essa técnica, inclusive no Brasil. Forastabelecidos varios
protocolos de criopreservacdo de sémen, experiimamge aprovados e uma
melhoria consideravel tem sido alcancada em tegi#lte criopreservacdo de
sémen de peixes. A criopreservacdo do sémen é ooegmo que envolve
procedimentos que permitem o0 armazenamento de nesfpaoides em
nitrogénio liquido a -196°C, mantendo sua viabdielgpor tempo indefinido.
Em temperaturas em torno de 5°C, a agua intra exceklar permanece
superresfriada e ndo cristaliza. Entre —5°C a —t0@M@ecam a se formar cristais
de gelo no meio extracelular (cristalizacdo). Batrew o conteldo celular
permanece liquido e superresfriado; ocorre entizatde agua para manter o
equilibrio entre o meio extracelular e o intracélubcasionando a desidratagéo

celular.
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A evolugdo deste processo depende da velocidadeomigelamento.
Uma exposicao prolongada (congelamento muito letiés) células ainda ndo
congeladas a um meio cada vez mais hiperosmoticeac@ uma desidratacao
severa levando a desnaturacdo das macromolécutsas e encolhimento
excessivo da célula até ocorrer um colapso da namrabiEsses eventos sao
conhecidos como “efeitos de solucdo” porque ocorssm conseqiiéncia da
osmolaridade do meio aquoso. Em contrapartida,pseaesso de congelamento
ocorre muito rapidamente, as células nao sao cap@zperder Agua para 0 meio
externo e manter o equilibrio. O meio interno teseasupergelado e ocorre a
formacéo cristais de gelo intracelular. Duranteescdngelamento, esses cristais
podem se recristalizar em cristais maiores e desieimembranas celulares
internas e externas. Os danos causados pelo pradessiopreservacdo podem
levar a conseqguéncias adicionais que incluem defpdim estrutural das
organelas celulares, anormalidades na estruturaralaatina espermatica e
alteracdes no genoma (BILLARD, 1983). Ndo ha compedir completamente
a ocorréncia de tais processos tampouco os dansadis tanto pelos efeitos de
solucdo quanto pela cristalizacdo durante o congsito.

Apesar disso, a aplicacdo de tecnologias de csepracado é essencial
quando se busca a formacdo de bancos de sémeoopasrvacdo de recursos
genéticos e recuperacao de estoques de espéciasagine de extingdo. Outras

vantagens da criopreservacao de sémen séo:

a) Permitir a troca de sémen entre os laboratériosregigoducao,
observando a variabilidade genética e perfil papolal, para fins
de producéo e/ou conservacao da espécie;

b) Reduzir o nimero de reprodutores, diminuindo assntustos de

producao e;
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c) Eliminar problemas de assincronia da maturidadeadmin entre
reprodutores, principalmente os de espécies miggatéquando
machos e fémeas néo estéo preparados simultaneament

d) Estabelecimento de programas de melhoramento genédi
hibridizacdo utilizando espécies com periodos dytireos
diferentes;

e) Entre outras.

Um protocolo de criopreservacéo ideal visa:

a) Obter um meio de congelamento, capaz de preveaninjrrias aos
espermatozoides e também & iniciacdo da motilidade;

b) A uma velocidade de congelamento e descongelamé@imma -
suficientemente lenta para prevenir a formacacetteigtracelular, e
rapida pra minimizar o tempo de contato em queéhdas ficardo
expostas aos efeitos de solugéo.

Em busca deste objetivo diversos protocolos dep@gervacdo de
sémen tém sido testados. O uso de botijdes partdeeivapor de nitrogénio,
conhecidos condry-shipperou botijdo canadense, proporcionou uma grande
expansdo no desenvolvimento de protocolos de esepvacdo de sémen de
peixes no Brasil. O sémen de varias espécies degaeotropicais da ordem
Characiformes tem sido congelado com sucesso antidiz-se desse método,
incluindo varias espécies do géndBoycon (Tabelas 1 e 2), entre outros
teledsteos (VIVEIROS; GODINHO, 2009).



Tabela 1Tipos de container, métodos de congelamento e deodgelamento em banho-maria utilizados na
criopreservacao de sémen de espécies de peixé&ndmBrycon

Espéci Palheta Congelament Descongelamen Referencia
B. amazonict 0,5mlL 1 cm acimadi 36°C por 10 se Ninhaus et al.2006%)
superficie do BL
B. cephalu 0,5w 4,0ml 1 cm acima di 36°C por 130 se: Ninhaus et al.2006I)
superficie do bL
0,5mlL Dry-shippe 30°C por 7 se Shimoda 2009
B. insignis 0,5mL Dry-shipper 30°C por 16 seg ou 60°C por 8 segViveiros et al. (2010a)
B. natterer 0,250u0,5m Dry-shippe 50°C ou 60°C por 8 s Oliveira et al (2007)
0,5mL Dry-shipper 30°C por 16 seg ou 60°C por 8 segViveiros et al. (2010b)
4,0 mL Dry-shippe 30°C por 32 seg ou 60°C por 24  Viveiros et d. (2010f)
B. opalinu: 0,50u4,0m Dry-shippe 30°C p« 16 seg ou 60°C por 8 ¢ Orfac (2009)
B. orbignyanu 0,5mlL Dry-shippe 50°C por 10 se Murgas et a (2007)
0,5mL Dry-shipper 60°C por 8 seg Maria et al. (2006a, b)
0,5mL Dry-shipper 60°C por 8 seg Viveiros et al. (2007)
B. orthotaeni: 0,5mlL Dry-stippet 35°C por -10 sei Melo e Godinhc

(2006)

N,L = nitrogénio liquido
Fonte: Adaptado de Viveiros e Godinho (2009)

€e



Tabela 2Diluidores, crioprotetores e taxas de diluicdoizdadlos na criopreservacdo de sémen de peixes doogén
Brycon que produziram melhores resultados em cada estudo

Espéci Diluidor Crioproteto sémen: diluidc Referéncia
B. amazonict Glicose + gema de o DMSQ 1:4 Ninhaus et al.200¢€a)
B. cephalu Glicose + gema de o DMSQC 1:4 Ninhaus et al.2006})
B. insignis Glicose + gema de o DMSQ 1:6 Shimoda 200¢)
NaCl 1,2%, Glicose, BTS MIII® Metilglicol 1:10 Viveiros et al. (2010a)
B. natterer BTS® ou NaCl 0,99 Metilglicol 1:1C Oliveira et al. 2007) €
Viveiros et al. (2010b)
B. opalinu: Glicose Metilglicol 1:1C Orféao 2009)
B. Glicose + gema de o DMSQ - Murgas et al.200%)
orbignyanus BTS® Metilglicol 1:10 Maria et al. (2006a)
NaCl 0,9% + gema de ovo Metilglicol 1:10 Maria et al. (2006b)
Agua de coco em p6 (ACP Metilglicol ou DMSO 1:10 Viveiros et al. (2007)
B. orthotaeni: Glicose + gema de o DMSQ 1:6 Melo e Godinho200¢)

BTS® (Beltsville Thawing Solution, Minitu%): sulfato de gentamicina, glicose, citrato de spEDTA, NaHCQ, KCI.
Ml ® (Merck 11, Minitub®): sulfato de gentamicina, glicose, citrato de epEDTA, NaHCQ,

DMSO = dimetil-sulféxido

- = ndo descrito

Fonte: Adaptado de Viveiros e Godinho (2009)

Ve
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Varios meios de congelamento foram recentementadizs enBrycon
insignis O primeiro relato encontrado de criopreserva@eéinen de piabanha
foi utilizando um meio de congelamento constituigor glicose e dois
criprotetores dimetil-sulféxido (DMSO) (interno)gema de ovo (externo), em
diferentes taxas de diluicdo sémen:meio envasadopathetas de 0,5 mL e
congelados erdry-shipper(SHIMODA, 2004) (Tabelas 1 e 2). Posteriormente,
outros meios de congelamento foram testados asslacidiluidores simples
(NaCl e Glicose) e complexos (BY® M 1II® - Minitub do Brasil) com
crioprotetores internos (DMSO e metilglicol) utdidos na diluicdo do sémen na
propor¢cdo 1:10 (sémen:meio), envasados em paltlet@5 mL e congelados
em dry-shipper Como protocolo diferentes temperaturas e periago
descongelamento em banho-maria (30°C/16s e 60j@a@dém foram testadas
neste trabalho (VIVEIROS et al., 2010) (Tabelas?).e

Apds o descongelamento, na maioria das vezes,liapm do sémen é
avaliada em funcdo da percentagem de células méebservada em
microscopio de luz. Este método é subjetivo, maanda executado por um
técnico treinado pode ser bastante preciso, praiddil para aplicacdo em
pisciculturas. Durante a Ultima década, o uso de distema de andlise
espermatica assistida por computador, conhecidoo cBA\SA” (do inglés
computer-assisted sperm analysism se tornado cada vez mais popular em
laboratérios de tecnologia de sémen europeu e eaneri(Figura 3). O sistema
CASA quantifica os movimentos das células espeoastusando pelo menos
doze caracteristicas da motilidade calculadas wmpotador (Figura 4),
constituindo um método objetivo de avaliacdo, deedgenho rapido, facil e
preciso (RURANGWA et al., 2001). O CASA é o maigetibo método de
guantificagdo da qualidade de sémen disponivelnatude (WILSON-LEEDY;
INGERMANN, 2007).
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Figura 3Equipamentos que compde o sistema CA&#Mputer-assisted sperm
analysi§ - um microscoépio 6ptico de contraste de fase cémera
acoplada, conectado a um computador com o softwestalado.
Laboratorio de tecnologia de sémen — DZO/UFLA
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45 | Rapid 382 457% 267 534
46 | Medium 135 176% 94 18.8
47 | Slow &7 126% 638 136
48 | Static 158 20.2% 10.8 217
43
50 | Total |Percentage CONCENTRATION
B |WH.O (%) millions per ml | in total sjaculated
52 | Fastprogressive (typea)| 254 33,0% 17,8 355 ar25%
53 | Slow progressive (typeb] 182 250% 13,4 268 a+b 2 50%
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55 | Immotile (type d) 185 20,2% 108 217

Figura 4Planilha com o laudo de uma andlise espermaticidenia CASA.Laboratdrio de Tecnologia de Sémen —
DZO/UFLA
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2.3 Superficie de ovdcitos de peixes da ordem Charaaifoes

Estudos sobre a biologia de ovdcitos de peixeddedgrande interesse
por fornecerem subsidios para a compreensdo dalofi dessa célula
germinativa, tendo em vista a preservacdo de gametaconservacdo da
ictiofauna e o aprimoramento de técnicas de cul{iRtzZO; GODINHO,
2003). Ovdcitos de peixes apresentam caractedsticgacionadas ao
comportamento reprodutivo da espécie, podendolassificados com relacdo a
sua gravidade, padrdo e estrutura de superficie. rélatdo a gravidade
especifica, os ovicitos de peixes podem ser pekgia demersais. Ovécitos
pelagicos tém algumas caracteristicas que pernsitenilutuacdo e sdo comuns
em espécies marinhas. Ovdcitos de peixes de agu, dcomo o0s
Characiformes, sdo em sua maioria demersais, istpogssuem gravidade
especifica maior do que a da agua (RI1ZZO; GODINRmS3).

Quanto a adesividade, os ovécitos de peixes podamliges ou
apresentar varios graus de adesividade de acomtho ac@spécie. Ovécitos
adesivos aderem entre si formando massas e/ogase # diferentes substratos e
ovécitos livres mantém-se individualizados na a@aTO, 1999). Analises de
padrées de comportamento reprodutivo de Characi®mmostram relacdo entre
migracdo reprodutiva e grau de adesividade do tavd@iabela 3) (SATO,
1999). Nos Characiformes, os padrbes de supetéioierelagdo com o grau de
adesividade dos ovécitos e em geral, ovos de esp@ertencentes ao mesmo
género ou familia apresentam padrdes de superfioiares (Tabela 3)
(RI1ZZO; GODINHO, 2003). Em Characiformes, dois pimdr de ovocitos livres
tém sido observados: (1) zona radiata lisa com-panais simples (Figura 5a) e
(2) rede fibrilar recobrindo a zona radiata (RIZZ&ODINHO, 2003). A zona
radiata lisa constitui o arranjo menos complexosdperficie de ovocitos de

peixes de agua doce analisados a microscopia rétetrdle varredura (MEV)
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(R1ZZO et al., 2002). No pélo animal, a densidade poros-canais aumenta em
direcdo a micrépila e seus didmetros tornam-seéweis (Figura 5b). No pélo
vegetativo do ovécito, 0s poros-canais apresentanegularmente espacados e
seus diametros sao similares (RIZZO et al., 2082&de fibrilar € uma delicada
camada constituida por fibrilas, visualizadas naviMiEendo pouco densa em
torno da micrépila, e mais desenvolvida no péloetagyvo (RIZZO et al.,
2002). Ovacitos adesivos em Characiformes apraseataanjos especiais na
superficie, dependendo do grupo sistemético: zad@&ta com poros-canais
hexagonais; filamentos, vilos, ou glébulos (RIZZ® a., 2002; RIZZO;
GODINHO, 2003).

O componente basico da superficie do ovocito, @ zadiata ou zona
peltcida, envolve os ovos de todos os vertebradagresenta peculiaridades
préprias em cada grupo. Nos peixes teledsteos,na radiata tem como
caracteristicas a presenca de poros ou canaisstispradialmente na superficie
do ovocito, sendo por isso denominada zona radRtZZO; GODINHO,
2003). Esses canais, que permitem trocas de gamedentes do ovocito com o
meio, séo formados durante a ovogénese sendo axupadprolongamento dos
ovocitos e/ou microvilos das células foliculareso Ainal da maturacdo
ovocitaria, esses prolongamentos retraem-se e «itovéepara-se dos
envoltorios foliculares deixando os poros-canaisrtais (RIZZO; GODINHO,
2003). A camada interna da zona radiata fica ematmrcom a membrana
ovocitaria e é, geralmente, a mais espessada.oBfare prote¢cdo mecanica ao
embrido e € constituida de proteinas e glicoprateitnomoélogas as
macromoléculas da zona radiata de mamiferos (BRNBASSI; COTELLI,
1991; RIZZO; GODINHO, 2003). A camada externa naesficie do ovo apds a
desova é, geralmente, fina, de composicao quinddavel entre as espécies e
apresenta glicoproteinas neutras ou acidas querpediar associadas a muco-
substancias (R1ZZ0O; GODINHO, 2003).



Tabela 3 Padréo de adesividade dos ovécitos e atampento reprodutivo em peixes da ordem Characéderm

Adesividade Caracteristicas

Exemplos de géneros

Livres ou poucc  Comuns em espécies migradoras pequenos numerosos, grat

adesivos espaco perivitelino (0,3-1,4 mm) e ndo estdo sgedt cuidados
parentais. Possuem zona radiata lisa com porosscsingples ou
fina rede fiblilar recobrindo a zona radiata.

Adesivos Comuns em espécies ndo migradoras, sdo de tamanidwel,
Mmenos humerosos, espaco perivitelino geralmentem(@2-0,7
mm), e podem estar sujeitos a cuidados parentaiganjas
especiais de superficie: zona radiata com porasichexagonais,

filamentos, vilos ou glébulos.

Astyanax, Brycor
Curimatella, Leporinus,
Prochilodus,
Salminus, Triportheus

Acestrorhynchu
Bryconops, Hoplias,

Schizodon, Serrasalmus

Fonte: Rizzo e Godinho (2003) e Rizzo et al. (2002)

0€
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No pélo animal, ovécitos de peixes apresentam Hpareicropilar que
permite 0 acesso do espermatozoéide fertilizantetalitente & membrana
ovocitaria, sem ocorréncia de reacdo acrossdOmirag @corre na maioria dos
vertebrados (REDDING; PATINO, 1993).

A micrépila apresenta forma de funil sendo confstiude vestibulo e de
canal micropilar na maioria dos peixes teleéstéagufa 5b). O vestibulo é uma
invaginacdo da zona radiata no qual se aloja codeyrélula micropilar durante
a maturacao ovdcitaria. O canal micropilar contéalomgamento dessa célula e
atravessa o restante da zona (RIZZO; GODINHO, 2003)

Figura 5 Eletromicrografia de ovicito Beycon nattereri

(@) zona radiata lisa com poros-canais simplesa)séb) micrépila (v = vestibulo;
cabeca de seta = canal micropilar

2.4 Fertilizacdo em teledsteos

O processo de fertilizagdo inicia-se quando o esperzéide entra em
contato com a porgéo externa da zona radiata dcitowv® termina com a fuséo
dos dois pronucleos hapléides no citoplasma do itv@®lOORE, 2001). Em
peixes teledsteos, 0 ovécito apresenta uma aberfitreita na zona radiata, a
micropila, por meio da qual o espermatozéide terass@ & membrana

plasmatica do ovécito. Em geral, o espermatozoéide entra na micrépila
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primeiramente é destinado a se fundir com a membpd@smatica (HART,

1990). A fertilizacéo promove a ativagéo do ovocibon a retomada da meiose,

interrompida em metafase Il e dispara uma cadeiaveé@tos no interior do

ovacito.

Apbs a penetracdo do primeiro espermatozdide, ecenima série de

eventos que constituem o bloqueio a poliespermagueeles que seguem o

espermatozéide fertilizante permanecem dentro dualcanicropilar e sao
expelidos durante a ativagcdo do ovo (HART, 199@)ufas 6 e 7).

Alguns destes eventos incluem:

a)

b)

d)

Ativacéo da reacédo cortical com a liberagdo denastdos granulos
corticais que imobilizam o excesso de espermatesdid vestibulo
micropilar (IWAMATSU; ISHIJIMA; NAKASHIMA, 1993;
IWAMATSU; OHTA, 1978; MURATA, 2003) (Figura 6 b-&igura
7);

Formacdo do cone de fertilizacdo que impede que os
espermatozoides adicionais de se unirem a membptasaatica do
ovQcito e ou entrem no espaco do perivitelinicoAMATSU et al.,
1991; KUDO, 1980; MURATA, 2003) (Figura 6d);

Lectinas dos granulos corticais presentes no flyddvitelinico
interagem através da micrépila com a parte extdenaona radiata
para eliminar a orientacdo espermatica e a atrpgéma micropila
(MURATA, 2003) (Figura 6e-f);

Endurecimento do cérion pela alveolina e pela ghataminase,
seguido pela diminuicdo do didmetro da micropigsuttando no
fechamento da micrépila para os espermatozéidemisumerarios
(HART; DONOVAN, 1983; KOBAYASH; YAMAMOTO, 1981;
MURATA, 2003) (Figura 6f).
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Figura 6 Resumo dos mecanismos de bloqueio aspelimia em ovos de

peixes
Fonte: Murata (2003)
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Bricf comparison of the fertilization process between Mammals and Fish

Figura 7 Breve comparac¢do do processo de fertizaptre mamiferos e peixes
Fonte: Murata (2003)

Apé6s a fusdo celular, a célula dipléide é submetidam processo
denominado desenvolvimento embrionario ou embriegén

2.5 Embriogénese

O desenvolvimento embrionario em peixes € um peacesmplexo, e
seu conhecimento é (til para estudos de ontogemiap modelo experimental,
na avaliacdo da qualidade ambiental e efeito dst&ntias tdxicas sobre a fauna
aguatica, assim como para experimentos de preserdgacespécie (NINHAUS-
SILVEIRA; FORESTI; AZEVEDO, 2006). Apos a fusdo dpsondcleos e os
eventos desencadeados pela fertilizacdo, o ova pasofrer alteragbes que
incluem clivagens, movimentacéo celular e formal@mesbocos dos érgéos.
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O primeiro estagio observado no desenvolvimento etiabrido é

conhecido como estagio de zigoto ou blastodisau(BiB).

y i N
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i Ly R
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N

Figura 8Zigoto
Fonte: Adaptado de Kimmel et al. (1995)

Neste estagio ocorre uma reorganizacdo citoplasanétim a formacéo
dos polos animal e vegetativo. O pd6lo animal compde o citoplasma ativo e o
nucleo (blastodisco) do ovo recém formado. O pélgetativo é composto pelas
vesiculas de vitelo envolvidas por fina camadaittplasma (KIMMEL et al.,
1995; NINHAUS-SILVEIRA; FORESTI; AZEVEDO, 2006).

O estagio de clivagem é caracterizado pelo inie®divisGes mitodticas
(Figura 9). Apos a primeira divisdo, as célulasbtastdmeros, dividem-se a
cada intervalo de cerca de 15 min. A clivagem das @ do tipo meroblatica ou
parcial por ocorrer apenas no pélo animal (GANE@D32 KIMMEL et al.,
1995; NINHAUS-SILVEIRA; FORESTI; AZEVEDO, 2006). Aslivagens se
iniciam do centro para as bordas do blastodiscornginero de blastdmeros
aumenta enquanto seu tamanho diminui (WOURMS; EVANE4). O plano
das primeiras clivagens se caracteriza de acordo goespécie estudada.
Entretanto, até 16 blastébmeros, a maioria dosdtesé apresenta 4 fileiras de 4
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células cada, formando uma Unica camada de cél@ANECO, 2003;
KIMMEL et al., 1995; NINHAUS-SILVEIRA; FORESTI; AZEEDO, 2006).

Figura 9 Clivagem
Fonte: Adaptado de Kimmel et al. (1995)

O estéagio de blastula abrange o periodo em qutmbisso alcanca o 8°
ciclo de clivagens até o inicio da gastrulacao (MIEL et al., 1995) (Figura
10). Os planos de divisdo passam a ser indeterosnadpacos irregulares séo
observados entre os blastdbmeros através de migiasc@GANECO, 2003;
KIMMEL et al., 1995), os quais podem ser considesadm tipo de blastocele
(NINHAUS-SILVEIRA; FORESTI; AZEVEDO, 2006). A medid que o
namero de células aumenta, a blastoderme adquirefo de meia lua. Forma-
se da camada sincicial de vitelo, também denomidadgeriblasto encontrada
apenas em tele6steos e posicionando-se de fornmra-eawbrionaria, nao
contribuindo para a formacao do corpo do embridMWMEL et al., 1995).
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Figura 10 Blastula
Fonte: Adaptado de Kimmel et al. (1995)

O estagio de gastrula é caracterizado pelos mowiseate epibolia, e
migracdo celular que dao origem aos folhetos emérios e aos eixos
embrionarios de cabeca-cauda e latero-lateral (KBMMet al., 1995;
NINHAUS-SILVEIRA; FORESTI; AZEVEDO, 2006) (Figural). A epibolia
se inicia no final da blastula e ao final da gdatra vitelo estd completamente
coberto pelas células embrionarias. Com 50% deokpjbiniciam-se os
movimentos de migracao celular formando duas casnadgerior ou epiblasto
e inferior ou hipoblasto (KIMMEL et al.,, 1995; LA@ER et al.,, 1977;
NINHAUS-SILVEIRA; FORESTI; AZEVEDO, 2006). No finafla géstrula, o
epiblasto dara origem a epiderme, sistema nervesdrad, crista neural e
placdides sensoriais. O hipoblasto dara origem dolimeto que posteriormente
se subdivide em mesoderme e endoderme (KIMMEL £1995). O movimento
de epibolia recobre todo o vitelo através da cansaudtacial, a qual é delimitada
pelo blastoporo, seguindo até ao fechamento tesEdNINHAUS-SILVEIRA,;
FORESTI; AZEVEDO, 2006).
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Figura 11 Gastrula - 30, 50 e 90% de epibolia,aethpamente
Fonte: Adaptado de Kimmel et (1995)

O estagio de segmentacdo ou organogénese é caamtemela
formacéo de 6rgaos rudimentares e sistemas a gartpi e hipoblasto (Figura
12). Assim, somitos se desenvolvem, notocorda, ndagral e rudimentos de
O6rgdos primarios tornam-se visiveis; o broto dadaatorna-se proeminente,
levando ao conseqliente crescimento e alongamentmioido ao longo do
eixo cabeca-cauda (KIMMEL et al., 1995). Nestegiesttambém se observam a
vesicula de Kupfer e o aparecimento da vesiculacaptPesquisadores
descrevem a vesicula de Kupfer como uma cavidddgiale alongada, a qual é
separada do periblasto por uma camada de célulasdimderma, que aparece
no inicio da segmentacdo e desaparece ao finak dethgio, sua funcgéo
permanece desconhecida (NINHAUS-SILVEIRA; FORESHAZEVEDO,
2006).
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Figura 12 Segmentacéo
Fonte: Adaptado de Kimmel et al. (1995)

Uma cauda livre, presenca de mais de 25 paresndieosce um embrido
em forma larval caracterizam o estagio larval dbreagénese (Figura 13). Os
embries apresentam calice optico bem desenvolvidwicula Optica e
cristalino. A notocorda estende-se da regido @afal caudal, os somitos
iniciam processo de formagdo de mdsculos e o integrimitivo esta bem
definido. Outra caracteristica deste estagio é aréccia de movimentos
espasmadicos, que tendem a aumentar a medida gom#rdo se desenvolve
neste estagio (NINHAUS-SILVEIRA; FORESTI; AZEVED@0QO06).

No estdgio de eclosdo, as larvas recém formadassapam
movimentos espasmoédicos e de natacdo vigorososoddmtovo, importantes
para a ruptura do cérion (NINHAUS-SILVEIRA; FORESRNZEVEDO, 2006)
(Figura 13).
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Figura 13 Estagios larval e de ecloséo respentnie

Fonte: Adaptado de Kimmel et al. (1995)
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3 OBJETIVO E ESCOPO DA TESE

O objetivo geral deste estudo foi caracterizarteugsa dos ovacitos,
aprofundar o conhecimento sobre os eventos quelvemroo ovocito recém
fecundado, através de estudos de microscopia miEdtOe os estagios do
desenvolvimento embriondario através de estereomtopmio e, com base neste
conhecimento investigar se o uso de sémen criapebe na fertilizacdo
interferiria no desenvolvimento dos embrides, d&aeclosdo, aparecimento de
larvas deformadas e desenvolvimento das progéngespidbanhaBrycon
insignis O resumo da estrutura desta tese esta apresaatédgura 14.

Em um estudo recentemente aceito para publicagi@udl sou co-
autora e que compfe uma dissertacdo de mestrasBmen desta espécie foi
testado diante de alguns meios de ativacdo, ceepracdo espermatica e
temperaturas de descongelamento (AMARAL, 2009; UR@ES et al., 2010).
Como conclusdo pode-se propor métodos eficientea pa@opreservacao e
avaliacdo do sémen para a espécie. O uso de sé&mpreservado é visto com
bons olhos, como uma ferramenta Util no manejoparsé@o da aquicultura e
como instrumento de preservacao genética e corgerekas espécies. Contudo,
existe 0 questionamento sobre as consequénciagjdanos sofridos pelos
espermatozoides, durante o processo de criopredervpoderiam provocar ao
embrido durante seu desenvolvimento e como seriasobaevivéncia e o
desenvolvimento da progénie oriunda da fertilizeggim sémen criopreservado.

Assim primeiramente, propds-se no Artigo 1, estumkrovocitos, os
eventos pos-fertilizagdo e aprofundar o0s conhedimsen sobre o
desenvolvimento embrionario desta espécie.

Utilizando as informacdes obtidas no Artigo 1 e amsso estudo
anterior de criopreservacao, no Artigo 2 procurewprofundar a avaliacdo do

sémen criopreservado de forma objetiva através o de um software de
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andlise espermatica (CASA) e investigar possivaigerferéncias na
embriogénese, formacgéo larval e desenvolvimentgprdgénies oriundas da
fertilizacdo com sémen criopreservado. Para issajtilizado um dos meios de
congelamento e o protocolo de criopreservacao s@ren dédBrycon insignis
proposto anteriormente.

Piabanha

Brycon insignis

Criopreservacio de sémen Andlise de ovdcitos, eventos
(AMARAL, 2009; VIVEIROS et al., e Ll
2010) embriogénese
Artigo 1

Influéncia da criopreservagdo de sémen sobre didaoke,
embriogénese e desenvolvimento larval da progénie|
Artigo 2

Figura 14 Resumo e estrutura da tese
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4 CONSIDERACOES FINAIS

Neste estudo, sdo apresentadas informacBes sobasaaseristicas dos
ovOcitos de piabanha, o0s eventos pos-fertilizacdo desenvolvimento
embrionario e efeito do uso de sémen criopresermadertilizacdo.

Estudos sobre biologia de ovécitos e embriogénespeikes séo de
grande interesse por fornecerem subsidios tendwista a conservacdo da
ictiofauna e o aprimoramento de técnicas de cultivo

A criopreservacao de sémen é uma técnica queiauwmsl reproducao
artificial, além de permitir troca de material giéog e aumentar a eficiéncia e
variabilidade genética na fertilizag&do possibilitaro uso do mesmo macho com
varias fémeas. No caso de espécies, como a pigbanégossuem estoques
reduzidos na natureza, a possibilidade de formdedmanco de sémen também é
bastante interessante. No entanto, como os danssads pelo processo de
criopreservacdo podem levar a anormalidades nait@str da cromatina
espermatica e alteracbes no genoma, o uso de s&preservado tem sido
visto com cautela. Diversos estudos de criopres@ovéém demonstrado que
um protocolo de criopreservacao eficiente corretaenexecutado pode fornecer
sémen de boa qualidade.

O protocolo de criopreservacdo utilizado no presestudo, ja havia
sido testado anteriormente. O conhecimento adquirein relacdo as
caracteristicas dos estagios embrionarios possibilima visdo mais critica na
avaliacdo do desenvolvimento das progénies. Apgsaualidade espermética
pés descongelamento ter sido reduzida em relagédlise feita no momento da
coleta, 0 uso do sémen criopreservado mostrousseefidaz na fertilizagéo
guanto o sémen recém-coletado. Foi constatado &mudouve interferéncia do
uso de sémen criopreservado, nos estagios de dbserento embrionario

avaliados (clivagem e géastrula). As taxas de ec|as@mero de larvas normais e
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0 crescimento das progénies oriundas da fertilzagd@m sémen fresco ou
criopreservado foram semelhantes.

A partir destes resultados, consideramos que o reéteepiabanha
criopreservado em BTSe metilglicol pode ser utilizado na rotina das
pisciculturas como instrumento facilitador e despreacdo e melhoramento
genético. Experimentos utilizando outros meios degelamento inclusive os
propostos por Viveiros et al. (2010), podem selizaedos pra testar sua eficacia

na fertilizacéo e desenvolvimento da progénie.
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SEGUNDA PARTE — ARTIGOS

ARTIGO 1 STRUCTURAL ANALYSIS OF OOCYTES, POST-
FERTILIZATION EVENTS AND EMBRYONIC
DEVELOPMENT OF THE BRAZILIAN ENDANGERED
TELEOST Brycon insignis (CHARACIFORMES)

Preparado de acordo com as normas e submetido navista Zygote
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Summary

ISAU, Z.A.; RIZZO, E.; AMARAL, T.B.; MOURAD, N.M.N; VIVEIROS,
A.T.M. Structural analysis obocytes, post-fertilization events and embryonic
development of the Brazilian endangered teledBtycon insignis
(Characiformes). In:_____Andlise estrutural dos ovdcitos, fertilizacdo e
embriogénese e os efeitos da criopreservacédo do sénsobre a motilidade,
embriogénese e crescimento larval em piabanhaBrycon insignis
(Characiformes). 2011. 125p, p. 50-88. Tese (Doutorado em Zoo#@cri
Universidade Federal de Lavras, MG.*

The aim of this study was to evaluate the oocypest-fertilization events and
embryonic development in Brycon insignis, underhbaicanning electron
microscopy and stereomicroscopy. Oocytes and embwere sampled from
spawning until hatching. Stripped oocytes were gplak non-adhesive, green-
brownish, possessed a single micropyle, pore-caaalsa mean diameter of
1.46 mm. The fertilization cone formation (20 seu)¢ropyle closure (100-180
sec) and agglutination of supernumerary spermat¢t0@-180 sec) were the
main post-fertilization events. The embryonic depehent lasted 30 h at ~24°C
and it was characterized by seven stages. Zyget®vage, blastula and gastrula
stages were first observed 0.25, 1, 3 and 6 hfpdifzation, respectively. The
fertilization rate was determined at moment of tipsre closure, 10-11 h post-
fertilization. The segmentation stage began 11dt-fastilization and comprised
the development of somites, notochord, optic, atid Kupffer's vesicles, neural
tube, primitive intestine, and development andasdeof the tail. The larval

stage began 21 h post-fertilization and was

Comité orientador: Dr® Ana Tereza de mndonca Vogeir UFLA (orienadora);Dr2
Elizete Rizzo — UFMG (co-orientadora)
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characterized by the presence of somites, grovdrebomgation of the larvae. At
hatching stage, embryos presented vigorous coitnactovements of body and
tail and that led to chorion rupture (30 h). Therpmmlogical characteristics
described foB. insigniseggs were similar to those described for otherc&ny
species, and such knowledge is important for aebetinderstanding of
reproductive features of the species in study, iniduseful for ecological and

conservational studies.

Keywords: Fertilization, Egg, Embryogenesis, Fish, Charaeid
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Resumo

ISAU, Z.A.; RIZZO, E.; AMARAL, T.B.; MOURAD, N.M.N; VIVEIROS,
AT.M. Andlise estrutural de ovécitos, eventos [etlizacdo e
desenvolvimento embrionario da espécie de tele@tamcad®rycon insignis
(Characiformes). In:____ _Andlise estrutural dos ovdcitos, fertilizacdo e
embriogénese e os efeitos da criopreservacédo do sénsobre a motilidade,
embriogénese e crescimento larval em piabanhaBrycon insignis
(Characiformes). 2011. 125p, p. 50-88. Tese (Doutorado em Zoo#@cri
Universidade Federal de Lavras, MG.*

Este estudo teve por objetivo avaliar os ovécisentos pos-fertilizacédo e
desenvolvimento embrionario d@mycon insignissob microscopia eletrénica de
varredura (MEV) e estereomicroscépio. Ovacitos ergias foram coletados a
partir de desova até a eclosdo. Os ovocitos eréérices, ndo-adesivos, verde-
acastanhados, possuiam uma Gnica micrépila, po@isca um diametro médio
de 1,46 mm. Os principais eventos poés-fertilizafgdiam: formacao de cone de
fertilizacdo (20 seg), aglutinacéo de espermatesosdipranumerarios (100-180
s) e o fechamento da micrépila (100-180 segund@s)desenvolvimento
embrionario durou 30 horas, a 24°C e caracterieopar sete etapas. Os
estagios de zigoto, clivagem blastula e gastrutanioobservadas 0,25, 1,3 e 6 h
pés-fertilizacdo, respectivamente. A taxa de feado foi determinada no
momento do fechamento do blastoporo, 10-11 h pditidacdo. A etapa de
segmentagdo comecou 11 horas apés a fertilizagdoorepreendeu o
desenvolvimento dos somitos, notocorda, vesicyltisa) 6tica e de Kupffer, o
tubo neural, intestino primitivo e desenvolvimerta cauda. A fase larval

comecou 21 horas apo6s a fertilizacdo e se caramtigpela presenca de somitos,
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crescimento e alongamento das larvas. Na fase Wes&ec os embrides
apresentaram contracdes vigorosas da cauda e po lemando a ruptura do
cérion (30 h). As caracteristicas morfolégicas dess para os ovos dB.
insignis foram semelhantes aos descritos para outras espdeBrycon Esse
conhecimento é importante para uma melhor compéieedas caracteristicas

reprodutivas da espécie e (til para estudos ecu$@ de conservacao.

Palavras-chave Fertilizacdo, Ovos, Embriogénese, Peixe, Chaascid
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Introduction

The Brycon insignis (Steindachner, 1877), known as tiete tetra in
English and piabanha in Portuguese, is a native emtttmic species of the
Paraiba do Sul River Basin that crosses S&o Pklifgs Gerais and Rio de
Janeiro States, in the Southeast region of B(kiisdorf and Petrere Jr, 2002).
The genusBrycon belongs to the order Characiformes, family Chalae;
subfamily Bryconinae and comprises more than 78 Bpecies with wide
geographic distribution (Froese & Pauly, 2010).mMany Brazilian fish species,
B. insignismigrate to spawn. This migratory behavior is knasgpiracemaand
lasts from October to February. In the fiftiés, insigniswas the fourth most
captured species in commercial fishing in this masierefore displaying an
important role in the region’s economy (Machado &réu, 1952). However,
due to over-fishing, pollution and changes in thea®a do Sul River course
during the construction of the Hydroelectric Panaid-Paraitinga, thB. insignis
reproductive cycle was disrupted and its statusuisently set as endangered
(Andrade-Talmelli et al., 2001).

Fertilization is a process of cellular fusion emgassing the contact
between the spermatozoon and the oocyte up tortiom wf the nuclei of both
cells (Schatten, 1999; Moore, 2001). Fertilizatmomotes the activation of
female gamete with theesumption of meiosis, formerly stuck at metaphase

and triggers a chain of events inside the oocy®mms|l et al., 2002). As
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fertilization in fish is generally monospermic (Kafashi & Yamamoto, 1981),
after the first spermatozoon penetration, a sedfEsevents that prevents
polyspermy takes place. These events include medidrmarriers such as: (a)
closure of the micropyle (Kobayashi & Yamamoto, 198lart & Donovan,
1983, Kudo et al 1994), (b) formation of the fertilization cone #o, 1980;
Iwamatsu et al 1991; Linhart & Kudo, 1997; Brasil et.aR002; Murata, 2003)
and (c) activation of the cortical reaction to éliate any supernumerary
spermatozoa (lwamatsu & Ohta, 1981; lwamatsu.e1883). After cell fusion,
one diploid cell undergoes in a process named emirydevelopment or
embryogenesis. The knowledge on embryonic develaprmefish species is
useful to the manage of fishery resources and dentake surveys related to fish
culture since it provides additional informationgaeding species life cycle,
studies on ontogeny, experimental modeling, evalnabf environmental
quality and effects of toxic substances on aquatioa (Flores et al2002), as
well as for experiments on ex situ species preserna

Considering the great number of species, postifation events and
embryonic development studies on Neotropical figkcEs have received little
attention. Reports on fertilization events and gmbic development in species
belonging to the order Characiformes are availafole matrinxa Brycon
cephalus(Lopes et al.,, 1995; Romagosa et al., 2001; Aldsaret al., 2010),

pirapitinga Brycon nattereri(Maria, 2008), piracanjub&rycon orbignyanus
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(Ganeco, 2003; Ganeco et al., 2009; Reinalte-Tattjal., 2004), jatuarana
Brycon sp(Neumann et al., 2007), aimarboplerythrinus unitaeniatudrairdo
Hoplias lacerdaeand trahiraHoplias malabaricugGomes et al., 2007), dorado
Salminus brasiliensigNakaghi et al., 2006) and streaked prochiwdchilodus
lineatus (Brasil et al., 2002; Ninhaus-Silveira et al., 8RO Preliminary
observations of some embryonic (cleavage, gastndarula and embryo) and
larval development stages of th® insignis under stereomicroscopy were
reported by Andrade-Talmelli et al. (200However, oocytes, post-fertilization
events, and the zygote and blastula stages of #griis, have not yet been
published. The use of scanning electron microsc¢pEM) to monitor
morphological changes in oocytes and eggs allodstailed observation of the
external structures, provides a better understgndih the fertilization and
embryonic development of a fish species, and comepldéhe information
gathered under histologic and stereomicroscopityses.

Thus, the aim of the present study was to evalth@eoocytes, post-
fertilization events and embryonic developmenBiycon insignis under both

scanning electron microscopy and stereomicroscopy.

Materials and methods

Fish, gamete collection and initial gamete evaloati
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All fish were handled in compliance with publishedidelines for
animal experimentation (Van Zutphen et al., 1983ycon insignisbroodfish
was selected from earthen ponds at the HydrobicdoglyAquaculture Station of
Energy Company of Sdo Paulo (CESP) in Paraibuna®28B0"S;
45°39'44"W), Séo Paulo state, Brazil, during thewping season (January and
February, 2009).

Two males of 4-5 years of age (296 + 28 g) withedttble running
sperm under soft abdominal pressure were givengesintramuscular dose of
carp pituitary extract (Argent Chemical Laboratoedmond, Washington,
USA) at 3 mg/kg body weight and maintained 84°C. Eight hours later, the
urogenital papilla was carefully dried, and speraswand-stripped directly into
test tubes. Sperm collection was carried out anrtemperature (23-25 °C), and
soon after collection, the tubes containing speerewlaced in a Styrofoam box
containing crushed ice (5 £ 2 °C). Contaminatiorsgérm with water, urine or
feces was carefully avoided. An aliquot of 5 pleath sample was placed on a
glass slide and observed under light microscope dé¥d.1000, Bioval,
Jiangbei, China) at 400x magnification. As fishrepén seminal plasma should
be immotile, any sperm motility was considered &wéhundergone premature
induction resulting from urine or water contaminatiand the sample was
discarded. In samples thusly selected, sperm yotitas triggered in 25 uL of

1% NaHCQ (Labsynth, Diadema, SP, Brazil) as activating ad®fiveiros et
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al.,, 2011) and subjectively estimated under lighicrascope. Sperm
concentration (hemacytometer, Neubauer chamberpaisasddetermined.

In order to harvest oocytes, eight female§iti? years of age (814 + 297
g) with detectable running oocytes under soft aidahpressure, received two
doses of carp pituitary extract (0.5 and 4.5 mdady weight) at 12 h interval.
Along with the second dose, females received a ddsbuman chorionic
gonadotropin (Pregnyl™ Schering-Plough, Kenilwormdgew Jersey, USA) at
1,500 IU hCG/kg body weight and were hand-stripped later, at 24°C. The
spawning weight, spawning index (spawning weightlG0/body weight),
number of oocytes/g ova and the number of oocyeslfe were calculated.
Three aliquots of oocytes from each female werkectd. The first aliquot (n =
[BO oocytes x 8 females) was fixed in Gilson’s dolut(50 mL 60% ethanol,
440 mL distilled water, 7 mL nitric acid, 10 g meric chloride, 9 mL glacial
acetic) and the diameter of each oocyte was medsunder light microscope
using a micrometric objective. The second aligmot (30 oocytes x 8 females)
was fixed in Serra’s solution (60 mL 90% ethandl,BL 37% formaldehyde,
10 mL glacial acetic) and the germinal vesicle fiasi(central, peripheric and
breakdown) was examined under stereomicroscope @TVOpton). Finally,
the third aliquot (n £R20 oocytes x 8 females) was fixed in modified Kassiy
(2.5% glutaraldehyde, 2.5% paraformaldehyde in 9@ sodium cacodylate

buffer, pH 7.2, 1 mM Cag) and transported to the Laboratory of Electron
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Microscopy and Ultrastructural Analysis at the RatldJniversity of Lavras

(UFLA), in Lavras, Minas Gerais State, Brazil. Thestytes were post-fixed in
1% osmium tetroxide for 4 h at room temperatureshed in 0.1 M cacodylate
buffer (pH 7.4), dehydrated through grade acetahgtisns (25, 50, 75, 90 and
100%), dried with C®in a PELCO CPD 030 critical point, coated withdyol
under vacuum conditions with SEM Coating Unit SC&D @nd examined with a
scanning electron microscope (LEO EVO 40 XVP ESQI @aiss, Santo

Amaro, SP, Brazil) equipped with a digital camera.

Fertilization process

Freshly collected sperm was used to fertilize oexyh a factorial of 2
males x 2 females, performing a total of four prags. An approximate ratio of
5.0 + 1 x 16 spermatozoa : oocyte was used, based on our peestady with
another species of the gerBigyycon(Maria et al., 2006). To achieve that ratio, 5
g of oocytes [(R835 oocytes) was fertilized with 60 puL of sperrartiization
was initiated by the addition of 10 mL tank waterdaagitated for 1 min.
Subsequently, 20 mL tank water was added and sanmpbeed for another 2
min. Finally, eggs were transferred to four funmgbe incubation units (1
progeny = 1 incubation unit) made with 1.5 L pladiottles with 10 cm of

diameter, and incubated in a flow-through systef?4tC.
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Post-fertilization events

Approximately 20 eggs from each incubation unit evepollected at O
(when sperm was mixed with oocyte but before thditeh of water), 20, 40,
60, 80, 100, 120, 140, 160 and 180 sec post-fetitin. Eggs were fixed in
Karnovsky modified and then examined under SEM esciibed for oocytes.
The spermatozoa arrival at the micropyle and thieviing post-fertilization
events were tracked: fertilization cone formatiorithwthe expulsion of
supernumerary spermatozoa, agglutination of supeenary spermatozoa in the

vestibule, and the beginning of the micropyle ctesu

Embryonic development

Approximately 20 eggs from each incubation unitwapparent normal
development were collected at 0.25, 0.5, 1 anchl&very 1.5 h until 6 h and
every 5 h until hatching. Eggs were fixed in 2.5Mtayaldehyde, transported to
the Laboratory of Semen Technology at UFLA, examhineinder
stereomicroscopy and photographed with digital cam@SC-W35, Sony
Electronic Inc, New York, NY, USA). The following ain stages of embryonic
development were tracked: zygote, cleavage, bkastgastrula (blastopore
closure), segmentation, larval and hatching (Niskailveira et al., 2006).

When most of the developing embryos were observédeablastopore

closure stage, 100-200 eggs were randomly colldcbea each incubation unit
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and the number of fertilized eggs (transparent aittheveloping embryo), as a
percentage of total eggs (transparent + dead aieyyhivas determined. After
counting, eggs were placed back into the same atoub unit for further

development.

Results

Initial gamete evaluation

B. insignis fresh sperm possessed a mean of 235 + 1.5 % 10
spermatozoa/mL and 95% motile sperm upon activatR®acently stripped
oocytes were spherical, non adhesive and greendisbwSpawning weight of
125 g, spawning index of 15.2%, 567 oocytes/g @@al79 oocytes/female and
a mean oocyte diameter of 1.46 mm were observebldTH. The germinal
vesicle position was central in 2% of stripped desy peripheric in 63%, and
breakdown in 35%. Under SEM observation, oocytéaser which corresponds
to the chorion or zona radiata, possessed a smgleopyle and pore-canals
(Fig. 1A). The micropyle was characterized by aicanvestibule and a narrow
micropylar canal (Fig 1B). At the animal pole, deter and number of pore-
canals increased towards the micropyle (Fig. 1B a@j whereas at the

vegetative pole, the pore-canals showed a simitaneter and were uniformly
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distributed (Fig. 1D).

Table 1. Female body weight and oocytes characteristics§rfemales) of tiete
tetraBrycon insignisafter hormone treatment.

Characteristics Mean + SD Range
Female body weight ( 814 £ 29 400- 1,20(¢
Spawning weight (¢ 125 + 5. 55-17¢
Spawning idex* (%) 152+ 2. 12.5- 19.¢
Number of oocytes/g o 567 * 2¢ 530- 59C
Number of oocytes/feme 70,179 £ 27,24 32,175- 100,89
Oocyte diameter (mr 1.46 £ 0.0! 1.28- 1.7¢

* Spawning index: spawning weight x 100/body weight



65

200 pm

2um
=X s

Figure 1. Scanning electron micrographs of the oocyte surfactiete tetraBrycon
insignis. (A) single micropyle (arrow) at the oocyte surfacé) details of
micropyle (m) with vestibule (v), micropylar can@) and pore-canals at the
animal pole; (C) fractured zona radiata with poaeals at the oocyte surface
(s); (D) regular distribution of pore-canals at tlegjetative pole.

Post-fertilization events

Some morphological post-fertilization events obsdrunder SEM are
depicted in Figure 2A-D and Table 2. Several sptyrma were observed at the
entrance of the micropyle canal when sperm was cadlleoocytes before the
addition of water (time 0; Fig 2A) up to 20 sec tpfastilization. The

fertilization cone was characterized as a sphesiczatture blocking the entrance
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of micropyle and was observed 20 to 40 sec pottifation (Fig 2B).
Agglutinated supernumerary spermatozoa expelleoh floe micropylar canal

(Fig 2C) and the beginning of micropyle closure svebserved 100-180 sec

post-fertilization (Fig 2D).

Figure 2. Scanning electron micrographs of some post-featilin events in tiete tetra
Brycon insignis.(A) arrival of spermatozoa at micropylar canal, ®-@ec
post-fertilization; (B) fertilization cone (arrowp0-40 sec post-fertilization;
(C) supernumerary spermatozoa expelled from therapyle, 100-180 sec
post-fertilization; (D) reduced micropylar canabhuieter 100-180 sec post-
fertilization.
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Table 2. Seconds post-fertilization when some post-fertiira events were
first observed in species of the gemrgcon

Event: B. insigni®  B. nattereri® B. orbignyanu® Brycon s}
((R4° C) (L9° C) ((R7°C) (R7°C)

Spermatozoa at th 0-2C 10-20 0-9C 10-3C

micropyle

Fertilization con 20-4C 60 6C From 1(

Agglutination of 100-18C 60- 24C ND 8C

supernumerary

spermatozoa

Beginning 100-18C 12C ND ND

micropyle closure

ND — not determined.
The present studyMaria, 2008°Ganeco et al., 20089Neumann et al., 2007.

Embryonic development

The embryonialevelopment from fertilization to hatching lasted
approximately 30 h dir4°C([I720 h-degree; Table 3). Under stereomicroscopy
analysis, the following embryonic development stagere identified: zygote,
cleavage, blastula, gastrula (blastopore closusegmentation, larval and
hatching (Figure 3 and Table 3



Table 3  Hours post-fertilization when the embrgodéevelopment stages were first observed in spefidse genus

Brycon
Stage B. insignis® B. insignis® B. cephalu¢ B. nattereri®  B. orbignyanu¢
[(P4° C 25-27° C [R7° C (mo° C [(R7°C
Zygote 0.25 ND 0.2t 1.7¢ 0.3
Cleavage 1 0.7 0.t 15 0.t
Blastula 3 2.5 1.2t ND 2
Gastruls 6 4 1.7t 21 3
Blastopore closure 10-11 7 6 26 7
Segmentatiol 11 8.t 7 29 8
Larval 21 1C 9 41 11
Hatching ~30 14 11 50-54 13

ND — not determined
*or 90% of epiboly
aThe present studyAndrade — Talmelli et al., 2001%lexandre et al., 2010Maria, 2008°Ganeco, 2003.

89
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The zygote stage was identified at 0.25 h and dasfeto Il h post-
fertilization (Fig 3A). This stage were charactedzby: (a) the formation of
blastodisc on the animal pole comprising the aati®@plasm and nucleus, (b)
the formation of vegetative pole composed of yatkl §c) the egg hydration
characterized by the increase of the egg diameten fL.46 to(4 mm post-
fertilization.

The cleavage stage (from 1 {8 h; Fig 3B) was characterized by the
beginning of cell division into 2, 4, 8, 16, 32 a4l blastomeres. The cleavage
followed meroblastic pattern and blastomeres ofirdis sizes were observed.
The cleavage pattern was observed as follows: itise dleavage plane was
vertical, giving rise to two blastomeres; the setgiane was vertical and
perpendicular to the first one, giving rise to falmstomeres; the third cleavage
was vertical and parallel to the first one, giviige to eight blastomeres in a 4 x
2 arrangement; the fourth was vertical and pardtlethe second cleavage,
giving 16 blastomeres in a 4 x 4 display; the fiftane was vertical and parallel
to the first cleavage, giving 32 blastomeres in a & formation; and the sixth
cleavage plane was horizontal, giving rise to twb kayers, with a total of 64
blastomeres. Between 1 and 3 h, embryos in diffedmvelopment stages
(zygote, cleavage with different number of blastoese and blastula) were
identified in a given sampling time. From 3 h ondsrembryos developed more

uniformly.
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During the blastula stage (fromB to [6 h; Fig 3C), blastomeres
reorganized and blastoderm possessed a half-moapesiThe blastomeres
underwent continuous divisions, but their patteaswndetermined.

The gastrula stage (frofb to (111 h; Fig 3D) was characterized by the
migration of blastodisc cells into the vegetatiwepthrough epiboly movement,
with gradual cell expansion around the yolk. Twdoeyonic layers were formed
at this stage: the epiblast and hypobl&gtiboly movement culminated with
blastopore closure when the yolk was completelyosurded by the blastoderm
forming the yolk sac (FI@E). At this moment, fertilization rate of 26% was
calculated.

The segmentation stage (fromil to [(R1 h; Fig. 3F) began with the
differentiation of embryonic germ layers. The s@wjtnotochord, neural tube,
early delimitation of the intestine and elongatmfnthe embryo (mainly at the
head-tail axis) were observed at this stage. Apprately 16 h post-
fertilization, the embryos possessed about 18 ssmdptic, otic and Kupffer's
vesicles at the caudal region and an attached tail.

The larval stage began df21 h of the developmenand was
characterized by the presence of a free tail andertttan 26 somites. The
notochord extended from the cephalic region upheotail and a well defined

primitive posterior intestine could be observed)(8G).
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Vigorous muscle contractions of tail and body ledhe chorion rupture
and to larvae hatchingB0 h post-fertilization. Hatched larvae possessed a

transparent and elongated body (Fig. 3H).
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FIGURE 3. Stages of embryogenesis of tiete teBm@ycon insignis observed under
stereomicroscopy. (A) zygote with formation of Iteisc (head arrows;
0.25 h post-fertilization); (B) cleavage with soislastomeres (arrow; 1.5 h
post-fertilization); (C) blastula (heads arrow; 3pbst-fertilization); (D)
beginning of gastrula, 30% epiboly - migration tddtodisc cells (arrows; 6
h post-fertilization); (E) end of gastrula, blastop closure (heads arrow; 10-
11 h post-fertilization); (F) segmentation, opticasicle (ov), somites
(arrow) and attached tail (arrow) (16 h post-feadition); (G) embryo at
larval stage - free tail (arrow; 21 h post-fertliion); (H) recently hatched
larvae (B0 h post-fertilization).
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Discussion

Stripped oocytes oBrycon insigniswere spherical, non adhesive,
greenish-brown, 1.46 mm of diameter and the germiesiclewas breakdown
in 35% of the oocytes. These characteristics wigndas to those reported for
other species of the genBsycon (Eckmann, 1984; Vazzoler, 1996; Andrade-
Talmelli et al., 2001; Romagosa et al., 2001; Régrbataje et al., 2004,
Ganeco et al., 2009; Alexandre et al., 2010). They® surface oB. insignis
possessed a single funnel-like shaped micropyle pamd-canals, similarly to
other species of Characiformes (Rizzo et al., 2@&eco & Nakaghi, 2003;
Ninhaus-Silveira et al., 2006; Neumann et al., 200&ria, 2008; Ganeco et al.,
2009; Alexandre et al., 2010). The micropyle isoacave region located at the
oocyte surface, composed of a continuous vestilwith, an internal canal that
narrows towards the plasmatic membrane of the @ggéco & Nakaghi, 2003).
According to previous reports in teleost speciég internal canal opening
allows the entrance of a single spermatozoon (Kaklaiy& Yamamoto, 1981;
Rizzo & Bazzoli, 1993; Ganeco & Nakagui, 2003; Aderre et al., 2010) as a
mechanism to avoid polyspermy.

In the present study, spermatozoa were first oleseat the micropyle
entrance, immediately after the sperm-oocyte méstand before the addition of
water (time 0), similar to the characiforms B. grbjanus (Ganeco et al., 2009)

and the cypriniformsommon carfCyprinus carpidKudo, 1980), suggesting an
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influence of ovarian fluid as an activating agefitsperm motility. A fast
spermatozoa arrival (from 10 to 30 sec) was refdarteB. nattereriandBrycon
sp (Table 2). Soon after the membrane fusion of bgdmetes, and, the
penetration of the fertilizing spermatozoa into taryte, the membrane flow
occurs in the region of sperm penetration, and nessgs toward the micropylar
vestibule plugging the inner opening in order tevent the supernumerary
sperm from attaching and/or to penetrating intogbace between egg envelope
and oocyte plasma membraf@ming a structure named fertilization cone
(Kudo, 1980; Iwamatsu et.all991; Brasil et al 2002; Murata, 2003)n this
study, the fertilization cone was spherical and it wastfobserved 20 to 40 sec
post-fertilization, similarly to other species oérgis Brycon (Table 2). The
beginning of micropyle closure was observed 100pssst-fertilization, similarly
to B. nattereri(Table 2). The micropyle shape and these postifation events
act as mechanisms to prevent polyspermy interagptine entry of
supernumerary spermatozoa (lwamatsu et 293; Murata, 2003; Ganeco,
2003; Ganeco et al., 2009).

A relatively short embryonic development period fgpical of
Neotropical rheophilic fish species, since the wemperature during spawning
season is warm (Sato et al., 2003). Incubation ésatpre influences the
duration of development as well as the overall isatwrate (Sato et al. 2000;

Hansen & Falk-Petersen, 2002). In this study, hatcloccurred30 h post-
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fertilization at a water temperature [@4°C. In a previous study using the same
fish species (Andrade-Talmelli et al., 2001) , hatg occurred 14 h post-
fertilization at 25-27°C, similar t8. cephalusandB. orbignyanug11 to 13 h at
[R7°C; Table 3). Tha. insignisbroodfish used in both studies were selected
from the same Aquaculture Station at CESP, butek8syapart. Currently, the
incubation period oB. insigniseggs carried out by the CESP technicians is
similar to that we have observed during our femdilion trial. It is possible that,
broodfish and their progenies underwent domestinatiuring all these years
and somehow incubation period became longer dubedower temperature
here observed.

It is interesting to point out that the incubatipariod ofB. nattereri
eggs is very long (50 to 54 h) compared to othecigs of this genus. However,
unlike most of the Neotropical fish species whiglawening occurs during the
rainy seasonB. nattererispawns after the rainy season until the end ofitle
season (Lima et al. 2007). Thus, water temperasurequently below 20°C and
this delays embryonic development.

The embryonic development events observedBininsignis are in
accordance with previous observations describedAhgrade-Talmelli et al.
(2001) and were similar to those reported for otbmecies of Characiformes
(Lopes et al.,, 1995; Romagosa et al., 2001; ResTadtaje et al., 2004;

Ninhaus-Silveira et al., 2006; Gomes et al., 20@&ria, 2008; Ganeco et al.,
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2009; Alexandre et al., 2010), as well as Silunfes (Godinho et al., 1978;
Cardoso et al., 1995; Faustino et al., 2007; Maael., 2008; Amorim et al.,
2009; Perini et al. 2010;). During the first 3B insignisembryos in different
stages (zygote, cleavage and blastula stage) iivem gampling time were
identified. It has been reported that the variaionthe velocity of embryonic
development are related to the breeders’ age antethperature of incubation
(Morrison et al., 2001). However, even within spavertilized and incubated
under the same conditions, asynchrony of embryadeicelopment has been
observed in characiforms such Bs cephalus(Alexandre et al., 2010)B.
nattereri(Maria, 2008) andP. lineatus(Ninhaus-Silveira et al., 2006) as well as
in perciforms such as the Nile tilapfareochromis niloticugMorrison et al.,
2001). From 3 h post-fertilization onwards, embrgeseloped more uniformly
within each stage.

The pattern of egg cleavage in vertebrates dependhe amount and
distribution of yolk and its proportion in relatido the cytoplasm that composes
the zygote (Gilbert, 1991B. insigniseggs can be classified as macrolecithal
(because of the large amount of yolk) or teloletditffbecause yolk is
concentrated at the vegetative pole) (Devlin & Negaa, 2002). The cleavage
of B. insignisfollowed a meroblastic or partial pattern, res&icto the animal
pole as commonly observed in teleosts (Lagler.etllr7; Leme dos Santos &

Azoubel, 1996; Ninhaus-Silveira et al., 2006). Dgrithe cleavage stage, the
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number of cells increased while their size decrase previously reported in
teleost embryos (Castellane et 4B94; Ganeco, 2003; Ninhaus-Silveira et al.,
2006; Maria, 2008; Alexandre et al., 2010).

At the blastula stage, the blastoderm presentedlfartoon shape and
irregular spaces between the blastomeres (blad&g)asith the formation of two
main regions (external cells of the blastodisc tredbeginning of yolk syncytial
layer) being observed. At the gastrula stage, dpibmvements begins, at
which the blastoderm cells extended to cover thelevkurface of the egg up to
the blastopore closure. Subsequently the tail bustarts forming. This event
indicates that fertilization was successful (Pegtral., 2010). The differentiation
of embryonic germ layers and elongation of the gmmlat the head—tail axis
were developed during the segmentation stage. &lease of the tail and the
formation of more than 26 somites characterizedbtbginning at larval stage.
During this stage, muscle contractions were obskervd hatching, muscle
contractions are intensifies which movements cudt@nwith the chorion
rupture. The blastula, gastrula, segmentation,alaand hatching stages were
similar to the description of the embryonic devet@mt not only of other
characiforms (Castellane et al994; Andrade-Talmelli et al., 2001; Ganeco,
2003; Ninhaus-Silveira et al., 2006; Maria, 2008>@&ndre et al., 2010), but
also of siluriforms (Marques et al., 2008; Perihiak, 2010) and cypriniforms

(Kimmel & Law, 1985; Trinkaus, 1984).
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In conclusion, the morphology of oocyte, post-femdition events and
embryonic development stages here observed addlatawon the reproductive
biology and initial development d. insignisunder captive conditions. Such
knowledge is important for a better understandihgeproductive features of a
species, helpful to elucidate issues related tb fisaring, useful to further

taxonomic, ecological and conservational studighéB. insignis
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Abstract

ISAU, Z.A. Caneppele, D.; VIVEIROS, A.T.M. Doesesm cryopreservation
interfere on motility, embryogenesis and larvalvgito of neotropical fish tiete
tetra, Brycon insigni® In:___. Analise estrutural dos ovdcitos, fertilizacdo e
embriogénese e os efeitos da criopreservacédo do sénsobre a motilidade,
embriogénese e crescimento larval em piabanhaBrycon insignis
(Characiformes). 2011. 125p, p. 89-123. Tese (Doutorado em Zo@gch
Universidade Federal de Lavras, MG.*

Sperm cryopreservation is an important method ésgmve genetic information
and to facilitate procedures for artificial reprotdan. The aim of this study was
to investigate whether the process of cryopreservahterfere with the post-
thaw sperm motility, embryogenesis and larvae dgnowt Brycon insignis
Sperm was diluted in methylglycol and BTS™, loade 0.5 mL straws,
frozen in nitrogen vapor (in a dry shipper), angretl in liquid nitrogen (-196
°C). Half of the samples were evaluated for spermlity, both subjectively
(motility rate and quality motility score) and umdeomputer-assisted sperm
analyzer (CASA) system. The other half was used fertilization.
Embryogenesis (cleavage and gastrula stages), ihgtchte, percentage of
normal larvae and larvae growth up to 112 days-patthing (dph) were
evaluated. Fresh sperm was analyzed similarly (#xfce CASA) and used as a
control. Post-thaw subjective motility and qualityotility score significantly
decreased from 100% motile sperm and score 5 ghfsperm to 53% motile
sperm and score 3 in cryopreserved. There wasffevatice between subjective

(53%) and CASA (55%) evaluation of post-thaw spenwtility. Embryos and

*Comité orientador: Dr2 Ana Tereza de Mendonga Wose— UFLA (orientadora)
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larvae originated from cryopreserved sperm develogmilarly to those from

fresh sperm. All viable embryos at 1.5 h and 10okt{ertilization were at the
cleavage (56-68%) and gastrula (24%), respectivtdyching rate was 24% and
normal larvae varied of 88 to 97%. Specimens irsgdarom 1.3-1.6 cm (7
dph) to 12-13.8 cm (112 dph) of standard lengthfema 0.03-0.04 g (7 dph) to
35.4- 45.9 g of body weight (112 dph). Although ititgt rate and quality

motility score were higher in fresh sperm, no diéfece was observed on
embryogenesis, normal larvae and larvae growth detworogenies originated

from cryopreserved or fresh spermBrf/con insignis

Keywords Sperm quality, CASA, Progenies, Teleost, Chareeid
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Resumo

ISAU, Z.A.; Caneppele, D.; VIVEIROS, A.T.M. A criopservagcdo de sémen
interfere na motilidade, embriogénese e crescimiam@l do peixe neotropical
piabanhaBrycon insigni® In:____. Andlise estrutural dos ovdcitos, fertilizacao
e embriogénese e os efeitos da criopreservacdo dmsn sobre a motilidade,
embriogénese e crescimento larval em piabanhaBrycon insignis
(Characiformes). 2011. 125p, p. 89-123. Tese (Doutorado em Zo@gch
Universidade Federal de Lavras, MG.*

A criopreservacao de sémen é um método importaai@a preservar a
informacdo genética e facilitar os procedimentoseggoducao artificial. Este
estudo teve por objetivo investigar se o processoridpreservacgao interfere na
motilidade espermatica pos-descongelamento, endasg e o crescimento das
larvas enBrycon insignisO sémen foi diluido em BT metilglicol, envasado
em palhetas de 0,5 mL, congelado em vapor de Bitiogdry shippej, e
armazenado em nitrogénio liquido (-196 ° C). Metalds amostras foram
avaliadas quanto a qualidade do sémen, tanto s@einte (taxa de motilidade
e vigor) quanto objetivamente através de softw@mSA). A outra metade foi
utilizada para a fertilizagdo. Foram avaliados dbrémgénese (clivagem e
gastrula), taxa de eclosdo, a porcentagem de laasais e crescimento das
larvas até 112 dias pés-eclosdo (dpe). Sémen friescavaliado de forma
semelhante (exceto CASA) e usado como controle.sAj@scongelamento a
motilidade subjetiva e o vigor diminuiu significadimente de 100% de

espermatozoides moveis e vigor 5 no sémen fres@ 58% espermatozodides
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moéveis e escore 3. Nao houve diferenca entre aagéial da motilidade
subjetiva (53%) ou CASA (55%) poés-descongelament® espermatozéides.
Embribes e larvas provenientes de espermatozéidepraservados se
desenvolveram de forma semelhante aos do sémern.ffesdos os embribes
vidveis as 1,5 h e 10 h pés-fertilizagdo estavamimagem (56-68%) e géastrula
(24%), respectivamente. A taxa de eclosdo foi d B4o percentual de larvas
normais variou de 88 a 97%. Os individuos aumemtata 1,3-1,6 cm (7 dpe)
para 12-13,8 cm (112 dpe) de comprimento padra®@&®@04 g (7 dpe) para
35,4-45,9 g de peso corporal (112 dpe). Emborxada motilidade e o vigor
tenham sido maiores no sémen fresco, ndo houverife@ no desenvolvimento
embrionario, percentual de larvas normais e cresuiondos individuos entre as
progénies provenientes do sémen criopreservadsedfideBrycon insignis

Palavras chave: Qualidade espermatica, CASA, Progénies, telebsteo,
Characidae
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1. Introduction

The genu®ryconbelongs to the Characiformes order, Characidae
family, Bryconinae subfamily and comprises morentii@ fish species with
wide geographic distribution [1]. TH&rycon insignigSteindachner, 1877),
known as tiete tetra in English and piabanha inugoese, is a native and
endemic species from the Paraiba do Sul River Bakthat crosses Sao Paulo,
Minas Gerais and Rio de Janeiro States, statémd@dutheast region of Brazil..
In the pastB. insigniswas the fourtimost captured species in commercial
fishing in this basin, therefore displaying an impat role in the region’s
economy and sportive fishing [3,4]. Many Braziliish species, including.
insignis migrate up-stream, in a process knowipiegcemao spawn.

However, theB. insignisreproductive cycle was disrupted and its is culyeset

as an endangered species [5] due to over-fishifigifipa, and changes in the
river course caused by the construction of the dsjléctric dam Paraibuna-
Paraitinga. The geniBryconis highly affected by these environmental changes,
and many species are in the red list of Brazillaedtened fauna, such as tiete
tetraB. insignis pirapitingaB. nattererj pirapitinga-do-suB. opalinusand
piracanjubaB. orbignyanug6].

One of the methods to preserve genetic informatimong generations
is the use of frozen or cryopreserved sperm. Speyopreservation is an

important technique in fish culture, as it facti@s procedures for artificial
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reproduction. Cryopreserved sperm may be keptimpgkasm banks for an
indefinite period and serves as a genetic bankntlag help ensure genetic
diversity. In addition, cryopreservation allows meguctive success for
population management strategies with cost redua@tigtock maintenance and
potentially greater efficiency of selective breagjii]. Recently, we developed a
suitable protocol for sperm cryopreservatiomBofnsignisusing methylglycol as
cryoprotectant combined with commercial extendachss Beltsville Thawing
Solution (BTS") among others [8]. The same freezing medium wed ugth
success in other species of the gdByson such a8. orbignyanug9] andB.
nattereri[10]. Although the application of cryopreserve@isp has been
encouraged [11], the fish performance produced avighpreserved sperm has
not been fully explored [12]. Questions regarding Yiability and performance
of fish progenies originated from cryopreservedspleave been raised and
suggested a cautionary approach to be taken bafprpreserved sperm is
widely used in conservation programs [13]. Speryogreservation impairs the
physical cell structure and its DNA, and negatietfigct sperm cell physiology
and fertility in fish species [14,15,16,17,18]idtnot clear, however, whether
these damages affects embryo development and proggility [13].

Recently, survival and development of rainbow t@atorhynchus mykiss
embryos and juveniles [13,19], malformations araldyl of the larvae of

common cargCyprinus carpid20,21] and African catfis€larias gariepinus
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[22], originated from cryopreserved sperm wereiedrout. In these studies, no
significant difference was found between progenigginated from frozen-
thawed sperm and from the control (fresh spermhoadifference can be
attributed to the use of cryopreserved sperm. 8imsiudies on Neotropical fish
species, however, have not received the sameiatiest far.

Thus, the aim of the present study was to invetstigdiether the process
of sperm cryopreservation interfere with the pbsitat sperm motility,

embryogenesis and larvae growtiBirycon insignis

2. Material and methods

2.1 Fish handling, gamete collection and initial evéitua

All fish were handled in compliance with publishguaidelines for
animal experimentation [23B. insignisbroodfish were selected from circular
tanks at the Hydrobiology and Aquaculture Statibthe Enegy Company of
Sao Paulo (CESP) in Paraibuna city (23°23'10"S395#4"W), Sao Paulo
state, Brazil, during the spawning season (Jararady-ebruary).

Males at ~4-5 years of age (277 + 33 g) with detadetrunning sperm
under soft abdominal pressure were given a simgfarnuscular dose of carp
pituitary extract (Argent Chemical Laboratory, Remd, Washington, USA) at

3 mg/kg of body weight and maintained at ~25°ChEhpurs later, the
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urogenital papilla was carefully dried, and speras\Wwand-stripped directly into
test tubes. Sperm collection was carried out ahrtamperature[5°C), and
soon after collection, tubes containing sperm vpdgieed in a Styrofoam box
containing crushed ice (5 = 2°C). Contaminatiosérm with water, urine or
feces was carefully avoided. Immediately afteremilbn, 5 uL of each sample
was placed on a glass slide and observed witthanijcroscope (Model L1000,
Bioval, Jiangbei, China) at 400 x magnification. fish sperm in seminal
plasma should be immaotile, any sperm motility oleedrwas attributed to urine
or water contamination and the sample discardeimotile samples, sperm
motility was triggered in 25 pL 1% NaHGQLabsynth, Diadema, SP, Brazil) as
activating agent and subjectively estimated unidét microscope according to
our methodology established for species ofBhgcongenus [8,9,10,24]. Only
samples with at least 90% motility were used inghiesequent analysis.
Qualitative motility scores were assigned rangiagfO (no movement) to 5
(rapidly swimming spermatozoa), according to Mougtilal. [25]. Sperm
volume was determined. Sperfi(mL) of each male was centrifuged at 4.500
g for 30 min at room temperature and the osmolalitthe seminal plasma
measured cryoscopically (Semi-Micro Osmometer K&/4auer, Berlin,
Germany).

To harvest oocytes, three femalesBfyears of age (967 + 153 g) with

detectable running oocytes under soft abdominalspire, received two doses of
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carp pituitary extract (0.5 and 4.5 mg/kg body vaigt 12 h interval. Along
with the second dose, females received a doseméhhorionic gonadotropin
(Pregnyl™ Schering-Plough, Kenilworth, New Jerdg8A) at 1,500 IU
hCG/kg body weight and were hand-stripped 8 h |ate®5°C. The spawning
weight, spawning index (spawning weight x 100/bagyght), number of
oocytes/g spawning and the number of oocytes/femete calculated, and the

oocytes were used for fertilization trial as ddsedi below.

2.2 Sperm cryopreservation

Sperm was cryopreserved following the methodolagyipusly
described by Viveiros et al. [8]. A freezing medigomprising the combination
of methylglycol (CHO(CH,),OH; Vetec Quimica Fina Ltda™, Duque de
Caxias, RJ, Brazil) and Beltsville Thawing Soluti@TS™, Minitib™,
Tiefenbach/Landshut, Germany) was used. BT& boar sperm extender, was
prepared with deionized water at 5% (0.02% gentamsufate, 4.0% glucose,
0.63% sodium citrate, 0.13% EDTA, 0.13% NaH{C@08% KCI) and adjusted
to a pH of 7.6. Sperm samples< 6 males) were diluted to a final proportion of
10% sperm, 10% methylglycol and 80% BYSThen, sperm samples were
loaded into 0.5 mL straws € 6 replicate straws/male) and frozen in a nitroge
vapor vessel (dry vapor shipper; YDH-8, Chengdud@olPhoenix Liquid

Nitrogen Container Co., Ltd., Chengdu, Sichuann@hat1170°C. Using this
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methodology, straws reach -170°C aftBR9 sec in a freezing rate of
approximately -35.6 °C/min between 21°C and -17[24}. Straws were
transferred to liquid nitrogen (cryogenic tank YR8-Chengdu Golden Phoenix
Liguid Nitrogen Container Co., Ltd., Chengdu, SighuChina) at -196 °C
within 20 to 24 h for storage.

Two daysafterfreezing, half of the frozen replicate straws witawved
at 60°C for 8 sec, angsed for fertilization trial. The remaining strawsre used

for sperm motility evaluation 9 months after freggias described below.

2.3 Post-thaw sperm maotility and velocities

Half of the replicate straws E 3 replicate straws x 6 males) were
transferred back to the nitrogen vapor vessel emmsported by car from
Aquaculture Station at CESP to the Laboratory ah&e Technology at the
Federal University of Lavras (UFLA), Minas Geratate, Brazil (450 km).
After arrival, straws were plunged back into liquitrogen. After 9 months,
straws were thawed in a 60 °C water bath for §8e@nd post-thaw sperm
motility was immediately estimated, both subjedinas described for fresh
sperm and objectively using CASA system. Motilitgsifirst triggered in
eppendorf tubes and then transferred to a Leja™i2fons counting chamber
slide placed on a phase contrast microscope (Nik&CMPSE E200, Japan),

100 x magnification, green filter, and pH 1 positidhe microscope was
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connected to a video camera (Basler Vision Techyiesd™ A602FC,
Ahrensburg, Germany) which generated 25 imagesfsg&ideo recording
started 10 s post-activation. Each image @5) was analyzed using the
standard settings for fish by Sperm Class Analyzeofiware (SCA™ 2005,
Microptics, S.L. Version 4.1, Barcelona, Spain)ef®p was considered immotile
when velocity was < 10 pm/sec. Although SCA™ siamdtously assessed more
than 15 sperm motility endpoints. For brevity, oalyvilinear velocity (VCL),
straight line velocity (VSL), and average path eéhp(VAP) were considered

for further analysis. To determine these velogjtEgch individual spermatozoon
(n = at least 500 spermatozoa/straw) was followealidinout the 25 images and

a sperm trajectory was calculated.

2.4 Fertilization process

One replicate straw of each male was thawed ankkgg¢o= 3 pools of
6 straws from different males). Then 2.3 mL of epohl of sperm was mixed
with 50 g of oocytes of each female= 3). In order to control the oocyte
quality, three pools of freshly collected spernmirother males (1 pool = sperm
of 3 males) were diluted 1:25 in BT8and 2.3 mL were used to fertilize 3
aliquots of 50 g of oocytes from the same femalgsopl of sperm = 1 aliquot
of oocyte from each female). Fertilization wasiatéd by the addition of 46 mL

tank water and mixed for 1 min. Subsequently, 184tank water was added
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and samples mixed for another 2 min. Finally, eggee transferred to six 250-
L funnel-type incubation units (performing threedbees of oocytes fertilized
with cryopreserved sperm and three batches of esdgttilized with fresh-

control sperm) and incubated in a flow-through sysi 23 to 24°C.

2.5 Embryogenesis

Approximately 80 embryos from each incubation @nit 3 incubation
unit / progeny type) were randomly evaluated 1. Hh h after fertilization
when embryos are at the cleavage and gastrula witlgeR0% epiboly [26].
The embryos were placed in Petri dishes, examinddnthe stereomicroscope
(TIM 2T, Opton), and placed back into the incubatimit. The hatching rate
and the percentage of normal larvae were calculaRegtently hatched larvae
were examined under stereomicroscope and photogalapith a digital camera
(DSC-W35, Sony Electronic Inc, New York, NY, USAJrmected to the

stereomicroscope.

2.6 Larvae growth
All larvae were transferred to two concrete tartkge(tank for each
progeny type: originated from cryopreserved orHrgigerm) at 7 dph. At this
point, larvae (n = 18 per progeny type) were fiwgth 70% ethanol and kept

under refrigeration. After that, fixed larvae wéndividually weighed (Semi-
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Analytic Balance JA 3003n Bioprecisa, Equipar Lt@aritiba, Parana, Brazil),
photographed and measured using the software Adbb®mshop CS4 Extend™
(Adobe Systems Incorporated, San Jose, Califoda#). At 30 dph, friesr(=
16 per progeny type) were weighed and measureadgtd length) using a
common ruler. At 60 and 112 dph, fingerlings<(35 per progeny type) were

weighed and measured using an ichthyometer.

2.7 Statistical analysis
Values are reported as mean + standard deviatibh Qatistical
analyses were conducted with the software R, veaib2.0 [27]. In all
experiments, data were tested for normal distrutising the univariate
procedure. Data were tested for significant diffiees by analysis of variance

(ANOVA). The level of significance for all statistical tegtas set at 0.05.

3. Results

3.1 Initial gamete evaluation
B. insignismales ( = 15) possessed a mean of 98% motile sperm,
quality motility score of 4.7 and volume of 4.4 mithe osmolality of seminal
plasma was 340 mOsm/Kg (Table 1).

Recently stripped oocytes possessed a mean spawaiglgt of 164 +
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13g, spawning index of 16.9 + 0.1%, 537 + 12 omgepawning, 87,803 +

6,367 oocytes/ female.

Table 1. Male body weight and quality of fresh sperm (n =rit&les; mean *
SD; minimum-maximum values) of tiete tetBaycon insignisafter hormone
treatment

Characteristic Mean + SL Rang
Body weight (g) 277 £33 245 - 335
Subjective motility (%) 98 +4 90 - 100
Quiality motility score (0-5) 47+05 4-5
Sperm volume (ml 44+2! 1-8.¢
Osmolality of seminal plasma (mOsm/ 340 £ 2( 306- 39C

! Qualitative motility score was assigned rangimgnfrO (no movement) to 5
(rapidly swimming spermatozoa).

3.2 Post-thaw sperm motility and velocities
Post-thaw subjective motility and quality motilggore significantly
decreased from 100% motile sperm and score 5 $h sperm to 53% motile
sperm and score 3 in cryopreserved sperm (P <.05p&ym maotility
subjectively evaluated using a light microscope€gb®as not different (P >

0.05) from motility evaluated using CASA (55%). Rtsaw sperm possessed
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76 um/sec of VCL, 63 pm/sec of VSL and 71 pm/se¢A®P (Table 2).

Table 2. Motility features (n = 6 males; mean + SD) of freglerm (subjective
evaluation) and sperm cryopreserved (subjective @A&A) in methylglycol
and BTS™ of tiete tetrBrycon insignis

Paramete Fresh Cryopreserved
Quiality motility score (0-5J 5+ 0° 3+1°
Subjective motility (%) 100 + O 53 + 16"
CASA motility (%) ND 55 + 18
Curvilinear velocity pm/sec ND 76 £16
Straight-line velocity pm/sec ND 63 +£15
Average Path u/s ND 71+ 1%

2P Means in the same line followed by different supepss are different (P < 0.05).

! Qualitative motility score was assigned ranginanfrO (no movement) to 5 (rapidly
swimming spermatozoa).

2 Post-thaw sperm motility evaluated by either scifdjely or CASA did not differ (P >
0.05)

ND not determined

3.3 Embryogenesis
Embryos originated from cryopreserved sperm deesgimilarly to
embryos originated from fresh sperll the viable embryos at 1.5 h and
between 10 tol1 h after fertilization were at tleaeage (56-68%) and gastrula

(24%) with[(P0% epiboly respectively. Hatching occurred 30thrdkrtilization
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and a rate of 24% was observed for both progenies.

100 1 B freshsperm I
90 - cryosperm

80

70

60 -

50

40

30

"
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0 T T T

cleavage gastrula hatching rate normal larvae

Figure 1 Percentage of embryos (n = 240; mean + sd) atldaage and
gastrula (> 90% epiboly.) stages, hatching rateremthal hatched larvae of
tiete tetraBrycon insignis

* progenies originated from fresh sperm and speyopgreserved imethylglycol and
BTS™. ANOVA (P> 0.05)

The percentage of normal larvae varied from 8878 9Fig 1 and Fig

2) with no difference (P > 0.05) between progenies.
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Figura 2. Larvae of tiete tetr8rycon insignisA — normal larvae ready for hatching; B
— recently hatched malformed larvae observed ih potgenies from fresh sperm and
sperm cryopreserved

3.4 Larvae growth
Specimens originated from cryopreserved and frpsms developed
similarly (P > 0.05) during the 112 days of expeith Specimens increased
from 1.3-1.6 cm of standard length and 0.03-0.04logpdy weight at 7 dph, up
to 12-13.8 cm of standard length and 35.4-45.9lgpdfy weight at 112 dph

(Table 3).
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Table 3.Standard length (SL) and body weight (BW) (mearD} 8f progenies
originated from fresh sperm and sperm cryopreseivednethylglycol and
BTS™ at 7, 30, 60, 112 days post-hatching (DPHjeté tetraBrycon insignis

Progenie
NO
DPH Frest cryopreserve
specimens

SL (cm BW (g) SL (cm BW (g)
7 18 1.3+£0.0 0.03%0.0 1.6+£0.:. 0.04 0.0
30 16 49+0. 28+1.0 5.0+ 1.( 3.1+2.«
60 35 10.0+1.. 15.2+8. 9.2+1. 13.3+°.0
11z 35 13.8+ 1. 46 +21.( 120+1.! 354 +11.

There was no difference of standard length or beeight between progenies originated
from fresh and cryopreservegerm (ANOVA P> 0.05)

4. Discussion

Following the development of a methodology to crgserve sperm of
B. insignis[8], the present study investigated the effectsrpbpreservation on
the post-thaw sperm motility, embryogenesis (clgaygastrula and hatching

rate) and larvae growtlt.were used the subjective method and the CASA

system for evaluating the post-thaw sperm quality

4.1 Initial gamete evaluation
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Fresh sperm motility rate (98%), quality motilityose (4.7), volume
(4.4 mL), and seminal plasma osmolality (350 mOsgkgdlof the 15 males
utilized in this study were all within the rangeepiously observed for this
species [8,26] and other species of the subfamijg@inae [28].

Recently stripped oocytes and spawning charadteriatere all similar
to previous observation of this species [5,26].eftdr knowledge regarding
characteristics of fresh sperm and oocytes is sacgso evaluate gamete
quality in commercial hatcheries prior to artificiaproduction in laboratories

and prior to experiments.

4.2 Post-thaw sperm motility and velocities

The cryopreservation process involves temperatdeation, cellular
dehydration, freezing and thawing. Cellular damiagdifferent degrees is
induced by distinct mechanisms at each of the eggmgrvation phases, and the
functional state of the frozen-thawed spermatogdhe result of the injuries
accumulated throughout the freezing and thawinggs® [29]. The use of sperm
cryopreservation in aquatic species raises conedrost damages to
spermatozoa during freezing and thawing. Some estudiport issues of altered
cell membrane integrity and damages to cellulaaosd30,31].

Subijective sperm quality &. insignisdecreased from 100% motile

sperm and score 5 in fresh sperm to 53% motilenserd score 3 after freezing



108

and thawing. Studies carried out in Characifornestassessed the effects of
cryopreservation on sperm motility (subjectivelyumder CASA system),
vitality, mitochondrial function and fertilizatiorates, and most of them have
found moderate reduction in at least one of thesameters when compared to
fresh sperm [7,9,10,24,32,33]. However, studiefistnsperm cryopreservation
of species of the genyconsuch a88. amazonicu§34,35],B. cephalug36],

B. orbignyanug9,24], B. orthotaenid37], and including3. insignis[8] were
published suggesting effective protocols. The dyali the post-thaw sperm is
mostly evaluated in terms of its subjective progies motility, by using a light
microscope and in species of the geBngonthis rates ranging from 33 to 39%
in B. amazonicuf38] and up to 72% iB. nattereri[10].

There was no significant difference between thernvethods used when
post-thaw sperm motility d8. insigniswas evaluated subjectively - by a light
microscope (53% motile sperm) and an objectivelth @ASA system (55%
motile sperm). Similarly, in other CharaciformegapitingaPiaractus
brachypomug$33] and streaked prochild@ochilodus lineatu$39], there was
no significant difference when post-thaw sperm fitgtivas analyzed
subjectively or using CASA. The CASA system, quisgithe sperm movement
using at least a dozen computer-calculated motligracteristics, providing a
objective methods of assessment that is easy torperprecise and rapid [40].

For analyses these indicators of sperm quality, £&3he most objective and
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comprehensive quantification method currently alaéd [41]. On the other
hand, the sperm motility subjectively evaluateddsy practical and can be
conducted by well-trained personnel in commerdé#l farms as an acceptable
sperm quality evaluation.

In the present study, sperm cryopreserved in mgifgdl and BTS™
yielded 55% motile sperm, VCL 76 pum/sec, VSL 63 seu/ and VAP 71
pm/sec when analyzed under CASA by 25 images/sexptevious study,
sperm of the same species was diluted in DMSO pgkiand egg yolk in six
different dilutions, frozen in nitrogen vapor velssieaw at 30°C/7 sec, triggered
in NaHCG, and evaluated under CASA by 50 images/sec [4].Higleest values
were observed at the dilution 1:6 (sperm:extenaheolility rate 86%, VCL 82
pum/sec, VSL 25 pm/sec, and VAP 68 pm/sec. Howewteen sperm of the
same males was diluted 1:10 proportion, the vabtbegrved were motility rate
22%, VCL 10 pm/sec, VSL 1 pm/sec, and VAP 9 pmfdgdlthough motility
was different between dilution ratios and studiéS|. and VAP values were
similar [4, and present study]. Cryopreserved spartwo other Characiformes
species were evaluated under CASA by 25 imagesfsBcbrachypomus
sperm cryopreserved in methylglycol and glucosklge 81% motile sperm,
VCL 60.0 pm/sec, VSL 33 pm/sec and VAP 46 um/s8t4BdP. lineatus
sperm cryopreserved in methylglycol and ACP™ (pawdeoconut water)

yielded 85% motile sperm VCL 54 pm/sec, VSL 24 go/and VAP 37



110

pum/sec [39]. In these four studies, we can obsaigecies-specific sensibility
of spermatozoa to the freezing and thawing prodediating that the definition
of a freezing protocol should be done in a speb@esed. Therefore, the use of
CASA is important as a method to evaluate spernitguas motility rate and
sperm velocity have been associated with reprogisticcess in fish. In the
study carried out if?. lineatus there were positive correlations between
fertilization rates and all sperm velocities, wiitie highest correlation (r = 0.8)
for VCL [39]. Similarly positive correlations bet@n progressive sperm
motility velocities (VCL, VSL, and VAP) and fertdation were also reported for

Clarias gariepinug40], Cyprinus carpid20] andOncorhynchus mykig42].

4.3 Embryogenesis

Due to the difficulty in obtaining high quality egin this subfamily,
only few studies tested post-thaw sperm for fedtion. InB. insignis artificial
reproduction using fresh sperm yields hatchingsréitat varies from 0 to 85%
[5]. In our recent study, a fertilization rate @9 was observed [27] and rates
below 30% are frequent at Aquaculture Station c6EKED. Caneppele,
personal observation).

Embryos at two different stages were observesl. imsignisprogenies
originated from fresh and cryopreserved sperm..Atl all the viable embryos

originated from fresh or cryopreserved sperm wetheacleavage stage.
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Between 10 tol1 h after fertilization, the viabiebeyos were at the gastrula
stage end{P0% epiboly nearly to the blastopore closure), thedrate observed
was of 24% for both progenies similarly to our poens result reported (26%)
[26]. The gastrula stage end (blastopore clossrepmsidered the moment most
appropriate for the determination of fertilizatiate as nonfertilized eggs
develop parthenogenetically until prior to blast@polosure [43]. This fact,
could explain the significant decrease in surviaéés from cleavage to gastrula
stage observed in both progenies. Hatching rat@g%falso were observed for
both progenies types, so there was no differenadata of fertilization rate and
hatching for both embryos originated from fresktigropreserved sperm.
Physical damage to sperm cells, such as membratges and tail breakage
due cryopreservation process can prevent succdssilitation [19]. The

results here observed showed that the embryogesiagiss were not affected by
sperm cryopreservation as embryos originated froth progenies developed
similarly. Others authors have reported no diffeemnin survival of progeny
produced using fresh and cryopreserved sperm Fediilization studies using
rainbow troutOncorhynchus mykisgyopreserved sperm suggested that
decreased survival of progeny as a result of dpilihaof the sperm to
successfully initiate fertilization, and not aseault of cryopreservation process
[14,19]. No difference was detected regarding teetigpmental parameters

(survival between stages, ploidy, deformities asytranetry analysis) of
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progeny ofOncorhynchus mykisssing fresh or cryopreserved sperm embryos
[19]. Maternal effects influence rainbow trout egsurvival using fresh [44]
and cryopreserved sperm [45] and are more impaittant paternal variation or
sperm ‘freezability’ [19].

Successful fertilization of eggs with sperm contagrDNA damage
would potentially increase the mutation rate anghitigely alter the phenotype
of fish produced using cryopreserved spgt8j. No significant differences on
the percentage of normal larvae between progenigisaated from fresh and
cryopreserved sperm were observed. In fact, theelsigvalue (97% normal
larvae) was observed in the progeny originated fcoyopreserved sperm.
Therefore, the presence of malformed larvae camaaittributed to the use of
cryopreserved sperm. Similar results were obseirv&yprinus carpig20,21]
and inClarias gariepinug22] for which the use of cryopreserved spermrdit
affect the number of the malformed larvae. Furtt@eyClarias gariepinus
malformed larvae were examined by chromosome patipas and most of
these were diploid, indicating that the larval rogifiation was not result from
genetic problems [22]. Rates of normal or malforiaedae are more likely to
be attributed to inadequacies of the incubatiorcgse [21], eggs quality or

rearing conditions of fish [22].
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4.4 Larvae growth
Larvae growth evaluated in terms of standard leagththe body

weight were similar between progenies originatediffresh or cryopreserved
sperm during all period evaluated (112 dph). Swdigarding larvae
development, growth and performance of fish progenriginated from
cryopreserved sperm have received little attergmfar. This is a first report on
larval survival ofB. insignisoriginated from cryopreserved sperm. Similarly,
progenies of channel catfisttalurus punctatusriginated from cryopreserved
and control groups developed similarly during oaanof rearing [46]. On the
other hand, striped bab#orone saxatilidarvae originated from cryopreserved
sperm was significantly larger than the controtiaét rearing period of 45 or 47

days [47].

5. Conclusions

Motility rate and quality motility score decreasgdnificantly after
sperm cryopreservation. However, embryos and laoviggnated from
cryopreserved sperm developed similarly to the gnggpriginated from fresh
sperm. Based on these findings, cryopreserved spanrbe used as a tool to
restore the population of endangered species sughiasignis as well as for

aquaculture purposes without any concern regattimgrogeny quality.
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