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RESUMO GERAL

O curimbatdProchilodus lineatue a piracanjub®rycon orbignyanus
sdo peixes Characiformes, nativos da América do &uh grande potencial
para a aquicultura. No estudo inicial (artigo 1ljafo avaliadas solucdes de
NaCl, glicose e BT (Minitub®), preparadas em 10 diferentes osmolalidades
(45 a 450 mOsm/kg) sobre a iniciagdo ou supresadundtilidade espermatica
em P. lineatuse B. orbignyanus Quando presente, a taxa de motilidade foi
determinada a 0, 30 e 120 segundos, enquanto a dgpermatico foi
determinado a 0 e 30 segundos pés-ativacdo. A afidaile, mas ndo a
composi¢ao da solucédo, afetou a motilidade e orvdgpermatico. Solucdes até
270 mOsm/kg pareP. lineatuse até 180 mOsm/kg par@. orbignyanus
induziram motilidade em pelo menos 60% dos espezopates, com vigor
minimo de 3,0, e foram classificadas como agertigadmres. Em relacdo a
duracdo da motilidade, solucbes entre 135 e 225mmi@sparaP. lineatuse a
135 mOsm/kg par8. orbignyanusnduziram maior motilidade do sémen. Por
outro lado, solug@es variando de 360 a 450 mOsetkB. lineatuse 270 a 450
mOsm/kg enB. orbignyanussuprimiram a motilidade em pelo menos 95% dos
espermatozoides e foram classificadas como meiosbilimadores. A
osmolalidade do meio (solucdo) é o fator chaveni@aicdo ou supressao da
motilidade espermatica em. lineatuse B. orbignyanus Para a reproducéo
artificial (artigo 2), a eficiéncia do Ovaprimcomo indutor de desova e
espermiacao foi comparada ao extrato de hipofish @ P. lineatus Fémeas
receberam 0,5 + 5,0 mg EH/kg; 0,05 + 0,45 mL Ovapiig; ou 0,125 + 0,375
mL Ovaprinf/kg. Machos receberam 0,4 + 4,0 mg EH/kg; ou 0,4BH¢kg +
0,25 mL Ovaprirfi’kg. N&o houve diferenca entre os tratamentos Qwipe
EH, para fémeas (qualidade dos ovdcitos e de desowaachos (qualidade
espermatica). Os valores médios para fémeas fd@@dthg de peso de desova,
15% de indice de desova, 1.209 ovocitos/g de @®4539 ovocitos/fémea, 183
ovécitos/g de peso corporal, 1,18 mm de diametrowidzito, 49% de taxa de
fertilizacdo, 43% de taxa de ecloséo e 89% de dameamais. Os valores médios
para machos foram: volume de 3,0 mL, 14,9 X #8permatozoides/mL,
osmolalidade de 283 mOsm/kg, pH de 7,4, 71% derespiezoides moveis,
velocidade curvilinear de 217 um/segundo, velo@ddihear de 102
pum/segunda velocidade média de percurso de 189 pm/segundapridi®
pode ser utilizado como indutor da reproducéoRentineatus sem perda da
qualidade dos gametas.

Palavras-chaveAtivacdo espermatica. Characiformes. Fertilizaggwaprin®.
Qualidade dos gametas.



GENERAL ABSTRACT

The streaked prochilddrochilodus lineatugnd the piracanjuldarycon
orbignyanusare Characiformes fish, native to South Americath wgreat
potential for aquaculture. In the initial studyt{ee 1) we evaluated NacCl,
glucose and BTS(Minitub™) solutions, prepared in 10 different osmolalities
(45 to 450 mOsm/kg) over the initiation or suppr@sf sperm motility irP.
lineatusandB. orbignyanus When present, motility rate was determined at O.
30 and 120 seconds, while the spermatic motilitglityiscore was determined
at 0 and 30 seconds post-activation. Osmolality, fm solution composition,
affected sperm motility and motility quality sco&olutions up to 270 mOsm/kg
for P. lineatusand 180 mOsm/kg fd8. orbignyanusnduced motility in at least
60% of the spermatozoa, with a minimum quality soofr 3.0, and classified as
activating agents. In relation to duration of mittjlsolutions between 135 and
225 mOsm/kg foP. lineatusand at 135 mOsm/kg f@. orbignyanumduced
higher sperm motility. On the other hand, solutisasging from 360 to 450
mOsm/kg inP. lineatusand 270 to 450 mOsm/kg B orbignyanusuppressed
motility in at least 95% of the spermatozoa andendassified as immobilizing
media. The osmolality of the medium (solution)he key factor in the initiation
or suppression of sperm motility ih lineatusandB. orbignynausFor artificial
reproduction (article 2), the efficiency of Ovaprirm inducing spawning and
spermiation was compared to pituitary extract (REP. lineatus Females
received 0.5 + 5.0 mg PE/kg; 0.05 + 0.45 mL Ovaprkg; or 0.125 + 0.375
mL Ovaprim'/kg. Males received 0.4 + 4.0 mg PE/kg; or 0.4 rigkg + 0.25
mL Ovaprim /kg. There was no difference between the Ovaprimd PE
treatments, for females (oocytes and spawning tylaéind males (sperm
quality). The mean values for females were: 242f gpawning weight, 15%
spawning index, 1,209 oocytesfgjova, 284,539 oocytes/female, 183 oocytes/g
body weight, 1.18 mm of oocyte diameter, 49% fizdilion rate, 43% hatching
rate and 89% normal larvae. The mean values foesnakre: volume of 3.0
mL, 14.9 x 1ﬁsperm/mL, osmolality of 283 mOsm/kg, pH of 7.4, 7if6tile
spermatozoa, curvilinear velocity of 217 um/s,igtraline velocity of 102 um/s
and average path velocity of 189 um/s.Ovaprimay be used as an inducer
of P. lineatusreproduction, without loss of gamete quality.

Keywords: Sperm activation. Characiformes. Fedtilon. Ovaprim. Gamete
quality.
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PRIMEIRA PARTE

1 INTRODUCAO

Com a grande expansédo da piscicultura comerciatamespécies de
peixes, comumente encontradas em rios, sdo crimasativeiro, nos quais,
muitas vezes, ndo encontram condi¢cdes adequadasapaeproducdo. Isso
ocorre, principalmente, com as espécies que téaracteristica de migrar em
determinados meses do ano, quando passam por lestimarmonais e
ambientais, até chegarem as calhas dos rios ownaosles afluentes, onde
ocorre a desova. Muitas dessas espécies, conhecitiasreofilicas, ou espécies
de piracema, tém ampla importancia comercial e paduzidas em grande
guantidade, enquanto outras, devido a sobrepesatras acbes antropogénicas
(assoreamento de rios, construcBes de barragensugido de matas ciliares,
aumento da poluicédo e introducdo de espécies asftittm seu numero cada
vez mais reduzido. Assim, torna-se necessario géadde praticas que atenuem
esse problema, como a reproducdo artificial emréabdos e a despesca de
alevinos.

Para a maioria das espécies de peixes migratdigmtas em cativeiro,
s6 ¢ possivel a reproducao se esta for induzidahooménios exégenos. Nesses
animais, os fatores ambientais desencadeantes raghios reprodutivos do
eixo hipotalamo-hip6fise-gonadal estdo desligadmaac consequéncia de um
ambiente pouco variavel. Dessa forma, mesmo qugdaadas crescam e se
desenvolvam normalmente, os processos de maturfgdio dos ovécitos,
ovulacdo e desova podem ndo ocorrer. Nos machonrgao basica da inducéo
hormonal é aumentar o volume seminal, garantindmmfliidez do sémen

produzido.
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A pratica mais comum para induzir a reproducadicdimente em
peixes é a aplicacdo de extrato bruto de hipofsH]). Entretanto, o uso de
EBH est4 associado a varios problemas, como gnaaribilidade no contetddo
de horménio luteinizante (LH), presenca de outrmsnidnios que nédo induzem
reproducdo e potencial para transmissao de doebkstes fatores levaram a
busca de outras técnicas de indugdo para substituiBH, mantendo a
eficiéncia reprodutiva da espécie. Como exempltioeas associacbes entre
analogos de GnRH (GnRHa) e anti-dopaminérgicospoco®vaprint (GnRHa
de salmao e domperidona; Syndel, Canada), queitincada vez mais efetivas
na indugcdo reprodutiva de espécies Characiformegprir@formes e
Siluriformes, entre outras.

A qualidade dos gametas e os métodos de fertitizvag#icial tém sido
frequentemente avaliados, principalmente por me® mhrametros que
influenciam diretamente as taxas de fertilizac@ma motilidade e duracao da
motilidade espermatica, concentracdo espermatie®cédo espermatozoide
/ovécito, indice de desova, diametro do ovdcito,sigiio da vesicula
germinativa, dentre outros. Todos os parametroésadas devem influenciar a
qualidade dos ovos fertilizados e, consequentementgualidade das larvas
eclodidas.

Assim, com o presente trabalho objetivou-se ohtecqrlimentos mais
eficientes para a reproducao artificial de peix@gawores, desde a utilizacdo de
meios (solugBes) que auxiliem os processos de cativee supressdo da
motilidade espermatica erochilodus lineatuse Brycon orbignyanusaté a
avaliacdo da qualidade de desova e espermiacd®. dimeatusapos inducao

com tratamentos hormonais.
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2 REFERENCIAL TEORICO

2.1 Espécies

2.1.1 Prochilodus lineatus

O curimbata, Prochilodus lineatus(Figura 1) pertencente a ordem
Characiformes, familia Prochilodontidae, € um paigeampla ocorréncia na
bacia do Parana-Paraguai e do rio Paraiba do Sulne dos mais importantes
para a pesca na bacia do Grande (CASTRO; BEGO98hH).1Esta espécie é
também conhecida como curimba, grumata, papa-terratreaked prochilod
(em inglés). CP. lineatusapresenta importancia econémica e social paracapes
artesanal de subsisténcia e esportiva, além deuipassa carne saborosa
(BARBIERI et al., 2004). O macho reproduz-se ads doos de idade, com 24
cm, e a fémea, aos trés anos, com 31 cm de compdnf@uando adulto, B.
lineatus pode atingir até 6 kg de peso corporal e 70 cm alapdmento
(COMPANHIA ENERGETICA DE MINAS GERAIS - CEMIG; FUNRCAO
CENTRO TECNOLOGICO DE MINAS GERAIS - CETEC, 2000ksta
espécie caracteriza-se pela boca protactil queifgeanexploracéo de substratos
diferenciados no sedimento (FURUYA, 2001). Quanto habito alimentar,
esses peixes sao iliéfagos ou detritivoros, oy sdijaentam-se de organismos
bentbnicos (larvas de insetos; larvas e ovos dasoos, crustaceos, entre outros
organismos) e detritos organicos comumente enaodrama agua (residuos
plancténicos, fezes de outros peixes, entre ouffGASTAGNOLLI, 1992;
PROENCA; BITTENCOURT, 1994).
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Figural Exemplar de curimba®a lineatus
Fonte: Viva Terra (2013)

O P. lineatusencontra-se, geralmente, em ambiente com aguas mai
lentas. Porém, na época de reproducao (novemlamoeirq), realiza migracdes
em massa até as areas de desova (CEMIG; CETEC). 288 é uma das
espécies de peixes de agua doce com maior sighifice piscicultura
comercial, sendo muito apreciado na culinéria dtedes da regido Nordeste do
Brasil. As estacdes de piscicultura tém granderéaste no sucesso da sua
reprodugdo, uma vez que as larvasRdelineatusservem de alimento para
espécies carnivoras de grande importancia comernato, por exemplo, 0
dourado Salminus brasiliensis(CEMIG; CETEC, 2000) ou passiveis de
extingdo, como a piracanjubBrycon orbignyanuse o jau Zungaro jahu
(VIVEIROS et al., 2009). Essa espécie é também aruiiizada por usinas
hidrelétricas em programas de repovoamento devaseios, além de servir
como espécie-modelo no desenvolvimento de pesquesasbiotecnologia
reprodutiva, dadas sua elevada prolificidade didacie de manejo (VIVEIROS
et al., 2010).
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2.1.2 Brycon orbignyanus

A piracanjuba,Brycon orbignyanus(Figura 2) pertencente a ordem
Characiformes, familia Characidae, € um peixe ndgi@a nativo das bacias
formadas pelos rios Uruguai e Parana, muito aptegielo valor e sabor de sua
carne (GODOQY, 1986). Esta espécie tem despertadwlgrinteresse ndo sé por
sua carne de excelente qualidade, mas também pans apreciada em
pescas esportivas devido ao seu comportamentosagregiando fisgado, além
de apresentar rapido crescimento e facilidade dva@VAZ; TORQUATO;
BARBOSA, 2000). OB. orbignyanusé uma espécie de habito alimentar
onivoro, alimentando-se de peixes (fases iniciaigida), insetos e sementes. O
macho reproduz-se a partir de dois anos de idaxe,20 cm de comprimento,
apresentando como caracteristica sexual securakpéeza na nadadeira anal,
resultante de pequenas espiculas que aparecemooa @@ reproducdo; ja a
fémea se reproduz a partir do terceiro ano de jdame 25 cm de comprimento.
Esta espécie apresenta corpo fusiforme e compralbaza € ampla e terminal,
o0 dorso é castanho escuro e a nadadeira caudatateor vermelha com uma
faixa mediana bem escura (CEMIG; CETEC, 2000).
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Figura 2 Exemplar de piracanjuBaorbignyanus
Fonte: Terra da Gente (2013)

O B. orbignyanusprefere ambientes l6ticos de aguas claras, sendo
encontrada nos locais em que as arvores se deitara 8 rio, onde obtém os
frutos que lhes servem de alimento. A migracaacadiona se da nos meses de
setembro e outubro, culminando com a desova erdxemmbro e janeiro
(CEMIG; CETEC, 2000). Entretanto,B orbignyanuencontra-se ameacado de
extingdo por ndo conseguir realizar migracao repied, devido ao grande
namero de barragens hidrelétricas encontradasewe & degradacdo ambiental
(PAIVA, 1982; VAZ;, TORQUATO; BARBOSA, 2000). Existeem grande
interesse na utilizacdo destes briconideos tant p@ducdo em pisciculturas
comerciais, quanto para conservacao da biodivelsida

2.2 Reproducdo induzida em peixes migradores

A reproducdo de peixes teledsteos na naturezaudadegpor fatores
enddgenos, presentes nos componentes do eixolhipot&ipofise-gonadal, em
interagdo com o meio ambiente (Figura 3). Estimatobientais, determinados

pelos ritmos circadianos, convergem para o hipotalaO hipotalamo é uma

regido especifica do cérebro que, entre outrosorsammonios, secreta o
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hormbnio liberador de gonadotrofinas - GnRH, e apadana, que,

respectivamente, estimula e inibe a liberagdo dasdptrofinas hipofisérias -
horménio foliculo estimulante (FSH) e hormdnio ioteante (LH). O FSH é

responsavel pela liberacédo de estradiol pelo ov@ritrada de vitelogenina no
ovocito), pelo crescimento gonadal e pela gametggnenquanto o LH é
responsavel por secrecdo de esteroides, maturagdlodbs gametas e sua
posterior liberacdo. Os esteroides realizam, viareote sanguinea, uma
retroalimentacdo negativa no hipotdlamo e hipofisedulando as funcgdes
subsequentes desses 6rgdos (VAZZOLER, 1996).

)
r Hipotalamo (+/-)
Fatorzs GrRH 1 lDopomma
ambientais (+) )
(fotoperiodo, o
Hipofise (+/-)
temperatura,
volume de doua,
alimento) FSH lLH (+)
(+/-)
Gonadas
Gametogénese l Horm. sexuais

Desenvolvimento gonadal

Figura 3 Eventos fisioldgicos e endocrinos no adatrda reproducdo em
peixes

Fonte: Adaptado de Viveiros, Leal e Sallum (2011)
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A falta de maturacéo final de ovdcitos, ovulac@sava e espermiacdo
em peixes cultivados resultam do fato de que repooes em cativeiro ndo
experimentam as condicbes ambientais da desovatodMuilos peixes
comercialmente importantes migram de centenasteare# de quildbmetros para
alcancar os nichos ambientais, onde as condi¢cfes Gdifnas para a
sobrevivéncia de sua prole. Durante esta migrag8opeixes experimentam
varias mudangas ambientais, como por exemplo,i@idsde da dgua, quimica,
temperatura, profundidade e substrato (ZOHAR; MYIASN 2001). Estas
mudancas combinadas desencadeiam os processosimosl@tie resultam em
maturacdo final de ovdcitos e ovulacéo, levandona desova bem sucedida
(LAM, 1983; STACEY, 1984). A maioria das pesquissgbre o uso de
horménios para controlar o ciclo reprodutivo dexesina aquicultura tém
focado na indugdo de maturagdo final de ovocitesjagdo, espermiacdo e
desova de peixes que ndo completam esses proassoativeiro (ZOHAR,;
MYLONAS, 2001).

O procedimento de selecdo dos reprodutores é fawarial para
obtencdo de uma inducdo hormonal bem sucedida. iBsoaa selecdo sera
realizada de acordo com as caracteristicas citaola¥Voynarovich e Hoévath
(1983). Nas fémeas, as caracteristicas incluemnaéléabaulado e macio ao
toque, papila urogenital proeminente e de coloragdada ou avermelhada e
orificio urogenital ligeiramente aberto. Nos maclasrre liberacdo de sémen

apés pequena compressao na cavidade celomatica.

2.2.1 Hipofisacao

Os primeiros trabalhos de inducdo & desova de peedilicos foram
desenvolvidos paralelamente na Argentina (HOUSSAY30) e no Brasil
(IHERING, 1937), quando foram obtidos resultadositpms de inducdo a
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maturacdo final e desova de peixes migradores, rér g aplicacdo de
horménios naturais presentes na hipéfise de pemaduros. Essa técnica
continua sendo uma das alternativas utilizadas pahazir a reproducédo de
peixes migradores em todo mundo, sendo conhecidaao cthipofisacdo”
(ZANIBONI FILHO; WEINGARTNER, 2007). No método original de
hipofisacédo, utilizava-se o triturado de hipéfisesta em suspenséao, obtidos a
partir de doadores coletados, em época de pira¢etBRING, 1937). Com o
passar dos anos, pesquisadores aprimoraram aaézmpassaram a utilizar o
extrato bruto de hipofise (EBH) centrifugada aipae hipéfises conservadas a
seco, apos terem sido desidratadas em acetonapa, can peixe nao reofilico,
de desova parcial/total, é utilizada como princigeddor (STREIT JUNIOR et
al., 2002).

O método de hipofisacdo difundiu-se no mundo iatedom a
intensificacdo da piscicultura, o que propiciou peréeicoamento da técnica,
com variacdes da origem, preparacdo e purificagdBRH (STREIT JUNIOR
et al., 2002). A popularizacdo desta técnica digestla por apresentar inmeras
vantagens em relacdo a outros métodos de indugirodrgiva. Segundo
Donaldson e Hunter (1983), o método de hipofisaa@imples, requer pouco
material hipofisario para manipulacdo, ndo é neécesgesfriar 0 material
preparado, além do calculo de dosagem ser baseadmna relacdo entre peso
corporal do doador da hipéfise e do receptor do EBsimesmos autores ainda
mencionam que a presenca de outros horménios no p@l¢ ter efeito
sinérgico na inducdo. Porém, esses autores cigman método possui algumas
desvantagens, por exemplo, duas hipéfises de mesesm podem ter
guantidades diferentes de horménios; a matriz teceppode desenvolver
reacdo imune a gonadotrofina da espécie doadora a possibilidade de
hipofises frescas transmitirem doencas para agiespé&ceptoras. Reay (1989)

definiu que o sucesso do método de hipofisacdondiepge uma série de fatores,
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como temperatura, estadio de maturagéo ovocigwialicdo geral do doador e
do receptor de hipdfise. Embora a hipofisacéo teid@a modificada e adaptada
por varios autores, ela consiste de uma dose daviein duas administracdes, a
6-24 horas de intervalo (ZANIBONI FILHO; BARBOSA996). De modo
geral, a hipofisacdo é muito utilizada em espéCiearaciformes, como peixes
da familia Anostomidae, Characidae e Prochilodaetidalém de espécies
Siluriformes, como peixes da familia PimelodidadU®IROS; GODINHO,
2009), dentre outros. Entretanto, o uso do EBHdoentemente proibido no
Brasil pelo Ministério da Agricultura, Pecuaria ®astecimento (MAPA) por
falta de registro, devendo ser substituido porooliarménio indutor.

Atualmente, os meios para reproducéo artificiapdixes sdo variados,
dentre os quais se pode destacar o uso do hCG d@oofna coribnica
humana), GnRH ou LHRH (horménio liberador de gomadima), analogos de
GnRH (GnRHa), antagonista de dopamina (anti-dopamicos) e associacao
de GnRHa com antagonista de dopamina (ZOHAR; MYL@GIN2001).

2.2.2 GnRH e seus analogos

O GnRH é uma molécula simples que pode ser siatitjzroduzindo-
se analogos (GnRHa) 50 a 100 vezes mais potentesagformas naturais
(HARVEY; CAROLSFELD, 1993). A regulacdo de gonaddittas promovida
pelo controle entre GnRHa e dopamina, tem se toronath base para técnicas
de reproducdo induzida em peixes altamente efeigMRIAS ACUNA,;
HERNANDEZ RANGEL, 2009). Analogos do GnRH vem sertdstados na
reproducéo artificial de peixes, pois esses compagbresentam vantagens em
relacdo as gonadotrofinas, tais como estimulagdomadéuracdo gonadal,
incapacidade de desencadear resposta imune, meffzorantegracdo com

funcBes fisioldgicas que afetam processos end&endiminui¢cdo do risco de
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transmisséo de doengas aos reprodutores (ZOHAR; ONAS, 2001) Apesar
da existéncia de varios anélogos no mercado, os miéizados para indugédo a
maturacao final de peixes sdo os analogos dos mimmdiberadores de
gonadotrofina (GnRHa) de mamiferos e de salmao (B&WI FILHO;
WEINGARTNER, 2007).

O Ovaprinf (Syndel Laboratories Ltd., Canad4) é um produte qu
contém horménio liberador de gonadotrofinas andfmgdo salmd&almo salar
(sGnRHa; D-Ar§-PrO-NET) na concentragéo de 20 pg/mL e a domperidona,
um anti-dopaminérgico, a 10 mg/mL. Ovaptiéusado para induzir a ovulacéo
e espermiacdo em peixes. Este produto é mais comtenmeanipulado por
injecdo via intramuscular ou intraperitoneal (ingl@matica) rotulada na taxa de
dosagem de 0,5 mL/kg (= 0,5 pL/g) (HILL et al., 9p0Ovaprinf tem sido
utilizado em uma grande variedade de peixes deup@mdaquicola (INGRAM
et al., 2005; MOHD-ZAINI; SAADON; DAN OMAR, 1994)pesquisa (ARIAS
ACUNA; HERNANDEZ RANGEL, 2009; CEJKO et al., 201®ILL et al.,
2005; PINILLOS et al.,, 2002; VIVEIROS et al., 2002)e conservacao
(EENENNAAM et al., 2001; SARKAR et al., 2006), eradins veterinarios
(YANONG et al., 2003).

2.3 Desenvolvimento gonadal e fertilizacdo

Para o sucesso da reproducésinaronia entre os processos fisioldgicos
de maturacao gonadal com as condi¢Bes ambientaiafeeis faz-se necessaria.
Uma série de mecanismos de ajuste estd envolviq@atesso de maturacao
gonadal e desova, basicamente por meio de control@sonais. No inicio do
desenvolvimento gonadal ocorre um aumento no rdeelgonadotrofina na
hipéfise e no plasma, servindo provavelmente pegeutar 0s ovocitos e iniciar

a vitelogénese no periodo reprodutivo corrente (ERQHL989).
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Depois de concluida a vitelogénese, a atividadeiane se torna mais
reduzida e permanece em sintonia com a adequagdcoddicdes ambientais,
garantindo assim, que a liberacédo dos ovécitoscim@ncom o periodo em que
as caracteristicas ambientais estejam mais adesjyaala propiciar a maxima
sobrevivéncia da prole. Esta fase é conhecida ¢perdodo de dorméncia” e
sua duracdo varia de uma espécie para outra, ssErglyvado, para peixes
brasileiros, um periodo desde poucas semanasgatiésaineses. A extensao do
periodo de dorméncia € muito afetada pelas corslieffeque os reprodutores
sdo mantidos, tais como: qualidade de &gua, alap@&ate a frequéncia de
manejo. A aplicacdo das técnicas convencionaisdlg;8o hormonal € indicada
para peixes maduros, ou seja, aqueles que se earoamt “fase de dorméncia”.
Nessa fase, a vitelogénese esta completa nos esddendo necessaria a
inducdo hormonal para garantir a maturacdo finalesova, que consiste
basicamente na migragédo e a posterior desintegidgacesicula germinal, o
rompimento do envelope folicular e a consequebtrdicdo dos ovécitos na luz
do ovario, seguido pela eliminacdo dos ovocitosaRes machos, a funcéo
basica da inducdo hormonal é o aumento do volumged®n, que esta mais
associado com uma maior fluidez do sémen prodwndgue com 0 aumento do
namerode espermatozoides (ZANIBONI FILHO; WEINGARTNER)07).

Vérias espécies de peixes submetidas ao tratameéatdanducdo
hormonal iniciam a liberagcdo dos ovécitos, quara@msenca de machos, apés
a ovulacdo. Neste caso, os ovocitos sao fertilzgukdos machos dentro do
tanque sem a interferéncia do produtor. A definighaima nomenclatura para
caracterizar essa modalidade de desova tem siddrogersa, sendo
recomendada “reproducdo induzida com desova natotalainda, “desova
semi-natural”. Apesar disso, algumas espécies deepem condicbes de
cativeiro ndo liberam os ovécitos espontaneameptes & ovulagdo, sendo

necessaria a retirada dos gametas por extrusdo WA8®VICH; HORVATH,
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1983). Essa é a técnica mais utilizada no Brasasibilitando bons resultados
para diferentes espécies de peixes (SATO, 1999; IRANI FILHO;
BARBOSA, 1996), apresentando a vantagem de redazimao-de-obra
operacional para a retirada dos ovOcitos e permitir maior controle da
producéo. Outras vantagens da desova por extréasédestacadas por Harvey e
Carolsfeld (1993), entre elas: dispensa a necessida tanques especiais para a
desova, facilita 0 manejo dos ovos fertilizadogniee 0 manejo dos gametas
para fins de melhoramento genético, utiliza masesftemente o sémen quando
este é escasso (por meio de diluicdo ou de pres@m)ya permite 0 cruzamento
entre espécies e entre géneros diferentes.

A técnica de desova por extrusdo (Figura 4A) ctmsia retirada das
fémeas imediatamente apds a ovulagdo, quando afias/@stdo soltos na luz
do ovario, e por meio de pressdo abdominal induzaida dos ovécitos pela
papila urogenital. O mesmo procedimento € utilizpdma a retirada do sémen
(Figura 4B), sendo ambos os gametas recolhidoseeipientes para posterior
mistura. E necessario determinar o momento exativdiacio das fémeas para
garantir a obtencdo de gametas de boa qualidadONBRSE et al., 1994). A
retirada dos ovocitos antes ou depois de determitemipo da ovulacdo pode
comprometer a qualidade das larvas e proporcicaiaad taxas de fertilizacdo
(HIROSE; ISHIDA; SAKAI, 1977). Os espermatozoidesympanecem imaoveis
no testiculo dos peixes devido a elevada conceittrde potassio, de forma que,
imediatamente apds entrarem em contato com a agadassio é diluido e as
células sao ativadas (ALAVI; COSSON, 2006).
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Figura4 Técnicas de desova (A) e espermiacdo (B)gxtrusdao emB.
orbignyanus

A duracdo da motilidade do sémen varia entre &seatifes espécies de
peixes, porém, geralmente, é inferior a um mintkARVEY; CAROLSFELD,
1993). De modo semelhante, os ovdcitos de difesargpécies sdo ativados pelo
contato com a agua, devendo ser fertilizados inmuiente. Considerando as
caracteristicas fisiol6gicas dos gametas, a featiio a seco é o melhor método,
onde ovdcitos e espermatozoides sao retirados elgesp sem contato com a
agua, misturados e somente depois adicionados & (@ANIBONI FILHO;
WEINGARTNER, 2007).

O procedimento de fertilizacdo a seco possibilitamtagem de ampliar
0 tempo para o0 manejo dos gametas, permitindo assirseparacdo e a
quantificagdo da desova nas porc¢des a serem easoeaddistintas incubadoras,
além de aumentar a taxa de fertilizacdo. Apds turaiglos ovocitos ao sémen,
se procede a inclusdo de agua para ativacdo dastagrporém, a quantidade a
ser adicionada precisa ser bem dimensionada. As@clde muita 4gua causa a
diluicdo do sémen, e a diminuicdo da possibilidade que encontrem a
micropila para a fertilizacdo, da mesma forma quguantidade insuficiente
pode causar a obstrucdo da micropila pelo mucovddmou pelo contato de
outro 6vulo (WOYNAROVICH; HORVATH, 1983).
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2.4 Parametros de qualidade dos gametas

No intuito de estabelecer métodos de producaordadaom qualidade,
uma série de parametros reprodutivos deve serad@albuscando uma maior
eficiéncia do plantel de reprodutores por meio sto de seus gametas.

Com relagéo a qualidade do ovdcito, parametros cpesn de desova,
namero de ovocitos por grama desovada (Figura Bheno de ovdcitos por
fémea, inducdo da ovulacao, tipo e tamanho do tivééio parametros comuns
observados em fémeas de mesma espécie (GODINH@). 20@istribuicdo da
frequéncia percentual dos diametros dos ovocitesocimdicador do grau de
desenvolvimento gonadal de peixes brasileirosdstcdta pela primeira vez por
Fenerich-Verani, Narahara e Godinho (1984) cormthatdProchilodus scrofa
(= P. lineatuy. Esta mesma técnica foi utilizada para descrewer
desenvolvimento gonadal de espécie do géieyson (ROMAGOSA et al.,
2001).

Figura5 Avaliacdo do nimero de ovécitos por grdesovada erR. lineatus
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Outra metodologia utilizada como indicador do grade
desenvolvimento gonadal para a sele¢cdo de fémeaas apreproducédo e da
gualidade da desova é a analise da posicao daulegierminal dos ovdcitos.
Ovdcitos em final de maturacdo apresentam o nigle@ado na periferia da
célula, contrariamente ao que ocorre em ovécit@slrns ou em maturacdo, em
gue a posicao do ndcleo é central (BRZUSKA, 1979RGAS et al., 2011).

Na avaliacdo da desova, outros parametros devemvagados, como
indice de desova (ID = peso desova x 100/peso @jptaxa de fertilizagdo
(TF = nimero de ovos viaveis x 100/nimero totalodes), além da taxa de
eclosdo das larvas (TE = numero de larvas eclodidd®0/nimero total de
ovos; Figura 6) e porcentagem de larvas normais fLNUmero de larvas
normais x 100/ntmero total de larvas) (VIVEIROSIet2012).

Figura 6 Larvas eclodidas (A) e ovos gorados (B) BRle orbignyanus
observados em estereomicroscopio

A avaliacdo das caracteristicas seminais é impertaa rotina da
reproducgédo artificial em qualquer espécie anima@GElI DA SILVEIRA,
KAWAMOTO; RIGOLINO, 1988). A qualidade do sémen jgosker avaliada em

diferentes niveis de complexidade: espermatdcritabilidade espermatica,
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porcentagem de motilidade espermética, intensidadmotilidade espermatica,
ultraestrutura dos espermatozoides, composicaoicpino plasma ou pela
capacidade de fertilizacdo que os espermatozoidesupm (RURANGWA et
al., 2001).

Na maioria das espécies de peixes que recebenaméato hormonal,
€ observado um aumento significativo no volume samPorém, o volume nao
tem um valor intrinseco bioldgico, e sim pela gigate de células fecundantes
gue possa conter. O volume é muito variavel erdreligersas espécies e até
mesmo na mesma espécie, por ser influenciado ptégd® do ano, clima,
periodo de repouso sexual e método de coleta (MUR&AI., 2011).

A motilidade espermética é o parametro mais udlizpara a avaliacédo
da qualidade dos espermatozoides (ALAVI et al. 82@OSSON et al., 2008).
Esta é uma importante ferramenta para uma eficfertibzacdo dos ovocitos. A
simples estimativa da viabilidade microscépica (200400 x) do sémen fresco
€ usada para uma avaliacdo inicial da qualidadermspica (KAVAMOTO;
FOGLI DA SILVEIRA, 1986). O resultado é expresso @ercentagem de
espermatozoides mdveis, na escala de 0 a 100%,ekmdo ao total de
espermatozoides analisados (MARIA et al., 2006; BIROS et al., 2009).
Além disso, técnicas mais modernas de analisesalididade, e velocidades
linear, curvilinear e de percurso médio, entreasutmalises, tém sido realizadas
por meio de um sistema computadorizado de anatisséthen, conhecido em
inglés como CASA (Computer-Assisted Semen AnalySigura 7). O sistema
CASA realiza quantificacdo da qualidade seminalfalena mais objetiva e
abrangente disponivel atualmente (WILSON-LEEDY; BRMANN, 2007). O
CASA utiliza um software para coletar, detectarentificar e quantificar
atributos da motilidade na amostra de sémen. Asigd@és para aplicacdo do
CASA séo baseadas em caracteristicas, como tamforhta e trajetéria de
natagdo do espermatozoide em cada espécie av@fialiss; TIERSCH, 2011).
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Figura 7 Sistema computadorizado de analise dors€@7eSA)

Os fatores mais importantes na determinacdo dacativ espermatica
sdo: pressao osmoética, composicdo ibnica e o phtjosque a mudanca na
pressdo osmotica é o fator que mais influencidvagito dos espermatozoides
(BILLARD et al., 1995). Assim, andlises de osmalatie e pH do sémen, ou do
plasma seminal, sdo parametros necessarios a Gamlida qualidade
espermatica.

O vigor espermatico, que se caracteriza pela dddei com que os
espermatozoides se movimentam, € outro parameten@al para avaliacdo dos
espermatozoides de peixes (COSSON et al., 1999;MEHRSSEN et al.,
2003). Sua escala segue valores de 0 a 5, em gqigmifica espermatozoides
sem nenhuma motilidade e 5 significa espermatogoitd&lando rapidamente
(VIVEIROS et al., 2011). Ja o tempo de vida doseastozoides, apresenta
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variagdo entre as espécies de peixes e coincidgmgmte, com o periodo de
fertilizacdo dos ovdcitos, estando diretamentecieteado com o periodo de
intensidade da motilidade (COSSON et al., 1999; S$§(1983). A maioria dos
dados sobre a duragdo da motilidade dos esperndgszestdo dentro da
variacao tipica para teledsteos de agua doce, rdgim@adamente 33 segundos
emB. orbignyanugara tdo longo quanto aproximadamente 111 segwerd®s
lineatus(VIVEIROS; GODINHO, 2009).

A concentracdo espermética (Figura 8) é um paranwie interfere
sobre a fertilizagdo dos peixes, avaliado por me@ contagem de
espermatozoides em camara hematimétrica de NeulfBlUldtARD et al.,
1996; VIVEIROS et al.,, 2011), permitindo maximizar uso do material
inseminante e aumentar a taxa de fertilizacdo. €ep produzem quantidade
variavel de gametas. Em algumas espécies, 0 machimz 100 bilhdes de
espermatozoides/ano/kg do peso corporal ou malsxdeéd espermatozoides/g
de testiculo/dia, o que é 10 vezes maior do queodupdo relatada para
mamiferos (BILLARD, 1990).
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Figura 8 Analise da concentracdo espermaticd®.dineatusem camara de
Neubauer, por meio do microscépio de luz (400 x)

2.5 Influéncia do meio (solugéo) sobre a qualidade sendll

Em geral, a motilidade espermética é induzida pesgfio hiposmética
em peixes de agua doce e por pressdo hiperosneiticgeixes marinhos
(ALAVI et al., 2007). Na maioria das espécies dxg® 0s espermatozoides
sdo imoveis nos testiculos e no plasma seminal (IBAWA; MORISAWA,
1990). A osmolalidade e composi¢do do plasma sémarenalmente previnem
a motilidade espermética nos ductos espermaticgeides (BILLARD, 1986).
O plasma seminal de peixes € constituido, em graadgie, por compostos
minerais (N4 K', C&*, Mg®*). Esses compostos (ions) estdo envolvidos na
regulacdo da osmolalidade (HE; KEERAN-JENKINS; WQ&D2004). O
fluido seminal ndo s6 imobiliza os espermatozoidgeas também os protege
(COSSON et al., 1997). Por conseguinte, a motiédadhduzida apés liberacdo
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e contato dos espermatozoides com o0 meio aquoaatdua reproducdo natural
ou com o meio diluente durante a propagacéo aatiffCOSSON, 2010).

Osmolalidade é definida como a concentracdo deasolotais numa
solucdo, com a propriedade de exercer pressaoteromda referida solucéo.
Esta propriedade do soluto é conhecida como pressawtica, que esta
envolvida na regulacéo do fluxo de 4gua por meiarda membrana, fenémeno
chamado de osmose. Assim, qguando concentracaduie GoOsm/kg de agua)
€ mais baixa no meio onde se encontra imersa utak,cdo que no proprio
citosol (hiposmoética), esta tende a aumentar seume introduzindo agua do
meio ambiente; mas, quando a célula é imersa notngd® mais concentrada
(hiperosmotica), sofre a reducdo do tamanho e s@édagua da membrana
(BOLSOVER et al.,, 2004). Além da osmolalidade, @grpardmetros como
temperatura, pH, fons (incluindo N&*, C&") e taxa de diluicdo influenciam a
motilidade espermética, em qualquer solu¢do deagliv ou de imobilizagéo
(ALAVI; COSSON, 2005, 2006).

A ativacdo por meio aquoso é imediatamente segquodama resposta,
com o espermatozoide nadando a toda velocidadee oeguer o alto consumo
de energia pelos espermatozoides, e levando a wwve hperiodo movel
(COSSON et al.,, 1999). Para ativar ou suprimir atilidade seminal, a
modificacdo do ambiente celular (osmolalidade) pwio da utilizacdo de
acucares (HORVATH; MISKOLCZI; URBANY, 2003) e delsgdes salinas
(YANG et al., 2006) tem sido bem sucedida pararalgiespécies de peixes de
agua doce. Diversas solugcBes ativadoras e supassdar motilidade seminal
tém sido estudadas em espécies Characiformes. X@fapws de ativadores
NaHCGQ;, NaCl, 4gua do tanque e dgua destilada. Suprsssordiluidores séo
solucBes aquosas em que crioprotetores e sémendiBfdos antes do
congelamento. Inimeras solugBes foram testadas dioidor de sémen de

peixe; algumas foram salinas simples (NaCl 0,8 ,8%) ou solugéo de acucar
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(glicose 5%), enquanto outras tinham uma férmulas neamplexa, como o
BTS® (Minitub®), V2e e Cortland, em que sais e aclicares s&o0 pauis
(VIVEIROS; GODINHO, 2009).
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3 CONSIDERACOES FINAIS

No presente trabalho, s&8o apresentadas informac&ebre
procedimentos que visam aprimorar a reproducadicati de curimbataP.
lineatuse piracanjubd. orbignyanusotimizando o uso de reprodutores e seus
gametas, por meio da utilizacdo do sémen fresed&tos de qualidade.

Embora diferentes meios hipotdnicos provoquem @idrda motilidade
espermatica e meios hipertdnicos suprimam a matiédem peixes de agua
doce, pesquisas sobre as concentragfes dos masida e diluidor) tornam-
se necessérias para aprimorar a reproducao aftifrteximizando a producgéo
de alevinos. Por meio dessas pesquisas, métodsisalenizacao reprodutiva e
criopreservacdo do sémen podem ser realizados eoon eficiéncia.

A interacdo entre sistema enddécrino e ambient@rnoipal gerador do
sucesso reprodutivo de peixes. Como, em cativasoespécies de piracema
necessitam de induc&o hormonal para reproduzscaellea do horménio torna-
se um fator chave para a regulacdo do ciclo repirajuculminando com
desova e espermiacdo de qualidade.

A obtencdo de uma reproducdo artificial de altalidade possibilita
reduzir o estoque de reprodutores na piscicultypar, meio do maior
aproveitamento dos gametas para fertilizagcdo, redoza mao de obra,

estrutura fisica, e com isso, reduzindo os custestidos na producéo.
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Abstract

GONCALVES, A.C.S.; NASCIMENTO, A.F.; COSTA, A.C.;HAL, M.C;
VIVEIROS, A.T.M. Initiation and suppression of spemotility is osmolality-
dependent in two South American fish species: lstgt@rochilod Prochilodus
lineatug and piracanjubaBrycon orbignyanus

Solutions to induce or suppress the initiationpErsn motility in fish have been
used to improve reproductive success during asifidertilization and
preservation techniques. The aim of the presedistas to evaluate the effects
of three solutions (NacCl, glucose, and BTS™) - gapared with 10 different
osmolalities - on the initiation and suppressionfi@fsh sperm motility in
Prochilodus lineatusndBrycon orbignyanusSperm was diluted in each of the
30 solutions and immediately observed under a ligitroscope to determine
which solutions triggered or suppressed the initabf sperm motility. When
present, motility rate (% motile sperm) was deteediat 0, 30, and 120 s post-
activation and the motility quality score rangingrh 0 (no movement) to 5
(rapidly swimming sperm) was determined at 0 and s3@ost-activation.
Osmolality, but not solution composition, signifitly affected both motility
rate and quality score. Solutions at osmolalitipsta 270 mOsm/kg irP.
lineatusand up to 180 mOsm/kg B. orbignyanusnduced motility in at least
60% of sperm, with a minimum quality score of 3ahd were therefore
classified as activating agents. The greatest ityotit 0, 30, and 120 s post-
activation was observed with solutions ranging frb8s to 225 mOsm/kg fd®.
lineatusand at 135 mOsm/kg fd8. orbignyanusOn the other hand, solutions
ranging from 360 to 450 mOsm/kg I lineatusand 270 to 450 mOsm/kg B.
orbignyanussuppressed motility in at least 95% of sperm ancewéassified as
immobilizing media. The osmolality of the surroumglimedium is the key
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factor in the initiation or suppression of spermtititg in P. lineatusand B.

orbignyanus

Keywords:Characiformes, extender, semen, sperm activation.
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Resumo

GONCALVES, A.C.S.; NASCIMENTO, A.F.; COSTA, A.C.;HAL, M.C;;
VIVEIROS, A.T.M. Iniciacdo e supressdo da motilidacgspermética é
dependente da osmolalidade em duas espécies des p8id-Americanos:
curimbata Prochilodus lineatuse piracanjubaRrycon orbignyanus

SolugBes para induzir ou suprimir a iniciacdo ddilidade espermética em
peixes tém sido utilizadas para aprimorar o sucespoodutivo durante a
fertilizacao artificial e técnicas de preservag@abjetivo do presente estudo foi
avaliar os efeitos de trés solucdes (NaCl, glieo83 S) - cada uma preparada
com 10 osmolalidades diferentes - sobre a inicia;&apressdo da motilidade
do sémen fresco emrochilodus lineatus Brycon orbignyanusO sémen foi
diluido em cada uma das 30 solugbes e imediatamargervado sob um
microscopio de luz para determinar quais as sokigdesencadearam ou
suprimiram a iniciacdo da motilidade espermaticaar@o presente, a taxa de
motilidade (% de espermatozoides moveis) foi detmada a 0, 30 e 120
segundos pos-ativacdo e o vigor espermatico, wdoiade 0 (nenhum
movimento) a 5 (espermatozoides nadando rapidaindoiteleterminado a 0 e
30 segundos pos-ativacdOsmolalidade, mas ndo a composicdo da solugéo,
afetou significativamente tanto a taxa de motileladianto vigor espermatico.
Solugbes em osmolalidades até 270 mOsm/kg Renlineatus e até 180
mOsm/kg emB. orbignyanusinduziram motilidade em pelo menos 60% dos
espermatozoides, com um vigor espermatico minim8,dee foram portanto
classificadas como agentes ativadores. A maior lidedie a 0, 30 e 120
segundos pés-ativacdo foi observada com solucdesvga de 135 a 225
mOsm/kg paréP. lineatuse a 135 mOsm/kg pam. orbignyanus Por outro
lado, solugbes variando de 360 a 450 mOsm/kgPertineatuse 270 a 450
mOsm/kg enB. orbignyanussuprimiram a motilidade em pelo menos 95% dos

espermatozoides e foram classificadas como meiosbilizadores. A
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osmolalidade do meio cincundante € o fator chavimineagcdo ou supresséo da

motilidade espermatica ebn lineatuse B. orbignyanus

Palavras-chaveCharaciformes, diluidor, sémen, ativacdo esperimatic
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Introduction

The streaked prochilodP¢ochilodus lineatus and the piracanjuba
(Brycon orbignyanusare fish from the order Characiformes and arév@ab
South America. During the rainy season (OctobeFdbruary), these species
migrate to find clean water and spawn. The detnitusP. lineatusbelongs to
the Prochilodontidae family and its sediment pret®gactivities are important
to the structuring of community dynamics in tropistteams (Flecker, 19963.
lineatuslarvae serve as prey for carnivorous fish speaiesaalult fish are used
for human consumption, especially in northeastaaziB(Viveiroset al, 2009).
As artificial reproduction methods are well estsilid and prolificacy is high,
P. lineatushas been used as a model species for researaluimizer of studies
addressing nutrition, health, genetic diversityd amproduction (Viveirogt al,
2010).B. orbignyanusbelongs to the Characidae family and is an omniv®ro
species that feeds on other fish (in early lifegesy, fruits, and seeds.
Overfishing, the destruction of riparian vegetatipollution, and hydroelectric
dams have led to a decline in population8obrbignyanuswhich is currently
classified as an endangered species (Rosa and Z@®8). B. orbignyanus
exhibits fast growth in captivity and has an examimeat quality, indicating
that it can be produced on a commercial scale, wmiay prevent its extinction
(Mariaet al, 2006a).

Like the majority of teleosts (Morisawa and Suzd@80), the sperm of
P. lineatusand B. orbignyanusare immotile in the male genital tract and
motility is triggered when the sperm is release ithe water (Mariaet al.,
2006a, b; Viveiroset al, 2009). Osmolality, pH, temperature, and ion
concentration affect sperm motility (Morisawa andz&ki, 1980; Alavi and
Cosson, 2006). Studies addressing the effectsesktfactors on the induction of

sperm motility are necessary for the establishroéstandard activating agents
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(media that trigger motility) and immobilizing megi which prevent the
initiation of sperm maotility (also called extendgrdor improving artificial
fertilization and preservation techniques (Alatial, 2009b). In 2006, Alavi
and Cosson published a review paper addressingffinets of osmolality on fish
sperm motility, focusing on species of three orddiSalmoniformes,
Cypriniformes, and Acipenseriformes). At that timeo similar study on
Characiformes species had been carried out andfamlystudies had since been
conducted to evaluate the effects of osmolalitylmninduction and suppression
of fresh sperm motility in Characiformes. In Na®lwion, sperm motility was
reported to be induced at 49 to 147 mOsm/kg angrssped at 196 to 392
mOsm/kg inBrycon orthotaenia€dMelo and Godinho, 2006), induced at 0 to
274 mOsm/kg and suppressed at 410 to 547 mOsm/Kgryinon insignis
(Shimodaet al, 2007), and induced at 0 to 270 mOsm/kg and ssgpd at 450
mOsm/kg in Colossoma macropomuiCarneiroet al, 2012). In a glucose
solution, sperm motility was reported to be indue¢d2 to 310 mOsm/kg and
suppressed at 410 to 620 mOsm/k@inchilodus magdalena@lartinezet al,
2011). In NaHCQ solution, sperm motility was reported to be indliet O to
270 mOsm/kg and suppressed at 450 mOsm/Kgy imacropomuniCarneiroet
al., 2012). In another study involving Characiformeperm fromBrycon
opalinuswas diluted in NaCl and glucose solutions from #4365 mOsm/kg
and motility was completely suppressed only at daliies greater than 325
mOsm/kg, regardless of the extender compositiofa¢at al, 2011).

The use of 0.29% NaCl as an activating agent a8éo MNaCl, 5%
glucose, and 5% BTS™ (Beltsville Thawing Soluticay an immobilizing
medium for sperm fror®. lineatusandB. orbignyanushas been tested at these
standard concentrations by our research group éaral, 2006a, b; Viveiros
et al, 2009, 2010; Orfaet al, 2010). Solution composition and the osmolality

range in which maximum sperm motility is eithergtrered or suppressed,
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however, require further investigation. Thus, thma af the present study was to
evaluate the effects of three solutions (NaCl, gbe; and BTS™) prepared at
osmolalities ranging from 45 to 450 mOsm/kg onitfigation and suppression

of fresh sperm motility ifP. lineatusandB. orbignyanus

Materials and Methods

Fish handling and sperm collection

All fish were handled in compliance with the guidek for animal
experimentation described by Van Zutphetral (2001). During the spawning
season (December to January), lineatusmales were selected from earthen
ponds at the Hydrobiology and Fish Culture Statibfrurnas in the city of S&o
José da Barra (20°43'07” S; 46°18'50” W) and tRish Culture Station of the
Minas Gerais Power Company (CEMIG) in the city witihga (21°17'36” S;
44°37'02” W) - both located in the state of MindSerais, Brazil. B.
orbignyanusmales were selected only from the Furnas Fish @uiftation.
Males with detectable running sperm under soft abdal pressure received
intramuscular doses of carp pituitary extract (cREgent Chemical Laboratory,
Redmond, Washington, USA) using the routine methbaach fish culture
station. At Furnas, all males received a singleedois3 mg cPE/kg BW and
were stripped after 8.5 P(lineatus n = 7) and 5 hE. orbignyanusn = 7) at
25-26°C. At CEMIG,P. lineatusmales (n = 7) received two doses of cPE (0.25
and 0.75 mg/kg BW) with a 12-h interval betweeredtions and were stripped
after 7.5 h at 27-28°C. The urogenital papilla weearefully dried and
approximately 5 ml of sperm were hand strippedadliyeinto graduated glass
tubes. Sperm collection was carried out at room ptrature (22-24°C).

Immediately after collection, the tubes containgmgrm were maintained in a
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cooler (9-11°C) containing dry ice foam (Polar Teics CRI Ltd., Brazil).
Contamination of sperm with water, blood, feces, usine was carefully

avoided.

Determination of fresh sperm features

Immediately after collection, pl of each sperm sample were placed on
a glass slide and observed using a light microsqdfedel L1000, Bioval,
Jiangbei, China) at 400X magnification. Any spernotitity observed was
considered premature induction caused by urine atemvcontamination. All
sperm samples were immotile and the motility ratep(essed as percentage of
motile sperm) was subjectively estimated followthg addition of 5Qul of an
activating agent composed of 0.29% NaCl (~98 mOgnilsing the method
employed in our laboratory for Characiformes spedMiveiroset al, 2009,
2010; Orfacet al, 2010). As the sticking of sperm to glass slilas not been
observed in Characiformes species, the additioBS& or any other protein in
the activating agent is not necessary (Odfi@l, 2011). The motility quality
score was assigned using an arbitrary grading mystnging from 0 (no
movement) to 5 (rapidly swimming sperm), based dwvelos et al (2011).
Sperm concentration was determined using a hemaeyts/Neubauer chamber
(Boeco, Hamburg, Germany). The osmolality of themisal plasma was
measured (Semi-Micro Osmometer K-7400, Knauer, iBefbermany) after
centrifugation of the sperm at 2000 x g for 30 fNtiniStar, Shanghai, China).
Sperm characteristics of all samples were evaluaiedoom temperature

(~25°C) by the same well-trained technician.
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Solution composition and osmolality

Thirty solutions (NaCl, glucose or BTS™ — each & different
osmolalities ranging from 45 to 450 mOsm/kg) werepared in 100 ml amber
glass bottles, stored in a refrigerator at 6-8°@ ased within 48 h. BTS™
(Beltsville Thawing Solution, Minitube™, Tiefenbdthndshut, Germany) is a
boar sperm extender composed of 79.9% glucose%datium citrate, 2.7%
EDTA, 2.7% NaHC@Q, 1.5% KCI and 0.5% gentamycin sulfate.

Sperm from each male (14 specimen®ofineatusand 7 specimens of
B. orbignyanup was diluted at 1:10 (sperm:total volume) in eadhthe 30
solutions directly on a glass slide and immediatebserved under a light
microscope to determine which solutions would ®iggr suppress the initiation
of sperm maotility. Motility rate, when present, wasbjectively determined at 0,
30, and 120 s post-activation and expressed apdtuentage of motile sperm.
The motility quality score was determined on thexealass slide and evaluated
at 0 and 30 s post-activation. Solutions triggegpgrm motility in at least 60%
of sperm with a quality score of 3 or higher welassified as activating agents,
and those for which the initiation of sperm mofilivas suppressed in at least
95% of sperm were classified as immobilizing media.

Statistical analyses

Data are expressed as mean + standard deviatio). (S@tistical
analyses were carried out using the computatiorajram of R Development
Core Team (2010). Data that did not exhibit norndidtribution were
transformed using the bootstrap method (Efron abdhirani, 1993) with 2000

samplings for the analysis of multiple comparisdBististical significance was
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tested using analysis of variance (ANOVA) followkd the Scott-Knott test.

The level of significance for all statistical testas set at 5% (P < 0.05).

Results

Fresh sperm features

Table 1 displays the observed values for body weidfaracteristics of
fresh sperm and osmolality of the seminal plasnzdueied in the present study.
For P. lineatus,mean sperm motility was similar between fish cdtstations
(89% motile sperm and a quality score of 4.1-4HQwever, males from the
Furnas station had lower sperm concentration (24.¢ sperm/ml) and greater
seminal plasma osmolality (337 mOsm/kg) in compexiso those from the
CEMIG station (26.8 x 10sperm/ml and 286 mOsm/kgB. orbignyanus
exhibited 89% motile sperm, a quality score of 4@ncentration of 6.0 x 20
sperm/ml and seminal plasma osmolality of 301 m®gm/



Table1 Body weight and some fresh sperm featur&sdchilodus lineatusriginated from two different fish culture
stations (Furnas and CEMIG) aBdycon orbignyanugrom the Furnas station after carp pituitary tmest

(cPE).
P. lineatus B. orbignyanus
Furnas CEMIG Furnas
Features
(3.0 mg cPE/KkQg) (0.25 + 0.75 mg cPE/kg) (3.0 mg cPE/kg)
Mean = SD Min-Max Mean = SD Min-Max Mean = SD Min-Max
Body weight (kg) 1.4 +0% 1.0-2.0 1.1+0.3 07-14 1.0+0.8 06-2.3
Motility rate (% motile sperm) 89 £#7 75-95 89 + 4 85 - 95 89 +5 85 - 95
Motility quality scoré (0 - 5) 41+02 40-5.0 4.4+058 40-5.0 4005 40-5.0
Concentration (sperm x l/énL) 19.2+2.9 15.1 - 23.9 26.8+2.7 23.1-28.9 6.0+24 2.7-8.9
Seminal plasma osmolality
337+ 8 328 - 346 286+ 7 276 - 291 301 +11 289 - 313

(mOsm/kg)

Y The motility quality score was assigned using aitary grading system ranging from 0 (no movemémt) (rapidly swimming
sperm).

3P Means within the same row f@. lineatusfollowed by different superscript letters are sfigantly different (P < 0.05; Scott-
Knott test).

LS
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Solution composition and osmolality

Osmolality, but not solution composition, signifitly affected sperm
motility (both rate and quality score) in both sigsc InP. lineatus solutions
with osmolalities up to 270 mOsm/kg induced matitianging from 65 to 95%
motile sperm and a quality score of 3.9 to 4.9, aede therefore classified as
activating agents. The only exception was BTS™ &1 thOsm/kg, in which
motility was triggered in only 54% of sperm in nmfeom the CEMIG station;
however this value did not differ significantly frothe motility triggered in
NaCl or glucose solutions at the same osmolalitga@r (P < 0.05) motility
rates were observed when sperm was diluted inisokutwithin 135 and 225
mOsm/kg among individuals from both the Furnas $8% motile sperm;
quality score of 4.3-4.7) and CEMIG (77-95% mosigerm; quality score of
4.1-4.9) stations, regardless of the solution casitipm. At 270 and 315
mOsm/kg, considerable variation in motility rate swabserved among
individuals, as evidenced by the large standardatiems in these samples.
Solutions at 360 mOsm/kg or above suppressed tyatilat least 95% of sperm
and were therefore classified as immobilizing mddid. lineatugTable 2).

In B. orbignyanussolutions at osmolalities up to 180 mOsm/kg iretlic
motility ranging from 71 to 91% motile sperm andwality score of 4.0 to 5.0,
and were therefore classified as activating agérts.greatest motility (89-91%
motile sperm; quality score of 4.7-5.0) was founkdew sperm was diluted at
135 mOsm/kg, regardless of the solution compositidh 225 mOsm/kg,
considerable variation in motility rate was obsena&mong individuals, as
evidenced by the large standard deviations in tiseseples. Solutions at 270
mOsm/kg or above suppressed motility in at lea$t 9 sperm and were

therefore classified as immobilizing media BarorbignyanugTable 2).



Table 2  Motility rate (expressed as percentagedaiflexssperm) in sperm fromrochilodus lineatugn = 14 males) and
Brycon orbignyanu$n = 7 males) diluted in three different solutmzmpositions (NaCl, glucose and BTS™)
at osmolalities ranging from 45 to 450 mOsm/kg afbderved immediately under a light microscoBe.
lineatus males originated from two different fish culturations (Furnas and CEMIG) afl orbignyanus
males originated only from the Furnas station.

Osmolality P. lineatus(Furnas) P. lineatus( CEMIG) B. orbignyanugFurnas)

” NaCl Glucose BTS™ Mean NaCl Glucose BTS™ Mean NaCl  Glucose BTS™ Mean
45 79+1383+x12 80+9 8011 74+7 808 73+x1076+9 71+6 73+6 716 725
90 86+9 89+x1086+9 879 78+3 8l+x5 776 795 784 82+6 794 80=5
135 88+5 91+6 91+6 90+6 82+4 90+5 82+4 85+6 897 91+4 89+6 90zx5
180 92+4 94+6 94+6 93+5 89+5 95+3 895 91+5 796 81+7 805 80zx6
225 89+6 91+6 878 89+6 81+9 90x4 77+x1083%9 46+16 54+16 51+1150+14
270 79+1080+14 796 79+x10 65+16 76+11 54 +2065+18 1+1 2+2 4+4 3+3
315 56 £1644 +£21 31+17 43+20 22+8 31+12 14+1022+12 0+0 0£0 0+0 00
360 2+4 24 0+1 2+3 4+6 1+2 01 2+4 00 0+0 00 0+0
405 00 0+0 0+0 00 0zx0 00 00 0x0 00 0+0 00 00
450 00 0+0 0+0 00 0=x0 0+0 00 0x0 0+0 0£0 0+0 00

Within a given osmolality and fish species, solnticomposition did not affect sperm motility (P >08). Beltsville Thawing
Solution, Minitub™ (79.9% glucose, 12.7% sodiunmatit, 2.7% EDTA, 2.7% NaHGD1.5% KCIl and 0.5% gentamycin sulfate).

a
©
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To track the decrease in sperm motility after atton, the motility rate
was evaluated for 120 s and the motility qualitgrecwas evaluated for 30 s in
each of the solutions classified as activating egéb to 270 mOsm/kg fd®.
lineatus 45 to 180 mOsm/kg fdB. orbignyanuys As data orP. lineatusmales
from both the Furnas and CEMIG stations and theetlsolution compositions
within a given osmolality were similar, the datarevpooled per fish species and
osmolality. InP. lineatus motility significantly decreased from a mean @ 7
92% to 8-51% motile sperm during the 120 s analgsid the quality score
decreased from 4.1-4.7 to 2.5-3.7 during the 3@adyais. In general, motility
(rate and quality score) was greater when spermdilated in solutions at 135,
180, and 225 mOsm/kg in comparison to solutiorba®0, and 270 mOsm/kg,
regardless of the observation time (Fig. 1).

In B. orbignyanusmotility significantly decreased from a mean @f 7
90% to 1-32% motile sperm during the 120 s analgsid the quality score
decreased from 4.0-4.9 to 2.3-3.3 during the 3@adyais. In general, motility
(rate and quality score) was greater when spermdiliai®d in solutions at 135
mOsm/kg in comparison to solutions at 45, 90, a8@ hOsm/kg, regardless of
the observation time (Fig. 2).
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Figure 1 Motility rate (A) and quality score (B)rfgperm fromProchilodus
lineatus(n = 14) diluted in activating agents at osmoleditranging
from 45 to 270 mOsm/kg. Motility rate was deterndirat 0, 30, and
120 s post-activation, while quality score was deieed at 0 and 30
S post-activation. Motility quality score was assd using an
arbitrary grading system ranging from 0 (no movetheam5 (rapidly
swimming sperm). Sperm was diluted in three diffiéreolution
compositions (NaCl, glucose, and BTS™). Becauseetheas no
effect of composition on motility rate or qualitgmwe, data were
pooled. "Means followed by an asterisk on each line were
significantly higher than the others (P < 0.05;tE&mott test).
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Figure 2 Motility rate (A) and quality score (B)rfesperm fromBrycon
orbignyanus(n = 7) diluted in activating agents at osmoladitie
ranging from 45 to 180 mOsm/kg. Motility rate waetetrmined at O,
30, and 120 s post-activation, while quality somess determined at 0
and 30 s post-activation. Motility quality scoresaassigned using an
arbitrary grading system ranging from 0 (no movetheam5 (rapidly
swimming sperm). Sperm was diluted in three diffiéreolution
compositions (NaCl, glucose, and BTS™). Becauseetheas no
effect of composition on motility rate or qualitgmwe, data were
pooled. "Means followed by an asterisk on each line were
significantly higher than the others (P < 0.05; tB&mott test).
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Discussion

The present study evaluated the effects of solsitimith different
compositions and osmolalities on fresh sperm niptidind other features iR.
lineatusandB. orbignyanus The initial sperm quality for the specimensRof
lineatus and B. orbignyanusanalyzed in this study were all within the range
previously reported for both species following cpiuitary treatment (Viveiros
and Godinho, 2009; Godinho and Viveiros, 2011). rimpd knowledge of
sperm quality is necessary for the evaluation @rspquality in commercial
hatcheries prior to artificial reproduction as wadl in experiments carried out
under laboratory conditions (Viveiros and Godink@)9; Orféacet al, 2011).

The composition of the solution exerted no effectte initiation or
suppression of sperm motility in the lineatusandB. orbignyanuspecimens.
The media tested herein were a simple ionic saiu(daCl), a simple sugar
solution (glucose), and a more complex solutionta@ioimg both ions and sugar
(BTS™). Likewise, solution composition was not fduto affect the initiation
or suppression of sperm motility in a previous gtadrried out by our research
group using the same fish species (Nascimenhtal, 2012) or in other studies
with Characiformes species such Bsopalinus(Orféao et al, 2011) andC.
macropomum(Carneiroet al, 2012), and species from other orders, such as
Barbus barbugAlavi et al, 2009a)Vimba vimbaAlavi et al, 2010), andEsox
lucius(Alavi et al, 2009b; Table 3).



Table 3 Reported seminal plasma osmolality andtisolsl considered as sperm activating agents andbitizing
media for some fish species.
Order . Seminal plasma Solution Activating agent  Immobilizing medium
(Family) Species (mOsm/kg) composition (mOsm/kg) (mOsm/kg) Reference
Characiformes  B. insignis -- NacCl 0-274 410 - 547 Shimoe&al, 2007
(Characidae) B. opalinus 297 - 340 NaCl 245 325 - 365 Orfabal, 2011
297 - 340 Glucose 245 325 - 365 Or&al, 2011
B. orbignyanus 289 - 313 NaCl 45 -180 270 - 450 Present study
289 - 313 Glucose 45 -180 270 - 450 Present study
289 - 313 BTS™ 45 - 180 270 - 450 Present study
300 Glucose - 315 - 360 Nascimeetal, 2012
300 BTS™ - 360 Nascimentet al, 2012
B. orthotaeniae -- NacCl ~49 - ~147 ~196 - ~392 Melo and Godinhd®0
C. macropomum - NaCl 0-270 450 Carneiroet al., 2012
-- NaHCG; 0-270 450 Carneiroet al, 2012
Characiformes  P. lineatus 276 - 346 NacCl 45 - 270 360 - 450 Present study
(Prochilodontidae) 276 - 346 Glucose 45 - 270 360 - 450 Present study
276 - 346 BTS™ 45 - 270 360 - 450 Present study
306 Glucose -- 315 - 360 Nascimeetal, 2012
306 BTS™ - 315-360 Nascimentt al, 2012
P.magdalenae 250 - 300 Glucose 62 -390 410 - 626 Martinezet al, 2011

¥9



“Table 3, continuation”

Order

Seminal plasma

Solution

Activating agent

Immobilizing mediurf

(Family) Species (mOsm/kg) composition (mOsm/kg) (mOsm/kg) Reference
Cypriniformes  B. barbus 249 - 294 NaCl 3-230 350’ Alavi et al, 2009b
(Cyprinidae) 249 - 294 KCl 3-21% 345’ Alavi et al, 2009b
249 -294 Sucrose 4-240 330’ Alavi et al, 2009b
V. vimba 236 - 318 NaCl 30 - 240 285’ Alavi et al, 2010
236 - 318 KClI 50 - 240 290’ Alavi et al, 2010
236 - 318 Sucrose 30- 210 300’ Alavi et al, 2010
Esociformes E. lucius 228 - 350 NaCl 0-300 375 Alavi et al, 2009a
(Esocidae) 228 - 350 Sucrose 0-285 375’ Alavi et al, 2009a
228 - 350 Mannitol 0-236 400’ Alavi et al, 2009a
Perciformes P. fluviatilis 298 Glucose 90 - 260 -- Boryshpolet®t al, 2009
(Percidae)

! Solutions were classified as activating agents whetility was triggered in at least 60% of spefolutions were classified as
immobilizing media when motility was suppressedatnleast 95% of spermBeltsville Thawing Solution, Minitub™ (79.9%
glucose, 12.7% sodium citrate, 2.7% EDTA, 2.7% N@&KC1.5% KCI and 0.5% gentamycin sulfate). Motilityasvalways
evaluated subjectively, except otherwise statedihputer-assisted sperm analy$igideo-recorded frames).

<9
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In the present study, all solutions at osmolalitiéhin the range of 45
to 270 mOsm/kg and 45 to 180 mOsm/kg Rorlineatusand B. orbignyanus
respectively, induced motility in at least 60% qfesm and were therefore
classified as activating agents. These activatognts were all hyposmotic in
comparison to the seminal plasma of the males uséuis study (276 to 346
mOsm/kg inP. lineatusand 289 to 313 mOsm/kg iB. orbignyanus The
results demonstrated that motility is triggerechlgposmotic solutions in both.
lineatusandB. orbignyanusregardless of the solution compaosition. A number
of studies have reported the triggering of fresérispmotility in Characiformes
species by solutions at osmolalities up to 270-81Msm/kg in species of the
Prochilodontidae family and up to 147-274 mOsm/kg dpecies of the
Characidae family (Table 3). In similar studieshafish species of other orders,
sperm motility has been triggered in solutions sinolalities up to 210-240
mOsm/kg in Cypriniformes, up to 235-300 mOsm/kdesociformes, and up to
260 mOsm/kg in Perciformes (Table 3). Rapid, acti@nges in environmental
osmotic pressure may be differentially involvedhie activation mechanisms of
fish sperm motility. Under natural spawning coraii, the rapid change in the
osmolality of the surrounding medium is one of ttiggers for the activation
fish sperm motility (Bondarenket al, 2013).

To track the decrease in motility following actiwat, the motility rate
was evaluated for 120 s and the motility qualityrecwvas evaluated for 30 s. In
P. lineatus only samples diluted in solutions within the rargf 135 and 225
mOsm/kg exhibited greater than 40% motile spernerati?0 s and had a
motility quality score above 3.0 after 30 s. Bn orbignyanus only samples
diluted in solutions at 135 mOsm/kg exhibited geedhan 30% motile sperm
after 120 s and had a motility quality score ab®wkeafter 30 s. In both species,
motility decreased faster at the lowest osmolatiégted (45 mOsm/kg).

Similarly, motility was reported to decrease fastdren activated in solutions
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within the range of 0 and 100 mOsm/kg in comparisoithe range of 140 to
270 mOsm/k inC. macropomuniCarneiroet al, 2012), and when activated in
distilled water in comparison to solutions withihet range of 200 to 230
mOsm/Kkg inE. lucius(Alavi et al, 2009b). Moreover, the exposure of sperm to
distilled water led to different types of flagelluohamage following sperm
activation in E. lucius such as cytoplasmic blebs along the length of the
flagellum and a curling structure at the tip of flagellum (Alaviet al, 2009b).
It has also been reported that the ATP contenthiaaiehd of motility was very
low following carp sperm activation at lower osniii@s in comparison to
higher osmolalities (Billarét al, 1995). It is possible that th lineatusandB.
orbignyanussperm activated in solutions with lower osmoladitigere affected
by some kind of flagellum damage induced by a lasgéer influx, similar to
that reported folE. lucius and/or a lack of ATP content to promote flagellar
movement for longer periods.

In the present study, motility was suppressed ileadt 95% of sperm
when the osmolality of the surrounding medium rahdeom 360 to 450
mOsm/kg and 270 to 450 mOsm/kg fér lineatusand B. orbignyanus
respectively. Solutions within these osmolalityges can therefore be used as
immobilizing media (extenders) for the conservatioh sperm from these
species. A number of studies found that fresh spaatility was suppressed in
solutions at or above 315 mOsm/kg in species ofRtuechilodontidae family
and at or above ~196 mOsm/kg in species of theaCidae family (Table 3). In
similar studies with fish species of other ordefgerm motility was suppressed
in solutions at or above 285 mOsm/kg in Cyprinifesrand at or above 375
mOsm/kg in Esociformes (Table 3).

In conclusion, the initiation and suppression ofrap motility is
osmolality-dependent iR. lineatusand B. orbignyanusTo trigger motility in

the highest number of sperm, activating agentsldhmwithin the range of 135
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to 225 mOsm/kg forP. lineatusand at 135 mOsm/kg foB. orbignyanus
Moreover, immobilizing media should be at least 80sm/kg forP. lineatus
and at least 270 mOsm/kg f&. orbignyanusto maintain the sperm during
storage.
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ARTIGO 2  Gamete quality of streaked prochilod Prochilodus lineatus
(Characiformes) after GnRHa and dopamine antagonist

treatment

Preparado de acordo com as normas e submetido navista Zygote (ZYG-
2013-0030)
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Abstract

VIVEIROS, A.T.M.; GONGCALVES, A.C.S.; DI CHIACCHIO, I.M;
NASCIMENTO, A.F.; ROMAGOSA, E.; LEAL, M.C. Gameteuglity of
streaked prochilodProchilodus lineatus(Characiformes) after GnRHa and
dopamine antagonist treatment.

The efficiency of Ovaprim — salmon GnRHa and dopamine antagonist — on the
induction of the spawning and spermiation Bfochilodus lineatusin
comparison with the common method using pituitadtyaet (PE) was evaluated.
Females received PE at 0.5 + 5.0 mg/kg and Ovapeitrd.05 + 0.45 mL/kg or
at 0.125 + 0.375 mL/kg. All males received a fitese of PE at 0.4 mg/kg and
then PE at 4.0 mg/kg or Ovaprimat 0.25 mL/kg. Oocyte, egg, larvae and sperm
quality were evaluated. All females spawned and/@yegg and larvae quality
were similar between ovaprim- (both doses) andrB&ed females. Females’
data were pooled and the mean values were: 242agnépg weight, 15%
spawning index, 1,209 oocytes/g ova, 284,539 ostfgimale, 183 oocytes/g
body weight, 1.18 mm oocyte diameter, 49% fertilma rate, 43% hatching
rate and 89% normal larvae. Sperm quality was amiietween ovaprimand
PE-treated males. Males’ data were pooled and #ennaalues of semen were:
volume of 3.0 mL, 14.9 x fosperm/mL, osmolality of 283 mOsm/kg, pH of
7.4, 71% motile sperm, 217 um/s curvilinear velgcit02 um/s straight-line
velocity and 189 pm/s average path velocity. Ovaprireatment can be used
for commercial reproduction d?. lineatus without any loss of gamete quality

in comparison with PE treatment.

Keywords: Ovaprim; CASA; Motility; Semen; Oocyte
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Resumo

VIVEIROS, A.T.M.; GONGCALVES, A.C.S.; DI CHIACCHIO, I.M;
NASCIMENTO, A.F.; ROMAGOSA, E.; LEAL, M.C. Qualidedgamética de
curimbataProchilodus lineatugCharaciformes) apés tratamento de GnRHa e
antagonista de dopamina.

Foi avaliada a eficiéncia do Ovapfim GnRHa de salmdo e antagonista de

dopamina— sobre a inducdo da desova e espermiacderatchilodus lineatus
em comparacdo com 0 método comum usando extrdiipdfise (EH). Fémeas
receberam EH a 0,5 + 5,0 mg/kg e Ovafiram0,05 + 0,45 mL/kg ou a 0,125 +
0,375 mL/kg. Todos os machos receberam a primesa de EH a 0,4 mg/kg e,
em seguida, EH a 4,0 mg/kg ou Ovagtim 0,25 mlL/kg. Foram avaliados
qualidade de ovécito, ovo, larvas e sémen. Todafrasas desovaram e a
gualidade de ovdcito, ovo e larvas foram semellsagnére fémeas tratadas com
Ovaprint’ (ambas doses) e EH. Dados das fémeas foram agsipaub valores
médios foram: 242 g de peso de desova, 15% deeinthcdesova, 1.209
ovocitos/g de ova, 284.539 ovdcitos/fémea, 183 ioglg de peso corporal,
1,18 mm de didmetro do ovécito, 49% de taxa ddifagdo, 43% de taxa de
eclosdo e 89% de larvas normais. Qualidade do sdonesemelhante entre
machos tratados com Ovapfira EH. Dados dos machos foram agrupados e os
valores médios de sémen foram: volume de 3,0 mi9, 140 espermatozoides
/mL, osmolalidade de 283 mOsm/kg, pH de 7,4, 71%edpermatozoides
moveis, velocidade curvilinear de 217 pm/segundbgcidade linear de 102
pm/segunde velocidade média de percurso de 189 pm/segund@t®nento
Ovaprint pode ser usado para reproducdo comercialPddineatus sem
gualquer perda de qualidade dos gametas em corpatag o tratamento de
EH.

Palavras-chave: OvaprfinCASA; Motilidade; Sémen; Ovécito
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1. Introduction

The streaked prochiloBrochilodus lineatugValenciennes, 1836) is a
migratory Characiformes fish species of the fankisochilodontidae, with a
large geographical distribution throughout Southefica. This fish species is of
great importance in Brazilian freshwater aquacaltuwhere it is known as
curimba, curimbata, curimatd or gruma®a.lineatushas been used as a model
species for research in a number of studies addgesstrition, health, genetic
diversity and reproductiofViveiros et al., 2010).

Many fishes exhibit reproductive dysfunctions iptbaty. The lack of
final oocyte maturation (FOM), ovulation and spawgnin cultured fish result
from the fact that captive broodstocks do not expee the environmental
conditions of the spawning (Zohar & Mylonas, 200h)these species, induced
spawning technigues, such as hormone therapycaessary.

Induced ovulation and spermiation techniques hawaved rapidly
from the use of simple, gonadotropin-containingtuitary homogenates
(Ihering, 1937) or partially purified piscine gomdidpin preparations
(Donaldson et al., 1972) to the use of potent stithagonists of gonadotropin
releasing hormone (GnRH), associate or not to amope antagonist (Zohar &
Mylonas, 2001). The gonadotropins present in thaitpry extract (PE) act
directly at gonad level and induce successful spayvim a great variety of fish
species. About 40 economically and/or ecologicathportant fish species in
Brazil have been successfully induced to reprodactising this technique
(Maria et al., 2012). However, the use of PE isoeis¢ed with various
drawbacks such as the great variability in pityitacH content, the
administration of additional hormones present mftuitary that may adversely
affect the physiology of the treated fish and tlmeptial for transmission of
diseases from donor fish to recipient broodstockh@ & Mylonas, 2001).
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These concerns led the Brazilian Ministry of Agtiate (MAPA) to prohibit the
use of PE in some States, including Minas Geraisve¥er, up to this moment
there is no efficient method to induce fish repmdiahin as PE therapy does, in
Brazil.

One therapy that replaces PE in some fish spesid®eiuse of GhnRH
which acts at pituitary level by stimulating thenghesis and release of
endogenous gonadotropins (Donaldson et al.,, 20bl)haraciformes fish,
however, the use of GnRH (or LHRH), as spawninggarmiation inducer has
been tested in few species with little or no suschsBrycon cephalusyone of
the 27 GnRH-treated females spawned (Ramos e€t97), while inPiaractus
mesopotamicusnly 8 out of 17 GnRH-treated females spawned diStaid et
al., 1988). Furthermore, iBrycon amazonicusmales treated with GnRH
possessed lower semen volume, higher sperm coatientand similar sperm
motility rate compared to PE-treated males (Pardoa3co et al., 2006).

Dopamine inhibits the basal release of pituitarynapotropins and
attenuates the action of GnRH on the gonadotroftigar(g & Peter, 1983).
Dopaminergic inhibition differs among fish speca®d has been demonstrated
in Cypriniformes (Szabo et al., 2002), in Silurifgs (Sharaf, 2012; Wang et
al., 2010) and appears to be absent in Salmoni®rfian Der Kraak et al.,
1986). Thus, the association of a dopamine antagamd a GnRH analog is
present in some commercial products such Ovaprihat has been used in a
wide variety of fishes (Targska et al.,, 2010 among others) for aquaculture
production, research, conservation, and veteriparposes. In Characiformes,
however, Ovaprim wastested in females of four species (Ferraz de Litra. e
1988; Cordero et al., 2003; Lenis et al., 2009asrcufia & Hernandez Rangel,
2009) and males of one spec{ésias Acufia & Hernandez Rangel, 2009), with

variable and inconclusive results.
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Thus, the aim of this study was to evaluate thigieficy of Ovaprim
on the induction of spawning and spermiation ofadted prochilodP. lineatus

in comparison with the common method using PE.

2. Material and Methods

All fish were handled in compliance with publishedidelines for

animal experimentation described by Van Zutpheal.4R001).

2.1. Experiment 1. Oocyte, egg and larvae quality

Females (1.6 = 0.6 kg of BW) originated from eanttmonds of the
Hydrobiology and Fish Culture Station of Furnasttie city of Sdo José da
Barra, Minas Gerais State, Brazil (20°43'07" S?4850" W), with detectable
running oocytes under soft abdominal pressure vemlected. All females
received two injections of one of the following hmmes: carp PE (Argent
Chemical Laboratory, Redmond, Washington, USA).&t405.0 mg/kg 1t = 4)
which is the routine method to induce spawninghis tFish Culture Station;
Ovaprim” (Syndel Laboratories Ltd., Qualicum Beach, BC, @a)aat 0.05 +
0.45 mL/kg @ = 4); and Ovaprim at 0.125 + 0.375 mL/kgn(= 6). One mL of
Ovaprim’ contains 20 pg of salmon GnRHa and 10 mg of doitipee. The
interval between injections was always 14 h andotheytes were hand-stripped
after 7.5 h at approximately Z7. Spawning weight, spawning index (spawning
weight x 100/g body weight), number of oocytes/ga,omumber of
oocytes/female and number of oocytes/g BW wereuevad.

Three aliquots of oocytes from each female werdecd. The first
aliquot (n = ~ 35 oocytes x 14 females) was fixedsilson’s solution (50 mL
60% ethanol, 440 mL distilled water, 7 mL nitriddaclO g mercuric chloride, 9
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mL glacial acetic; Simpson, 1951) for 30 min. Thenageter of each oocyte was
determined under a light microscope (Model L100@yvBI, Jiangbei, China), at
40 x magnification, using micrometric objectivecarding to Isau et al. (2013).
The second aliquotn(= ~ 100 oocytes x 14 females) was fixed in Serra’s
solution (60 ml 90% ethanol, 30 ml 37% formaldehytl® ml glacial acetic;
Brzuska, 1979) and the germinal vesicle positiors vexamined under a
stereomicroscope (Model Sz51, Olympus, Shanghainalh The germinal
vesicle position was classified as central whemgeal vesicle was displaced to
eccentric position and as peripheric-breakdown, nwgerminal vesicle was
migrating to the periphery of the oocyte or waseabbgbreakdown). The third
aliquot of oocyte was tested for fertilization. Fgrch, sperm from nine males
was collected after a single dose of carp PE agf&gn according to the routine
station. Sperm was pooled and diluted in glucosgtisa at 315 mOsm/kg to an
average concentration of 121 x’I&perm/mL. Then, 100 pL of diluted sperm
was mixed with 0.2 g oocytes (~ 242 oocytes) framheof the 14 females,
producing an approximate ratio of 5 x°18perm:oocyte. Fertilization was
initiated by the addition of 5 mL tank water, andnfogenized for 1 min.
Subsequently, 10 mL tank water was added, and sammixed for another 1
min. Finally, eggs were transferred to a PVC bask@tcm in diameter, with a
0.5 mm mesh bottom (Viveiros et al., 2002), andilrated in a flow-through
system at 2. In total, 28 batches of eggs were fertilizedé2ches of eggs x
14 females).

Fertilization rate (as the number of fertilized £ggl00/total number of
eggs) was determined 9 h after fertilization af4Hatching rate (as the
number of hatched larvae x 100/total number of pggsl percentage normal
larvae (as the number of normal larvae x 100/totaihber of larvae) were

determined 21 h after fertilization.
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2.2. Experiment 2. Sperm quality

Males (0.9 + 0.5 kg of BW) originated from the FiShlture Station of
the Minas Gerais Power Company (CEMIG) in the oitytutinga (21°17'36”
S; 44°37°'02” W), Minas Gerais State, Brazil, witletectable running sperm
under soft abdominal pressure were selected. Alesneeceived one dose of
catfish PE Clarias fuscus Destiny Land Enterprise Co., Ltd., Taiwan) at 0.4
mg/kg. After 12 h, 19 males received a second dbsatfish PE at 4.0 mg/kg
(PE-treated males) which is the routine methodnttuce spermiation in this
Fish Culture Station; 15 males received one dos®wafprim” at 0.25 mL/kg
(ovaprim-treated males). Six hours later at appnaxely 27C, the urogenital
papilla was carefully dried and sperm was hangystd directly into glass
tubes. Immediately after collection, the tubes aimihg sperm were placed in a
cooler (9-1%C) containing dry ice foam (Polar Technics CRI Lt8razil) and
transported approximately 40 km by car from CEMI&the Laboratory of
Semen Technology of the Federal University of LawaUFLA, in the city of
Lavras, Minas Gerais State, Brazil.

Sperm concentration (hemacytometer/Neubauer chamBereco,
Hamburg, Germany), semen osmolality (Semi-Micro Oswmter K-7400,
Knauer, Berlin, Germany) and semen pH (pHmeter DM-Rigimed, Sao
Paulo, Brazil) were determined in all samples. #swpossible to centrifuge
(2000 x g for 30 min; MiniStar, Shanghai, Chinakeisp to obtain seminal
plasma of only 8 ovaprim- and 12 PE-treated mdteshose seminal plasma
samples, both osmolality and pH were measured.

Sperm motility and velocities were evaluated in sdimples using a
computer-assisted sperm analyzer (CASA). Sperm fissisdiluted 1:100 in
BTS" solution (Beltsville Thawing Solution, Minituly Tiefenbach/Landshut,
Germany) at 325 mOsm/kg. B1'Sis composed of 79.9% glucose, 12.7%
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sodium citrate, 2.7% EDTA, 2.7% NaHGQ..5% KCI and 0.5% gentamycin
sulfate. Then diluted sperm was activated in arobymtic NaCl solution at 98
mOsm/kg directly in a Makléer counting chamber (Sefi-Medical Instruments
Itd, Haifa, Israel) to a final dilution ratio of 300, according to the routine
method to evaluatB. lineatussperm under CASA in our laboratory (Viveiros et
al., 2010). The Makler counting chamber was placed under a phase-contrast
microscope (Nikon Eclipse E200, Tokyo, Japan) & 20nagnification with a
green filter and pH 1 position. The microscope s@snected to a video camera
(Basler Vision Technologi€sA602FC, Ahrensburg, Germany) generating 100
images/s; video recording started 10 s post-a@ivaEach image was analyzed
using the adjusted settings for fish by Sperm Chasalyzer” software (SCA
2010, Microptics, S.L. Version 5.1, Barcelona, 8jpaSperm was considered
immotile when velocity was < 40 pm/s. Although tBEA™ simultaneously
assesses more than 15 sperm motility endpointdyréarity, only motility rate,
curvilinear velocity (VCL), straight-line velocitfVSL) and average path
velocity (VAP) were considered for analysis. Toalstine these parameters,
each individual sperm (a mean of 419 sperm/field} ¥ollowed throughout the

images and sperm trajectory was calculated.

2.3. Statistical analysis

Data are expressed as mean + standard deviatibh &atistical
analyses were conducted using the computationgjrgmo of R Development
Core Team (2010). Data were evaluated for normatridution using the
univariate procedure. When data did not fit thenmadrdistribution, an arcsin
transformation was performed. Statistical signifioa was tested using analysis
of variance (ANOVA) followed by the SNK test, whapplicable. The level of

significance for all statistical tests was set%t ® < 0.05).
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3. Results

3.1. Experiment 1. Oocyte, egg and larvae quality

All females responded to the Ovaprinand PE treatments and were
thus hand-stripped. Oocyte, egg and larvae quafitgvaprim-treated females
(both doses) were not differef £ 0.05) from PE-treated females (Table 1). All
together, these 14 females (pooled data) possesseshn spawning weight of
242 g, 15% of spawning index, 1,209 oocytes/g @&4,539 oocytes/female,
183 oocytes/g BW and oocyte diameter of 1.18 mme Percentage of
frequency distribution of the oocyte diameter pnése unimodal tendency, with
mode at 1.15 mm in ovaprim-treated females (botbedspand at 1.28 mm in
PE-treated females (Fig. 1). Oocyte maturation aeganced as 98% of the
stripped oocytes possessed germinal vesicle peiiploe breakdown. Nine
hours after fertilization, 49% of the eggs werdilieed and all embryos were at
gastrula stage, with approximately 100% epibolagtdpore closure). Hatching
occurred 21 h after fertilization in 43% of theatotggs, and 89% of the hatched
larvae were normal (Table 1).



Tablel Female body weight (BW), oocyte, egg andrgm quality (mean = SD) oProchilodus lineatusafter
pituitary extract (PE) or Ovaprimtreatment.
Hormone treatment
PE Ovaprim" Ovaprim
Parameters (0.5 + 5.0 mglkg) (0.05 + 0.45 mL/kg) (0125+0375mikg) ~ Cverall meart
Mean £+ SD Min - Max Mean £ SD Min - Max Mean £ SD Min - Max
Number spawned/treated 4/4 - 4/4 - 6/6 - 14/14
females
Body weight (kg) 19+0.9 0.9-29 15+04 1m0 15+04 11-2.0 16+0.6
Spawning weight (g) 304 + 146 162 - 487 221 +36 91870 214+ 126 64 - 398 242 +114
Spawning index (%) 17+1 15-18 16+3 13-20 14+6 5-20 15+4
Number of oocytes/g ova 1,211 +144 1,030 - 1,353,251+ 136 1,110-1,432 1,177 £126 1,007 - 1,369,209 + 128
Number of oocytes/female 352,465+ 209,628 - 279,311 + 209,790 - 242,741 + 75,692 - 284,539 +
129,278 501,610 64,616 345,060 122,651 426,258 113,316
Number of oocytes/g BW 202 £33 173 - 236 196 +47 140-245 162 + 56 58 - 219 183 +48
Oocyte diameter (mm) 1.20 +0.06 1.02-1.36 1.70602 1.00-1.36 1.17 +0.03 1.00-1.33 1.18040.
Germinal vesicle 99+1 97 - 100 97 +2 95-99 98+3 91-100 9B +
peripheric-breakdown (%)
Fertilization rate (%) 46 + 37 8-96 48 £ 32 0-66 52 +32 0-88 131+
Hatching rate (%) 39+36 6-90 39+27 0-57 48 +31 0-83 40+
Normal larvae (%) 82+19 56 - 99 94 +4 89-97 92+3 89 -97 8r1+

Ovaprim = sGnRHa at 20 pug and domperidone at 10 mg per mL.

1 Spawning index = spawning weight x 100/g body weigh

2 Fertilization rate = number of fertilized eggs x0it@tal number of eggs.
8Hatching rate = number of hatched larvae x 100/totenber of eggs.

4 Percentage normal larvae = number of normal laxva@0/total number of larvae.

®There was no effecP(> 0.05) of hormonal treatment on any of the pataerseested, thus data from all female was poaledréll mean).

€8
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Figure 1 Frequency distribution of stripped oocytkameter ofP. lineatus
after pituitary extract (PE) or Ovaprimtreatment. Lines with
different symbols indicate the three different tneants: PE at 0.5 +
5.0 mg/kg, Ovaprim at 0.05 + 0.45 mL/k(dose 1) and Ovaprimat
0.125 + 0.375 mL/kg (dose 2).
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3.2. Experiment 2. Sperm quality

One ovaprim- and one PE-treated males did not selesperm after
hormone treatment; the other males were stripppetn$ quality parameters of
ovaprim-treated males were not differeRt ¥ 0.05) from PE-treated males
(Table 2). All together, these 32 males (pooled)dpbssessed a mean semen
volume of 3.0 mL, concentration of 14.9 xgls(berm/mL, semen osmolality of
283 mOsm/kg and semen pH of 7.4.

When possible, osmolality and pH values were costppdnetween
semen and seminal plasma of the same males. O#ighalak always higher in
semen (286 mOsm/kg in ovaprim- and 281 mOsnifkd’E-treated males)
compared to seminal plasma (278 mOsm/kg in ovapaind 257 mOsm/kg in
PE-treated males). On the other hand, pH was allmaysr in semen (7.4 in
both ovaprim- and PE-treated males) compared toins¢nplasma (7.9 in
ovaprim- and 8.0 in PE-treated males).

Under CASA evaluation, sperm of ovaprim-treated emalvere not
different ¢ > 0.05) from PE-treated males and yielded a meaiility rate of
71%, VCL of 217 um/s, VSL of 102 urdad VAP of 189 um/s (Table 2).



Table 2 Male body weight and sperm quality (meaB80¥) of Prochilodus lineatusafter pituitary extract (PE) or
Ovaprim' treatment. All males received an initial dose & & 0.4 mg/kg, 12 h before PE or Ovaprim

treatment.
Hormone treatment
Parameters PE (4.0 mg/kg) Ovaprim (0.25 mL/kg) Overall meart
Mean + SD Min - Max Mean + SD Min - Max
Number of spermiated/treated males 18/19 - 14/15 - 32/34
Body weight (kg) 09105 04-1.7 09105 0B7 09105
Semen volume (mL) 3.0+£19 06-7.4 3.0+£19 -186 3.0+£1.9
Concentration (sperm x 1omL) 15.9+9.9 4.0-34.9 13.6 £9.9 3.1-340 4.9+938
Semen osmolality (mOsm/kg) 281 +17 259 - 317 280+ 273 -301 283 +15
Semen pH 74+0.1 73-7.5 74+0.2 6.9-7.6 4 +70.2
Motility rate (%) 65+ 21 37-99 76 11 50 - 90 1%18
Curvilinear velocity (um/s) 207 £ 49 138 - 293 2043 162 - 310 217 + 47
Straight-line velocity (um/s) 92+24 65 - 141 123 78 - 151 102 £ 25
Average path velocity (um/s) 179+ 44 114 - 255 192 131 -272 189+ 44

Ovaprim = sGnRHa at 20 pg and domperidone at 10 mg per mL.
! There was no effecP(> 0.05) of hormonal treatment on any of the patamseested, thus data from all males was pooleelr &l

mean).

98
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4, Discussion

Pituitary extract (PE) is the most wide world methim induce fish
reproduction. The gonadotropins present in the &Ediectly at gonad level
and induce successful spawning in a great variefisl species, including the
Characiformed. lineatus However, there are concerns about using PE (Zohar
& Mylonas, 2001) that led the Ministry of Agriculelin Brazil to prohibit the
use of PE in some States. In the present studyuskeof Ovaprim on the
induction of spawning and spermiation Bf lineatusas a replacement for PE

therapy was evaluated.

4.1. Spawning quality

Ovaprim" treatment (both doses) did not affect the numbepawned
P. lineatus female, oocyte quality, fertilization rate, hatodi rate or the
percentage of normal larvae when compared to Rienlefemales. All the
observed values were within the range describetiarliterature for species of
the genusProchilodus(Cordero et al., 2003; Viveiros et al., 2010; \fies et
al., 2009; among others).

According to the literature (Table 3), it is easy observe that
Characiformes females treated with a single or odlose of GhRH do not
spawn B. cephalusRamos et al., 1997) or spawn only after very ldghes Ip.
mesopotamicysCarolsfeld et al., 1988). When GnRH was injecsdttr PE
treatment, O out of 8. siebenthala¢Pardo-Carrasco et al., 2002), 5 out d¢?.8
mesopotamicugCarolsfeld et al., 1988) and 4 out of B8 mesopotamicus
(Zaniboni-Filho, 1995) females spawned. Howevee, nikmber of females per
treatment was too reduced to draw any conclusioheW\the association of

GnRH and a dopamine antagonist was administeradsingle dose, 2 out of 3
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C. macropomum (Arias Acufia & Hernandez Rangel, 2009), re.
mesopotamicu¢Ferraz de Lima et al., 1988) and 5 out of P.2magdalanae
(Cordero et al., 2003) females spawned. Howeveemthis association was
administered in two injections, &. henni(Lenis et al., 2009), 4 out of 12
mesopotamicu@-erraz de Lima et al., 1988) and Rlllineatus(present study)
females spawned.

Based on these results, it is possible that CHarawés female is
sensitive to the dopaminergic inhibition of gonadpin release to a certain
degree, and that this sensitivity is species-degandFurthermore, to be
effective, GnRH plus dopamine antagonist therapyukhbe administered in

two different injections, similarly to PE therapy.



Table 3  Oocyte quality of Characiformes fish spgcifter induction with gonadotropin releasing honendGnRH or
LHRH) analog combined or not with a dopamine antiégsjddomperidone or metoclopramide), and compared

to pituitary extract (PE).

Family/Species Dose/kg body weight

Result

Reference

Prochilodontidae/ « (GnRH + domp)+ (GnRH + domg)=

P. lineatus (1 ug + 0.5 mg) + (9 ug + 4.5 mg)

* (GNRH + domp) + (GnRH + domp)=

* 4 spawned/4 treated females; 221 g spawning wedf%n
fertilization rate; 39% hatching rate
* 6 spawned/6 treated females; 214 g spawning wekjtito

(2.5 ug +1.25 mg) + (7.5 pug + 3.75 mg)fertilization rate; 48% hatching rate

*PE+PE=05+5mg

* 4 spawned/4 treated females; 304 g spawning weitfi¥t
fertilization rate; 39% hatching rate

Present study

Prochilodontidae/ « (GnRH + domg)= (14 pg + 7 mg)

« 5 spawned/12 treated females; 82% fertilizatiote;r&9%

Cordero et al.,

P. magdalenae hatching rate 2003
*PE+PE=12+48mg « 11 spawned/12 treated females; 89% fertilizatiate;r63%
hatching rate
Characidae/ « PE + GnRH = 0.25 mg + 20 ug « 0 spawned/3 treated females Pardo-
B. siebenthalae < PE + GnRH = 0.25 mg + 50 pg « 0 spawned/3 treated females Carrasco
« PE + GnRH = 0.25 mg + 100 pg » 0 spawned/3 treated females etal., 2002
*PE+PE+PE=0.25+05+5mg -+ 2 spawned/4 treated females; 91% fertilization rat
Characidae/ e LHRH? + LHRH? =2 + 2 ug » 0 spawned/3 treated females Ramos et al.,
B. cephalus o LHRH? + LHRH?= 2 + 6 g « 0 spawned/3 treated females 1997
« LHRH? + LHRH? =2 + 8 g « 0 spawned/3 treated females
« LHRH?=4 g « 0 spawned/3 treated females
« LHRH?>=8 g « 0 spawned/3 treated females

« LHRH? =10 ug
«PE+PE=05+5mg

« 0 spawned/3 treated females
¢ 2 spawned/3 treated females; 350 g spawning wegfi¥t
fertilization rate; 80% hatching rate

68



o LHRH® + LHRH® = 25 + 25 g « 0 spawned/3 treated females Ramos et al.,

o LHRH® + LHRH® = 50 + 50 ug « 0 spawned/3 treated females 1997

« LHRH® + LHRH® = 50 + 100 ug « 0 spawned/3 treated females

«PE+PE=05+5mg « 3 spawned/3 treated females; 1,100 g spawninghiyei§%

fertilization rate; 50% hatching rate

Characidae/ + (GnRH + domp}f + (GnRH + domp) « 4 spawned/4 treated females; 86% fertilizatios rat Lenis et al.,
B. henni = (1 pg+0.5mg) + (9 pg + 4.5 mg) 2009

*+ (GnRH + metoc§ + (GnRH + metod) « 4 spawned/4 treated females; 80% fertilization rat

=(2ug + 1 mg) + (18 pug + 9 mg)

e PE+PE=05+5mg « 3 spawned/4 treated females; 0% fertilization rate
Characidae/ « (GnRH + domp)= (10 ug + 5 mg) » 2 spawned/3 treated females; 715 g spawning weidi# Arias Acufia
C. macropomum fertilization rate &

« PE=5mg « 3 spawned/3 treated females; 339 g spawning we&f# Hernandez

fertilization rate Rangel, 2009

Characidae/ e LHRH®=5 g « 0 spawned/4 treated females Carolsfeld et
P. « LHRH® =50 ug » 0 spawned/4 treated females al., 1988
mesopotamicus ¢ LHRH® =100 pg * 3 spawned/3 treated females

o LHRH' + LHRH = 25 + 25 pg + 5 spawned/6 treated females

* PE+LHRH =5mg + 5 ug « 1 spawned/4 treated females

« PE + LHRH = 5 mg + 50 ug « 4 spawned/4 treated females

« PE=5mg « 1 spawned/4 treated females

* (GnRH + domp)= (10 ug + 5 mg) « 0 spawned/3 treated females Ferraz de

+ (GnRH + domp) + (GnRH + domp) + 2 spawned/3 treated females; 375 g spawning weit% Lima et al.,

=(5ug+25mg)+(5ug+25mg) fertilization rate; 48% hatching rate 1988

*PE+PE=05+5mg

« 4 spawned/8 treated females; 331 g spawning wegf¥
fertilization rate; 76% hatching rate

06



« (GnRH + domg) + (GnRH + domg)= « 1 spawned/3 treated females; 108 g spawning wefi# Ferraz de
(2 ug+ 1 mg) + (5 ug + 2.5 mg) fertilization rate; 80% hatching rate Limaetal.,
+ (GNRH + domp) + (GnRH + domp)= + 0 spawned/3 treated females 1988
(5 Hg+2.5mg) +(5ug + 2.5 mg)
+ (GNRH + domp) + (GnRH + domp)= + 1 spawned/3 treated females; 113 g spawning weigiral
(10 pg +5mg) + (5 ug + 2.5 mg) spawning
«PE+PE=05+5mg * 2 spawned/4 treated females; 138 g spawning weg3¥t

fertilization rate; 87% hatching rate
« PE + LHRH + LHRH® = 0.25 mg + 1 « 2 spawned/2 treated females; 140 g spawning weitfi# Zaniboni-
ug +10 ug fertilization rate Filho, 1995
« PE + LHRH + LHRH® = 0.25 mg + « 2 spawned/2 treated females; 200 g spawning wei%
15ug+15ug fertilization rate
e PE + LHRH + LHRH® = 0.25 mg + 2 « O spawned/2 treated females
Mg+ 20 ug

*PE+PE+PE=0.25+05+45mg

« 2 spawned/2 treated females; 240 g spawning wekfl®n
fertilization rate

"mammalian GnRHa (Argent Laboratories).
2puserelin acetate (Hoechst).
$gonadorelin acetate (Serono Ltd).

*salmon GnRHa and domperidone (OvaprirByndel Laboratories Ltd.).
®mammalian GnRHa and metoclopramide (Ovop&igma Co.).

® LHRHa (Ningbo Sansheng Pharmaceutical Co.,Ltd.).
"LHRHa (Syndel Laboratories Ltd.).
8 LHRHa (Sigma Co.).

T6



92

4.2. Sperm quality

In the present study, only one male of each horntrament did not
respond; all the other ovaprim- and PE-treated snaédeased sperm after
hormone injection.

Sperm quality was similar between ovaprim- and e&ated males and
was all within the range previously reported foistfish species (Godinho &
Viveiros, 2011; Viveiros & Godinho, 2009; among ). Similarly, the
CharaciformesC. macropomungArias Acufia & Hernandez Rangel, 2009) and
the Osmeriforme®smerus eperlanukKrol et al., 2009) males produced similar
sperm quality after Ovaprimand PE therapy. Contrarily, the Cypriniformes
Leuciscus leuciscusales produced better sperm quality after Ovaptinerapy
compared to PE, Ovopelnd LHRHa treatments (Cejko et al., 2012).

Hormone therapy in males exerts a mild effect caegbao females. In
males, hormones are injected to increase testidwdration which, in turn,
increases seminal plasma release, decreases sigeosity, and thus facilitates
sperm flow (Viveiros et al., 2002). According toraasults and to the literature
(Table 4), Characiformes males are less specifihdomone therapy than
females, and release sperm after a single dosen@HQ@Pardo-Carrasco et al.,
2006), a single dose of GnRH plus a dopamine antsgdArias Acufia &
Hernandez Rangel, 2009), a single or double dos®Bof(Arias Acufia &
Hernandez Rangel, 2009; Pardo-Carrasco et al.,; Z0@siboni-Filho, 1995;
present study) or after the combination of PE amtREB plus a dopamine
antagonist therapy (present study).



Table 4 Sperm quality of Characiformes fish spediehiced with a gonadotropin releasing hormone (&niR

LHRH) analog combined or not with a dopamine amtiéggfd/domperidone), and compared to pituitary ettra

(PE).

Family/Species Dose/kg body weight

Result Reference

Prochilodontidaes PE + (GnRH + domp?)= 0.4 mg + (5 + 14 spermiated/15 treated males; 3 mL semen volume;Present study

P. lineatus Hg + 2.5 mg) 13.6 x 18 sperm/mL; 76% motile spefm
* PE+ PE=0.4+4mg ¢ 18 spermiated/19 treated males; 3 mL semen volume;
15.9 x 18 sperm/mL; 65% motile spefm
Characidae/ « GnRH = 10 ug « 6 spermiated/6 treated males; 1.5 mL semen volume; Pardo-Carrasco et al.
B. amazonicus 19.3 x 18 sperm/mL; 72% motile sperin 2006
« GnRH = 15 ug « 4 spermiated/6 treated males; 1.4 mL semen volume;
19.1 x 18 sperm/mL; 86% motile spefin
« GnRH =20 pg « 6 spermiated/6 treated males; 1.5 mL semen volume;
14.3 x 18 sperm/mL; 69% motile spefim
* PE+ PE=0.44 + 3.96 mg « 6 spermiated/6 treated males; 6.2 mL semen vol8tbe;
x 10° sperm/mL; 49% motile spefm
Characidae/ « (GNRH + domp)= (10 ug + 5mg)  * 3 spermiated/3 treated males; 6.8 mL semen voldrfe; Arias Acufia and
C. macropomum x 10° sperm/mL Hernandez Rangel 2009
*«PE=15mg ¢ 3 spermiated/3 treated males; 6.3 mL semen vol6rie;
x 10° sperm/mL
Characidae/ « PE + LHRH =0.25mg + 5 pug « 2 spermiated/2 treated males; 9 mL semen volume  Zaniboni-Filho 1995

P. mesopotamicus PE + LHRH = 0.25 mg + 7 g
* PE + LHRH = 0.25 mg + 10 ug
*PE+PE=0.25+2mg

¢ 2 spermiated/2 treated males; 10.9 mL semen volume
« 2 spermiated/2 treated males; 14.4 mL semen volume
¢ 2 spermiated/2 treated males; 12.1 mL semen volume

Tmammalian GnRHa (Sigma Co.).

2salmon GnRHa and domperidone (OvaprirByndel Laboratories Ltd.).

3LHRHa (Sigma Co.).
S motility rate evaluated subjectively under a ligitroscope.

€ motility rate evaluated under a Computer-Assi§pdrm Analyzer (CASA).

€6
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5. Conclusions

Ovaprim” can successfully replace pituitary extract treamen the
induction of spawning and spermiationRnlineatuswithout any loss of gamete
quality. Therefore, this method is a useful toal tmmmercial hatcheries of

Characiformes fish to ensure spawning success.
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