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CARACTERISTICAS QUALITATIVAS DO SEMEN DE JUNDIA
(Rhamdia quelen) CONTAMINADO COM SANGUE!

Autora: Raquel Santos dos Santos
Orientador: Prof. Dr. Danilo Pedro Streit Jr.

Resumo: No manejo da reproducéo artificial de peixes é comum haver contaminacdo dos
gametas devido a liberacdo de sangue, e o risco de declinio na qualidade das amostras leva ao
descarta do material. O objetivo deste estudo, foi avaliar as caracteristicas qualitativas do sémen
de R. quelen contaminado com 5% e 10% de sangue. Para isso, um pool de sémen obtido de 13
machos (378 + 0,31 g) foi distribuido em dois tratamentos contaminados (5% e 10% de sangue)
e controle. Os parametros cinéticos do sémen foram avaliados utilizando o Sistema de Analise
Espermatica Computadorizada. A Morfologia espermatica e a Integridade da membrana foram
avaliadas pelos métodos de coloracdo Rosa de Bengala, e Eosina-Nigrosina, respectivamente.
Para a fertilizacdo foi utilizada dose inseminante minima de 70 mil espermatozoides moveis
por odcito, e as taxas de Fertilizacdo, Eclosdo e Morfologia larval, foram obtidas com auxilio
de contador manual. Foram realizadas sete réplicas em um delineamento inteiramente
casualizado, e os dados foram analisados estatisticamente considerando 5% de significancia
entre 0s grupos. A porcentagem de espermatozoides moveis observada no grupo controle foi
maior (78,64 £ 6,90%), quando comparada aos grupos com 5% de sangue (67,83 + 7,95) e 10%
de sangue (68,87 * 3,40%), porém, ndo houve diferenca nos parametros de motilidade (LCV,
VAP, VSL, STR, WOB, PROG e BCF = p > 0,05). A porcentagem de espermatozoides com
morfologia normal foi maior no grupo controle (81 + 3,32%), quando comparado ao grupo com
10% de sangue (72,07 + 5,04%), enquanto o grupo com 5% de sangue ndo diferiu dos demais,
com 76 = 3,19% de espermatozoides normais. Ndo houve diferenca entre os grupos
experimentais para integridade de membrana (p=0,2547). Também ndo houve diferenca entre
0S grupos experimentais para taxa de fertilizacdo (p=0,2808), taxa de eclosdo (p=0,3451) e
larvas normais (p=0,4262). Esses resultados sugerem gue a contaminacdo com 5 ou 10% de
sangue ndo afeta os parametros de qualidade e a capacidade de fertilizacdo de R. quelen, sendo
necessario atencao quanto a dose inseminante.

Palavras-chave: sémen de peixes, qualidade seminal, hemospermia, motilidade espermatica,

dose inseminante.

! Dissertacdo de Mestrado em Zootecnia — Inovagéo em sistemas de producdo animal, Faculdade
de Agronomia, Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil. (52 p.)
Abril, 2022.



QUALITATIVE CHARACTERISTICS OF JUNDIA SEMEN (Rhamdia quelen)
CONTAMINATED WITH BLOOD?

Author: Raquel Santos dos Santos
Advisor: Prof. Dr. Danilo Pedro Streit Jr.

Abstract: In the process of artificial reproduction of fish, during the collection of gametes
blood may be released, causing the contaminated samples to be discarded. The aim of this study
was to evaluate the qualitative characteristics of R. quelen semen contaminated with 5% and
10% blood. For this, a pool of semen obtained from 13 males (378 = 0.31 g) was distributed in
two contaminated treatments (5% and 10% blood) and control. Semen kinetic parameters were
evaluated using the Computerized Sperm Analysis System. Rose Bengal and Eosin-Nigrosin
staining methods, respectively evaluated sperm Morphology and Membrane Integrity. For
fertilization, a minimum inseminating dose of 70,000 mobile sperm per oocyte was used, and
the rates of fertilization, hatching and larval morphology were obtained with the aid of a manual
counter. Seven replicates were performed in a completely randomized design, and the data
were statistically analyzed considering a 5% significance level between the groups. The
percentage of motile spermatozoa observed in the control group was higher (78.64 = 6.90%),
when compared to the groups with 5% blood (67.83 £ 7.95) and 10% blood (68.87 + 7.95).
3.40%), however, there was no difference in the motility parameters (LCV, VAP, VSL, STR,
WOB, PROG and BCF = p > 0.05). The percentage of sperm with normal morphology was
higher in the control group (81 £ 3.32%), when compared to the group with 10% blood (72.07
+ 5.04%), while the group with 5% blood did not differed from the others, with 76 + 3.19% of
normal sperm. There was no difference between the experimental groups for membrane
integrity (p=0.2547). There was also no difference between the experimental groups for
fertilization rate (p=0.2808), hatching rate (p=0.3451) and normal larvae (p=0.4262). These
results suggest that contamination with 5 or 10% of blood does not affect the quality parameters
in order to nullify the fertilization capacity and reproductive efficiency of fresh semen of R.
quelen, and it also alert to the trend of lower mobile cell rates, requiring attention to the motile
sperm:oocyte ratio.

Keywords: Fish semen; hemospermia, spermatozoa motility, sperm quality, sperm:oocyte

ratio.

2 Master of Science dissertation in Animal Science —Inovagdo em sistema de produgdo animal,
Faculdade de Agronomia, Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil.
(52 p.) Abril, 2022.



SUMARIO

(O 1N =10 51607V J OO 9
2. REVISAO BIBLIOGRAFICA.......oooieieeeieetee ettt 11
2.1 Situacéo atual da piscicultura N0 Brasil ...........ccooeiiiiiiiiiiiicc e 11
2.1.  Reproducdo de espécies Nativas em CatiVEIr ........cccveieiieieieeie e 11
2.2.  Contaminag&o bioldgica do SEMEN dE PEIXES........ccuruiriruiririirieirieisieesie et 13
2.4 Contaminacdo biologica do sémen de peiXes COM SANQUE ........cecvverreereerieseereesreeeesresreesee e 14
2.5  Aspectos da qualidade e métodos de avaliacdo seminal em peiXes .........c.ccovvvrerircrinennnn. 18
2.6 Jundia (RNamdia QUEIEN).......ceoiiieie et sttt te s 20
CAPITULO 2- Artigo redigido de acordo com as normas do periodico Aquaculture. ................ 22
1. INTRODUCTION ..ottt ettt ettt et et st ese et s et et st et s e e be e anesnere s 23
2. MATERIAL AND METHODS ......coooiiiiiiitsee ettt 24
2.1 EthiCS SAIEMENT.....eitiii i ettt 24
2.2 Initial milt assessment and POOl Preparation ............cocevvirerineneieieee e 26
2.3 EXPerimental deSIgN ......cviiiiiioii et et ras 26
2.4 Blood collection and sample CONtAMINALION ...........covoiiiiiiiiieieeeee s 27
2.5 ] TS =Y o £ R S SS 27
T 0o o Tor=T o 14 = (o] R o 1= o 2 PSSR 27
2.5.2 Kinetics parameters (CASA) ...ttt ene s 27
2.5.3 MOrphology SPEIMALOZOA .......cccoiviiieiiitecie et ste et s re e aeste e s resrae e 28
2.5.4 Plasma Membrane INTEGIITY ........cooiiiiiiiiieiee e 28
2.5.5 Fertilization, hatching, and normal [arvae ...........c.cccooiiiiiicic i 29

2.6 SEALISICAl ANAIYSIS ....ouiiiiieiieeee s 29

TR s | I 1 PSSR 30
3.1  Aspects of the samples and Concentration Milt ............c.coeiiieiiiiiii e 30
3.2 Kinetics parameters Milt (CASA) . ..o 30
3.3 MOrphology SPEIMALOZOA. .....c.eeueeuieiiriiiterieieee ettt ettt sn et 32
3.4 Plasma Membrane INTEQIILY .....ceiiiiiiiie e st 34
3.5 Fertilization, hatching, and NOrMAal 1arVae...........c.occviviieiiiie e 35
N B ] 1S 01U 51 [ ] SRS 36
ACKNOWIBAGEIMENTS. ...ttt ettt e e et s e bt s re et e sbeeneeseeeseeeeseeeneenaeeneenee e 40
Competing INTEreStS STATEIMENT ..ottt ereas 40
LU 0o [T o T TE | o= OSSPSR 40
REFERENGES ... ..ottt e s et e e st e e st e e s h e e e ab e e s be e e sabe e e sbe e e saeeeanteeesabeeenees 41
CONSIDERAGOES FINAIS ..ottt s s se s ss s s sssn s 47
REFERENCIAS ...ttt 48



1. INTRODUCAO

Em peixes a qualidade do sémen é um fator determinante para o sucesso reprodutivo, e no
Brasil a producdo pesqueira é atualmente a maior entre todos os paises da América do sul. A
reproducéo artificial de peixes € uma atividade frequente tanto em laboratorios de pesquisas,
guanto no setor produtivo, e as técnicas utilizadas no manejo reprodutivo podem ser divididas
em duas: inducdo ambiental, consiste na simulacdo dos fatores abidticos em criadouros, e
inducdo hormonal, consiste na administracdo de hormonios estimulantes da maturagéo final e
espermiagédo/ovulacéo dos peixes.

A inducdo hormonal permite a coleta dos gametas pela papila urogenital através do
procedimento chamado extrusdo, massagem abdominal de baixa pressédo ao longo dos ductos
seminiferos, no sentido céfalo-caudal do peixe. Durante a extrusdo do sémen, € comum ocorrer
contaminacdo dos espermatozoides através da eliminacdo de urina, fezes, ou sangue, e pode
afetar negativamente a qualidade seminal, comprometendo, portanto, a utilizacdo do material
coletado, sendo entdo descartado (CIERESZKO et al., 2004; MARQUES et al., 2021).

Essa contaminacdo esta relacionada com a falta de padronizacéo na técnica de coleta para
espécies nativas (CAROLSFELD et al., 2003), com as distintas morfologias gonadais e até
mesmo com volume de sémen produzido pela espécie. Espécies que produzem e liberam
maiores volumes de sémen, apresentam menores chances de liberar sangue no momento de
coleta, e caso aconteca a amostra podera ser substituida com uma nova coleta, é o que ocorre
por exemplo com as espécies Rhamdia quelen e Brycon orbignyanus, pois liberam um volume
relativamente alto de sémen na extrusédo (> 5 ml).

Por outro lado, ha espécies nativas que liberam um baixo volume de sémen, e para a
obtencdo dos espermatozoides evitando contaminacéo é necessario o sacrificio dos peixes para
extracéo dos testiculos. E o que ocorre com o Leporinus macrocephalus e Zungaro jahu, ambas
ameacadas de extincdo em varios estados do Brasil (VIVEIROS e GODINHO, 2009;
MACHADO et al., 2008). O sacrificio desses peixes com status ameacado intensificam a
necessidade de medidas que mitiguem tal situacdo, visto que h& muitas outras espécies na
mesma condicédo de risco em todo 0 mundo (PALACIOS-ABRANTES et al., 2020).

A influéncia da contaminacdo do sémen com sangue sobre a eficiéncia reprodutiva dos
peixes ainda ndo esta bem estabelecida. Pesquisadores mostraram que essa condi¢do levou ao
declinio nos pardmetros de motilidade e fertilizacdo (BOBE e LABBE, 2008). No entanto ha

também observacfes em que a contaminagdo com sangue nao influenciou nesses parametros,



10

ou influenciou apenas em amostras que foram criopreservadas (MARQUES et al., 2021;
CIERESZKO et al., 2004). Tais resultados sugerem ainda que pode haver uma relagdo
proporcional entre o nivel de contaminacdo e o declinio nas variaveis de producdo, nesse
contexto, estudos pioneiros apontam que a contaminagdo com baixas concentracfes de sangue
nédo influenciam nos parametros de qualidade do sémen dos peixes (SATTERFIELD, 1995;
BOWEN et al., 1986).

Diante da inconsisténcia quanto a influéncia do sangue nos parametros de qualidade do
sémen e na prole, o material coletado é imediatamente descartado sendo necessario uma nova
coleta, ou partindo-se para outros meios de obtencdo dos gametas, como sacrificio dos animais,
0 que impacta de forma direta tanto na diversidade bioldgica, agravando a situacao de espécies
em risco, quanto nos esforcos financeiros aplicados pelos piscicultores e instituicbes para
obtencdo e manutencdo de matrizes.

Ademais, no presente estudo optamos por utilizar um animal nativo com status de
conservacao ndo ameacado para entdo subsidiar aspectos da reproducéo artificial utilizando
sémen contaminado com sangue. O jundia-cinza (Rhamdia quelen) comp&e um grupo de peixes
estabelecidos como modelos experimentais no pais e esta presente em varias linhas de pesquisa
(BRASIL, 2019), a espécie se destaca no setor comercial, possui facil manejo e reproducédo
artificial bem estabelecida fora de seu habitat natural. Nesse contexto, o objetivo do nosso
estudo é fornecer respostas sobre a presenca do sangue no sémen e suas consequéncias na
reproducdo, através de avaliacdo das caracteristicas qualitativas do sémen de R. quelen

contaminado com 5% e 10% de sangue.
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2. REVISAO BIBLIOGRAFICA
2.1 Situacao atual da piscicultura no Brasil

O consumo de peixe no mundo tem sido uma pauta importante, visto que a proteina do
pescado implementa uma dieta saudavel o consumo humano tem aumentado e nota-se o
aprimoramento das técnicas usadas neste manejo, tendo sido identificada uma rapida melhoria
da situacéo de certas populagdes de peixes, como resultado de uma melhor gestéo da pesca.

De acordo com os ultimos relatérios da FAO (2018, 2020) e levantamentos feitos pelo IBGE
e PeixeBR em 2022, o Brasil € destaque mundial na producéo de peixe. O pais produziu 841.005
toneladas de peixes em 2021, e mantém média de crescimento de 5,6% a cada ano, 0 que néo é
observado em outro setor de produgdo de proteina animal (Fig.).

Figura 1. Producéao do pescado cresce 4,74% em 2021, acumulando
45% de aumento desde 2014.

841.005t
802930t

758.006 t
722560t
691.700 t
640.510 t
638.000 t
578.800t

Fonte: Anuério PeixeBR, 2022.

2.1. Reproducéo de espécies nativas em cativeiro

Ha uma grande diversidade de espécies nativas da américa do sul, classificadas como
espécies neotropicais, que por sua vez, apresentam diferentes estratégias reprodutivas,

necessitando de condigdes especificas para sua reproducéo (GALO et al., 2015).
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Algumas dessas espécies ao identificar a chegada da estacdo reprodutiva fazem longas
jornadas, vencendo obstaculos naturais, tais como cachoeiras e corredeiras, enfrentam também
0s obstaculos impostos pelo homem, tais como barragens hidrelétricas. Este fenbmeno é
denominado migragdo/piracema e é biologicamente complexo e necessario para 0
desenvolvimento e maturagdo dos gametas nesses peixes, possibilitando a desova, ou seja a
reproducéo, e se iniciam devido a sinalizadores ambientais naturais recebidos pelos peixes,
como chuvas, fotoperiodo e temperatura (GODINHO et al., 2007; BARBIERI et al., 2000).

Como exemplo de espécies neotropicais migradoras podemos citar dourados, pacus,
curimbatas, tambaquis, tabaranas, dentre outras. Entretanto, outras espécies como lambari,
trairas, pirarucus, tucunarés, caras e tilapias se reproduzem em &guas paradas (ambientes
Iénticos). Essa diferenca no comportamento reprodutivo classifica os peixes em dois tipos,
espécies sedentarias e migradoras, ainda que algumas espécies possam apresentar padrdo
intermediario.

Entretanto, as espécies migradoras ndo reproduzem naturalmente fora de seu ambiente
natural, pois em cativeiro ndo existe estimulo para a resposta endécrina apropriada que leve a
maturacdo final das gbnadas, havendo apenas um desenvolvimento parcial destas (MURGAS
et al., 2011). Para concluir essa maturacdo, é necessaria intervencao artificial, por meio da
simulacdo de condigdes ambientais favoraveis a reproducdo, e utilizagdo de horménios
especificos (RIBEIRO, MOREIRA, 2014), como por exemplo, o extrato bruto de hipofise de
carpa, considerado 0 mais comum neste manejo.

A inducdo hormonal permite a liberacdo e coleta dos gametas atraveés do procedimento
chamado extrusdo, que consiste em uma massagem abdominal de baixa pressdo, no sentido
céfalo-caudal do peixe (VIVEIROS, GODINHO, 2009). Muito embora a técnica de reproducao
induzida tenha sido descoberta desde a década de 30 no processo de desova artificial com o uso
de hipofisacdo (IHERING, WRIGHT, 1935), a sua populariza¢cdo ocorreu no pais no fim dos
anos 70. Todavia, 0 seu desenvolvimento continua em ritmo lento frente a outras atividades
relacionadas a piscicultura de espécies nativas.

No Brasil, 0 hormdnio mais utilizado para a inducdo da reproducdo pela maturagéo final de
peixes € o extrato bruto de hipofise de peixes maduros. A indugdo hormonal com extrato
hipofisario. Esse manejo também pode ser utilizado para aumentar a produgdo seminal,
antecipar o periodo reprodutivo, restringi-lo ou mesmo sincronizar a reprodugéo de um lote de
matrizes (ANDRADE, YASUI, 2003), permitindo a utilizacdo de um menor numero de
machos, e uso racional do plantel de reprodutores (CARNEIRO, 2007). Na realizacdo da

reproducéo artificial, durante a coleta dos gametas nos machos pelo método de extrusao, é
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comum ocorrer contaminagdo bioldgica do sémen através da eliminacdo de urina, fezes, ou
sangue (CIERESZKO et al., 2004).

2.2.  Contaminacao bioldgica do sémen de peixes

A contaminacdo bioldgica do sémen do peixe pode diminuir o sucesso da fertilizacdo, e, se
tratando da presenca dos contaminantes recorrentes no manejo reprodutivo em cativeiro, fezes
e urina sdo bem abordados na literatura, e € comprovada a presenca de efeitos deletérios a
qualidade do sémen na presenca de ambos. Essa contaminacdo ocorre, em geral, sob as
condicGes de coleta por compressdo abdominal, pois o ducto espermatico e o urinario se juntam
no ducto eferente com uma abertura atraves da papila urogenital (NYNCA et al., 2012).

A contaminacgdo do sémen de Sander vitreum com fezes, por exemplo, reduziu em 2 dias o
periodo de estocagem e o tempo de duracdo de motilidade de 51 s (controle) para 5,6 segundos
(SATTERFIELD, FLICKINGER, 1995). Estudos recomendam que a contaminacgao por fezes
deve ser evitada, para prevenir um significativo decréscimo do periodo de armazenamento do
sémen refrigerado e do tempo de duracdo de motilidade, pois altas quantidades de micro-
organismos saprofitos tais como coliformes, enterobacteriaceae e enterococos podem competir
com espermatozoides pelos nutrientes presentes no plasma seminal ou nos diluidores, ou
ambos, reduzindo a qualidade do sémen e, consequentemente, a fertilidade (BOONE,
HUGHES, 1970). Os microorganismos podem causar um efeito deletério, diretamente, ao
causar danos a estrutura espermatica (DIEMER et al., 1996) ou, indiretamente, ao estimular a
producdo de anticorpos que podem agir contra os espermatozoides (KURPISZ, ALEXANDER,
1995).

A contaminacdo com urina também possui grande influéncia sobre a qualidade dos
espermatozoides de peixes de agua doce. A motilidade espermaética pode ser ativada durante a
coleta liberacdo de urina e, desta forma, determinar alteraces nos indices de fertilizacéo, pois
com a motilidade precocemente desencadeada, no momento da fertilizacdo os espermatozoides
ndo possuem mais energia suficiente para atravessar a micrépila e fertilizar os odcitos
(BILLARD et al., 1995). A baixa osmolaridade da urina, possivelmente seja responsavel por
uma ativacao precoce dos espermatozoides no trato urinario, o que induz uma reducéo inicial
do armazenamento de energia intracelular (POUPARD et al., 1998) e, caso ocorra uma demora
para 0 sémen entrar em contato com 0s 00citos, 0s espermatozoides podem estar imdveis no
momento da fecundacdo (RURANGWA et al., 2004). No sémen de tenca (Tinca tinca), por
exemplo, houve ativagdo precoce devido a contaminag¢do com urina, ativando em até 100% dos

espermatozoides antes do momento da fertilizagdo (LINHART et al., 2003). Mas, de acordo
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com 0s autores, esta ativagdo precoce pode ser prevenida no momento da coleta, utilizando mas
solugdo imobilizadora, que venha apresentar a mesma osmolaridade do sémen da espécie.

A contaminacdo do sémen de trutas arco-iris (Oncorhynchus mykiss) a partir de 0 a 30% de
urina, levou a reducdo da osmolaridade do plasma seminal, de 301 para 203 mOsm/kg de
solvente, respectivamente (NYNCA et al., 2012). Em tildpias (Oreochromis mossambicus) a
urina foi considerada uma boa ativadora da motilidade espermética (LINHART et al., 1999). A
reducdo da motilidade espermatica em amostras contaminadas por urina também foi observada
em pregado (Psetta maxima) (DREANNO et al., 1998) e em C. carpio (BILLARD et al., 1995;
POUPARD et al., 1998). Segundo Poupard et al. (1998), a contaminag&o do sémen por urina
em peixes, durante a coleta, pode ser evitada por uma leve compresséo do abdémen antes de
iniciar-se o procedimento e, em seguida, pela introducdo de um cateter na bexiga urinaria, para
recolher a urina remanescente.

Este método pode ser utilizado para coletar sémen livre de contaminacdo por urina, sangue
e fezes (CABRITA et al., 2001). Em contrapartida, Cierezsko et al. (2004) afirmam ser
impossivel evitar a contaminagdo com urina pela utilizacdo deste método, mesmo que seja
realizado com cuidado. Consideram que, apesar de ser um procedimento minimamente
traumatico e ndo causar hemorragia, é possivel que ocorra introducdo de bactérias no ducto

espermatico ou ainda produza danos ao ducto espermatico do peixe.

2.4 Contaminacao bioldgica do sémen de peixes com sangue

Em mamiferos, a presenga de sangue visivel no sémen é uma condicéo diagnosticada como
hemospermia, e traz consigo o estigma de queda na fertilidade ou infertilidade, entretanto,
muitos estudos estdo mostrando que ndo é mera presenca do sangue que afeta negativamente a
qualidade seminal dos mamiferos, mas sim o tempo de exposicao e a concentracdo de sangue
presente, que mostram uma rela¢do proporcional com declinio nos pardmetros de qualidade
seminal (Andrade Jr 2017; Turner et al., 2016).

Entretanto para os peixes, essa contaminacao ainda € subjugada, pois ndo ativa a motilidade,
ndo causa crescimento bacteriano e ndo ha resultados em relacdo a influéncia dessa
contaminagéo na prole dos animais. Ainda assim, diante do risco de declinio na qualidade da
reproducédo, o sémen coletado quando contaminado com sangue, é imediatamente descartado,

0 que pode ser notado inclusive, em muitos relatos na literatura.
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Esse tipo de contaminacdo é facilitado devido a organizacao interna dos ductos seminiferos
dos peixes, que variam muito entre as espécies. Na figura abaixo (Fig.2), é possivel observar a
configuracdo dos ductos seminiferos e urinarios (Fig. 2a), e 0 momento da coleta do sémen pelo

método de extrusao (Fig. 2b).

Figura 2. Posi¢do da papila urogenital em relagcdo ao corpo do peixe: 1) abertura do ducto
Urogenital; 2) divisdo do ducto urogenital em ducto genital e urinario; 3) ducto genital; 4) ducto

urinario. b) Procedimento de coleta do sémen em R. quelen, método de extrusdo dos gametas.

o

1 1_'4 h.!'o

Fonte: a) Siqueira-Sillva, 2015; b) Arquivo pessoal.

Essa contaminacdo esta relacionada com a falta de padronizacdo na técnica de coleta para
espécies nativas (CAROLSFELD et al., 2003), com as distintas morfologias gonadais e até
mesmo com volume de sémen produzido pela espécie. Espécies que produzem e liberam
maiores volumes de sémen, apresentam menores chances de liberar sangue no momento de
coleta, e caso aconteca a amostra podera ser substituida com uma nova coleta, € 0 que ocorre
por exemplo com as espécies Rhamdia quelen e Brycon orbignyanus, pois liberam um volume
relativamente alto de sémen na extruséo (> 5 ml).

Por outro lado, ha espécies nativas que liberam um baixo volume de sémen, e para a
obtencédo dos espermatozoides evitando contaminacéo é necessario o sacrificio dos peixes para
extracao dos testiculos. E o que ocorre com o Leporinus macrocephalus e Zungaro jahu, ambas
ameacgadas de extingdo em varios estados do Brasil (VIVEIROS e GODINHO, 2009;
MACHADO et al., 2008). O sacrificio desses peixes com status ameagado intensificam a
necessidade de medidas que mitiguem tal situacdo, visto que h4d muitas outras espécies na
mesma condicgéo de risco em todo o mundo (PALACIOS-ABRANTES et al., 2020).
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Estudos tém mostrado que a contaminagdo com sangue ndo causa a ativacdo dos
espermatozoides, como ocorre na presenca de urina no sémen (CIERESZKO et al., 2004;
MARQUES et al., 2021), ou proliferacdo bacteriana, diminui¢do da motilidade e danos ao DNA
dos espermatozoides (SATTERFIELD, 1995; CIERESZKO et al., 2004; MARQUES et al.,
2021).

Alguns estudos sugerem ainda, que a adi¢cdo de sangue ao sémen de peixes pode aumentar
a duracdo da motilidade em amostras armazenadas em resfriamento, (SATTERFIELD, 1995;
CIERESZKO et al., 2014) enquanto Marques et al. (2021) relata que amostras contaminadas
com sangue podem ndo comprometer a qualidade do sémen fresco, porém, ndo devem ser
usadas para criopreservagdo, pois possuem efeitos prejudiciais a qualidade do esperma.
Entretanto ndo foram avaliadas analises na qualidade da prole, ou de diferentes concentragdes

de contaminacéo para peixes, como ocorre para mamiferos (Tab. 1).

Tabela 1. Principais estudos sobre a influéncia da contaminagdo do sémen com sangue

Autor Resultados Em estudo
Mamiferos

Janey et al., 2002  Aumento dos niveis de estresse oxidativo.

Zalata O estresse oxidativo induzido por células brancas do Mamiferos
etal., 1998 sangue, com feito do envelhecimento e diminuicdo da
fluidez da membrana e afetando a motilidade.
Mamiferos
Rijsselaere Os efeitos prejudiciais do sangue nos espermatozoides
Et. al 2004 criopreservado sdo atribuidos a alta quantidade de
hemoglobina proveniente da hemélise de hemécias
observada apds o congelamento e descongelamento.
\Voss A presenca de 20% de sangue afetou na fertilizacdo e Mamiferos
etal., 1976 na motilidade causando ainda efeitos deletérios ao
sémen.
Mamiferos
Bowen 5% de sangue ndo apresentou influéncia nos
etal., 1986 pardmetros qualitativos do sémen.
Peixes
Ciereszko Contaminagdo com sangue ndo influenciou a Oncorhynchus
etal., 2004 motilidade espermatica, concentragdo de proteina e myKiss
atividade de LDH do sémen armazenado.
Marques Contaminagdo com 10% de sangue nao afetou os Peixes
etal., 2021 parametros de qualidade no sémen fresco, porém teve Colossoma
efeitos prejudiciais na qualidade do esperma macropomum

criopreservado.

Bobe, Labbé, Peixes
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2009 A presenca de células sanguineas no sémen de peixes *
podem aumentou o0s niveis estresse oxidativo.

Satterfield, A contaminagdo com sangue aumentou Peixes
1995 significativamente o tempo de armazenamento Stizostedion
resfriado e a motilidade do sémen. vitreum
A motilidade e a durac¢do da motilidade dos Peixes
Leetal, espermatozoides contaminados com sangue foram
2018 superiores aos espermatozoides contaminados com Stereolepis
agua do mar, e também ndo foram significativamente doederleini

diferentes dos espermatozoides do grupo controle.

* as espécies ndo foram especificadas

Em equinos observou-se que a presenca de 20% de sangue causou efeitos deletérios aos
espermatozoides comprometendo a motilidade das células e portando, a fertilizacdo (VOSS et
al., 1976), enquanto concentrag0es mais baixas dessa contaminagéo ndo influenciaram ambas
as taxas (BOWEN, 1868). Um estudo em porcos elucidou recentemente que a presenca de até
5% de sangue ndo foi prejudicial para a qualidade do sémen e da prole em suinos (LERQOY,
1999).

A presenca de células sanguineas no sémen de peixes também pode estar relacionada com
diferentes eventos, fisioldgicos ou patologicos, no trato reprodutivo masculino (CIERESZKO

et al., 2004), tais como:

a) Pequenas quantidades destas células podem estar relacionadas com a fisiologia normal
do animal;

b) Uma pequena quantidade de sangue pode estar presente devido a lesdes causadas pelo
manuseio dos peixes, ou adquiridas durante a migracéo reprodutiva.

c) Hemorragias no trato reprodutivo podem, muitas vezes, ocorrer na piscicultura devido
a grande densidade de peixes, manejo dos reprodutores e a coleta de sémen por
compressdo abdominal. A ocorréncia de hemorragia pode ser indicada pela presenca de
eritrocitos no sémen;

d) Inflamagdes do trato reprodutivo;

e) Consequéncia de eventos relacionados com a involucdo do sistema reprodutivo apés a

ejaculacao.

Um namero elevado de células sanguineas, eritrocitos e células linfoides pode ser
encontrado em algumas amostras de sémen, apesar de uma falta de quaisquer sinais visiveis
de contaminagdo com sangue. A contaminagdo do sémen por pequena quantidade de sangue

parece ndo prejudicar gravemente a qualidade seminal (CIERESZKO et al., 2004).
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2.5 Aspectos da qualidade e métodos de avaliacdo seminal em peixes

Devido a particularidade de cada espécie e até mesmo entre a mesma espécie, 0
conhecimentos das caracteristicas seminais é extremamente importante para determinar a
qualidade reprodutiva destes animais, e desta forma, aperfeicoar o uso destas técnicas para a
utilizacdo em sistemas de reproducdo artificial em larga escala (MURGAS et al., 2011). O
conhecimento do perfil espermatico de uma espécie apresenta varias vantagens, entre elas o
melhor aproveitamento dos gametas e a producéo de um maior nimero de embrides viaveis.

O volume de sémen produzido pelas diferentes espécies, ou entre animais de uma mesma
espécie, € muito variavel, e pode sofrer influéncia de varios fatores, como a estacdo do ano, o
periodo reprodutivo e o clima.

A concentracdo de espermatozoides, é definida como o nimero de espermatozoides/mL, é
altamente variavel nas espécies de peixes neotropicais (VIVEIROS e GODINHO, 2009), e
geralmente é avaliada através da contagem de espermatozoides em camara hematimétrica de
Neubauer, sendo uma importante informacao para a otimizagéo do uso do sémen em processos
de desova induzida. A densidade pode variar de acordo com o peso ou idade do peixe, época
do periodo reprodutivo, frequéncia de coleta e volume coletado (VIVEIROS e GODINHO,
2009).

A andlise da motilidade espermatica é apontada por diversos autores como uma importante
ferramenta para analise espermatica, consisti na determinacao da porcentagem espermatozoides
moveis, e dos parametros pautados nos padrées com que essas células se movimentam, é o teste
mais utilizado para predizer a qualidade seminal (BILLARD, COSSON 1992). As estimativas
da taxa de motilidade s&o avaliadas observando-se a movimentacdo dos espermatozoides
imediatamente apds a introducdo de uma solucdo ativadora, pois o tempo de motilidade
geralmente é curto.

Atualmente o programa CASA (Computer Assisted Sperm Analyzer) tem sido amplamente
utilizado na determinacdo da variabilidade de movimentagdo espermatica. Este sistema foi
usado pela primeira vez na pesquisa de esperma de mamiferos em 1974 e tornou-se uma
alternativa para analisas espermaticas em outros vertebrados (KOWALSKI e CEJKO, 2019).
A técnica comegou a ser aplicada em gametas de peixes em 1995, difundindo-se lentamente
desde entdo, sendo utilizado para avaliar parametros como por exemplo a velocidade média
percorrida pela célula espermatica (VAP, um s-1), velocidade média da celula em linha reta
(VSL, um s1), progressdo no percurso realizado (PROG, um s-1), entre outros indicadores de

motilidade, pois permite que as células sejam contadas e analisadas com facilidade e rapidez.


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/vertebrates
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A avaliacdo subjetiva da qualidade motilidade espermaética pode ser afetada pela observacao
pessoal, e a porcentagem de espermatozoides méveis e a duragdo do movimento podem ser
superestimadas ou subestimadas, o que levara a grandes erros quando diferentes pessoas
conduzirem 0s experimentos.

Os espermatozoides de peixes sdo morfologicamente divididos em cabega, peca
intermediéria e cauda (COSSON et al., 1999). A morfologia espermatica tem sido utilizada
principalmente para identificar e quantificar deformidades ou anomalias. Essas alteracdes
podem ser relacionadas com resultados da espermatogénese, enfermidades, restricdo alimentar
ou estresse ambiental (flagelo dobrado, cabeca isolada, gotas citoplasmaticas proxima e distal)
ao procedimento de manejo durante a coleta do sémen (flagelo quebrado, enrolado, degenerado,
macrocefalia e microcefalia) (COSTA et al., 2019). A avaliacéo é feita através de esfregacos
corados, sendo o0 Rosa de Bengala, um dos meios de coloracdo mais relatado na literatura
(STREIT et al., 2004). De acordo com o Manual para Exame Androlégico e Avaliacdo de
Sémen Animal, do Colégio Brasileiro de Reproducdo Animal (2013), animais com indice de
anormalidades espermaticas acima de 30% em bovinos e equino e de 20% em ovinos e suinos
ndo sdo recomendados para procedimentos de inseminacdo artificial ou monta natural, podendo
comprometer a fertilidade e eficiéncia reprodutiva. A inexisténcia de tais parametros para
peixes, a porcentagem aceitavel de patologias para peixes ainda nao foi determinada.

A integridade de membrana € um importante aspecto de qualidade espermatica, pois ela
confere ao espermatozoide a funcionalidade adequada e necessaria para a fertilizacdo. Danos a
membrana espermatica resultam em queda na eficiéncia da reproducdo. As inumeras funcgdes
da membrana citoplasmatica estdo relacionadas ao metabolismo celular e manutencdo da
motilidade, interacfes entre o espermatozoide e epitélio do trato genital da fémea e interacdo
com odcito, além de garantir a manutencdo da homeostase celular, atuando como barreira entre
os meios interno e externo (PENA et al., 2005). A analise da integridade da membrana
plasmaética utilizando a coloracdo eosina-nigrosina classifica os espermatozoides como viaveis
inviaveis, e € baseada na permeabilidade celular e, portanto espermatozoides viaveis (vivos)
permanecem incolores enquanto os ndo viaveis (mortos) permitem a penetracdo do corante

corando a célula em rosa.
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2.6 Jundia (Rhamdia quelen)

Entre as espécies de peixes brasileiras que ocorrem exclusivamente em ambientes de agua
doce, a ordem Siluriforme constitui um grupo de peixes que se divide em 11 familias,
compostas por 1045 espécies (BUCKUP et al., 2007). Dentro dessa ordem, o Jundia cinza
(Rhamdia Quelen), apresentado na figura abaixo (Fig. 2) € um bagre carnivoro do género
Rhamdia, com grande popularidade entre os produtores de peixes devido ao seu apelo
comercial, pois apresenta carne saborosa e sem espinhos intramusculares, sendo bem aceito
pelo consumidor, e também pelo facil manejo em cativeiro, com alta producéo de alevinos
ocorrendo entre 0os meses de agosto a mar¢co (BALDISSEROTTO, NETO, 2004).

Figura 3. Exemplar macho de jundia, Rhamdia quelen adulto.

' : :._7_'
Fonte: Thales Frang

2 (2020). |

A criacdo de jundia é uma importante atividade econémica, geradora de alimento e renda
nas pequenas comunidades agricolas da regido sul. Seu cultivo tanto em viveiro escavo como
em tanques-rede, vem crescendo nos ultimos anos e apresentando 6timos resultados, com
crescimento durante todas as estacfes do ano, inclusive no inverno, onde continua se
alimentando (GRAEFF, 2013).
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Por ser uma espécie nativa de ampla ocorréncia na América do Sul, féacil manejo e
reproducdo artificial bem estabelecida em cativeiro, o Jundia vem sendo utilizado em diversos
estudos em diferentes areas, como por exemplo: controle e prevencao de patdgenos em peixes
(COACCI, 2017; NEGRELLI et al., 2019), uso de probidticos no melhoramento da reproducéo
em cativeiro (Rodrigues et al., 2020), parametros hematoldgicos diante de estresse agudo e
crénico em peixes (Barcellos et al., 2004), nutricdo (BOMBARDELLI et al., 2020), toxicologia
(GOMES et al., 2021), reproducédo (HILBIG et al., 2019), conservacéo de gametas de espécies
neotropicais (GOES et al., 2017) e procedimentos anestesicos (CORSO et al., 2019), entre
outros, pelo que a espécie atualmente compBe um grupo de peixes que sao utilizados no Brasil
como modelos experimentais (BRASIL, 2019).

A utilizacdo desse animal para obter respostas sobre a influéncia da contaminacdo do sémen
com sangue, ira ajudar a compreender pontos negativos e positivos até mesmo de se congelar
esse material e utilizd-lo no futuro, subsidiando estudos de producdo em cativeiro e
contribuindo com outras espécies sem comprometer a diversidade bioldgica de peixes nativos
em risco. Ademais, considerando que a qualidade dos espermatozoides dos peixes € a condi¢do
primordial para uma boa fertilizacdo, e consequentemente a producdo e perpetuacdo das
espécies (DADRAS et al., 2019), faz-se necessario compreender como a contaminacao
biolégica com sangue pode afetara eficacia reprodutiva, facilitando a previsdo de problemas
relacionados ao uso desse material, aperfeicoamento do manejo em cativeiro e auxiliando na

tomada de decisoes.



CAPITULO 2- Artigo redigido de acordo com as normas do periddico Aquaculture.
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1. INTRODUCTION

The management and domestication of native species still face many obstacles related
mainly to reproduction in captivity, as different species require specific conditions to reproduce
(Ciereszko et al., 2004; Andrade and Yasui, 2003). Atrtificial reproduction of fish is a routine
activity, both in research laboratories and in the commercial production sector, it is facilitated
by hormonal induction, which consists of the administration of hormones that stimulate final
maturation and spermiation /ovulation of fish (Mylonas et al., 2017). Different methods can be
used to collect fish milt, depending on testis morphology, and intended use. The most applied
technique is abdominal massage, or stripping, which helps the milt to be released from the
gonad to the spermatic duct, through an abdominal massage (Beirdo et al., 2019). During
stripping, contamination of milt with blood is common (Marques et al., 2021; Ciereszko et al.,
2004).

The presence of blood cells in fish milt is related to the lack of standardization in the
technique of collecting different species (Carolsfeld et al., 2003), inflammation in the fish
reproductive tract (Wiasow et al, 1999), and possible physiological factors in the milt
(Ciereszko et al., 2004). The volume of milt produced by the species can also be a determining
factor for contamination during collection. Species such as Rhamdia quelen and Brycon
orbignyanus, for example, release a considerable volume of milt (> 5 mL) in the extrusion ( Da
Costa et al., 2019; Palhares et al., 2021), while others, such as Leporinus macrocephalus and
Zungaro jahu, have such a low volume (< 0,7 mL) that the animals' testes must be extracted
(Viveiros and Godinho, 2009; Machado et al., 2008), so that milt quality is not compromised
by contamination. This scenario tends to get worse, it species are threatened with extinction,
and they represent many in the same condition (Palacios-Abrantes et al., 2020; Machado et al.,
2008).
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It is proven in the literature that seminal plasma and blood plasma have the same
osmolarity, for this reason, blood is not able to activate seminal motility (Marques et al., 2021).
In fish studies, the authors reported that presence of blood decreased motility and fertilization
rates (Bobe and Labbé, 2008), and decreased the quality of only for samples cryopreserved
(Marques et al., 2021). However, Ciereszko et al. (2004) showed that contamination with blood
did not influence the milt motility of Oncorhynchus mykiss. However, there are few studies that
have evaluated the influence of milt contamination with blood on fertilization and hatching
rates of fish, and there is no support for the use or not of this material, the sample being

discarded, producing economic losses, in addition to biological ones.

The silver catfish (R. quelen), in addition to being an species in the commercial sector, has
easy handling and well-established artificial reproduction in captivity, thus being used in
extensive studies, such as: control and prevention of pathogens in fish (Negrelli et al., 2019;)
improvement of aspects aimed at the reproduction of fish in captivity (Rodrigues et al., 2020;
Hilbig et al., 2019), hematological parameters in fish (Barcellos et al., 2004), improvement of
aspects nutritional (Bombardelli et al., 2020), toxicology conservation of gametes from
Neotropical species (Goes et al., 2017), and anesthetic procedures (Teixeiraetal., 2021), among
others. The use of this animal to obtain answers about the influence of milt contamination with
blood will help to understand the implications of this contamination on the reproductive quality
of the species, also subsidizing aspects of captive production and contributing to native species

at risk.

In this context, considering that the quality of fish spermatozoa is a fundamental condition
for good fertilization and, consequently, the perpetuation of the species (Alavi and Cosson,
2006 Dadras et al., 2019), the objective of our study is to evaluate the efficiency of the
reproduction of fresh milt of R. quelen contaminated with 5 and 10% blood.

2. MATERIALS AND METHODS
2.1 Ethics statement

All experimental procedures included in this study were approved by the Animal Use
Ethics Committee of the Federal University of Rio Grande do Sul (CEUA, UFRGS) (protocol
number 23962), and performed according to the regulations and guidelines established by

National Council for the Control of Animal Experimentation (CONCEA), at the Laboratory for
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the Production and Conservation of Biodiversity of Aquatic Species (AQUAM), in the city of
Porto Alegre, southern Brazil, (30° 04'24" S; 51° 08'11" W).

Origin of breeders and gametes collection

The fish group consisted of 20 males (11 months, 350 £+ 027 g) and 4 females (2 years,
640 + 029 g) of South American silver catfish (R. quelen) acquired from a commercial fish
farm. The animals were separated by sex and four weeks before the experiment, they were
acclimatized in a continuous water recirculation system, at 24 + 09 °C temperature, 7.0 £ 0.5
pH, and 5 + 0.5 dissolved oxygen. This fish was fed twice a day (8:00 am and 4:00 pm) with a
commercial diet (32% crude protein, Acqua Fish, Supra®, Alisul, Brazil) until apparent satiety.
Feeding was suspended for 24 hours to collect milt samples. Males with detectable running milt
under soft abdominal pressure, and females with bulging of the celomathic cavity and reddish
urogenital papilla were selected for hormonal induction (Baldisseroto and Radiinz-Neto, 2004;
Bombardelli et al., 2006).

Hormonal induction was performed with Carp Pituitary Extract (CPE) via intramuscular
application. Males received a single dose of 3 mg/kg (CPE/fish body weight) (Sanches et al.,
2011a). Females were induced with two hormonal doses of CPE: the first dose at a
concentration of 0.5 mg/kg performed 12 h before the second dose at a concentration of 5
mg/kg (Bombardelli et al., 2006). Gamete collection was performed after a period of 240
degrees-hour (10 h; water at 24 °C), monitored from the second hormonal application. For this,
the urogenital papilla of fish was previously cleaned, and dried, with a paper towel, and then
abdominal massage was performed in the cephalocaudal direction.

From each male, 2 mL of milt were collected from the test tube, kept at 15°C in
styrofoam boxes (Sanches et al., 2011b), until the end of the collection in all animals, prior
evaluation of the samples to form the pool. The first aliquot of milt from each animal was
discarded to avoid contamination with water, urine, or feces (Marques et al., 2021). In females,
the collection was like males, and a spawning was selected based on the characteristics of
uniformity of size, color, and absence of blood in the mass of released oocytes (Adames et al.,
2015). The experimental water parameters are 24+ 0.1 °C temperature, 7.2 = 0.1 pH, 0 mg/L

nitrite, 0 mg/L ammonia and 5 = 0.5 dissolved oxygen.
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2.2 Initial milt assessment and pool preparation

To assess the milt motility of the sample from each animal, 1uL of milt was activated
with 5 mL of distilled water, and analyzed under an optical microscope (Nikon Eclipse E200,
Tokyo, Japan), in a 40X objective. Motility was expressed as the percentage of motile

spermatozoa in relation to the total amount.

The milt pool from 13 males (378 + 02 g) was mixed and homogenized to forma 1 mL
pool of each animal with a minimum initial prior motility of 80% (Da Costa et al., 2019), also
discarding samples with activated milt in the collection, in this screening, samples from 7

animals were excluded.

2.3 Experimental design

The treatments consisted of two levels of contamination with blood, 5% and 10%, and
a group without contamination, this being the control group. A milt pool was used to isolate the
male effect; treatments were contaminated with blood collected from a single male chosen at
random. The fertilization assay was performed using single female spawning to isolate the
female effect. The samples were analyzed by testing milt kinetic parameters, spermatozoa
morphology, plasma membrane integrity, fertilization, hatching and normal larvae (Fig.1).
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Figure 4. Experimental design to evaluate the productivity rates of Jundia (R. quelen) milt, contaminated
with experimental treatments: C= control, no blood; 5%= contaminated with 5% blood; 10%=
contaminated with 10% blood.
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2.4 Blood collection and sample contamination

A volume of 3 mL of blood was obtained by caudal venipuncture in a randomly chosen
male sire, with the aid of a syringe (5 mL) with an attached needle. Anesthetics and
anticoagulants were not used in this management, to avoid possible hematological changes that
could compromise the results of milt contamination, as reported by De Paiva et al., (2013). With
the precision manual pipette (100-1000ul HTL Labmate Pipette), the blood was pipetted
directly from the collection syringe, and distributed over the milt pool in two groups (Fig. 1).
These samples were also kept in Styrofoam boxes (15 °C), and the milt assessments were
completed within 3 hours after the contact of the milt with the blood.

2.5 Milt assessments

2.5.1 Concentration sperm

For sperm concentration and morphology, male samples were fixed in 10% buffered
formaldehyde solution at a 1:1000 dilution (1 uL milt: 999 uL formaldehyde solution). The
evaluation of milt concentration was performed following the protocol of Sanches et al.,
(2011b): an aliquot (10 uL) of the fixed milt was pipetted into each counting field of the
Neubauer chamber and covered by a coverslip for 15 min to stabilize the cells. Using a
microscope at 400x magnification (Bel Solaris, Milan, Italy) and a portable counter, milt was
quantified by counting 10 squares. After counting, sperm concentration was calculated by the
following equation: Number of cells (millions/mL) = average number of cells counted in the

Neubauer chamber x 250,000 x dilution factor.

2.5.2 Kinetics parameters (CASA)

For the evaluation of kinetic parameters, 1uL of sperm was activated by 1000uL of
distilled water, then 1 pL of the activated sample was placed in a Neubauer chamber (Olen,
Kasvi, Sdo José dos Pinhais, Brazil), covered with a coverslip and observed under a microscope
(Bel Solaris, Milan, Italy), at 100x magnification, with an attached digital video camera (Basler
AC640-120uc, 658x492 pixels, 120 fps, Ahrensburg, Germany).

Image capture started 10 s after activation, at a rate of 50 frames per second (fps), using
the Pylon Viewer program (Version 4.1.0.3660 64-Bit; Basler, Ahrensburg, Germany), and

seven replicates were made for each treatment. After filming the cell movement, the videos
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were then separated into 50 images using VirtualDub 200 software (Version 1.10.04; Microsoft
Virtual Studio, Redmond, USA), which represent 0.5 s of the video (adapted from Adames et
al., 2015). The images were analyzed using the Computer Assisted Sperm Analyzer (CASA)
free plugin software from ImageJ (Version 1.53e 64-Bit, National Institutes of Health, USA)
(Wilson-Leedy and Ingermann, 2007). The parameters evaluated were motility rate (MOT, %),
curvilinear velocity (VCL, um s), average path velocity (VAP, um s), straight-line velocity
(VSL, um s™), Straightness (STR, %), wobble (WOB, %), progression (PROG, pm s?), and
beat cross frequency (BCF, Hz). The following input variable values were used in the CASA
plugin: a=1 b=60 c=50 d=10 e=5 f=10 g=20 h=5 i=1 j=15 k=10 =20 m=80.000000000
n=80.000000000 0=50.000000000 p=60.000000000 q=100 r=477.2222 s=0 t, =0 (adapted by
Neumann et al., 2019).

2.5.3 Morphology spermatozoa

The evaluation of spermatozoa morphology was performed following the protocol of
Streit Jr. et al., (2004): the fixed samples were diluted in Bengal Rose dye (4%) (Merck, 148
Darmstadt, Germany) at a 1:10 dilution in a plastic tube (1.5 mL). Smears of 20 pL of stained
milt were evaluated under an optical microscope at 1000x magnification (Nikon E200, Tokyo,
150 Japan). Spermatozoa (n=200) were evaluated from each sample, and the number of normal
and abnormal cells was expressed as a percentage (Da Costa et al., 2019). The following
morphological changes were evaluated: broken tail, curled tail, strongly curled tail, distally
curled tail, short tail, distal and proximal gout, loose head, degenerated head, microcephaly and
macrocephaly (Da Costa et al., 2019).

2.5.4 Plasma Membrane Integrity

To assess the integrity of the milt membrane, the protocol adapted from Blom (1950)
was used, using the dyes Eosin-Y at 3% and Nigrosin at 5% (both Sigma-Aldrich). 10uL of
milt was pipetted into 30uL of each dye in a 2 mL plastic tube for homogenization, then 20uL
of this sample was pipetted onto a glass slide. Seven slides were made per treatment. After
drying the slides in air, they were analyzed under an optical microscope (Bel Solaris, Milan,
Italy) at 400x magnification. The spermatozoa (n=200) that presented the stained head were

interpreted as having the membrane compromised, since the rupture of the membrane allows
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the entry of the dye substance, and the number of intact and non-integrated cells was expressed

as a percentage.

2.5.5 Fertilization, hatching, and normal larvae

To obtain fertilization rates, gametes from a female (702 g of body weight, 195 g of spawning
weight) were used, collected as described above, using the proportion of 70,000 motile sperm
per oocyte, following the protocol of Neumann et al. (2019). For this, samples of 0.1 mL of
spawning (178 * 3.1 oocytes) were placed in 50 mL plastic cups (seven repetitions were
performed for each treatment), and the milt dosage was added to these oocytes. Then, they
were activated with the addition of 10 mL of distilled water and homogenization for 60 s. The
samples were then transferred to small circular sieves (5.5 x 3 cm) of nylon nets distributed in
3 units randomly in incubators (5 L), where they were incubated at 24 + 0.5 °C, with water
recirculation, 7.2 £ 0.2 pH and 4.9 £ 0.5 mg/L of dissolved oxygen. The measurement of the
rates of fertilization was performed after the closing of the embryonic

blastopore, approximately 12 h after fertilization at 24 © C (Pereira et al., 2006), by counting
all embryos from each experimental unit (sieve) using a binocular stereoscope (Q7740SZ-T,
Quimis, Diadema) with the aid of an adapted glass plate and manual counter. To obtain the
fertilization percentage, the following equation was used:

% fertilization = viable embryos -+ total oocyte fertilized x 100

Hatching occurred about 33 hours (24°C) after fertilization. The ratio of hatched larvae was
evaluated by counting the larvae that ruptured the chorion, and the percentage was obtained by

the following equation:
% hatched= hatched larvae + total oocyte fertilized %100

The larval morphological evaluation was accessed simultaneously with the evaluation
of the larvae hatching rate. Normal larvae were those without any abnormalities in the spine,
yolk sac or head (Jezierska et al., 2009). To obtain the percentage of hatched larvae with normal

morphology, the following equation was used:
% normal larvae=normal larvae =+ total hatched larvae x100

2.6 Statistical analysis

All data were submitted to homogeneity analysis (Levene’s test) and normality tests
(Shapiro Wilk or Kolmogorov Smirnov). Normalization of data in logarithm was performed
when necessary. Subsequently, ANOVA was applied in the groups and when a significant
difference was observed, we applied the Tukey’s test. For the non-parametric data, we used
Kruskal Wallis analysis and Dunn’s test when a significant difference was observed between

treatments. All tests were performed considering a significance of 5%. Data are presented as
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mean and standard deviation. The statistical analysis and making of the graphics were
performed with the aid of the Graphpad Prism 7.0 software.

3. RESULTS

3.1 Aspects of the samples and Concentration milt

The amount of blood contamination in an ejaculate can be difficult to estimate based on
the gross color change. The milt samples with 5% were pink, and 10% of the blood showed
pink tending to red. The sample volume of each treatment was 3 mL, with milt concentration
of 1.96x10%, 1.86x10' and 1.76x10'! milt/mL, in the control treatment, 5% and 10%,
respectively.

3.2 Kinetics parameters milt (CASA)

The milt motility observed in the control group (78.64+6.90%) was higher (p=0.0133)
when compared to the groups with 5% contamination (67.83+7.95) and 10% blood
(68.87+3.40%) (Figure 2).
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Figure 5. Percentage of motile cells in Jundia (R. quelen) milt, contaminated with 5% and 10%
blood. Values of p<0.05 indicate a significant difference between the experimental groups by analysis
of variance. Different letters indicate a significant difference between the experimental groups by the
Tukey test.
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The kinetic parameters VCL, VAP, VSL, STR, WOB, PROG and BCF of silver catfish
sperm did not differ (p>0.05) between the experimental groups. Seminal contamination with 5
or 10% of blood did not affect, in relation to the control group (as can be seen in Figure 3a, b,

c,def,q).
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Figura 6. Kinetic parameters of fresh milt Jundia (R. quelen) contaminated with 5% and 10% blood
assessed by CASA: a) Velocities curvilinear (VCL), b) average path (VAP), ¢) straight-line (VSL) , d)
straightness (STR), €) wobble (WOB), f) Progression , g) and Beat Cross Frequency (BCF). The
variables VCL (um/s), PROG (um/s) and BCF (Hz) were analyzed by non-parametric Krual-Wallis
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analysis. The variables VAP (um/s), VSL (um/s), STR (%) and WOB (%) were variables by one-way
analysis (One-Way ANOVA).

3.3 Morphology spermatozoa

The percentage of normal sperm was higher (p=0.0019) in the control group
(81+£3.32%) when compared to the group with 10% blood contamination in the milt
(72.07+5.04%), while the group with 5% blood contamination did not differ from the others
and had 76+3.19% of normal sperm (Figure 4).
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Figure 7. Percentage of normal spermatozoa of Jundia (R. quelen) contaminated with 5% and 10%
blood assessed by by Rose Bengal (4%) stain, and observed and counted using an optical
microscope (1000 x magnification) and manual counter, respectively. Values of p<0.05 indicate
a significant difference between the experimental groups by analysis of variance. Different letters
indicate a significant difference between the experimental groups by the Tukey test.

Spermatozoa tail abnormalities were present, where the percentage of sperm with
broken tail was higher (p=0.0002) in milt contaminated with 5% blood (11.71+2.33%)
compared to the control (6 .14+1.73%) and contaminated with 10% of blood (7.07+2.15%)
(Figure 5b). The percentage of bent-tailed sperm was higher (p<0.0001) in the milt
contaminated with 10% blood (7.21+1.11%) than in the control (3.5+1.32%) and in the milt
contaminated with 5% blood (2.79+£1.15%) (Figure 5c). There was no difference between the
experimental groups for distally curled tail (p=0.5710), strongly curled tail (p=0.1152) and short
tail (p=0.4910) abnormalities (Figures 5a, d, €).
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Figure 8. Morphology of fresh spermatozoa Jundia (R. quelen) contaminated with 5% and 10%
blood analyzed by Rose Bengal (4%) stain, and observed and counted using an optical microscope (1000
x magnification) and manual counter, respectively. Tail milt (or flagellum) abnormalities: The distally
curled tail (%) and strongly curled tail (%) variables were analyzed by nonparametric Kruskal-Wallis
analysis. Broken tail (%), bent tail (%) and short tail (%) variables were analyzed by one-way analysis
of variance (One-Way ANOVA). Different letters indicate differences by Tukey's test.

Abnormalities of the spermatozoa head and cytoplasmic gouts can be seen in Figure 6.
There was a difference between the experimental groups for the percentage of milt with loose
head (p=0.0137) and with microcephaly (p=0.0073). The group contaminated with 10% of
blood had the highest percentage of spermatozoa with loose head (6.36+2.09), differing from
the group contaminated with 5% of blood (3.14+1.86%), and not differing of the control group
(4.14+£1.57%) (Fig. 6a). The percentage of spermatozoa with microcephaly was higher in the
group with 5% blood contamination (0.43+0.93%) compared to the control group (0.36+£0.56%)
and 10% blood contamination ( 0.36+0.48%) (Fig. 6d). There was no difference between the

experimental groups for abnormalities of degenerated head (p=0.9414), macrocephaly
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(p=0.9350), proximal cytoplasmic gout (p=0.9860) and distal cytoplasmic gout (p=0.3847)
(Fig. 6b, c, e, 1).
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Figure 9. Morphology of fresh spermatozoa Jundia (R. quelen) contaminated with 5% and 10%
blood analyzed by Rose Bengal (4%) stain, and observed and counted using an optical microscope (1000
x magnification) and manual counter, respectively. Spermatozoa head and cytoplasmic gout
abnormalities: The variables degenerate head (%), macrocephaly (%) and microcephaly (%) were
analyzed by non-parametric Kruskal-Wallis analysis. The variables loose head (%), proximal gout (%)
and distal gout (%) were analyzed by one-way analysis of variance (One-Way ANOVA). Different
letters indicate difference by Tukey's test (Loose head) and by Dunn's test (microcephaly).

3.4 Plasma Membrane Integrity
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There was no difference (p=0.2547) between the experimental groups for membrane
integrity, and the values obtained for the control group, with 5% and 10% blood contamination
were 90.5+1.92%, 88, 14+4.06% and 86.5+6.11%, respectively (Figure 7).
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Figura 10. Sperm membrane integrity of fresh Jundia spermatozoa (R. quelen) contaminated with 5%
and 10% of blood analyzed by the nigrosin staining method —eosin and light microscope (400x).
Spermatozoa with white staining had an intact membrane, and those with red or pink staining had no
integrity. Values of p<0.05 indicate a significant difference between the experimental groups by analysis
of variance. Different letters indicate a significant difference between the experimental groups by the
Tukey test.

3.5 Fertilization, hatching, and normal larvae

There was no difference in the fertilization rate (p=0.2808) between the experimental
groups, whose observed values were 70.31+14.06%, 78.06+10.07% and 71.87+8.95% for the
control groups, contaminated with 5% and 10% of blood, respectively (Figure 8a). There was
no difference in the hatching rate (p=0.3451) between the experimental groups, whose observed
values were 30.49+18.62%, 40.11+12.06% and 32.24+14.81% for the control groups,
contaminated with 5% and 10% blood, respectively (Figure 8b). There was no difference in the
percentage of larvae with normal morphology (p=0.4262) between the experimental groups,
whose observed values were 49.64+15.52%, 56.41+21.47% and 55.81+16, 95% for the control
groups, contaminated with 5% and 10% blood, respectively (Figure 8c).
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Figure 11. Productivity indices of silver catfish Jundia (R. quelen) using milt with different levels of
contamination with blood (0, 5 and 10%). Rates of a) Fertilization, b) Hatching, c) Normal larvae; the
results were obtained after counting and evaluating all eggs and larvae collected in sieves. There was no
difference between the experimental groups by one-way analysis of variance (one-way ANOVA).

4. DISCUSSION

In this study, it was possible to verify that fresh milt contaminated with up to 10% of
blood did not produce a loss in the reproductive efficiency of R. quelen. This finding contributes

to the reproductive protocol of the species based on the conscious use of the breeders, as
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sometimes a significant volume of milt is discarded without the real need, generating economic
losses.

Milt motility has been the main indicator of the reproductive efficiency of fish species
(Billard and Cosson, 1992). In our methodology, we isolated three factors from Taborsky's
(1998) premise, four preponderant for successful fertilization: 1) proximity of the male to the
female at the time of gamete preparation; 2) synchronization of males and females in the release
of gametes; 3) minimal sperm to oocyte ratio. In this case, as the reproduction was carried out
in the laboratory, factors 1 and 2 are not considered, while for factor 3, we use the minimum
ratio of 1:70,000 (oocyte:spermatozoa) established by Neumann et al., (2019) for R. quelen.
Thus, the influences on productivity rates can only be associated with the fourth factor
mentioned by Taborsky (1998), which refers to the kinetic characteristics of milt, such as
percentage of motile cells, and movement patterns.

In the present study, the percentage of motile cells was lower in the groups contaminated
with 5 and 10% of blood (67% and 68%, respectively) compared to the control group (78%),
however, the milt motility patterns were not different between the experimental groups, and
rates of fertilization, hatching and normal larvae, were not affected. The percentage loss in
sperm motility of R. quelen semen samples contaminated with blood, in relation to
uncontaminated milt, was expected and, in fact, occurred, albeit in small proportions. In a recent
study carried by Marques et al. (2021), assessing fresh tambaqui milt contaminated with 10%
of blood, the authors observed 79% of mobile cells, also lower percentage when compared to
95% at control. In the literature, we did not find a minimum reference of motility cells that
could be directly correlated with the fertilization rate for a Neotropical South American species,
as in Oncorhynchus mykiss. In this species, Liley et al. (2002) defined a minimum motility rate
of 76% of motile cells, so that there is no influence on the fertilization rate.

Some authors emphasize the importance of spermatozoa motility for a good fertilization
rate (Ribeiro and Godinho, 2003; Rurangwa, 1998; Rana, 1995). However, they also argue that
more detailed validation can elucidate the relationship of motility to successful fertilization, as
spermatozoa, although motile, may not be viable (Ribeiro and Godinho, 2003). Furthermore,
these two parameters can be affected by experimental subjective personal observation
(Boryshpolets et al., 2013).

In recent years, researchers have used the CASA system to analyze motility patterns
such as VAP, VCL, VSL and other indicators (Jia et al. 2022), and based on this methodology,
they point out that the fertilization process seems to occur at the moment of higher average

velocity of the sperm path. (Burness et al., 2004; Gage et al., 2004; Gallego et al., 2013;
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Neumann et al., 2019). In R. quelen, it was highlighted that the highest average path velocity
(VAP) was observed 11 s after activation, coinciding with a higher fertilization rate for that
moment compared to 16 s and 30 s after sperm activation (Neumann et al., 2019). These studies
are in agreement with the findings of our research, because even with a lower percentage of
mobile cells in the contaminated treatments (5% and 10% of blood), the motility patterns
remained adequate (equal to the control group) and the fertilization capacity of the
contaminated treatments was not inferior to the control group. It is important to note that
motility was verified 10s after activation in all treatments, a standard time adopted to avoid an
erroneous reading when analyzed immediately or later.

The percentage of cells with normal morphology in the contaminated groups of the
present study is similar to that already reported for the semen of R. quelen (Da Costa et al.,
2019; Neumann et al., 2019; Bombardelli et al., 2006). However, four pathologies stood out in
the contaminated treatments, being two pathologies of the tail and two of the head, causing the
milt with 10% of blood to be inferior to the control in this evaluation. The means of the two tail
abnormalities (broken and bent tail) in samples contaminated with blood were similar: 14.5 and
14.28%, and 5 and 10%, respectively. For head abnormalities (loose head and microcephaly),
the group with 5% blood had 3.57%, and the group with 10% blood had almost twice as much
(6.72%). This seems to be the reason why only milt contaminated with 10% blood differed from
the control group, and milt contaminated with 5% blood did not differ from the two groups
(control and 10%).

As for the sperm abnormalities observed in the control group of the present study (19%),
these were very similar to the averages of fresh milt of the same species, observed by Da Costa
et al. (2019), except for the loose head abnormality. This comparison allows us to infer that, in
fact, the four abnormalities that stood out in the contaminated treatments in our study are related
to the presence of blood in these samples, except for the microcephaly abnormality, whose
highest percentage recorded in our study was 0.43% in the milt with 5% blood, much lower
than the 1.13% observed by these researchers. Although not clarified for fish, in mammals,
sperm with microcephaly are considered immature sperm (Ax et al., 2004).

The hypotheses to explain the increase in abnormalities in contaminated treatments are
not definitive, but the lower percentage of mobile cells compared to control milt may have
occurred due to the greater involvement of the flagellum in these two groups. Researchers have
tried to explain how the presence of blood can influence seminal quality and, in this scenario,
there are two main lines of discussion: one points to the red blood series (Rijsselaere et al.,
2004; Voss et al., 1976), while the other another points to white blood cells (Eley et al., 2005;



39

Aziz et al. 2004; Zalata et al., 1998; Plant et al. 1994). However, both the potentially toxic iron
released by hemoglobin and the production of ROS (Reactive Oxygen Species) from the
excessive presence of granulocytes may contribute to increased levels of oxidative stress (Bobe
and Labbé, 2008) due to the presence of abundance of acidic fats in the sperm membrane,
causing damage to this membrane (Rijisselarae et al., 2004), and aging in sperm cells, resulting
in decreased membrane fluidity and affecting motility (Zalata et al., 1998), aspects strongly
associated with sperm pathologies (Marques et al., 2021; Aziz et al. 2004; Rijisselarae et al.,
2004; Zalata et al., 1998; Voss et al., 1976).

Weakness in the midpiece was attributed by Barth and Oko (1989) as the origin of the
loose head abnormality in the sperm. In this case, the excessive presence of ROS in the
contaminated samples may have weakened the sperm intermediate piece, causing it to detach
from the tail when initiating motility. This assumption can still be supported by Aziz et al.
(2004) who found a positive correlation between increased concentration of blood cells with
defects in the sperm midpiece. In this context, the abnormalities that stood out the most in our
study seem, in fact, to have occurred because of oxidative stress caused by cells present in the
blood, such as hemoglobin and leukocytes. However, the general quality of R. quelen milt
contaminated with 5 and 10% blood was high, with no negative influence on fertilization,
hatching and larval morphology.

The integrity of the plasma membrane and its selective permeability are essential for
sperm survival. The membrane integrates, acts in the oocyte-sperm interaction and maintains
the osmotic balance, enabling the physiological functionality of the cell (Diaz et al., 2021,
Figueroa et al., 2016; Kubota et al., 1995). The impairment of membrane channels directly
affects the morphological structure and motility of sperm, as cell movement depends on aspects
such as the physiological state of mitochondria, ATP production and flagellum functionality
(Figueroa et al., 2016). In the present study, the contaminated treatments showed high levels of
membrane integrity (90, 88 and 86% for control, 5 and 10%, respectively), and of cells with
normal morphology (81, 76 and 72%, for control, 5 and 10%, respectively). Although sperm
with membranes or even fragmented DNA still can fertilize, the quality of the offspring tends
to be severely impaired (Figueroa et al., 2016; Labbé et al., 2001; Kubota et al., 1995).

In the thawed semen of Colossoma macropomum contaminated with 10% of blood,
there was a loss of 16% of motility, however, there was no difference in the control regarding
membrane integrity (Marques et al., 2021). These results corroborate our findings, whose
contaminated treatments had a loss of 13 and 12% in motility for 5 and 10% of blood,

respectively, and there was also no difference in membrane integrity rates between the groups.
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In this context, we can infer that the high rates of membrane integrity, which support the normal
functionality of sperm cells (Figueroa et al., 2016), were decisive for the maintenance of sperm
morphological structure, resulting in adequate sperm movement capacity (Neumann et al.,
2019), not causing a drop in semen productivity aspects of R. quelen.

Our results can be corroborated by the short storage period of the contaminated samples
and the low concentrations of contamination investigated, since the higher the concentration of
blood in the semen, the greater the drop-in productivity rates (Turner et al., 2016). The time of
exposure of semen to blood is also a determining factor, periods of longer storage of this
contaminated material have a proportional relationship with the decrease in seminal quality
(Rijsselaere et al., 2004). Furthermore, we suggest that semen from an animal with an inflamed
reproductive tract will eventually have a higher concentration of leukocytes, compared to semen
from an animal that sheds blood during collection without prior inflammation, which can
exacerbate oxidative stress.

In conclusion, fresh milt of R. quelen contaminated with up to 10% of blood does not
influence the reproductive quality of the species, reflecting adequate rates of fertilization,
hatching and larval morphology. We also suggest that the period of storage of milt after contact

with blood should be considered before its use for fertilization.
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CONSIDERACOES FINAIS

A presenca de sangue em concentragdes de 5 e 10% n&o mostrou ser danosa ao sémen de
R. quelen, ndo ocasionando diminuicdo dos aspectos reprodutivos, podendo este material ser
utilizado para fertilizacdo, entretanto, maiores investigacdes sao necessarias para esclarecer o
nivel minimo de contaminacdo aceitavel, bem como os periodos e temperaturas de
armazenamento das amostras, pois a configuracdo sanguinea oferece riscos de estresse
oxidativo, em casos de altas concentracGes, ou até mesmo 0 aspecto do sangue ao contaminar,
visto que a coloracdo amarronzada pode indicar células que ja sofreram hemdlise, e portanto,

poderdo causar maiores danos.
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