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RESUMO 

 

Ácidos graxos poli-insaturados (PUFA) e seus derivados de cadeia longa (LC-

PUFA) estão envolvidos em diversas funções no organismo. No entanto, um 

balanço adequado entre os ácidos graxos (AG) dietéticos provenientes de fontes 

vegetais, pode prevenir possível competição em suas rotas de biossíntese. 

Objetivou-se, neste trabalho, avaliar o efeito de diferentes relações dos ácidos 

graxos ácido linoleico/ linolênico (LA/LNA) nas dietas de fêmeas de tilápia Nilo 

(Oreochromis niloticus). Realizou-se um ensaio experimental, utilizando-se 24 

machos e 72 fêmeas, com peso inicial médio de 131,3g e 124,4g, 

respectivamente. Seis fêmeas e dois machos foram distribuídos em doze tanques 

de 250L cada. O delineamento foi inteiramente casualisado, com 4 tratamentos 

(20,1; 4,5; 3,9 e 0,7 LA/ LNA) e três repetições. Diariamente, foram realizadas 

observações para a ocorrência de desova. As taxas de eclosão e tempo de 

sobrevivência das larvas foram registradas. No final do ensaio, amostras de 

sangue e tecidos foram coletados. Os peixes alimentados com as relações 3,9 e 

0,7 tiveram maior número de ovos produzidos (p<0,05). A taxa de eclosão e a 

sobrevivência das larvas não foram afetadas pelas dietas (p>0,05). A taxa de 

crescimento específico foi maior na relação 0,7 e o índice hepatossomático, 

maior na relação 3,9 (p<0,05). De modo geral, os AG das gônadas refletiram a 

composição da dieta, sendo o teor de ácido araquidônico maior na relação 20,1 e 

os ácidos eicosapentaenoico (EPA) e docosahexaenoico (DHA), maiores na 

relação 0,7 (p<0,05). As dietas não influenciaram o teor de triglicerídeos 

plasmático (p>0,05), no entanto, as dietas com relações 3,9 e 4,5 

proporcionaram maiores níveis de colesterol (p<0,05). As maiores concentrações 

de ácido linoleico dietético aumentaram a expressão gênica da enzima cyp17, 

enquanto a expressão da cyp19a1a foi maior na relação 4,5 (p<0,05). Conclui-se 

que uma relação dietética de 3,9 LA/LNA deve ser utilizada para fêmeas de 

tilápia do Nilo. 

 

 

 

 

Palavras-chave: Ácidos graxos. Lipídeos. Nutrição. Peixes. Reprodução.  



 

 

ABSTRACT 

 

Polyunsaturated fatty acids (PUFAs) and their long chain derivatives (LC-

PUFA) are involved in various functions in the body. However, an adequate 

balance between dietary n-3 and n-6 fatty acids (FA) from plant sources, may 

prevent possible competition in their biosynthetic routes. The objective of this 

work, was to evaluate the effect of different dietary linoleic acid/ linolenic acid 

(LA/ LNA) ratio for Nile tilapia (Oreochromis niloticus) breeding females. An 

experiment was performed using 24 males and 72 females with mean initial 

weight of 131.3 g and 124.4 g, respectively. Six females and two males were 

distributed in twelve tanks of 250L each. The design was completely 

randomized, with four treatments (20.1, 4.5, 3.9 and 0.7 LA / LNA) and three 

replications. Observations were made for the occurrence of spawning every day. 

At the end of the test, blood and tissue samples were collected. Fish fed the 3.9 

and 0.7 LA/LNA diets had higher number of eggs produced (p<0.05). Hatch 

rates and larval survival were not affected by the treatments (p>0.05). Specific 

growth rate was highest in fish fed the 0.7 LA/LNA ratio and hepatosomatic 

index was highest in fish fed the 4.5 LA/LNA ratio (p<0.05). In general, the FA 

profile of gonads reflected the composition of the diet. The arachidonic acid 

content was higher in 20.1 ratio and the eicosapentaenoic (EPA) and 

docosahexaenoic (DHA) acids concentration were higher in 0.7 ratio (p<0,05). 

Diets did not influence the triglycerides content in plasma (p>0.05). However, 

higher levels of cholesterol were observed in fish fed 4.5 and 3.9 LA/ LNA ratio 

(p<0.05). The highest dietary LA levels increased the gene expression of cyp17, 

while the dietary 3.9 LA/ LNA ratio promoted highest expression of cyp19a1a 

(p<0.05). In conclusion, a 3.9 LA/ LNA ratio should be used for Nile tilapia 

female. 
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PRIMEIRA PARTE 

 

1 INTRODUÇÃO 

 

A produção de tilápias é uma atividade crescente. O cultivo global dessa 

espécie aumentou de 4,5% da produção total de peixes cultivados em 1990, para 

10,2% da produção total em 2012. Atualmente, tilápias representam o segundo 

maior grupo de peixes de água doce cultivado no mundo (FOOD AND 

AGRICULTURE ORGANIZATION OF THE UNITED NATIONS - FAO, 

2014) e possuem uma combinação de características apreciáveis para a 

produção. No aspecto reprodutivo, as tilápias são caracterizadas pela maturação 

sexual precoce e desova parcelada, com curtos períodos vitelogênicos e cuidado 

parental (COWARD; BROMAGE, 2000). A baixa fecundidade aliada à natureza 

assíncrona da desova nessa espécie,  requer a manutenção de um grande estoque 

de reprodutores nas pisciculturas (COWARD; BROMAGE, 2000).  

Informações sobre as exigências nutricionais de reprodutores de peixes 

ainda são limitadas. No entanto, a nutrição está diretamente relacionada ao 

sucesso reprodutivo e subsequente qualidade das larvas em muitas espécies de 

peixes (IZQUIERDO; FERNANDEZ-PALACIOS; TACON, 2001). Além disso, 

lipídeos e seus componentes, os ácidos graxos poli-insaturados de cadeia longa, 

são apontados como um dos principais fatores responsáveis por influenciar o 

desenvolvimento gonadal, fecundidade, fertilização e a qualidade de ovos e 

larvas em várias espécies  (FERNÁNDEZ-PALACIOS et al., 1995; FURUITA 

et al., 2003; MAZORRA et al., 2003). 

Em geral, peixes de água doce são capazes de alongar e dessaturar 

ácidos graxos de 18 carbonos, particularmente ácido linoleico [LA (18:2n-6)] e 

ácido linolênico [LNA (18:3n-3)], em seus respectivos ácidos graxos de 20 
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carbonos, ácido araquidônico (ARA), ácido eicosapentaenoico (EPA) e ácido 

docosahexaenoico (DHA) (TOCHER, 2010). Esses ácidos graxos fazem parte da 

estrutura de membranas celulares e são precursores de moléculas biologicamente 

ativas, como hormônios e eicosanoides (TOCHER, 2003). Uma vez que ambas 

as vias metabólicas compartilham as mesmas enzimas, podendo inibir a síntese 

de determinado ácido graxo, as quantidades relativas dos ácidos graxos das 

séries n-6 e n-3 devem ser consideradas.  

A utilização de óleos vegetais, em substituição ao óleo de peixe nas 

dietas aquícolas é uma necessidade atual, por permitir a formulação de dietas 

mais sustentáveis. Entretanto, a compreensão dos eventos que ocorrem durante o 

período reprodutivo, sob a influência dos ácidos graxos dietéticos, é fundamental 

para a elaboração de dietas artificiais adequadas, durante o período de pré-

desova, que proporcionem maior qualidade na produção de ovos, larvas e 

alevinos. Na presente tese, aborda-se essa temática, avaliando o efeito de 

diferentes relações de ácidos graxos n-6/n-3 dietéticos, considerando como 

parâmetros de resposta variáveis acerca do desempenho reprodutivo, deposição 

de ácidos graxos nos tecidos, expressão gênica de enzimas esteroidogênicas e 

níveis plasmáticos de estradiol.   
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2 REFERENCIAL TEÓRICO 

 

2.1 LIPÍDEOS NA NUTRIÇÃO DE PEIXES 

 

Lipídeos desempenham uma ampla gama de funções no organismo e, 

junto com proteínas, constituem os principais macronutrientes para peixes 

(SARGENT; TOCHER; BELL, 2002). Além de fornecerem energia, seus 

constituintes, os ácidos graxos, têm função estrutural, participando da 

composição das membranas celulares, e ainda são precursores de moléculas 

biologicamente ativas, como hormônios e eicosanoides (TOCHER, 2003).  

A expansão da aquicultura nos últimos anos e a necessidade de formular 

dietas que promovam crescimento satisfatório e atendam às necessidades 

fisiológicas dos animais, têm feito com que muitos trabalhos sejam 

desenvolvidos para elucidar os mecanismos nos quais os lipídeos estão 

envolvidos no organismo. Os ácidos graxos denominados essenciais (AGE) são 

aqueles que devem estar presentes na dieta por não serem sintetizados de forma 

eficiente pelo animal, para garantir a demanda nos processos fisiológicos ou 

crescimento, sendo a deficiência dos AGE caracterizada pela redução do 

crescimento e aumento da mortalidade (GLENCROSS, 2009). 

Vertebrados em geral não são capazes de sintetizar ácidos graxos 

linoleico [(18:2n-6) LA] e linolênico [(18:3n-3) LNA], a partir ácido oleico 

(18:1n-9), devido à ausência das enzimas Δ12 e Δ15 dessaturases (TOCHER et 

al., 2006). Portanto, a obtenção dos ácidos graxos poli-insaturados (PUFA) de 

18 carbonos, das séries n-6 e n-3, ocorre a partir dos vegetais e, dessa forma, 

devem ser suplementados na dieta (SARGENT; TOCHER; BELL, 2002). 

Os ácidos graxos das séries n-6 e n-3 são exigidos pelos teleósteos, mas 

os ácidos graxos fisiologicamente essenciais são aqueles de 20 e 22 carbonos na 

molécula: ácido araquidônico [(ARA) 20:4n-6], ácido eicosapentaenoico [(EPA) 
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20:5n3] e ácido docosaexaenoico [(DHA) 22:6n-3], sintetizados, a partir dos 

seus respectivos precursores, LA e LNA (Figura 1). Esses ácidos graxos são 

geralmente denominados ácidos graxos de cadeia longa ou LC-PUFA. 

 

 

Figura 1 - Vias de biossíntese de PUFA em peixes. Todas as atividades foram 

demonstradas em espécies de peixes teleósteos, no entanto, nem 

todas as espécies expressam todas as atividades. Δ4 Fad, Δ5 Fad e Δ6 

Fad são acil dessaturases; Elovl2, Elovl4 e Elovl5 são alongase. 

 

Fonte: Tocher (2015). 

 

As exigências nutricionais de AGE variam entre as espécies e também o 

nível de desenvolvimento dos animais, sendo o ambiente um fator importante 

para a determinação das exigências dos peixes (GLENCROSS, 2009). Espécies 

marinhas, não são capazes de converter LA e LNA em seus metabólitos 

biologicamente ativos, ARA, EPA e DHA, devido à falta ou baixa expressão de 
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enzimas nas vias de dessaturação e alongamento da cadeia de carbono. Estudos 

em espécies de água salgada identificaram baixa atividade das enzimas 

envolvidas nas rotas de dessaturação e alongamento da cadeia de carbono, 

alongase e Δ5 dessaturase (TOCHER; GHIONI, 1999). Espécies marinhas têm, 

portanto, exigência dietética em LC-PUFA para suprirem a demanda fisiológica 

desses ácidos graxos (SARGENT et al., 1999; TOCHER, 2015). Por outro lado, 

peixes de água doce podem ter suas exigências atendidas pelos PUFA de 18 

carbonos na dieta (TOCHER, 2010). 

Os LC-PUFA são componentes dos fosfolipídeos, principais 

constituintes da camada bilipídica das membranas celulares e, são importantes 

para a manutenção da estrutura e função celular (TOCHER, 2003). Além disso, 

o fornecimento de dietas com diferentes fontes de óleo pode promover 

alterações na composição e nível de lipoproteínas plasmáticas, bem como nos 

triglicerídeos e outros lipídeos (JORDAL; LIE; TORSTENSEN, 2007; 

MORAIS et al., 2011; RICHARD et al., 2006a, 2006b; TORSTENSEN; LIE; 

FRØYLAND, 2000).  

É importante destacar as funções específicas dos ácidos graxos, em 

relação à sua essencialidade como reguladores do metabolismo e como 

mediadores lipídicos (TOCHER, 2010). LC-PUFA ou seus derivados, que 

incluem os eicosanoides, prostagladinas, leucotrienos, resolvinas, protectinas e 

lipoxinas, podem atuar nos tecidos ou como ligantes para fatores de transcrição 

que controlam a expressão gênica no interior da célula (TOCHER, 2015).   

Devido aos efeitos dos LC-PUFA como reguladores do metabolismo e 

mediadores lipídicos (SARGENT; TOCHER; BELL, 2002), destaca-se que as 

exigências nutricionais por AGE devem ser consideradas, não somente em 

quantidades absolutas, mas também em suas quantidades relativas.  
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2.1.1 Eicosanoides  

 

Eicosanoides são compostos oxigenados que podem ser formados a 

partir de AG de 20C que contêm de três a cinco cis-duplas ligações [ácido 

dihomo-gamma-linolênico (20:3n-6), ARA e EPA] (CALDER, 2001). Esses 

ácidos graxos geralmente estão esterificados na posição sn-2 do glicerol dos 

fosfolipídios da membrana celular. Os eicosanoides são compostos altamente 

bioativos, com meia-vida curta, que podem ser sintetizados em quase todos os 

tecidos e atuam nas respostas imunes e inflamatórias, tônus cardiovascular, 

funções renais  e neural e, também na reprodução (SCHMITZ; ECKER, 2008). 

A síntese desses compostos inicia-se pela clivagem e liberação do ácido 

graxo dos fosfolipídeos, sob a ação da fosfolipase A2 ou fosfolipase C, podendo, 

então, ser metabolizado (CALDER, 2006). O ARA é reconhecido como o 

principal precursor de eicosanoides em peixes (TOCHER, 2003), mas podem 

também serem originados a partir do EPA. Os compostos formados pelo EPA 

dão origem à série 3 de prostanoides e 5 de leucotrienos, enquanto os 

prostanoides originados pelo ARA recebem o sufixo 2 e 4 de leucotrienos 

(SARGENT et al., 1999). Embora percorram as mesmas rotas metabólicas e 

possuam as mesmas funções, os compostos originados pelo ARA são mais 

biopotentes que aqueles oriundos do EPA.  

EPA pode competir e inibir a atividade das enzimas que atuam nas vias 

da ciclooxigenase e lipoxigenase, reduzindo a produção dos derivados pro-

inflamatórios do ARA com a produção de mediadores inflamatórios que 

possuem efeitos mais brandos. Dessa forma, EPA tem um efeito modulador na 

produção desses compostos (GLENCROSS, 2009).  
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2.2 LIPÍDEOS E REPRODUÇÃO DE PEIXES 

 

 

Lipídeos dietéticos e sua composição em ácidos graxos, especialmente 

os LC-PUFA (EPA, DHA e ARA), são apontados como um dos principais 

fatores para o sucesso do desempenho reprodutivo e qualidade dos ovos e larvas 

de peixes marinhos (IZQUIERDO; FERNANDEZ-PALACIOS; TACON, 

2001). O efeito de PUFA n-3 dietéticos no desempenho reprodutivo das matrizes 

foi evidenciado em muitos estudos. Sua suplementação pode afetar as taxas de 

fertilização e eclosão, composição de ácidos graxos dos ovos e qualidade das 

larvas (FERNÁNDEZ-PALACIOS et al., 1995; FURUITA et al., 2007; 

LAVENS et al., 1999). No entanto, efeitos negativos foram observados com o 

excesso ou deficiência de LC-PUFA n-3 dietéticos. Em gilthead sea bream 

(Spaurus aurata), observou-se melhora na fecundidade com suplementação 

dietética até 1,6%, no entanto, níveis acima de 2,18% diminuíram a quantidade 

total de ovos (FERNÁNDEZ-PALACIOS et al., 1995). Por outro lado, a 

deficiência desses ácidos graxos, durante o período de vitelogênese, foi 

relacionada à baixa qualidade dos ovos em reprodutores de European sea bass 

(Dicentrarchus labrax), alimentados com dietas com alto teor de triglicerídeos  

(NAVAS et al., 1997). 

Em espécie de água doce, como a tilápia do Nilo (Oreochromis 

niloticus), observou-se desempenho inferior nos peixes alimentados com dietas 

suplementadas com 5% de óleo de bacalhau, rico em AG’s n-3 (SANTIAGO; 

REYES, 1993), enquanto as dietas contendo óleo de soja proporcionaram 

melhor desempenho reprodutivo nos peixes. Em outro trabalho, avaliou-se o 

efeito de fontes de óleo em diferentes salinidades e foi relatado que uma fonte de 

LC-PUFA n-3 deve ser utilizada, quando esses animais são cultivados em água 

salobra; no entanto, uma fonte de óleo vegetal pode ser fornecida para atender às 
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exigências nutricionais dessa espécie em água doce (EL-SAYED; MANSOUR; 

EZZAT, 2005).  

A comparação do perfil de ácidos graxos dos tecidos e ovos entre peixes 

cultivados e selvagens, tem demonstrado um fornecimento inadequado de LC-

PUFA na dieta dos animais em cativeiro. A comparação da composição dos 

ácidos graxos nos tecidos desses animais, permite a identificação de possíveis 

deficiências nutricionais que poderiam ser supridas pela elaboração de dietas 

adequadas (CEJAS et al., 2004). Um imbalanço de lipídeos e ácidos graxos 

essenciais em Senegalese sole cultivados (Solea senegalensis) foi atribuído ao 

fornecimento de dietas extrusadas aos animais (NORAMBUENA et al., 2012). 

A menor concentração de ARA e menor relação EPA/DHA em ovos de sea bass 

(Centropristis striata) cultivados, comparados aos animais selvagens, foi 

apontado como um fator para a diminuição da qualidade dos ovos (SEABORN 

et al., 2009). 

 

 

2.3 ESTEROIDOGÊNESE GONADAL EM PEIXES 

 

 

Esteroidogênese é o processo em que células especializadas de alguns 

tecidos sintetizam hormônios esteroides, pequenas moléculas derivadas do 

colesterol (STOCCO, 2001). Em peixes, esteroides podem ser produzidos nas 

células do cérebro, inter-renais, testículos e ovários. Essas células expressam 

uma variedade de genes que codificam enzimas esteroidogênicas, as quais atuam 

sobre o colesterol e seus derivados (YOUNG et al., 2005). 

A regulação da esteroidogênese ocorre principalmente pelos hormônios 

tróficos da pituitária, hormônio luteinizante (LH), hormônio folículo estimulante 

(FSH) e hormônio adrenocorticotrópico (ACTH) (STOCCO, 2001). Em todos os 
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tecidos, a regulação ocorre em duas fases: a fase aguda ocorre na ordem de 

minutos e é caracterizada pela liberação de esteroides sintetizados previamente, 

devido a uma necessidade imediata, enquanto a regulação crônica envolve a 

síntese de RNAm e enzimas para assegurar a capacidade das células na produção 

de esteroides (STOCCO; CLARCK, 1996). 

Colesterol é o substrato comum para a síntese de todos os hormônios 

esteroides e sua passagem do citoplasma para o interior da membrana da 

mitocôndria é apontado como o passo limitante para a síntese desses hormônios 

(MANNA; DYSON; STOCCO, 2009; STOCCO; CLARCK, 1996). A 

disponibilidade de colesterol como substrato para a síntese de esteroides é crítica 

e sua obtenção pode ocorrer de várias formas: síntese de novo a partir do acetato; 

por meio de lipoproteínas LDL (lipoproteína de baixa densidade) e HDL 

(lipoproteína de alta densidade); e também pela clivagem de ésteres de colesterol 

armazenados em gotículas de lipídeos (MANNA; DYSON; STOCCO, 2009).  

Devido à característica hidrofóbica da molécula do colesterol, é 

necessário um transportador para atravessar o espaço inter-membrana aquoso da 

mitocôndria e chegar à enzima de clivagem da cadeia lateral (P450scc), que o 

converterá à pregnenolona (hidrofílica), em velocidade suficiente para a 

ocorrência da esteroidogênese aguda (STOCCO, 2001). A StAR (steroidogenic 

acute regulatory protein) é uma proteína de 30kDa sintetizada inicialmente no 

citoplasma como um precursor de 37kDa, cuja ativação é estimulada pela rota de 

sinalização celular da cAMP-proteinaquinase A. Essa proteína regula a 

transferência do colesterol para o interior da membrana da mitocôndria 

(NAGAHAMA; YAMASHITA, 2008) e é reconhecida como a principal 

proteína reguladora da esteroidogênese em mamíferos (MANNA; DYSON; 

STOCCO, 2009; MILLER, 2007). A estreita correlação entre a expressão gênica 

da StAR em tecidos específicos relacionados à síntese de esteroides, evidencia 

sua função na esteroidogênese em vertebrados (MANNA; DYSON; STOCCO, 
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2009; STOCCO, 2001). Além disso, a inibição da transcrição ou tradução da 

StAR resulta em diminuição da biossíntese de esteroides nos tecidos (STOCCO; 

CLARK, 1996). 

Hormônios esteroides gonadais produzidos por peixes teleósteos, 

incluem os estrógenos, progestágenos, andrógenos dentre outros. A produção 

desses hormônios ocorre nos folículos ovarianos (células da teca e da granulosa) 

nas fêmeas e nos testículos (células de Leydig) nos machos (YOUNG et al., 

2005). Após a transferência do colesterol para o interior da membrana da 

mitocôndria, inicia-se uma série de eventos enzimáticos para a síntese de 

esteroides. Durante a vitelogênese, a via de biossíntese de esteroides é 

direcionada para a produção de 17β-estradiol (E2), o qual tem seu papel bem 

estabelecido no fígado, onde estimula a síntese de vitelogenina (OKUMURA et 

al., 2002).  

 O primeiro passo para a biossíntese de hormônios esteroides é a 

conversão do colesterol a pregnenolona, por meio da enzima de clivagem da 

cadeia lateral (P450scc), codificada pelo gene cyp11a (NAGAHAMA; 

YAMASHITA, 2008). A pregnenolona, por sua vez, é convertida a E2 em 

folículos vitelogênicos, pela ação de uma série de enzimas, codificadas por 

diversos genes, incluindo 3β-hsd (3β-hydroxysteroid dehydrogenase), 17α-

hidroxilase/ citocromo P450 c17,20-liase e P450 aromatase (CLELLAND; 

PENG, 2009)  (Figura 2). 
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Figura 2 - Vias esteroidogênicas nos folículos de peixes. 

 

Fonte: Adaptado de Clelland e Peng (2009). 
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2.3.1 Ácidos graxos e esteroidogênese em peixes 

 

Estudos demonstraram que os LC-PUFA, especialmente o ARA, podem 

agir nas células para modular a síntese de esteroides em peixes, assim como 

ocorre em mamíferos (SORBERA et al., 2001). ARA tem diferentes efeitos na 

biossíntese de esteroides, podendo estar relacionado na produção de 

testosterona, com elevação do AMPc de forma dose dependente, por exemplo 

(MERCURE; VAN DER KRAAK, 1995). No entanto, demonstrou-se que em 

altos níveis, ARA inibiu a biossíntese de hormônios esteroides, por afetar a 

disponibilidade de colesterol e a expressão da StAR em folículos ovarianos pré-

maturacionais de truta arco-íris (Oncorhynchus mykiss) e goldfish (Carassius 

auratus) (MERCURE; VAN DER KRAAK, 1995, 1996).  

Os efeitos de metabólitos derivados do EPA foram mais modestos na 

produção basal de testosterona nos testículos de goldfish. No entanto, em razão 

da competição pela Cox-2, esses produtos bloquearam a produção de esteroides 

produzidos a partir do ARA e a formação de AMPc (MERCURE; VAN DER 

KRAAK, 1995).  

Em Senegalese sole, os níveis de testosterona e 11-cetotestosterona nos 

machos aumentaram de acordo com o aumento de ARA na dieta, enquanto que 

os níveis de estradiol nas fêmeas não foi  afetado pelo incremento de ARA 

dietético (NORAMBUENA et al., 2013). A suplementação de ARA reduziu a 

expressão gênica da aromatase, tanto em ovários maduros quanto em ovários 

imaturos de tongue sole (Cynoglossus semilaevis) (XU et al., 2017). Esses 

trabalhos sugerem que o ARA é metabolizado de forma diferente em machos e 

fêmeas e que esse AG pode ser mais relevante para o sucesso reprodutivo de 

machos. No entanto, é importante notar que ácidos graxos n-3 também podem 

influenciar as vias de biossíntese de prostaglandinas e esteroides (WATHES; 
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ABAYASEKARA; AITKEN, 2007), envolvidas na regulação da função 

reprodutiva . 

 

 

2.4 ESTRADIOL E VITELOGÊNESE  

 

O estradiol está relacionado com os processos de desenvolvimento e a 

manutenção do sistema reprodutivo dos vertebrados em geral. Em peixes, o E2 

atua principalmente na vitelogênese no fígado, enquanto nas gônadas se 

relaciona com a diferenciação sexual e esteroidogênese durante o ciclo 

reprodutivo e desenvolvimento ovariano (DORRINGTON; BENDELL; KHAN, 

1993). A vitelogênese é o processo de desenvolvimento do ovócito, no qual 

ocorre a incorporação de vitelogenina (Vtg) e seu processamento em proteínas 

para a formação do vitelo. Além da Vtg, esse processo engloba também a 

incorporação de outros nutrientes, como vitaminas e lipídeos.  

A Vtg é uma fosfolipoglicoproteína, de alto peso molecular com a 

função de carrear nutrientes pelo plasma até os ovócitos. O início da 

vitelogênese é caracterizado pelo aumento de FSH e de E2 no plasma, 

acompanhado pela maior expressão de receptores de FSH nos ovários 

(KOBAYASHI et al., 2009). Por outro lado, os níveis de LH atingem um pico 

no período pós-vitelogênico, em que se observa uma mudança na via de 

biossíntese de esteroides, com o aumento da produção de esteroides que 

induzem a maturação (Maturation inducing steroids, MIS) (MONTSERRAT et 

al., 2004). 

Durante a vitelogênese, o FSH estimula a síntese da enzima P450 

aromatase nas células da granulosa, que utilizará como substrato a testosterona, 

fornecida pelas células da teca ovariana para a síntese de E2. Por sua vez, o E2 

promoverá a síntese de vitelogenina no fígado que, posteriormente. será 
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incorporada nos ovócitos. As gotículas de lipídeos formadas nos ovócitos são 

constituídas, principalmente, por lipídeos neutros (triglicerídeos). Os lipídeos 

são absorvidos e acumulados nos ovócitos a partir da Vtg e também por meio de 

lipoproteínas plasmáticas (VLDL, very low density lipoprotein) (LUBZENS et 

al., 2010), os quais se ligam a receptores específicos que se encontram 

ancorados na superfície dos ovócitos (LE MENN; CERDÀ; BABIN, 2007). O 

E2 também é importante no feedback da regulação da síntese e secreção de 

gonadotropinas da pituitária. Ao final do processo de vitelogênese, o ovócito 

conterá RNA materno, nutrientes e hormônios essenciais para o 

desenvolvimento do embrião, tornando-se apto à fertilização (LUBZENS et al., 

2010).  

Vários trabalhos demonstraram que o estímulo da produção de E2 

promovido por gonadotropinas é acompanhado pelo aumento da expressão de 

um ou mais genes relacionados à esteroidogênese ovariana, dentre eles a StAR, 

3β-HSD e P450 aromatase (INGS; VAN DER KRAAK, 2006; KAGAWA et al., 

2003; MONTSERRAT et al., 2004). 

Em cultivos primários de hepatócitos de silver eel (Anguilla Anguilla), 

foi relatado que o hormônio do crescimento (GH) potencializa o efeito do 

estradiol na síntese de vitelogenina nos hepatócitos (PEYON; BALOCHE; 

BURZAWA-GERARD, 1996), além de estimular a síntese de E2 nos ovários de 

spotted seatrout (Cynoscion nebulosus) (SINGH; THOMAS, 1993).  

Os IGF’s (insulin-like growth factor) também têm sido relacionados à 

esteroidogênese ovariana. Em peixes, os IGF’s são expressos principalmente no 

fígado, mas são encontrados também em vários tecidos extra-hepáticos, 

inclusive nas células da granulosa ovariana (KAGAWA, 2013). Esses fatores de 

crescimento, possivelmente, estimulam as diferentes funções das células, nos 

vários órgãos, via autócrina, parácrina e endócrina (REINDL; SHERIDAN, 

2012; WOOD; DUAN; BERN, 2005), sendo o estímulo primário para a síntese 
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de IGF’s no fígado e sua liberação na circulação o GH, produzido na pituitária 

(REINECKE, 2010). A expressão de IGF-1 e de seus receptores foi identificada 

nos ovários de starlet (Acipenser ruthenus), com maiores níveis de expressão no 

início da vitelogênese (WUERTZ et al., 2007). Verificou-se também, aumento 

da expressão da P450aromatase nos folículos ovarianos de red seabream (Pagrus 

major) e de truta arco-íris pelo estímulo do IGF-1 (KAGAWA et al., 2003; 

NAKAMURA; KUSAKABE; YOUNG, 2003) 

 

 

 

3 CONSIDERAÇÕES GERAIS 

 

A relação entre a nutrição e a fisiologia reprodutiva é altamente 

complexa e um dos desafios da produção de peixes em sistemas de cultivo é 

compreender esse mecanismo. Estudos com reprodutores de peixes demonstram 

a necessidade do fornecimento de dietas adequadas para ótimo desempenho, 

sendo os lipídeos apontados como nutrientes-chave para o sucesso reprodutivo. 

O perfil de ácidos graxos dos lipídeos tem influência em vários parâmetros 

reprodutivos, incluindo o processo de desova, esteroidogênese e qualidade das 

larvas.  

A tilápia do Nilo é uma espécie de água doce de grande importância no 

cenário da produção aquícola nacional, capaz de utilizar com eficiência dietas a 

base de ingredientes vegetais. No entanto, há a necessidade de avaliar a relação 

entre os ácidos graxos LA e LNA dietéticos, bem como seus potenciais efeitos 

na reprodução dessa espécie. 
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ABSTRACT 

 

 

The present study was conducted to evaluate the effect of dietary linoleic acid/ 

linolenic acid (LA/ LNA) ratio for Nile tilapia (Oreochromis niloticus) breeding 

females. Four isonitrogenous (38% protein) and isolipidic diets were formulated 

to contain different dietary LA/LNA ratios (20.1; 4.5; 3.9 and 0.7) by increasing 

of linseed oil at the expense of corn oil. Six females and two males were stocked 

in twelve 250-L each tank and their reproductive performance assessed over 105 

days. At the end of the experiment, fish fed the 3.9 and 0.7 LA/LNA diets 

produced higher number of eggs. Hatch rates and larval survival did not vary 

among dietary treatments.  In general, the fatty acid profile of gonads reflected 

the composition of the diet. The arachidonic acid content was higher in the 20.1 

ratio and the eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids 

concentration, higher in the 0.7 ratio. Diets did not influence the triglycerides 

content in plasma. However, higher levels of cholesterol were observed in fish 

fed 4.5 and 3.9 LA/ LNA diets. The highest dietary LA levels increased the gene 

expression of cyp17, while the dietary 3.9 LA/ LNA ratio promoted higher 

expression of cyp19a1a. In conclusion, this study suggests that dietary n-3 and 

n-6 PUFA ratio for Nile tilapia female should be around 3.9 to highest 

expression of ovarian aromatase and better spawning performance 

 

 

 

 

 

 

Keywords: Fishes. Broodstock nutrition. Reproduction. Fatty acids.  
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1 INTRODUCTION 

 

For a long time, fish oil was used as the main lipid source in aquafeeds. 

Because the shortage supplies and increasing of prices worldwide (Sprague et 

al., 2016), the use of vegetable oils as a substitute to fish oil is a current issue to 

allow the formulation of more sustainable and cheaper diets. However, the use 

of vegetable understanding of the events that occur during the reproductive 

period, due the influence of dietary fatty acids, is fundamental for elaboration of 

adequate artificial diets during the pre-spawning period, which can provide 

higher quality of eggs, larvae and fingerlings. 

Lipids are recognized as the major dietary factor in broodstock nutrition 

by influencing the reproductive success (Bell and Sargent, 2003), and the long 

chain polyunsaturated fatty acids (LC-PUFA) n-3 and n-6 series are pointed as 

one of the main factors by the improvement in the quality of fish eggs and larvae 

(Izquierdo, M. S., Fernandez-Palacios, H., & Tacon, 2001; Lavens et al., 1999; 

Tocher, 2010). Contrary to marine fishes, freshwater species can convert 18C-

polyunsaturated fatty acids (PUFA), linoleic acid (18:2n-6, LA) and linolenic 

acid (18:3n-3, LNA), in their respective LC-PUFA, namely arachidonic acid 

(ARA), eicosapentaeneoic acid (EPA) and docosahexaenoic acid (DHA) 

(Tocher, 2015), through the activities of desaturase and elongase enzymes. 

However, n-3 and n-6 PUFA share the same bioconversion pathways and a 

competition between them may occur, compromising LA or LNA metabolism 

(Glencross, 2009).   

Dietary n-3 and n-6 fatty acids have received attention in several studies 

of fish reproduction (Bell and Sargent, 2003; Bruce et al., 1999; Furuita et al., 

2007; Liang et al., 2014). ARA and EPA have a major role in the synthesis of 

eicosanoids, a group of biologically active products. ARA is recognized to 

produce series-2 prostaglandins and leukotrienes, which have more potent 
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effects than series-3, produced from EPA. Prostaglandins mediate oocyte 

maturation process and affects steroidogenesis. Furthermore, LC-PUFA 

modulate gonadal steroid synthesis (Sorbera et al., 2001) and may act in the 

tissues or intracellularly as ligands for transcription factors controlling gene 

expression (Tocher, 2015). Furuita et al. (2007) suggested that the inclusion of 

both dietary n-3 and n-6 fatty acids for reproduction is necessary in Japanese eel 

(Anguila japonica). Liang et al. (2014) related that dietary fatty acids n-3 and n-

6 ratio affected the spawning performance, egg and larval quality of tongue sole 

(Cynoglossus semilaevis). Spawning performance and larval quality were better 

in Atlantic halibut (Hippoglossus hippoglossus) fed 1.8% of dietary ARA than 

fish fed a level of 0.4% (Mazorra et al., 2003).  

Cholesterol transport from the outer to the inner of the mitochondrial 

membrane, is the rate limiting step of steroidogenesis. The first reaction in the 

biosynthetic pathway is the conversion of cholesterol to pregnenolone by the 

cytochrome P450 cholesterol side-chain cleavage (P450scc). A series of 

enzymes, encoded by numerous genes, act in pregnenolone to synthesize 

steroids hormones. The final product of the steroid biosynthetic pathway, will 

depend on the stage of gonadal development.  

Nile tilapia female are multiple spawners, with early sexual maturation 

and short vitellogenic period (Izquierdo, M. S., Fernandez-Palacios, H., & 

Tacon, 2001). Furthermore, they are mouth-brooders and have parental care. The 

present study, aimed to evaluate the effects of dietary linoleic/ linolenic ratios on 

reproductive performance, fatty acid profile and gene expression of proteins 

related to steroidogenesis in Nile tilapia female.    
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2 MATERIAL AND METHODS 

 

2.1 Fish and culture facilities 

 

All procedures adopted were in accordance with ethical standards and 

approved by the Ethics Committee of Animal Welfare of the Universidade 

Federal de Lavras, protocol number 006/2015. The trial was conducted at the 

fish farming Station of Federal University of Lavras, UFLA, Brazil. A total 

number of 96 Nile tilapia UFLA strain were acclimatized to experimental 

conditions. UFLA strain underwent genetic improvement programs at the fish 

farming sector of the Federal University of Lavras over the last 25 years (Dias et 

al., 2016). Triplicate groups were randomly distributed into 12 tanks (250-L 

capacity). Each tank was stocked with 6 female (mean initial weight, 124.5g) 

and 2 male (mean initial weight, 131.3g), in a male/ female sex ratio of 1/3 as 

recommended by Litlle and Hulata (2000) under aquarium conditions. All fishes 

were implanted with microchips before beginning the experiment. The culture 

system consisted of an indoor thermoregulated recirculation water system 

supplied with a continue flow of aeration and sand filter. Water temperature was 

kept at 28 ± 0.5°C and the photoperiod was set at 12h light:12h dark cycle.  

 

 

2.2 Experimental diets 

 

Four isonitrogenous (38% crude protein), according to Oliveira et al. 

(2014), and isolipidic (7% lipids) diets were formulated (Table 1).  
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Table 1 - Ingredient and proximal composition of the experimental diets. 

 Diets  

Ingredients  20.1 4.5 3.9 0.7 

Texturized soy protein1 55.00 55.00 55.00 55.00 

Fish meal 8.00 8.00 8.00 8.00 

Corn starch  17.00 17.00 17.00 17.00 

Gelatin 5.74 5.74 5.74 5.74 

Cellulose 2.21 2.21 2.21 2.21 

Corn oil 3.00 2.01 1.02 0.00 

Linseed oil 0.00 0.99 1.98 3.00 

Palm oil 4.00 4.00 4.00 4.00 

Dicalcium phosphate2   1.50 1.50 1.50 1.50 

Kaolim 2.18 2.18 2.18 2.18 

Sodium chloride 0.5 0.5 0.5 0.5 

Mineral and Vitamin mix3  0.5 0.5 0.5 0.5 

DL-Methionine 0.19 0.19 0.19 0.19 

Threonine 0.1 0.1 0.1 0.1 

Vitamin C 0.06 0.06 0.06 0.06 

Antioxidant BHT 0.02 0.02 0.02 0.02 

Proximate composition (% dry weight)     

Dry Matter 93.87 93.51 94.47 93.16 

Crude protein 38.3 38.6 37.9 38.0 

Crude lipid 7.4 7.2 7.4 7.3 

Ash  9.5 9.3 9.2 9.9 

Energy (MJ/ Kg)4  16.73 16.73 16.73 16.73 

1 Crude protein 50%, Crude lipid 1.3% 2Nutrimix, MS, Brazil Mix vita/min omnivorous 

fish Cargill, SP, Brazil. 3Composition (mg kg−1 diet): iron sulfate, 196; copper sulfate, 

28; zinc oxide, 280; manganese oxide, 52; sodium selenite, 1.2; cobalt sulfate, 0.4; 

potassium iodide, 1.2; vitamin A, 19,950 (UI kg−1 diet); vitamin D3, 7980 (UI kg−1 

diet); vitamin E, 199; vitamin K3, 10; vitamin C, 700; thiamin, 50; riboflavin, 50; 

pyridoxine, 50; cyanocobalamin, 0.1; niacin, 200; calcium pantothenate, 100; folic acid, 

10; biotin, 1.6; inositol, 100; ethoxyquin, 247. 4Calculated values. 
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The diets were formulated to have different n-6/ n-3 ratio obtained from 

corn oil (CO) and linseed oil (LO), rich in linoleic acid (LA) and linolenic acid 

(LNA), respectively. The ingredient composition of all diets was similar, except 

the amount of CO and LO, used to provide different n-6/ n-3 ratio by increase 

the percentage of LO and decrease of corn oil. Palm oil was added in constant 

amount to provide short and medium chain fatty acids (Table 2). The residual oil 

from fishmeal was minimal, about 0.74%. The ingredients were finally ground 

and thoroughly mixed. Pellets were dried in an oven at 40 °C for 48 h and stored 

at -20 °C until use. Experimental diets were hand-fed to apparent visual 

satiation, twice a day (9:00h and 15:00h), during 105 days. 
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Table 2 - Fatty acid composition (% of total fatty acids) of the experimental 

diets. 

 Dietary LA/ LNA ratio 

Fatty acid 20.1 4.5 3.9 0.7 

C14:0 7.06 0.7 7.7 7.7 

C16:0 18.3 27.2 12.7 10.5 

C16:1 0.5 0.6 0.7 0.6 

C17:0 0.0 0.1 0.1 0.1 

C18:0 3.3 4.2 3.5 4.3 

C18:1n9 25.4 34.5 22.7 21.0 

C18:2n6 26.7 24.1 23.2 13.6 

C18:3n3 1.3 5.4 5.9 18.4 

C20:0 0.3 0.4 0.2 0.1 

C20:1n9 0.3 0.3 0.3 0.3 

C20:2 0.1 0.1 0.1 0.1 

C20:4n6 0.1 0.1 0.2 0.1 

C20:5n3 0.6 0.5 0.5 0.5 

C22:0 0.1 0.0 0.0 0.1 

C22:6n3 0.7 0.7 0.8 0.6 

Σ SAFA  29.0 32.7 24.2 22.9 

Σ MUFA 26.2 35.4 23.8 22.0 

Σ PUFA 29.3 31.3 30.3 33.4 

Σ LC-PUFA 1.4 1.3 1.6 1.3 

Σ n-6  26.7 24.2 23.4 13.7 

Σ n-3  2.6 6.5 7.4 19.6 

LA/LNA  20.1 3.9 4.5 0.7 
Σ SAFA: sum of saturated fatty acids; Σ MUFA: sum of monounsaturated fatty acids; Σ 

PUFA: sum of polyunsaturated fatty acids; LC-PUFA: sum of long chain 

polyunsaturated fatty acids. 
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2.3 Reproductive management  

 

The reproductive state of all female was verified on a daily basis by 

examining the oral cavity to check the presence of eggs. When present, eggs 

were gently removed from their buccal cavity, counted and weighted on a digital 

precision scale (0.001 g). The weight of females was registered before returning 

them to their respective tank. The following reproductive parameters were 

determined:  

Absolute fecundity = mean number of eggs at each spawning per fish. 

Relative fecundity = mean number of eggs at each spawning/ fish body weight. 

Egg weight 

Total spawning per fish = total number of spawning/ number of spawned female 

Total spawning per tank 

Total eggs spawned per fish = total number of eggs per tank per number of 

spawned female 

Hatchability = number of hatched larvae/ number of eggs *100 

The collected eggs were counted and submitted to artificial incubation in 

3-L capacity plastic incubators with rounded bottom in a thermoregulated (28 

°C) recirculation system. A gently flow of water was maintained to ensure a 

slow movement of the eggs, as occur on female’s tilapia mouth. Percentage of 

hatching was recorded. After the eggs hatched, 100 3-day-old larvae per 

treatment were submitted to a fasting survival test according to an adaptation by 

Lavens et al. (1999). Larvae were distributed in 16 30-L capacity aquaria in a 

completely randomized design with four treatments (experimental broodstock 

diets) and four replicates. Larvae remained in the aquariums until detect the time 
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of 50% mortality. Larvae mortality was verified twice a day, when dead were 

removed and counted.  

 

2.4 Sample collection 

 

At the end of the experiment, sampling of all females occurred after 24h 

of fasting.  Blood was collected from caudal vein with syringe containing EDTA 

(4%), immediately centrifuged at 1000g for 10 min, and plasma collected and 

stored at -80 °C until analysis. Then, fishes were euthanized by an overdose of 

2-phenoxyethanol solution (1:500 v/v, Fluka; Sigma-Aldrich, Madrid, Spain). 

Fishes were dissected, and the weights of the liver, gonads and viscera were 

recorded to determine the hepatosomatic index (HSI), gonadosomatic index 

(GSI), and viscerosomatic index (VSI), respectively, as a percentage of the 

tissue in relation to the body weight. Liver, ovaries and muscle samples were 

collected and stored at -80 °C to further analysis. 

 

 

2.5 Chemical analysis 

 

2.5.6 Proximate analysis 

 

Chemical composition of diets and carcass were analyzed according to 

AOAC methods (AOAC, 2005). Briefly, dry matter content was determined in 

an oven for 24 h at 105 °C until constant weight. Ash was determined by 

incineration of the organic components for 5 h at 550 °C using a furnace (LF 

0213, JUNG, São Paulo, Brazil); Kjeldahl method was used for the evaluation of 

crude protein content (N×6.25) after acid digestion; crude lipids determined by 

extraction with ethyl ether in a Soxhlet extraction system.  
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2.5.7 Fatty acid analysis 

 

Lipid extraction and FA profile of diet, liver, muscle, gonads, and eggs 

were analyzed according to Araújo et al. (2017). Briefly, total lipid was 

extracted with chloroform and methanol using a modification of the method 

from Folch et al. (1957). FA profile was determined using a GC2010 gas 

chromatograph (GC) (Shimadzu, Kyoto, Japan) equipped with a flame 

ionization detector (FID) and a SP-2560 fused silica capillary column (100.0 m 

9 0.25 mm, 0.20 lm film; Supleco, Sigma-Aldrich, St. Louis, MO, USA). Fatty 

acid peaks were integrated using GC solution chromatography software (version 

4.02), and peaks were identified by comparison to known standards (37 

Component FAME Mix; Supelco, Sigma-Aldrich) 

 

2.5.8 Plasma  

 

Commercial kits were used to perform triglycerides (TRI - Triglycerides 

Liquiform, Cat. 87), total cholesterol (CT - Cholesterol Liquiform, Cat. 76) and 

oestradiol (OE – Biomedix, Cat. EIA2693) analysis. Samples were quantified in 

triplicate in a 96-well plate and read in a spectrophotometer (Multskan GO, 

Thermo Scientific, USA).   

 

2.5.9 Gene expression 

 

Total RNA was extracted from ovary of each fish using Trizol reagent in 

sterile tubes, according to the manufacturer’s recommendations (Invitrogen, CA, 

EUA). RNA concentration was determined by spectrophotometry (DeNovix DS-

11). Complementary DNA (cDNA) synthesis was realized with 2µg of the 

resulting total using the High-Capacity RNA-to-cDNA kit (Thermo Fisher 
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Scientific), following manufacturer's instructions. cDNA was submitted to real-

time quantitative PCR (q-PCR) analysis in a light thermocycler (7500 Real-

Time PCR system, Applied Biosystems, CA, USA). q-PCR reactions were 

performed using SYBR-green primer master mix (Applied Biosystems) in a 

final volume of 20 µL. All samples were tested in triplicate and every 

amplification experiment also included non-template controls (NTC). Primers 

for tilapia steroidogenic genes were designed with the Primer3 software 

(Untergasser et al. 2012) using the sequence obtained for each gene from the 

Ensembl database (www.ensembl.org) (Table 3).  

Two housekeeping genes, 18 s and Actin, were selected after checking 

the coefficient of variation (CV) for each gene within each tissue, and it was 

lower than 5%. The primers of 18 s, Actin, cyp11a and cyp19a1a were added to 

a final concentration of 200 nM, and the cyp11a and hsd3β1 primers were added 

to a final concentration of 400 nM in the reaction. The relative expression levels 

of the samples were calculated by the 2−ΔΔCt method (Livak and Schmittgen 

2001). The second normalization in the 2–ΔΔCT calculations was performed using 

the sample with the lowest value within each gene as reference. 

 

Table 3 - Primer sequences used for quantitative PCR analyses. 

Gene Fw/

Rv 

Primer sequence Ensembl/GenBank 

number 

cyp11a Fw ACCGCGTGATTCTCAACAAG ENSONIG00000015

391 Rv ACAAAATCCTGGCCCACTTC 

hsd3β1 Fw AAGGAACGCAGCTGCTTTTG ENSONIG00000015

700 Rv TCACTTCAATGGTGCTGGTG 

cyp17 Fw TGAATTACCACCGCATGTGC ENSONIG00000009

168 Rv ACTTCTTTGGCGTGCACATG 

cyp19a1a Fw TTGCACAAAACCACGGTGAG ENSONIG00000000

155 Rv ACGTGCGGGTTTTGTTTGAG 

18s Fw GGACACGGAAAGGATTGACAG JF698683 

Rv GTTCGTTATCGGAATTAACCAGAC 

βactin Fw TGGTGGGTATGGGTCAGAAAG XM_003455949 

Rv CTGTTGGCTTTGGGGTTCA 

http://www.ensembl.org/
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2.6 Statistical analysis  

 

Data were checked for normality and homogeneity of variances by the 

Shapiro Wilk and Levene tests, respectively. Percentage data were transformed 

to homogenize variance by square-root arcsine. Data were submitted to one-way 

analysis of variance (ANOVA). Significant differences among means were 

determined using Tukey’s HSD test. A probability level of 0.05 was used to 

reject the null hypothesis. Statistical analyses were done using IBM SPSS 

Statistics for Windows, Version 23.0 (Armonk, NY, USA). Data are present as 

mean ± SEM. 

 

3 RESULTS 

 

3.5 Reproductive performance  

 

Reproductive performance data of female Nile tilapia are present in 

Table 4. Increase in the number of eggs spawned per fish was observed in 

female Nile tilapia fed the 3.9 and 0.7 LA/LNA diets (p<0.05). No difference 

was observed on total spawning per tank or absolute and relative fecundity, and 

egg weight (p>0.05). Egg percentage hatchability and larval survival submitted 

to fasting were also not affected by the different treatments (p>0.05).   
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Table 4 - Reproductive performance female Nile tilapia fed experimental diets 

for 105 days. 

 Diets  

Reproductive performance 20.1 4.5 3.9 0.7 SEM 

Absolute fecundity1 682.4 666.4 707.9 702.4 19.7 

Relative fecundity 4.8 4.7 4.5 4.7 0.1 

Egg weight (g) 6.4 5.9 5.7 6.0 0.1 

Total spawning per fish 4.06 4.03 4.33 4.22 0.3 

Total spawning per tank 24.3 24.1 26.3 25.3 0.5 

Total eggs spawned per 

fish 
2589.6a 2683.7a 3051.1b 2987.9b 267.1 

Hatchability (%) 74.1 74.3 79.4 72.9 3.2 

Larval capacity survival 

(days) 
20 20 21 20 0.3 

Values are means of three tanks. SEM is pooled of standard error of mean. Mean in the 

same row with different letters are significantly different (p < 0.05).  

 

 

3.6 Growth performance 

 

At the end of experiment, final body weight of female Nile tilapia was 

not affected by dietary treatments (p>0.05) (Table 5). Fish fed the 0.7 LA/LNA 

diet presented higher specific growth rate (p<0.05). The GSI, HSI and VSI of 

female tilapia after 105 days fed experimental diets are presented in Table 5. No 

differences were found on body indexes, except for HSI that was significantly 

higher in fish fed the 4.5 LA/LNA diet than those fed the 0.7 LA/LNA diet. 
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Table 5 - Growth performance and body indices of Nile tilapia fed with different 

LA/ LNA diets for 105 days. 

 Diets 

Growth performance 20.1 4.5 3.9 0.7 SEM 

Initial body weight (g) 121.2 128.1 124.3 124.5 4.5 

Final body weight (g) 179.1 169.1 187.9 191.4 10.1 

Weight gain (g) 58.0 36.5 63.7 63.0 8.2 

Specific growth rate1  0.4ab 0.3a 0.4ab 0.4b 0.01 

VSI2 9.9 9.6 9.0 9.6 0.3 

GSI3 4.4 3.9 4.4 4.3 0.2 

HSI4 1.5ab 1.7b 1.6ab 1.4a 0.1 

Values are means of three tanks. SEM is pooled of standard error of mean. Mean in the 

same row with different letters are significantly different (p < 0.05) by Tukey’s test. 

1Specific growth rate: [(ln final weight - ln initial weight)/ time]*100; 2VSI: 

viscerosomatic index; 3HIS: hepatosomatic index; 4GSI: gonadosomatic index.  

 

 

3.7 Proximate and fatty acid composition  

 

The observed mortality throughout the test was low and it was not 

affected by the experimental diets. Throughout the test, two motilities were 

verified, one fish in the 20.1 and 3.9 treatments each, that jumped out of the 

thanks. At the end of the experiment diets did not affect the whole-body content 

of moisture, protein, lipid or ashes (Table 6).  
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Table 6 - Whole-body (% dry weight) composition of female Nile tilapia fed the 

experimental diets for 105 days. 

 Diets 

 20.1 4.5 3.9 0.7 SEM 

Moisture  96.8 96.5 95.9 96.3 0.1 

Protein  55.3 59.1 59.5 53.7 0.4 

Lipid  15.9 16.1 16.0 15.8 0.3 

Ash 19.0 18.8 18.3 18.5 0.2 

Values are means of three tanks. SEM is pooled of standard error of mean. Mean in the 

same row with different superscript letters are significantly different (P<0.05). 

 

The fatty acid profiles of gonad, liver, and muscle differed in response 

to the experimental diets. Fatty acid composition of the gonad was significantly 

different (p<0.05) among treatments (Table 7). Lipid profile in the gonad 

generally reflected the fatty acid composition of the respective treatment. 

Highest levels of total PUFA n-6 were deposited in the gonads of fish fed the 

20.1 LA/LNA diet compared to fish fed with the other diets, whereas more 

PUFA n-3 was observed in the gonads of fish fed the 0.7 LA/LNA diet. 

Following this trend, 18:2n-6 concentration was lower gonad of fish fed 0.7 

LA/LNA diet, that also had lowest levels of ARA (p<0.05), due the lowest 

proportion of LA/ LNA. The highest levels of ARA were observed in 20.1 

LA/LNA diet (p<0.05) and highest concentration of EPA and DHA on total fatty 

acid (TFA) were observed in fish fed 0.7 LA/LNA diet. 

 In liver, despite the abundance of LA in the 20.1 LA/LNA diet, its 

concentration was not different among dietary treatments. Similarly, ARA 

percentage in TFA also were not affected by diets in the liver (p>0.05). Content 

of n-3 fatty acids (LNA, EPA and DHA) was highest in fish fed 0.7 LA/ LNA 

diet. Fish fed 4.5 LA/ LNA diet had lowest SAFA content in TFA in the liver 

(Table 8). 
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 Fish group fed 0.7 LA/ LNA diet showed lowest LA content of the TFA 

lipids on muscle (Table 9), but it was not different among other diets. Any 

significant difference was observed in ARA concentration in this tissue. LNA 

concentration on muscle lipids was highest in fish fed the 0.7 LA/ LNA diet. 

EPA concentration was significantly higher in fish fed the 0.7 LA/ LNA diet, 

compared to fish fed 20.1 LA/ LNA diet. Higher deposition of DHA on muscle 

was observed in fish fed 0.7 LA/ LNA diet, although it was not different of the 

group fed 3.9 LA/ LNA diet. 
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Table 7 - Gonad fatty acid (% total fatty acids) composition of Nile tilapia fed with different n-6/ n-3 fatty acid ratio 

diets. 

  Dietary LA/LNA ratio   

Fatty acid  20.1 4.5 3.9 0.7 SEM 

C14:0 3.9b 3.6a 3.4c 3.0c  0.4 

C16:0 26.6b  25.9b 23.7a  22.7a   0.4 

C18:0 8.0  7.6  8.3  8.2   0.2 

C18:1n-9 27.2ab 31.0b 27.2ab 22.7a 0.6 

C18:2n-6 LA 12.4b  12.7b  11.8b 7.6a   0.4 

C18:3n-3 LNA 0.4a 1.8b 1.5b 5.0c   0.4 

C20:3n-6 1.9 1.8 1.8 1.8 0,1 

C20:4n-6 ARA 5.0c 4.2b 4.1b 2.7a  0.2 

C20:5n-3 EPA  0.1a 0.2b 0.2b 0.5c  0.04 

C22:6n-3 DHA 4.1a 6.0b 6.2b 8.6c  0.4 

Σ SAFA 40.5b 36.2a 41.9b 41.8b  0.6 

Σ MUFA 33.6b 34.5b 30.5a 30.1a  0.5 

Σ PUFA 24.9a 28.4b 26.8a 27.4b  0.4 

Σ CL-PUFA 10.7a 12.0ab 12.1ab 12.9b  0.3 

Σ n-6 20.4c 19.9b 18.6b  12.2a  0.7 

Σ n-3 4.6a  8.3b 8.1b 14.9c  0.8 

n-6/n-3 4.6c 2.4b 2.3b 0.8a  0.3 

Values are means of six fish. SEM is pooled of standard error of mean. Mean in the same row with different superscript letters are 

significantly different (P < 0.05). 



55 

 

Table 8 - Liver fatty acid (% total fatty acids) composition of Nile tilapia female fed with different n-6/ n-3 fatty acid 

ratio diets. 

  Dietary LA/LNA ratio   

Fatty acid 20.1 4.5 3.9 0.7 SEM 

C14:0 3.2 3.2 3.2 2.9  0.3 

C16:0 25.1b 25.0b 23.0ab 21.1a  0.4 

C18:0 11.2 9.7 10.9 12.1  0.5 

C18:1n-9 27.2ab 31.0b 27.2ab 22.7a  0.9 

C18:2n-6 LA 9.3 9.6 9.8 7.7  0.4 

C18:3n-3 LNA 0.3a 0.8b 0.8b 2.8c  0.2 

C20:3n-6 1.6 1.5 1.5 1.5  0.1 

C20:4n-6 ARA 7.6 5.5 6.3 5.1  0.4 

C20:5n-3 EPA 0,1a 0.2b 0.2b 0.8c  0.1 

C22:6n-3 DHA 4.7a 5.4a 6.1a 13.4b  0.8 

Σ SAFA 40.6ab 38.0a 41.8b 39.1ab  0.4 

Σ MUFA 33.9ab 37.4b 33.3ab 28.5a  1.0 

Σ PUFA 24.6ab 23.9a 25.7ab 30.7b  1.8 

Σ CL-PUFA 13.9a 12.3a 13.8a 21.2b  1.0 

Σ n-6 19.6b 17.5ab 18.5ab 15.0a  0.6 

Σ n-3 5.0a 6.4a 7.2a 15.5b  1.0 

n-6/n-3  4.0c 2.7b 2.5b 1.1a  0.3 

Values are means of six fish. SEM is pooled of standard error of mean. Mean in the same row with different superscript letters are 

significantly different (P<0.05). 
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Table 9 - Muscle fatty acid (% total fatty acids) composition of Nile tilapia fed with different n-6/ n-3 fatty acid ratio 

diets. 

  Dietary LA/LNA ratio   

Fatty acid  20.1 4.5 3.9 0.7 SEM 

C14:0 1.8a 1.3a 5.1b 2.9ab 0.4 

C16:0 24.6 24.2 22.9 23.2 0.3 

C18:0 9.6ab 9.9b 7.4a 8.6ab 0.3 

C18:1n-9 21.4 21.6 23.3 22.1 0.6 

C18:2n-6 LA 14.3b 14.2b 13.9b 11.3a 0.3 

C18:3n-3 LNA 0.3a 1.0b 1.6b 3.9c 0.3 

C20:3n-6  2.5 2.2 1.8 1.8 0.1 

C20:4n-6 ARA 10.7 9.8 6.3 6.2 0.8 

C20:5n-3 EPA 0.04a 0.3ab 0.3ab 0.8b 0.1 

C22:6n-3 DHA 3.6a 5.2ab 6.7bc 8.6c 0.1 

Σ SAFA 38.5 37.2 39.5 37.6 0.4 

Σ MUFA 24.0 24.7 28.2 26.3 0.9 

Σ PUFA 32.3 33.5 32.5 35.1 2.1 

Σ CL-PUFA 19.1 17.0 14.9 18.3 0.6 

Σ n-6 28.5c 27.4bc 23.0ab 21.0a 0.9 

Σ n-3 3.9a 6.3ab 8.8b 13.8c 0.9 

n-6/n-3 7.5c 5.8b 2.7b 1.5a 0.8 

Values are means of six fish. SEM is pooled of standard error of mean. Mean in the same row with different superscript letters are 

significantly different (P < 0.05). 
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3.8 Plasma and Gene Expression 

 

No significant differences were found on plasma triglycerides and estradiol. 

Total plasma cholesterol was higher in fish fed 4.5 and 3.9 LA/LNA diets than 

those fed the 20.1 LA/LNA diet (Table 10).  

 

Table 10 - Plasma Nile tilapia parameters fed different LA/LNA diets for 105 

days. 

  Diets   

  20.1 4.5 3.9 0.7 SEM 

Cholesterol (mg dL-1) 168.0a 208.9b 220.0b 183.0ab 5.6 

Triglycerides (mg dL-1) 243.5 256.5 202.6 212.5 9.9 

Estradiol (pg mL-1) 2596.0 2822.9 2518.5 2748.0 186.8 

Values are means of three tanks. SEM is pooled of standard error of mean. Mean in the 

same row with different letters are significantly different (p < 0.05). 

 

Data on expression levels of key steroidogenesis-related genes (hsd3β1, 

cyp11a, cyp17 and cyp19a1a) in the gonad of female Nile tilapia fed the 

experimental diets are present in Figure 3. No difference on expression levels of 

cyp11a and hsd3β1 were observed. cyp19a1a (aromatase) expression was higher 

in fish fed diet 3.9 LA/LNA than fish fed the 0.7 LA/LNA diet, while fish fed 

diets 20.1 and 4.5 LA/LNA showed highest expression of the cyp17 in the 

gonad. 
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Figure 3 - Gene expression of key protein related to steroidogenesis in the 

gonads of female Nile tilapia fed different LA/LNA diets.  

 

 

4 DISCUSSION  

 

Several studies have been highlighted the importance of the dietary n-6 

and n-3 ratio in the reproductive performance and egg quality in different fish 

species (Furuita et al., 2007; Mazorra et al., 2003; Wilson, 2009). In the present 

work, fish fed 3.9 and 0.7 LA/ LNA diets had higher number of eggs spawned 

per fish. However, no effects were observed on absolute and relative fecundity. 

Similar absolute fecundity was reported by Ng and Wang (2011). Hajizadeh et 

al. (2008) showed that fecundity in Nile tilapia fed a mixture of palm and fish 

oils was better than groups fed with these oils alone. 

The number of total spawning per tank and per fish showed no 

significant differences among treatments, although the observed values for these 

parameters were slightly higher in fish fed 3.9 and 0.7 LA/ LNA diets, which 

may have influenced the significant effect of the total eggs spawned in broodfish 
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fed with these diets. The spawning performance values observed in this study 

are generally within the range reported elsewhere in Nile tilapia breeding 

experiments (El-Sayed et al., 2005; Hajizadeh et al., 2008; Ng and Wang, 2011). 

Furuita et al. (2007) demonstrated in a freshwater fish (Anguilla japonica) that 

egg production was lower in fish fed pollack oil as lipid source compared to fish 

fed a mixture of corn and pollack oils or corn oil alone. El-Sayed et al. (2005) 

did not found any significant difference on spawning performance of Nile tilapia 

reared in freshwater fed diets supplemented with fish oil, vegetable oil or a 

mixture of them. In zebrafish, a mixture of squid and linseed oils promoted the 

highest egg production (Jaya-Ram et al., 2008). ARA is recognized as the main 

precursor of eicosanoids in fish cells. Series-2 of prostaglandin are formed from 

ARA via cyclooxygenase pathway and have been shown to be important in 

reproductive process (Bell and Sargent, 2003), concerning to the control of 

steroidogenesis, oocyte maturation and ovulation (Mercure and Van Der Kraak, 

1996; Patiño et al., 2003; Sorbera et al., 2001). However, EPA competes for the 

same enzyme system to eicosanoids production, that have lower bioactive effect, 

and thus exerts a modulating influence in the synthesis and efficacy of 

eicosanoid produced from ARA (Bell et al., 1997). Therefore, the ratio of ARA/ 

EPA may be a critical nutritional factor for ovulating process. 

In the present study, hatchability rate varied from 72.9 to 79.4% and the 

larvae survival capacity was 20-21 days. Despite the lack of significant 

differences, high hatchability ratios were achieved in all treatments, and they are 

higher compared to values reported by other laboratories with Nile tilapia 

breeding (El-Sayed et al., 2005; Lupatsch et al., 2010; Ng and Wang, 2011; 

Tsadik and Bart, 2007). Ng and Wang (2011) observed no significant difference 

on larvae tolerance from Nile tilapia fed palm, linseed or fish oil-based diets 

submitted to a salinity challenge. High hatchability rate observed in the present 

work, may have been due the strain used in the trial. Broodstock nutrition has 
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been reported to influence the quality and viability of larvae (Bhujel et al., 2001; 

Izquierdo, M. S., Fernandez-Palacios, H., & Tacon, 2001), because it provides 

exogenous nutrient required for gonadal development. Furthermore, egg yolk is 

the major source of nutrients for embryonic development in fish. We consider 

that the levels of dietary protein and energy adopted in the current work were 

sufficient to meet dietary nutrient requirements of female broodstock and 

provide good larvae performance. 

Female Nile tilapia is characterized to be a mouth-brooder and during 

spawning fish do not eat while they are incubating their eggs in the mouth. 

Despite fish fed 0.7 LA/LNA diet had higher specific growth rate than other 

groups, the final weight gain was not different. Tilapia species can suppress the 

growth to maintain their reproductive capacity (Coward and Bromage, 1999). In 

Nile tilapia female fed linseed oil or cod liver oil, an inverse relationship 

between growth performance and reproduction was observed (Ng and Wang, 

2011; Santiago and Reyes, 1993). Highest HSI was observed in the fish fed 4.5 

LA/LNA diet. Female Nile tilapia fed palm oil-based diets had higher GSI 

compared to fish fed linseed or fish oil-based diets, but no difference were 

observed in the HSI (Ng and Wang, 2011). The increase of the HSI in the 

present work may be due to an increase of the hepatic metabolic activity. It is 

important to note that liver express estradiol receptors to vitellogenin synthesis, 

a phospholipoglycoprotein, which is deposited in the oocytes during gonadal 

development. 

Studies confirm the ability of freshwater fish to elongate and desaturate 

the precursors LA and LNA in their respective LC-PUFA, namely ARA, EPA 

and DHA (AGABA et al., 2004). Evidences have been suggested that tilapia and 

zebrafish express a fatty acid desaturation and elongation pattern in hepatocytes 

(Jaya-Ram et al., 2008; Tocher et al., 2002). The lower concentration of 18:2n-6 

and 18:3n-3 in tissues as compared to diets combined with higher concentration 
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of LC-PUFA, demonstrate biosynthesis activities to form LC-PUFA. 

Furthermore, activities of desaturation and elongation in freshwater fish are 

nutritionally regulated, being higher with elevated availability of precursor for 

biosynthesis pathway (Francis et al., 2007; Tocher et al., 2002) and during 

limited dietary intake of LC-PUFA (Bell et al., 2003), as it occurs when fish are 

fed with vegetable oil sources.  

The fatty acid composition of fish gonads and eggs is recognized to be 

directly influenced by dietary fatty acid composition as well as in muscle (El-

Sayed et al., 2005; Furuita et al., 2007; Lewis et al., 2010). In the present study, 

the fatty acid n-6/ n-3 ratio of fish tissues generally reflected the respective 

treatment. Fish group fed 20.1 LA/ LNA diet (26.7% 18:2n-6 TFA) presented 

the highest levels of ARA in the gonads compared to the other fish groups, but 

its concentration was not significantly different in the liver and muscle, 

suggesting that LA may have contributed to increase the concentration of ARA 

in TFA in the ovaries. Highest levels of EPA and DHA were observed in fish 

fed 0.7 LA/ LNA diet (18.4% 18:3n-3 TFA) and high concentrations of DHA 

contributed to elevate total LC-PUFA in the liver and ovaries, but not in the 

muscle. In some species reduced feed intake was observed during spawning, and 

muscle may be a relevant source of LC-PUFA in this period (Almansa et al., 

2001; Pérez et al., 2007; Rodríguez et al., 2004).  

In the current work fish fed 4.5 and 3.9 LA/ LNA diets had highest 

levels of plasma cholesterol compared to fish fed 20.1 LA/ LNA diet, but no 

changes in triglycerides were observed. Cholesterol is the common substrate for 

the synthesis of all steroid hormones and its transfer from the cytoplasm to the 

inner of mitochondrial membrane is the rate limiting step of steroidogenesis 

(Manna et al., 2009; Stocco and Clarck, 1996). Although not determined, dietary 

cholesterol levels probably did not vary, since the only source of cholesterol was 

from fishmeal, which was added in constant amount in all diets. Therefore, the 
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observed differences in plasmatic cholesterol was due to the endogenous 

synthesis. Transcription of cholesterol and LC-PUFA biosynthesis genes in fish 

seems to be mediated by activation sterol regulatory element binding proteins 

(SREBPs) (Eberlé et al., 2004). 

Previous studies have been shown that replacement of dietary fish oil by 

vegetable oil sources decreased the levels of plasma cholesterol in rainbow trout 

(Oncorhynchus mykiss) (Richard et al., 2006), but it had no effect in 

Dicentrarchus labrax juveniles (Castro et al., 2015).  

Gonadal steroidogenesis regulation occurs through tropic hormones, 

follicle-stimulating hormone (FSH) and luteinizing hormone (LH) (LUBZENS 

et al., 2010). This regulation is related to the expression of an array of genes that 

encodes steroidogenic enzymes, which ensure the ability of cells to produce 

steroids hormones from cholesterol and its derivatives (Guzmán et al., 2014; Ijiri 

et al., 2003; Kagawa, 2013; Lubzens et al., 2010). The first step for biosynthesis 

of steroid hormones is the conversion of cholesterol to pregnenolone through the 

side chain cleavage enzyme (P450scc) (Nagahama and Yamashita, 2008), 

encoded by cyp11a. Then, pregnenolone is converted to E2 by the action of 

many steroidogenic enzymes encoded by a number of genes, including hsd3β1 

(3β-hydroxysteroid dehydrogenase), cyp17 (17α-hydroxylase and 17,20 lyase) 

and cyp19a1a (P450 aromatase) (Clelland and Peng, 2009). In this study, 

experimental diets differentially regulated the gene expression of the key 

proteins related to steroidogenesis. Expression levels of cyp11a and hsd3β1 were 

not influenced by the diets. However, higher levels of cyp17 were observed in 

fish fed 20.1 and 4.5 LA/LNA diets.  

17α-hydroxylase and 17,20-lyase activities are required for testosterone 

synthesis, whereas only 17α-hydroxylase enzyme is required to produce 17α-

hydroxyprogesterone, the precursor of the hormone which induce oocyte 

maturation in teleost (17α,20β-dihydroxy-4-pregnen-3-one, 17α,20β-DHP). A 
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shift on production of E2 to 17α,20β-DHP prior to oocyte maturation was 

reported in salmonids (Nagahama, 1997; Planas et al., 2000), Japanese eel 

(Kazeto et al., 2000) and rainbow trout (Sakai et al., 1992), suggesting the cyp17 

as a critical factor in the steroidogenic switch. Ings and Van der Kraak (2006) 

reported decrease of the cyp17 levels with the progress of primary growth to 

maturating follicles in zebrafish ovary. 

Highest expression of cyp19a1a occurred in fish fed 4.5 LA/LNA diet. 

Expression of cyp19a1a gene has been related in vitellogenic follicles in several 

species (García-López et al., 2011; Gen et al., 2001; Ijiri et al., 2003; Ings and 

Van Der Kraak, 2006; Kumar et al., 2000) and its expression coincided with a 

peak of plasma E2 in rainbow trout (Nakamura et al., 2016). In the present work, 

despite the significant differences observed on cyp19a1a, E2 levels were not 

influenced by the different n-6 and n-3 fatty acid ratios. However, the increasing 

levels of plasma cholesterol (substrate for steroidogenesis) coincides with a 

higher cyp19a1a expression. Therefore, the increased levels of plasma 

cholesterol may be due to the increasing expression of cyp19a1a.  

Fatty acids effects on ovary steroidogenesis have been reported in fish 

species, but the results are variables. ARA supplementation significantly 

reduced E2 levels in immature and mature female tongue sole (Cynoglossus 

semilaevis) (Xu et al., 2017) and any effects were observed in female Solea 

senegalensis with increasing of ARA in the diets (Norambuena et al., 2013). 

These studies indicated that ARA metabolism is different in male and female, 

and it may be more important in the 
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5 CONCLUSION  

 

In conclusion, the dietary LNA/ LNA ratio for tilapia should be around 

4.5 to highest expression of ovarian aromatase and better spawning performance.  
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