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)
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(Johann Wolfgang von Goethe)



RESUMO

O objetivo deste estudo foi determinar o efeito de solugbes ativadoras com diferentes
osmolalidades, com ou sem ions, na qualidade espermética do sémen criopreservado de Brycon
insignis. O sémen de 8 machos foi coletado apos tratamento hormonal com extrato de hipofise
de carpa. Apds a coleta, 0 sémen foi criopreservado utilizando metilglicol como crioprotetor e
uma solucdo de BTS® como diluidor. O sémen diluido foi envasado em palhetas de 0,5 mL,
que foram congeladas em botijao de vapor de nitrogénio (dry shipper) e armazenadas em botijéo
de nitrogénio liquido. Apoés cinco anos, as palhetas foram descongeladas em banho-maria a
60°C por 8 segundos. No experimento 1, 11 solugdes foram preparadas utilizando agua osmose
reversa (~ 0 mOsm/Kg) e glicose ou NaCl ajustadas as seguintes osmolalidades: 50, 100, 150,
200 e 250 mOsm/Kg. No experimento 2, 6 solugdes foram preparadas utilizando &gua osmose
reversa e NaHCOg, citrato de sodio (NasCeHs0O7), NaCl, KCI, CaCl: ou glicose (controle n&o
ibnico), ajutadas a ~ 98 mOsm/Kg. Os parametros de taxa de motilidade, velocidade curvilinea
(VCL), velocidade retilinea (VSL), velocidade média de percurso (VAP) e frequéncia de
batimento flagelar cruzado (BCF) do sémen apds o descongelamento foram determinados
utilizando o sistema computadorizado de andlise de sémen (CASA). Maiores taxas de
motilidade e velocidades foram observadas em amostras ativadas nas solucdes de NaCl e
glicose em osmolalidades de 0 a 200 mOsm/Kg, se comparadas com as amostras ativadas nas
solucBes de 250 mOsm/Kg e nao foram observadas diferencas estatisticas entre as solucées de
NaCl e glicose dentro da mesma osmolalidade. As amostras ativadas em NaHCOs, citrato de
sodio, NaCl, KCI e glicose apresentaram as maiores taxas de motilidade, se comparada as
amostras ativadas em CaCl,. Maiores velocidades curvilineares foram observadas em amostras
ativadas em NaHCOg, citrato de sodio, KCl e glicose, quando comparadas as amostras ativadas
em CaCl,. As amostras ativadas em NaCl apresentaram valores intermediarios para VCL. O
sémen criopreservado de B. insignis pode ser ativado em solugfes idnicas ou ndo iénicas com
osmolalidades de 0 a 200 mOsm/Kg, entretanto a solucdo de CaCl> deve ser evitada.

Palavras-chave: Criopreservacdo. Espermatozoides. CASA. Peixe. Piabanha.



ABSTRACT

The objective of this study was to determine the effect of activating solutions with different
osmolalities, with or without ions, on the sperm quality of the cryopreserved sperm of Brycon
insignis. The semen of 8 males was collected after hormonal treatment with carp pituitary
extract. After collection, the semen was cryopreserved using methyl glycol as a cryoprotectant
and a BTS™ solution was used as extender. The diluted sperm loaded into 0.5 mL straws, which
were frozen in a nitrogen vapor vessel (dry shipper) and stored in a liquid nitrogen vessel. After
five years the straws were thawed in a water bath at 60 °C for 8 seconds. In experiment 1, 11
solutions were prepared with reverse osmosis water (~0 mOsm kg-1) and glucose or NaCl
adjusted to an osmolality of 50, 100, 150, 200 and 250 mOsm kg. In experiment 2, 6 solutions
were prepared with reverse osmosis water e NaHCOs3, sodium citrate ((NasCsHs07), NaCl, KCl,
CaCl or glicose (as an ion-free control), adjusted to ~98 mOsm Kg™. The parameters of
motility rate, curvilinear velocity (VCL), straight line (VSL), average path (VAP) and beat-
cross frequency (BCF) of the post-thaw were determined using a Computer-Assisted Sperm
Analyzer (CASA). Higher motility rates and velocities were observed in activated samples in
NaCl and glucose solutions at osmolalities of 0 to 200 mOsm Kg*, when compared to the
activated samples in the solutions of 250 mOsm Kg™ and was no statistical difference on
motility rate and velocities between samples activated in NaCl or in glucose solutions within
the same osmolality. The samples activated in NaHCOs3, sodium citrate, NaCl, KCI or glucose
presented the higher rates of motility, when compared to samples activated in CaCl,. Higher
curvilinear velocities were observed in samples activated in NaHCOs3, sodium citrate, KCI and
glucose, when compared to samples activated in CaCl,. Samples activated in NaCl presented
intermediate VCL values. The post-thaw sperm in B. insignis can be activated in ionic or non-
ionic solutions with osmolalities of 0 to 200 mOsm/kg, however the CaCl, solution should be
avoided.

Keywords: Cryopreservation. Spermatozoon. CASA. Fish. Tiete Tetra.
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PRIMEIRA PARTE

1 INTRODUCAO

O Brasil apresenta uma grande diversidade de espécies nativas de peixes de agua doce, com
aproximadamente 2.500 espécies formalmente descritas (BUCKUP; MENEZES; GHAZZI,
2007). O grande potencial brasileiro para aquicultura é devido ao clima tropical e a presenca de
grandes rios e reservatdrios, sendo que, no ano de 2015 foram produzidas aproximadamente
483 mil toneladas de peixes e 955 milhdes de alevinos, considerando espécies nativas e exéticas
(IBGE, 2016). No Brasil, a tilapia (Oreochromis niloticus) e o tambaqui (Colossoma
macropomum), com producdo de 219 e 135 mil toneladas respectivamente em 2015, sdo as
espécies mais produzidas. Entretanto, aproximadamente 40 espécies de peixes nativas e 4
hibridos séo oferecidas no mercado brasileiro (GODINHO, 2007; IBGE, 2016).

A piabanha (Brycon insignis), espécie endémica da bacia do Rio Paraiba do Sul, é um
peixe de grande porte, apresenta habito alimentar onivoro e reproducéo concentrada nos meses
de dezembro a fevereiro (MAGALHAES, 1931; MACHADO; ABREU, 1952). Devido &
poluicdo, desmatamento e pesca predatoria, a populacdo de piabanha reduziu drasticamente e
atualmente é considerada uma espécie ameacada de extin¢do (ROSA; LIMA, 2008). Estudos
sobre a biologia e fisiologia reprodutiva, principalmente com o sémen, auxiliam na recuperagéo
de estoques silvestres de espécies de peixes ameacadas de extin¢do (VIVEIROS; ORFAO;
LEAL, 2014).

Os espermatozoides de peixes sdo imdveis no testiculo e no plasma seminal, mas em
contato com o ambiente externo adquirem motilidade. Fatores ambientais como presenca de
fons (K*, Na*, Ca?"), osmolalidade, pH e temperatura influenciam na ativacio espermatica do
sémen de peixes (COSSON, 2004; ALAVI; COSSON, 2005).

A determinacdo da osmolalidade e composicdo idnica de agentes ativadores sdo de
extrema importancia para a reproducdo artificial, devido aos efeitos sobre a ativacdo da
motilidade espermatica, principalmente quando se trata de sémen criopreservado. O processo
de criopreservacdo torna o sémen mais sensivel ao ambiente externo devido as crioinjurias.
Portanto, o desenvolvimento de novos protocolos que possam auxiliar na otimizacdo dos
parametros de motilidade e velocidade dos espermatozoides criopreservados poderdo permitir
uma maior taxa de fertilizacéo e o sucesso da reproducdo. Dessa forma, objetivou-se avaliar 0
efeito da osmolalidade das solucdes ativadoras com ou sem ions, sob a motilidade espermatica

do sémen criopreservado de Brycon insignis (Characiformes).
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REFERENCIAL TEORICO

2.1 Caracterizacdo da espécie
Reino: Animalia;
Filo: Chordata;
Classe: Actinopteryqgii;
Ordem: Characiformes;
Familia: Characidae;
Género: Brycon;
Espécie: Brycon insignis, Steindachner, 1877.

A espécie Brycon insignis, conhecida como piabanha, encontra-se distribuida na Bacia
do Rio Paraiba do Sul (FIGURA 1), que compreende parte dos estados de Minas Gerais, Rio
de Janeiro e Sdo Paulo. Por apresentar uma restrita distribuicdo geografica, fatores como
poluicdo, desmatamento e pesca predatoria, ocasionaram o declinio da espécie em seu ambiente
natural, sendo atualmente considerada uma espécie ameacada de extincdo (ROSA; LIMA,
2008).

Figura 1 — Bacia do rio Paraiba do Sul.

Fonte: Agéncia Nacional de Aguas (2016).

A piabanha € considerada uma espécie de grande porte, podendo atingir 60 cm de
comprimento e pesar de 8 a 10 kg no ambiente natural (MAGALHAES, 1931). Possui 0
abdémen rdseo e o dorso prateado. A mandibula é projetada para frente e a cabeca é achatada,
duas caracteristicas gerais de peixes predadores (FIGURA 2). Apresenta habito alimentar
ictiofago e insetivoro na fase juvenil, e herbivora e frugivora na fase adulta, podendo verificar
canibalismo na fase larval da espécie (GIRARDI; FARIA; SANTOS, 1993).
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Figura 2 — Exemplar de piabanha Brycon insignis.

Fonte: Projeto Piabanha (2013).

Seu periodo reprodutivo estende-se entre os meses de dezembro a fevereiro, quando o
aumento do fotoperiodo, temperatura e fluxo de dgua, atuam como gatilho para migracdo e
desova para as espécies de piracema (SALGADO et al., 1997; R1ZZO; BAZZOLI, 2014). As
fémeas e 0s machos encontram-se aptos a reproducdo a partir do terceiro e segundo ano
respectivamente, e quando mantida em cativeiro, ndo sdo capazes de reproduzirem
naturalmente, sendo necessaria uma indu¢do hormonal (SALGADO et al., 1997). Para os
machos a induc¢do hormonal é utilizada para aumentar o volume espermatico.

Na década de 50, a B. insignis era a segunda maior espécie em volume de captura na
pesca comercial no trecho paulista da bacia do Rio Paraiba do Sul (MACHADO; ABREU,
1952). Atualmente, é apreciada para pesca esportiva devido a resisténcia a captura com anzol e
sua criacao € realizada apenas por estacGes de piscicultura para fins conservacionistas.

A féacil adaptacdo ao cativeiro, facil aceitacdo de alimento, rapido crescimento para
alcancar o tamanho comercial, facil aceitacdo e comercializacdo por pesque-pague e carne
muito saborosa, tornam a piabanha e outras espécies do género Brycon grandes potenciais
econdmicos e zootécnicos para a piscicultura nacional (ZANIBONI-FILHO; REYNALTE-
TATAJE; WEINGARTNER, 2006).

2.2 Biologia e fisiologia da ativacdo espermatica

Os espermatozoides de peixes sdo imoveis no testiculo e no plasma seminal e quando
liberados em meio aquoso, sdo ativados adquirindo motilidade (MORISAWA; SUZUKI, 1980).
O conhecimento dos mecanismos fisioldgicos que regulam a motilidade espermatica em peixes
permite o aprimoramento de tecnologias reprodutivas.

O espermatozoide é formado por cabeca, peca intermediaria e flagelo. Diferentemente
dos outros vertebrados, os espermatozoides de peixes sdo desprovidos de acrossoma.
Entretanto, existe uma estrutura no ovocito chamada micrépila, que facilita a entrada do

espermatozoide permitindo a fertilizagdo. A peca intermediéria apresenta mitocondrias, ligadas
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a producdo de ATP para o movimento flagelar. O flagelo é constituido por dois microtubulos
centrais e nove pares periféricos, formando o axonema (VIVEIROS; ORFAO; LEAL, 2014).
A membrana plasmaética do espermatozoide apresenta fundamental importancia, pois possui
canais ionicos, aquaporinas e receptores que regulam as atividades celulares e rotas de
sinalizagio que estdo ligadas a ativagdo espermatica (TABARES; TARAZONA; ANGEL,
2005; DZYUBA; COSSON, 2014).

A ativacdo espermatica em peixe pode ser representada na Figura 3 conforme descrito
por Krasznai et al., 2000. Em carpa comum, 0s espermatozoides ao serem liberados em meio
aquoso, sofrem um choque hiposmoético e/ou ocorre uma diminuicdo da concentracao
extracelular do ion K¥, esses eventos iniciais levam ao estiramento da membrana plasmatica e
diluicdo dos ions extracelulares. Apds a abertura dos canais idnicos, a diferenca de potencial da
membrana permite o efluxo de K* causando a hiperpolarizacdo da membrana. Dessa forma, os
canais de Ca?* sdo ativados, ocorrendo um influxo de fons Ca?* para dentro do espermatozoide
e aumento do pH intracelular. Ocorre em seguida a sinalizacdo de Ca?* dependente e AMPc
independente iniciando a atividade flagelar e consequentemente a motilidade espermatica
(TABARES; TARAZONA; ANGEL, 2005).
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Figura 3 — Mecanismo de ativagdo espermatica em carpa.

Suppression of sperm motility in the seminal plasma by

Iso-osmolality In the presence high K*
of

At spawing in fresh water

C Hipoosmolality Decrease of external I D
K* channels opening K" efflux

and

4

Membrane hyperpolarization

2

Membrane depolarization

1+ .
Ca™" infflux

L 4

ca®* dependent, cAMP independent cell signaling

L 4

Initiation of sperm motility

Fonte: (Krasznai et al., 2000).

2.3 Efeito da osmolalidade na motilidade espermatica

A osmolalidade é definida como a concentracdo total de solutos em solucdo, com a
propriedade de exercer pressdo no interior da referida solucdo. Esta propriedade dos solutos
esté estritamente relacionada com o que é chamado de pressdo osmdtica, a qual esta envolvida
na regulacdo do fluxo de agua através de uma membrana (MARTINEZ; ATENCIO; PARDO,
2011).

O plasma seminal de peixes apresenta uma osmolalidade de 230 a 346 mOsm/Kg para
espeécies de agua doce e 249 a 400 mOsm/Kg para espécies marinhas (DZYUBA; COSSON,

2014). Dessa forma, os espermatozoides de peixes sdo ativados em solugdes hiposmaoticas para
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as espécies de agua doce e em solucBes hiperosmaticas para as espécies marinhas (COSSON,
2004).

A diluicdo em solugbes hiposmoticas gera um gradiente osmotico entre 0 meio
intracelular e extracelular do espermatozoide, e para equilibrar a osmolalidade em ambos os
lados da membrana plasmatica, ocorre um influxo de 4gua e aumento das atividades dos canais
ibnicos (ALAVI et al.,, 2007). Em células quiescentes, o potencial de membrana dos
espermatozoides de carpa comum (Cyprinus carpio) apresenta um estado despolarizado no
plasma seminal (W= -2,6 £ 3 mV) e imediatamente ap0s a ativacdo espermatica em solugéo
hiposmotica ocorre a hiperpolarizagdo da membrana (¥ = -29 £ 4 mV), em um minuto do inicio
da motilidade espermatica o potencial de membrana diminuiu e ap6s cinco minutos de ativacéo
o0 potencial de membrana apresenta um valor proximo das células quiescentes (KRASZNAI et
al., 2003).

Para algumas espécies de Characiformes, pesquisadores tem determinado melhores
osmolalidades para a solucéo ativadora para 0 sémen fresco. Para o tambaqui C. macropomum,
solucdes de osmolalidade entre 0-270 mOsm/Kg ativam aproximadamente 80% dos
espermatozoides (CARNEIRO et al., 2012). Em curimba, Prochilodus lineatus, solu¢fes entre
0-250 mOsm/kg ativam 90% dos espermatozoides (VIVEIROS et al., 2016a). Maiores taxas de
motilidade podem ser observadas em solucdo de 100 mOsm/Kg para pacu (Piaractus
mesopotamicus), piau (Leporinus elongatus), piau trés pintas (Leporinus friderici) e curimata-
pacu (Prochilodus argenteus) (MARQUES; GODINHO, 2004). Para matrinxd, Brycon
orthotaenia, solucdo entre 49 a 147 mOsm/Kg permitem uma maior taxa de motilidade e
duracéo da motilidade (MELO; GODINHO, 2006). Para a piracanjuba, Brycon orbignyanus,
as solugdes com osmolalidades entre 45 a 180 mOsm/Kg promovem taxas de motilidade
espermatica superiores a 70% (GONCALVES et al., 2013). Para a B .insignis, solucdes entre 0
a 274 mOsm/Kg ativam 90% dos espermatozoides (SHIMODA et al., 2007).

Poucos estudos foram reportados para o sémen criopreservado de Characiformes. Os
espermatozoides de P. lineatus apresentam motilidades acima de 70 % e velocidade curvilinear
acima de 150 um/s quando ativados em solugdes entre 0-150 mOsm/Kg (VIVEIROS et al.,
2016a). Solucgdes a 184 mOsm/Kg permitem uma maior duracdo de motilidade para o sémen
criopreservado de B. insignis se comparada a solucdo de 92 mOsm/Kg (VIVEIROS et al.,
2011).

A agua destilada, que apresenta aproximadamente 0 mOsm/Kg é considerada uma
solucdo ativadora para as espécies de peixes de 4gua doce, mas 0s autores reportam que apesar

da alta taxa de motilidade, a duracdo da motilidade é menor, devido a um maior choque



17

hiposmoético que gera danos no flagelo do espermatozoide e gasto imediato de energia,
diminuindo as concentragfes de ATP e consequentemente cessando a motilidade em menor
periodo de tempo (COSSON, 2004; ALAVI et al., 2009a; GONCALVES et al., 2013). Em
Barbus barbus, foi observado movimento de natagéo circular apds ativacao espermatica com
agua destilada ou com solugdes abaixo de 230 mOsm/Kg, se comparada as solugdes de maiores
osmolalidades e as menores osmolalidades proporcionou maiores danos no flagelo (formagéo
de laco na ponta do flagelo) (ALAVI et al., 2009a). Em Perca fluviatilis, maiores velocidades
espermaticas foram observadas em solugbes a 100 mOsm/Kg em relacdo a dgua destilada
(ALAVI et al., 2007).

A solucdo ativadora para espécies de peixes de agua doce deve ser hiposmotica em
relacdo ao plasma seminal. Entretanto, é necessario determinar a melhor faixa de osmolalidade
gue permite maiores taxas de motilidade e velocidades, e consequentemente maiores taxas de
fertilizacdo, principalmente para as espécies nativas brasileiras que possuem um curto periodo

reprodutivo.

2.4 Efeito dos ions na motilidade espermética

A composicao idnica do plasma seminal é bastante variavel inter e intra-espécie, sendo
que os principais ions presentes no plasma seminal sdo o Na*, K* e Cl e os ions que estdo
relacionados com a ativagdo espermatica em sémen de peixes sdo o K, Na* e Ca?', e
apresentam também grande variabilidade quanto aos seus efeitos em cada espécie (ALAVI,
COSSON, 2006; COSSON, 2010).

Para os salmonideos, o ion K* é o fator principal de inibicdo da motilidade espermatica
e ambientes que possuem baixas concentracfes de K* induzem o efluxo de K™ para o meio
extracelular, dessa forma, ocorre a hiperpolarizacdo da membrana e o inicio a motilidade
espermatica (COSSON, 2004; ALAVI; COSSON, 2006). Diferentemente do poder inibitério
do fon K* para os salmonideos, em ciprinideos a diferenca de pressdo osmética em um ambiente
é o fator principal para desencadear a motilidade (ALAVI; COSSON, 2006). Em estudos com
ciprinideos, solucdes ativadoras de KCI ativaram os espermatozoides de B. barbus (ALAVI et
al., 2009a), Vimba vimba (ALAVI et al., 2010), Clinostomus elongatus (BUTTS et al., 2013) e
C. carpio (KHARA et al., 2014).

Em salmonideos o ion Na* é capaz de eliminar o efeito inibitério do ion K™ na motilidade
espermatica (MORISAWA,; SUZUKI, 1980). Para os ciprinideos a ativacdo espermatica €
seguida pela alcalinizagdo do meio intracelular através de um canal de Na*/H* (MARIAN et

al., 1997). As solugdes de NaCl e NaHCOs3 sdo amplamente utilizadas como agentes ativadores
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para os Characiformes, tais como P. lineatus (MURGAS et al., 2007; VIVEIROS et al., 2010;
GONCALVES et al.,, 2013; VIVEIROS et al., 2016b), a piapara, Leporinus obtusidens,
(TAITSON; CHAMI; GODINHO, 2008), o dourado, Salminus brasiliensis (VIVEIROS et al.,
2009), a pirapitinga, Piaractus brachypomus (NASCIMENTO et al., 2010) e C. macropomum
(CARNEIRO et al., 2012), além das espécies do género Brycon, B. orthotaenia (MELO;
GODINHO et al., 2006), B. nattereri (OLIVEIRA et al., 2007), B. opalinus (ORFAO et al.,
2011), B. orbignyanus (GONCALVES et al., 2013) e B. insignis (SHIMODA et al., 2007;
VIVEIROS et al., 2011).

O fon Ca?* atua como um sinalizador para 0 movimento flagelar, iniciando a motilidade
espermatica, dessa forma, o jon Ca?* durante o processo de ativacdo do espermatozoide é
tratado como um segundo mensageiro (COSSON, 2010; DZYUBA; COSSON, 2014). A adi¢do
de ions Ca?" externo com concentracio de 0 a 5 mM n3o afeta a taxa de motilidade dos
espermatozoides de C. elongatus, no entanto, maior velocidade curvilinear ocorre em solucGes
de 1 e 5 mM de Ca?** (BUTTS et al., 2013). Para P. fluviatilis a adicio de 2,5 mM de Ca?*
aumenta a velocidade espermatica, mas ndo afeta as taxas de motilidade (ALAVI et al., 2007).
Entretanto, a taxa de motilidade dos espermatozoides de C. carpio diminui quando solucGes de
CaCl;a 1,75, 2,5 e 3,25 mM sdo utilizadas como solugéo ativadora (KHARA et al., 2014). Em
Puntius javanicus a adicido de 5 mM de Ca?" na solucéo ativadora induz um movimento de
natagdo circular dos espermatozoides, essa assimetria no batimento flagelar, possivelmente
estaria associada a menor duracdo e taxa de motilidade (MORITA et al., 2006).

Solucdes ativadoras sem a presenca de ions, como glicose, sacarose e manitol sdo
capazes de ativar os espermatozoides de C. elongatus (BUTTS et al., 2013), B. barbus (ALAVI
et al., 2009a), V. vimba (ALAVI et al., 2010), Esox lucius (ALAVI et al., 2009b), P. fluviatilis
(ALAVI et al., 2007), P. lineatus (GONCALVES et al., 2013; VIVEIROS et al., 2016a),
Prochilodus magdalenae (MARTINEZ; ATENCIO; PARDO, 2011), B. opalinus (ORFAO et
al., 2011) e B. orbignyanus (GONCALVES et al., 2013). Esses resultados confirmam que a
osmolalidade da solucéo ativadora é o principal fator que afeta a motilidade espermatica
(COSSON, 2004).

A presenca dos ions e aglcares em solucdes ativadoras para espermatozoides de peixes,
atuam na osmolalidade final da solugdo (TABELA 1). Entretanto, esses compostos podem
estimular ou inibir a ativacdo espermatica, dessa forma, a sensibilidade bioldgica dos
espermatozoides a concentragdo de ions e agUcares devem ser consideradas durante a

determinacdo da composicdo do agente ativador (KHRARA et al., 2014).
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Tabela 1 — Osmolalidade e composicdo quimica de solugfes ativadoras para espermatozoides

de peixes.
Ordem Espécie Plasma Seminal Composicao Osmolalidade Referéncias
(mOsm/Kg) (mOsm/Kg)
Characiformes 250 +£13 NaHCO; 184 VIVEIROS et aI., 2011
Brycon insignis 0-274
B NaCl B SHIMODA et al., 2007
NaCl 45-180 GONCALVES et al.,
Brycon 301 + 11 2013
orbignyanus Glicose 45-180 GONCALVESetal.,
2013
Brycon - NaCl 49-147  MELO; GODINHO, 2006
orthotaenia
Colossoma - NaHCO; 0-270 CARNEIRO et al., 2012
macropomum
NaCl 45-270 SONQALVES etal.,
286 + 8 013
. - . GONGCALVES et al.,
Prochilodus Glicose 45-270 2013
lineatus
NaCl 0-150 VIVEIROS et al., 2016a
291 +8
Glicose 0-150 VIVEIROS et al., 2016a
Prochilodus . MARTINEZ;ATENCIO:
magdalenae 278 x2l Glicose 0-250 PARDO, 2011
Cypriniformes NaCl 3-230 ALAVI et al., 2009a
Barbus barbus 273 +2 KCI 3-215 ALAVI et al., 2009a
Sacarose 4-210 ALAVI et al., 2009a
NaCl 30-240 ALAVI et al., 2010
Vimba vimba 273 +18 KCI 30-240 ALAVI et al., 2010
Sacarose 30-200 ALAVI etal., 2010
NaCl 51-255,5 BUTTS etal., 2013
Clinostomus 280 KCl 452445  BUTTSetal, 2013
elongatus
Sacarose 49-243,5 BUTTS etal., 2013
Esociformes NaCl 0-200 ALAVI et al., 2009b
Esox lucius 283 + 33 Sacarose 125-235 ALAVI et al., 2009b
Manitol 0-235 ALAVI et al., 2009b
Perciformes  Perca fluviatilis 208 +5 Sacarose 0-100 ALAVI et al., 2007

As solugdes foram classificadas como solugdes ativadoras quando a motilidade foi desencadeada em pelo menos
60% dos espermatozoides. Fonte: Do autor (2017).
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3 CONSIDERACOES GERAIS

Os fatores do ambiente, incluindo a osmolalidade e os ions, influenciam na ativagéo
espermatica do sémen de peixes, refletindo nos parametros de motilidade e velocidade do
espermatozoide, que por sua vez, é capaz de influenciar na fertilizacdo dos ovocitos. Os estudos
sobre os efeitos da osmolalidade e composicédo ibnica de solucdes ativadoras juntamente com
0 aprimoramento de técnicas para a ativacdo dos espermatozoides, permitirdo o
aperfeicoamento dos protocolos reprodutivos e o aumento da eficiéncia da fertilizacdo artificial
para espécies nativas de potencial zootécnico, mas que ainda sdo pouco exploradas no mercado

nacional da piscicultura.
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Abstract

The aim of this study was evaluate the effects of osmolality and the presence of ions on the
activation of post-thaw sperm motility of Brycon insignis. Sperm was frozen under a
standardized methodology for this species. In experiment 1, 11 solutions were prepared with
reverse osmosis (RO) water (~0 mOsm kg™?) and glucose or NaCl adjusted to an osmolality of
50, 100, 150, 200 and 250 mOsm kg. In experiment 2, six solutions were prepared with RO
and adjusted to ~98 mOsm Kg* with one of the following chemicals: NaHCOs, sodium citrate
(NasCeHs07), NaCl, KCI, CaClz or glucose (as an ion-free control). Post-thaw sperm of both
experiments was evaluated for motility rate, velocities (curvilinear = VCL, among others)
and beat-cross frequency (BCF). In experiment 1, sperm motility and velocities were higher
(P<0.05) when triggered in solutions at osmolalities from 0 to 200 mOsm kg™ (62-80% motility;
139-167 um st VCL) than that at 250 mOsm kg™ (36-44% motility; 94-99 um s* VCL). BCF
was not affected by osmolality and varied from 19 to 24 Hz in all samples. In experiment 2,
samples activated in NaHCOs3, citrate, NaCl and KCI solutions yielded higher motility rates
(76-85%) and BCF (24-25 Hz) compared to those activated in CaCl, (50%; 14 Hz). Samples
activated in ion-free glucose solution yielded higher motility rate (87%) than those activated in
NaHCO3z and in CaClz. Curvilinear velocity was higher in samples activated in glucose,
NaHCOs, citrate and KCI solutions (144-160 pum s™) than in those activated in CaClz (104 um
s1); samples activated in NaCl yielded intermediate VCL values (127 um s). B. insignis sperm
achieves maximum motility rate and velocities when activated in ion-free glucose solution, in
sodium citrate, NaCl or KCI solutions at osmolalities ranging from 0 to 200 mOsm kg. The

presence of calcium should be avoided in the activating solution.

Keywords: CASA; Semen; Cryopreservation; Frozen; Neotropical fish
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Introduction

Brycon insignis (Steindachner, 1877), known as tiete tetra in English and piabanha in
Portuguese, is a Brazilian freshwater fish, member of the order Characiformes and native to
Paraiba do Sul River, which includes the states of Minas Gerais, Rio de Janeiro and S&o Paulo
(Buckup et al., 2007). The B. insignis is a migratory species, which spawns between December
and February, with a single spawning per season (Salgado et al.,1997). Due to a restricted
geographic distribution, factors such as the construction of hydroelectric dams, pollution,
deforestation and overfishing have caused the decline of this species in the environment, and
thus it is currently classified as an endangered species (Rosa and Lima, 2008)

Sperm of most fish species is immotile in the testis and seminal plasma and motility is
induced when in contact with the aquatic environment during natural reproduction or with
activating agent during artificial reproduction. External factors such as the presence of ions (K™,
Na*, Ca®"), osmolality, pH and temperature influence the activation of sperm motility (Alavi
and Cosson, 2006; Alavi and Cosson, 2005). In freshwater species, the main external factor that
activates sperm motility is the reduced osmolality of the extracellular media, as previously
described in cyprinids (Cosson, 2004). In salmonids, however, the decrease of extracellular K*
concentration is the triggering factor for sperm motility activation (Alavi and Cosson, 2006;
Morisawa, 2008). The mechanisms behind sperm motility activation are well described in
salmonids, sturgeons and cyprinids, but in characiforms the number of studies is reduced while
the number of species is high. In general, these studies show that motility of characiforms fresh
sperm is triggered in solutions composed of NaCl, glucose or NaHCO3 and set at osmolalities
between 0 up to 270 mOsm kg (Melo and Godinho, 2006; Shimoda et al., 2007; Gongalves et

al., 2013).
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The cryopreservation of fish sperm provides a great tool by which a number of steps
during artificial reproduction is optimized (Kopeika and Kopeika, 2008). However, the freezing
and thawing processes decrease post-thaw motility and velocities, and increases membrane and
organelles damages, as previously described (Cabrita et al., 1998; Jun et al., 2006). These
damages may alter the permeability of sperm membrane in such a way that the osmolality range
at which post-thaw sperm motility is triggered may be different from that described for fresh
sperm. Recently, a study comparing the motility activation of fresh and frozen sperm of the
same males has been published (Viveiros et al., 2016). It was shown in Prochilodus lineatus
that motility above 70% were observed after activation in solutions from 0 to 250 mOsm kg™
in fresh samples and from 0 to 150 mOsm kg in frozen samples. The authors suggested that
the dehydration and rehydration, among other events that occurred during the cooling/freezing
and rewarming of frozen samples, changed the ion channel functions and/or membrane
permeability so that frozen cells were more sensitive to osmotic stress caused by solutions at
higher osmolalities.

In Brycon insignis, fresh sperm motility can be successfully triggered in NaCl solution
up to 270 mOsm Kg* (Shimoda et al., 2007) but in frozen samples this range of osmolality and
the composition of the activating solution may be different. Thus, the aim of this study was to
evaluate the effects of osmolality and the presence of ions on the initiation of post-thaw sperm
motility of Brycon insignis.

Materials and Methods

Fish handling and sperm collection
This study was approved by the Ethical Committee of Animal Use at Federal University

of Lavras - UFLA (CEUA Protocol N° 061/14), in the city of Lavras, Minas Gerais State, Brazil.
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Brycon insignis males (n = 8) were selected from earthen ponds at the Hydrobiology
and Aquaculture Station of the Hydroelectric Company of S&o Paulo (CESP) in the city of
Paraibuna (23°23'10"S; 45°39'44"W), Sao Paulo state, Brazil, during the spawning season
(January and February). Males (245-335 g of body weight) with detectable running sperm under
soft abdominal pressure received a single intramuscular dose of carp pituitary extract (Argent
Chemical Laboratory, Redmond,WA, USA) at 3 mg kg™. After 8 h at ~ 25 °C, the urogenital
papilla was carefully dried and sperm was hand-stripped directly into test tubes. Sperm
collection was carried out at room temperature (~ 25°C), and soon after collection, the tubes
containing sperm were maintained in a polystyrene box containing crushed ice (5 = 2 °C).
Contamination of sperm with water, urine or feces was carefully avoided.

Immediately after collection, each sperm sample was subjectively evaluated for motility
rate after activation in 1% NaHCOs (=184 mOsm Kg™), using a light microscope (Model
L1000; Bioval, Jiangbei, China) at 400x magnification. All samples achieved at least 90%
motile sperm and thus were used in the subsequent analyses. Approximately 2 mL of each
sperm sample was centrifuged at 4500 x g for 30 min at room temperature and osmolality of
the seminal plasma was measured cryoscopically (Semi-Micro Osmometer K-7400, Knauer,

Berlin, Germany).

Sperm cryopreservation

Sperm was cryopreserved within 60 min from collection, following the methodology
previously described for B. insignis (Viveiros et al., 2011). Briefly, the freezing medium was
composed of 5% BTS™ (Beltsville Thawing Solution™, Minitiib, Tiefenbach/Landshut,
Germany; 79.9% glucose, 12.7% sodium citrate, 2.7% EDTA, 2.7% NaHCOs3, 1.6% KCI, and
0.4% gentamycin sulfate; 318 mOsm kg™?) as extender and methyl glycol [CH3O(CH2).0H]

(Vetec Quimica Fina Ltda, Duque de Caxias, RJ, Brazil) as cryoprotectant agent. All samples
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were individually diluted in the freezing medium at a ratio of 1:8:1 (100 pL sperm + 800 pL
BTS + 100 pL methyl glycol). Diluted sperm was then drawn into eight replicate unsealed 0.5-
mL straws (total of 64 straws) and frozen in nitrogen vapor (dry vapor vessel YDH-8, Chengdu
Golden Phoenix Liquid Nitrogen Container, Chengdu, Sichuan, China) at approximately -
170°C. Final dilution, loading and freezing (equilibration time) took ~20 min. Within 24 h, all
straws were transferred to a cryogenic tank (YDS-20; Chengdu Golden Phoenix Liquid
Nitrogen Container, Chengdu, Sichuan, China) for storage. After a few months, the straws were
transferred to a dry vapor vessel, transported by car from CESP to Laboratory of Semen
Technology at Federal University of Lavras (UFLA) for ~6 hours and then transferred back to

a cryogenic tank (MVE XC 34/18, New Prague, Minnesota, USA) for storage.

Evaluation of post-thaw sperm motility rate and velocities

Sperm was evaluated approximately five years after freezing, when straws were
individually thawed in a 60°C water bath (Water-bath MA 127, Marconi, Piracicaba, Séo Paulo,
Brazil) for 8 s. Sperm motility rate and velocities were estimated using the CASA system
(Computer-Assisted Sperm Analyzer), following the methodology described in Viveiros et al.
(2012). Briefly, sperm motility was triggered in each activating solution (see below) directly in
a Makler™ counting chamber (Sefi-Medical Instruments Itd, Haifa, Israel) placed under a phase
contrast microscope (Nikon™ Eclipse E200, Tokyo, Japan) at 100x magnification, green filter
and phase 1 position. The microscope was connected to a video camera (Basler Vision
Technologies™ A602FC, Ahrensburg, Germany) generating 100 images s™*; video recording
started approximately 10 s post-activation. Each image was analyzed using the standard settings
for fish by Sperm Class Analyzer™ software (SCA™ 2010, Microptics, S.L. Version 5.1,
Barcelona, Spain). Motility rate, curvilinear velocity (VCL), average path velocity (VAP),

straight line velocity (VSL) and beat-cross frequency (BCF) were considered for analysis. To
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determine these parameters, each individual sperm (n = 732 = 360) was followed throughout

the recorded video images from which sperm trajectories were evaluated.

Experiment 1. Osmolality of the activating solution

The activating solutions were prepared using the same methodology described in
Viveiros et al (2016). The solutions were prepared with reverse osmosis (RO) water and glucose
or NaCl and adjusted to five osmolalities: 50, 100, 150, 200 and 250 mOsm kg™. The RO water
(~0 mOsm Kg™) was also tested as activating agent. To achieve each osmolality from 50 to 250
mOsm kg, approximately 0.9, 1.8, 2.7, 3.6, 4.4 g of glucose in 100 mL RO and approximately
0.152, 0.305, 0.457, 0.610, 0.763 g of NaCl in 100 mL RO were used, respectively. The 11
activating agents were referred to as: 0-RO, 50-glu, 100-glu, 150-glu, 200-glu, 250-glu, 50-
NaCl, 100-NaCl, 150-NaCl, 200-NaCl and 250-NaCl. All chemicals were purchased from
Vetec Quimica Fina LTDA (Duque de Caxias, RJ, Brazil). Each solution was kept in 100-mL
amber glass bottles, stored in a refrigerator at 6-8°C and used within 7 days.

Two straws of each male were evaluated for motility using batch #1 containing six
activating solutions (0-RO, 100-glu, 200-glu, 250-glu, 100-NaCl and 200-NaCl), and other two
straws using batch #2 also containing six solutions (0-RO, 50-glu, 150-glu, 50-NaCl, 150-NaCl
and 250-NaCl). The analysis of each straw was carried out in duplicate (n = 12 analyses; 6
activating solutions x 2 analyses) and lasted 40-50 min. To control post-thaw sperm ability of
being activated during this 40-50 min period, the first and the last motility analysis was always
carried out using 0-RO as activating solution and then evaluated for any decrease of sperm

quality. During this period of time, post-thaw sperm was kept at room temperature.

Experiment 2. lons of the activating solution
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The activating solutions were prepared with RO water and one of the following
chemicals (g/100 mL): NaHCOs (sodium bicarbonate; 0.424 g), NazCeHsO7 (sodium citrate;
0.952 g), NaCl (sodium chloride; 0.305 g), KCI (potassium chloride; 0.398), CaCl: (calcium
chloride; 0.646 g) or glucose (1.8 g; as an ion-free control). The osmolality of each solution
was set at 98 = 2 mOsm Kg* to eliminate the effects of osmolality. All chemicals were
purchased from Vetec Quimica Fina LTDA (Duque de Caxias, RJ, Brazil). Each solution was
kept in 100-mL amber glass bottles, stored in a refrigerator at 6—8°C and used within 7 days. In
order to determine the actual ion concentration present in each activating solution, the
concentration of Na*, K* and Ca?* were measured using a flame photometer (Digimed DM —
62, Campo Grande, SP, Brazil), in duplicate analysis.

Four straws of each male were evaluated for motility after activation in each of the six
solutions. The analysis of each straw was carried out in duplicate (n = 12 analyses; 6 activating
solutions x 2 analyses) and lasted 40-50 min. During this period, post-thaw sperm was kept at

room temperature, as described in experiment 1.

Statistical analysis

Data were expressed as mean + standard deviation (SD). Statistical analyses were
conducted with the software R, version 3.1.3 (R Development Core Team 2015). Data were
tested for normal distribution using test Shapiro-Wilk and for significant differences using
ANOVA, followed by Student-Newman-Keuls test when applicable. The level of significance
for all statistical tests was set to 5% (P<0.05). The motility rate and VCL curves in relation to
the level of osmolality were obtained by quadratic regression. The point of maximal motility

rate and VCL was determined from the first derivative of the regression curve equation.
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Results

The osmolality of the seminal plasma of the males used in this study was 340 + 20
mOsm Kg™.

The analysis of each straw was performed in duplicate and took 40-50 min. The first
analysis of each straw yielded higher (P<0.05) motility and velocities values compared to those
observed after the second analysis, regardless of the activating solution osmolality or ion
composition. This demonstrated that the sperm capacity of being activated decreased as a
function of time after thawing, and thus, only the first analysis was considered for statistical

analysis.

Experiment 1-Osmolality of the activating solution

The osmolality of the activating solution affected both post-thaw sperm motility rate
(Figure 1A) and velocities. As the results were similar among velocities, only VCL data is
displayed in Figure 1B. Significantly higher motility and velocities were observed when
samples were activated in 0-RO (77% motility, 147 pm s of VCL, 116 um s of VAP and 83
um st of VSL), in 50- to 200-glu (69-80% motility, 139-167 pum s of VCL, 90-134 um s of
VAP and 81-104 um s of VSL) and in 50- to 200-NaCl (62-75% motility, 143-154 um s of
VCL, 108-114 um s of VAP and 81-87 um s of VSL), compared to those activated at higher
osmolalities as 250-glu (44% motility, 99 pm s of VCL, 69 pum s of VAP and 50 um s of
VSL) and 250-NaCl (36% motility, 94 um st of VCL, 63 um s of VAP and 46 um s of VSL).
Beat cross frequency was not affected (P>0.05) by the osmolality of the activating agent and
varied from 19 to 24 Hz. There was no difference on motility rate, velocities or BCF between
samples activated in NaCl or in glucose solutions within the same osmolality.

The quadratic regression equation was the one that best explained the biological

behavior of the samples. The equations identified the points of maximum motility rate and VCL
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(Figure 2) obtained for the samples activated in the osmolalities of 0 to 250 mOsm Kg* of NaCl
or glucose. For the NaCl samples activated, the maximum motility point was estimated at 73.2
mOsm kg™ with a motility rate of 77.3%, and the VCL was estimated at 88.2 mOsm kg™ with
a VCL of 154.9 um s, In the case of the samples activated glucose, we observed that the point
of maximum motility was estimated at 81.5 mOsm Kg* with a motility rate of 79.9%, and the

VCL was estimated at 104.7 mOsm kg™ with a VCL of 166.6 um s™.

Experiment 2. lons of the activating solution

The actual ion concentration present in each activating solution is displayed on Table 1.
The Na* concentration was higher in citrate (137.7 mmol L) than in NaHCO3 (71.1 mmol L
1) and in NaCl (60.2 mmol L) solutions; in sodium-free solutions only traces of sodium were
detected (0.0-0.4 mmol L1). The K* concentration was 26.0 mmol L in KCI solution and 0.2-
0.8-mmol L in potassium-free solutions. The Ca?* concentration was 4.1 mmol L in CaCl;
solution and 0.6-1.7 mmol L in calcium-free solutions.

The presence of ions on the activating solution affected (P<0.05) all parameters
evaluated. Samples activated in NaHCOs, citrate, NaCl and KCI solutions yielded higher
motility rates (76-85%; Fig 3A), VAP (92-122 um s), VSL (69-90 um s*) and BCF (24-25
Hz) compared to those activated in CaCl, (50% motility; 63 um s of VAP; 39 um s of VSL;
14 Hz of BCF). Curvilinear velocity (Figure 3B) was higher in samples activated in NaHCOs,
citrate and KCI solutions (144-160 um s™) than in those activated in CaCl, (104 um s™);
samples activated in NaCl yielded intermediate VCL values (127 pm s™).

Samples activated in solution containing only traces of ions, the glucose solution,
yielded higher motility (87%) when compared to those activated in NaHCO3 and in CaCl, and
higher VCL (159 um s1), VAP (122 um s™), VSL (91 um s1), and BCF (23 Hz) when compared

to those activated in CaClo.
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Discussion

Fish sperm are immotile in the testes due to osmolality and ion concentration of the
seminal plasma. Sperm motility is usually triggered in decreasing osmolality of the extracellular
medium, except for sturgeons and salmonids where the concentration of specific ions is crucial
(Cosson 2010). In Characiformes, the process involving the activation of sperm motility has
received less attention, but it seems that osmolality is the key factor. In the present study, we
described the effects of osmolality and the presence of ions on the initiation of post-thaw sperm
motility of B. insignis.

In this study, maximal post-thaw motility and velocities were observed in B. insignis
sperm activated in solutions from 0 to 200 mOsm Kg. Similarly, no difference on post-thaw
sperm motility of the same fish species was observed after activation in solutions at 92 or 184
mOsm Kg™ (Viveiros et al 2011). As reported for P. lineatus, the osmolality interval to initiate
sperm motility in fresh samples may be larger and include higher values compared to post-thaw
samples. It has been suggested that post-thaw sperm may be more sensitive to osmotic stress
caused by solutions at higher osmolalities than fresh sperm does. Dehydration and rehydration
that occurs during the cooling/freezing and rewarming of samples may change the ion channels
functions and/or membrane permeability (Viveiros et al., 2016). Thus, it is possible that the
osmolality interval to induce full motility in fresh B. insignis sperm may include values above
200 mOsm Kg?, as observed in P. lineatus where this interval increased from 0-150 mOsm Kg-
Lin post-thaw sperm to 0-250 mOsm Kg* in fresh sperm (Viveiros et al., 2016).

In a species-specific basis, fish sperm motility is influenced by the presence of Na*, K*
and Ca®* ions (Alavi et al., 2007). In the present study, we observed high sperm motility and
velocities after activation in solutions containing significant amount of Na* and K*, such as
NaCl, NaHCOs, citrate and KCI. The NaCl and NaHCOs solutions have been used to

successfully trigger post-thaw motility of B. insignis sperm (Viveiros et al., 2011), as well as
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of other characiforms, such as B. orthotaenia (Melo and Godinho 2006), Leporinus obtusidens
(Taitson et al., 2008) and P. lineatus (Viveiros et al., 2009), among others. The use of KCI as
activating solution has been reported in cypriniforms Barbus barbus (Alavi et al., 2009a),
Clinostomus elongatus (Butts et al., 2013) and Cyprinus carpio (Khara et al., 2014), in
perciforms Perca fluviatilis (Alavi et al., 2007) but not in characiforms. In P. fluviatilis, highest
motility rate was observed when K* concentration was above 20 mM and highest velocity at 50
mM (Alavi et al., 2007). In the present study, K™ concentration in the KCI solution was 26.0
mmol L and in the other activating solutions tested its concentration varied from 0.2 to 0.8
mmol L. When used to trigger sperm motility, KCl-activated samples yielded motility and
velocities similar to those activated in solutions containing Na* or ion-free solution. Therefore
we can conclude that sperm motility activation of B. insignis sperm was not dependent on the
presence of Na* or K* ions. Differently, K* is a key ion which, by its concentration and its
combination with osmolality, controls sperm motility in salmonids and acipenserids (Cosson
2010). In these species, the first trigger for initiating sperm motility occurs when K* ion exits
the cell in a diluted extracellular medium or is removed from seminal plasma by dialysis (Alavi
and Cosson, 2006).

In the present study, post-thaw B. insignis sperm activated in CaCl; solution (containing
4.1 mmol Lt Ca?"), yielded significantly lower values for motility rate, velocities and BCF
when compared to sperm activated in solutions containing lower concentration of Ca?".
Similarly, a reduction on sperm motility after activation in 3.5 mM Ca?* solution compared to
solutions at a lower Ca?" concentration was reported in C. carpio (Khara et al., 2014).
Furthermore, in all CaClz-activated samples, sperm agglutination was observed, which possibly
contributed to reduce sperm motility in these samples. A circular swimming pattern after sperm

activation in 5 mM Ca?" has been reported in Puntius javanicus and the authors concluded that
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this asymmetrical beating of flagellum decreased duration and motility rate (Morita et al.,
2006).

The glucose solution tested in the present study contained only traces of Na*, K* and
Ca2* ions and was regarded as an ion-free solution. Despite the absence of considered amount
of ions, glucose solution fully activated sperm motility of B. insignis with results similar to
those obtained after activation in NaCl, sodium citrate and KCI solutions. The use of glucose
and other sugar solutions, such as sucrose and mannitol, as activation media have been reported
in P. lineatus and B. orbignyanus (Gongalves et al., 2013), as well as in Vimba vimba (Alavi et
al., 2010), E. lucius (Alavi et al., 2009b) and C. elongatus (Butts et al., 2013). These results
suggest that the osmolality of the solution rather than the presence of ions is the key factor for
the initiation of sperm motility of B. insignis and possibly of other characiforms, as previously
suggested by Viveiros et al. (2016).

The use of post-thaw sperm, either for motility analysis or fertilization of oocytes,
should closely follow thawing because sperm is damaged in more or less intensity during the
freezing and thawing processes and thus the capacity of being activated decreases fast after
returning to liquid stage (Viveiros et al, 2016). In the present study, we observed a significant
decrease on B. insignis sperm capacity of being activated 20-25 min after thawing when kept
at room temperature, as the second motility analysis always reached lower values than the first
one. In B. orbignyanus and Salminus brasiliensis an even stronger decreased capacity of being
activated after only a few seconds of thawing has been observed in our lab over the last decade
(personal observation). On the other hand, post-thaw P. lineatus sperm is very resistant and
motility can be triggered for as long as 40-50 min after thawing without losing the capacity of

being activated (Viveiros et al., 2016).
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Conclusion

Brycon insignis sperm presents similar behavior to other species of Characiformes and
cyprinids where osmolality is the main factor of sperm activation and the presence of K* ion
does not inhibit motility. To trigger motility in a high percentage of spermatozoa with fast
velocities, the activating solution should be prepared with an organic or ionic compound
between 0 and 200 mOsm kg, but at 100 mOsm kg™ these values will be maximum. The Ca?*

ion in the activating agent should be avoided.
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Table 1. Concentration of Na*, K* and Ca?* ions (mmol L) present in each activating solution

tested in experiment 2. All solutions were prepared at 98 + 2 mOsm Kg™.

Activating solution [Na'] [K*] [Ca?"]
NaHCOs3 (sodium bicarbonate) 71.1 0.8 0.6
NasCsHsO7 (sodium citrate) 137.7 0.6 1.1
NaCl (sodium chloride) 60.2 0.4 0.9
KCI (potassium chloride) 0.0 26.0 1.7
CaCl; (calcium chloride) 0.4 0.2 4.1
CsH1206 (glucose) 0.4 0.4 0.9
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Figure 1. Post-thaw motility rate (A) and curvilinear velocity (VCL; B) of Brycon insignis
activated in glucose (closed square) or NaCl solution (opened triangle) at different osmolalities
and evaluated at 10 s post-activation. *Within the same composition of the activating solution,
means followed by this symbol are lower than the others (P<0.05, Student-Newman-Keuls).
There was no difference on motility or VCL between samples activated in NaCl and glucose
solutions whitin the same osmolality (P>0.05; ANOVA).
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Figure 2. Quadratic regression graph for post-thaw motility rate and curvilinear velocity (VCL)
of Brycon insignis activated in glucose or NaCl solution at different osmolalities and evaluated
at 10 s post-activation. The continuous line represents the trend line for motility rate and VCL
for the glucose solution. The dotted line represents the trend line for motility rate and VCL for

the NaCl solution.
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