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Resumo Geral 
 

O presente trabalho avaliou o efeito anti-oxidante do ácido α-lipóico (AL) no peixe 

Trachinotus marginatus. Foram determinados os efeitos agudo por meio da 

administração de diferentes concentrações de AL por injeção via intraperitoneal (i.p) 

(experimento I) e crônico por meio da alimentação (experimento II). Também foi 

realizado mais um experimento utilizando a dose (via alimentação) que apresentou as 

melhores respostas fisiológicas, avaliando-se as mudanças na capacidade antioxidante 

do peixe ao longo do tempo (experimento III). A administração via i.p demonstrou 

efeitos antagônicos dependendo do órgão estudado. No fígado no cérebro, as doses de 

20 mg AL/kg e 40 mg AL/kg, respectivamente, melhoraram a capacidade antioxidante. 

No entanto, no fígado, as doses mais altas (40 e 60 mg AL/kg) apresentaram um efeito 

pro-oxidante com aumento da peroxidação lipídica e ferro livre, e redução da 

capacidade de desintoxicação. No experimento II, os peixes foram alimentados por 42 

dias com dieta contendo AL. A administração por meio da alimentação alterou o 

metabolismo lipídico do organismo. Os peixes alimentados com as maiores doses (890 e 

1367 mg AL/kg de ração) apresentaram redução no crescimento, na eficiência proteica e 

ingestão alimentar. Nestas doses ocorreu uma redução do teor de lipídio na carcaça em 

comparação aos peixes do grupo controle. A capacidade de desintoxicação foi maior na 

dose de 890 mg AL/kg de ração no cérebro. No músculo ocorreu redução da 

peroxidação lipídica em todos os tratamentos com AL, um efeito que pode ser 

correlacionado com a redução da concentração de lipídios na carcaça. No experimento 

III, os peixes foram alimentados com uma dieta contendo 524 mg AL/ kg de ração.  

Foram analisados atividade da glutationa-S-transferase e peroxidação lipídica aos 10, 20 

e 30 dias no cérebro, músculo, fígado e brânquia. No músculo a redução da peroxidação 

lipídica ocorreu aos 30 dias. Considerando os resultados obtidos podemos sugerir que 
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juvenis de T. marginatus sejam tratados com AL com uma dose i.p 20 mg/kg pois em 

doses maiores ocorreu efeito pró-oxidante do AL no fígado. A inclusão de AL na dieta 

deve ser fixada entre 316 e 524 mg AL/ kg de ração, pois apresentou os melhores 

resultados em termos de quimioproteção, crescimento e metabolismo proteico e 

lipídico. O tratamento com AL na dieta apresentam aumento da capacidade de 

detoxificação e redução do dano lipídico a partir de 30 dias. Embora o uso de AL em 

animais aquáticos esteja restrito a estudos experimentais os resultados obtidos 

demonstram que a utilização deste composto apresenta potencial uso na aquicultura. 

Palavras-chave: ácido lipóico, glutationa-S-transferase, peroxidação lipídica, peixe. 

 

General Abstract 
 

 The present study evaluated the effect of antioxidant lipoic acid (LA) in the fish 

Trachinotus marginatus. Were tested acute and chronic effects of different 

concentrations of  LA. The acute test used LA injected intraperitoneal (experiment I) 

and chronic test used diet LA supplemented (experiment II). Moreover, the time 

necessary to enhance the antioxidant capacity of fish fed with diet supplemented with 

LA were evaluated (experiment III). The acute test exhibited antagonist effects- 

depending of the organ and concentration. In liver and brain, acute doses of 20 mg 

LA/kg and 40 mg LA/kg, respectively, increase antioxidant capacity. However, in liver 

higher doses (40 and 60 mg LA/kg) showed a prooxidant effect with increase in lipid 

peroxidation and free iron and reduction of detoxification capacity. In experiment II fish 

were fed during 42 days with diet containing different concentrations of LA. The diet 

LA supplementation exhibited effect in lipid metabolism. The high doses (890 and 

1,367 mg LA/ kg dry food) showed reduction in growth, specific growth rate, protein 
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efficiency ratio and food intake. These doses exhibited reduction in lipid composition of 

carcass in comparison to control group. The muscle showed reduction in lipid 

peroxidation in all treatments with LA. In experiment III fish were fed with diet 

containing 524 mg LA/ kg dry food. The glutathione-S-transferase activity and lipid 

peroxidation at 10, 20 and 30 days in brain, liver, gill and muscle were analysed. In 

muscle at 30 days occurred reduction in lipid peroxidation. Considering the results of 

present study we could suggest that T. marginatus can be treated with a single 

intraperitoneal injection of 20 mg/kg body weight, since that higher doses cause 

prooxidant effect in liver. In the diet LA can be supplemented in doses between 316 and 

524 mg LA/kg dry food. These doses presents best results of growth, antioxidant status 

and lipid and protein metabolism. However, the use of LA in aquatic organism is 

restricted to experimental researches the beneficial proprieties of LA reported in current 

researches with aquatic organisms turn this compound a potential substance to be used 

in aquaculture. 

Key-words: fish, glutathione-S-transferase, lipid peroxidation, lipoic acid. 
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Introdução Geral 
 

      Ao longo da história da humanidade o desenvolvimento da produção animal foi um 

fator determinante para o progresso das grandes civilizações (Diamond 2001). Por meio 

do desenvolvimento de tecnologias que permitiram domesticar e melhorar a produção 

animal foi possível, entre outros fatores, que em 2011 chegássemos aos 7 bilhões de 

habitantes no mundo (UN 2011). Nos últimos anos tem-se dirigido este foco para 

espécies marinhas, com intuito de suprir a crescente demanda por fonte proteica (Duarte 

et al. 2007). A cada ano novas espécies são adicionadas a lista de espécies criadas. No 

entanto, as condições de cativeiro trazem consigo a maior incidência de doenças, muitas 

delas causadas ou agravadas pelo estresse oxidativo. Desta forma torna-se necessário o 

desenvolvimento de novas tecnologias que permitam incrementar a produção de 

organismos aquáticos. A utilização de antioxidantes não enzimáticos tem sido 

empregada como uma das formas de prevenir e/ou minimizar este problema (Sies 1997, 

Hamre 2011, Gao et al 2012).  

 

Situação da aquicultura mundial e da piscicultura marinha no Brasil 

      A produção de alimentos em larga escala, facilitada pela tecnologia vem garantindo 

a oferta de alimento a população humana. O pescado apresenta papel de destaque neste 

quesito representando aproximadamente 20% do consumo per capta de proteína de 

origem animal, consumida por mais de 1,5 bilhões de pessoas no mundo (FAO 2010). O 

consumo per capta mundial de pescado vem aumentando nos últimos anos passando de 

16,2 kg em 2004 para 17,1 kg em 2008 (FAO 2010). No Brasil o consumo per capta 

também aumentou passando de 6,6 kg em 2004 para 9,0 kg em 2009 (MPA 2012). 
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A contribuição da aquicultura mundial com o pescado destinado para 

alimentação humana chegou a 46% da produção de pescado no ano de 2008 (FAO 

2010). Nas últimas décadas a aquicultura tem se destacado como o setor de produção 

animal com o maior crescimento. A produção mundial da aquicultura incluindo as 

plantas aquáticas era de 32,4 milhões de toneladas no ano 2000 e passou para 68,3 

milhões de toneladas em 2008 (FAO 2010).  

Dentre as regiões que vem demonstrando aumento da produção pode-se destacar 

a América Latina e o Caribe, que apresentaram o maior crescimento anual na 

aquicultura (21,1 %/ano) no período de 1970 à 2008 (FAO 2010). No Brasil a taxa de 

crescimento médio do setor foi de 11,5 % ano (2005-2010). Este desempenho positivo 

da aquicultura brasileira ocorreu devido ao aumento da piscicultura de água doce, que 

aumentou sua produção de 176.397 t (2005) para 388.513 t (2010), taxa de crescimento 

media de 14,3%/ano (FAO 2010). Entretanto, a produção da aquicultura marinha 

apresentou redução nos últimos anos (2008-2009) passando de 83.359 t para 78.296 t 

(MPA 2012). Esta queda ocorreu principalmente pela incidência de patologias: mancha 

branca e mionecrose infecciosa viral; reforçada pelo grande volume de chuva que 

causou enchentes na região nordeste onde esta concentrada grande parte dos produtores 

de camarão marinho (MPA 2012).  

A aquicultura marinha no Brasil esta representada basicamente pela criação de 

moluscos e crustáceos, sendo que a piscicultura marinha encontra-se em fase 

experimental, tendo sido produzido em 2009, 49 t de beijupirá, Rachycentron canadum 

(MPA, 2012). No entanto, o país apresenta um grande potencial de crescimento, tendo 

em vista a grande extensão do litoral (8.400 Km), condições climáticas e hidrográficas 

adequadas além da elevada diversidade de espécies com potencial para sua utilização na 
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aquicultura (Assad & Bursztyn 2000). A ictiofauna marinha brasileira conta com 

diversas espécies com potencial para esta utilização: o robalo-peva (Centropomus 

parallelus), o robalo-flecha (Centropomus undecimalis), a cioba (Lutjanus analis), o 

ariocó (Lutjanus synagris), a garoupa (Epinephelus marginatus), o pargo rosa (Pagrus 

pagrus), o peixe-rei (Odonthestes argentinensis), a arabaiana (Seriola dumerili), o 

dourado (Coryphaena hippurus), a carapeba (Eugerres brasilianus), o mero 

(Epinephelus itajara), o badejo (Mycteroperca bonaci), o beijupirá (Rachycentron 

canadum), o linguado (Paralichthys orbignyanus) e o pampo (Trachinotus marginatus) 

(Baldisserotto & Gomes 2010, Cavalli et al. 2011). 

Em relação à aquicultura mundial as espécies marinhas contribuem com 32,3% 

da produção, sendo que os peixes marinhos representam 3,4% deste montante, 

arrecadando 6,7% do valor total da aquicultura mundial (FAO 2010). Destes podemos 

destacar espécies de peixes Pleuronectiformes e o bacalhau Gadus morhua, que 

apresentam elevado valor de mercado tendo grande parte de sua produção direcionada 

para exportação.  

Embora o Brasil apresente um elevado número de candidatos para piscicultura 

marinha, à lucratividade deste setor que é encontrada em outras partes do mundo não 

tem despertado interesse de investimentos nesta área no país. Esta falta de investimento 

na piscicultura marinha faz com que o país apresente um déficit na balança comercial 

em relação à comercialização do pescado, uma vez que, os principais produtos 

pesqueiros importados são referentes aos peixes marinhos: bacalhau, salmões, filé de 

merluza, sardinha e filé de outros peixes que correspondem a 81,81% das compras feitas 

no mercado externo (IBAMA, 2007).  
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Alguns fatores têm sito citados como obstáculos para o desenvolvimento da 

piscicultura marinha no Brasil como: falta de tecnologia, fatores econômicos de 

mercado, falta de mão de obra e serviços especializados, ausência de legislação 

específica e qualidade da ração (Cavalli et al. 2011).  

Dentre os fatores mencionados acima a qualidade da ração destaca-se como 

principal desafio da piscicultura marinha mundial, por apresentar dependência de 

subprodutos da pesca para produção de farinha e óleo de peixe (Tacon & Metian 2008). 

Além disso, na produção de pescado a dieta representa entre 40-50% do custo de 

produção (Craig & Helfrich 2002). Desta forma, na formulação da ração devem ser 

selecionados ingredientes que não aumentem o custo ou diminuam a eficiência da dieta 

(Hardy & Barrows 2002). Além disso, compreender as exigências nutricionais é 

essencial para produção de pescado saudável e de alta qualidade.  

A adição de suplementos, vitamínicos e minerais e de compostos antioxidantes 

nas rações vem crescendo nas ultimas décadas. Estudos sobre a suplementação da dieta 

com antioxidantes naturais em organismos aquáticos tem demonstrado que estes 

compostos melhoram o crescimento, sobrevivência e resposta imune dos animais além 

de atuarem na qualidade nutricional do pescado (Waagbø et al. 1993, Cristiansen et al. 

1995, Sant’Ana & Mancini-Filho 2000, Hamre et al. 2004, Qinghui et al. 2004, Wang 

et al. 2006). No entanto, embora tenham sido testados diversos compostos apenas um 

pequeno número apresentou as qualidades necessárias para serem utilizados na 

prevenção da oxidação do alimento e melhoria da capacidade antioxidante dos animais 

(Rumsey 1980, Ajiboye et al 2012). 
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 O pampo Trachinotus marginatus (Cuvier, 1832) 

O aumento de espécies utilizadas na aquicultura é um fenômeno contemporâneo. 

Atualmente são utilizadas na aquicultura mais de 430 espécies de organismos incluindo, 

plantas, equinodermos, cnidários, anelídeos, crustáceos, moluscos, peixes e outros 

vertebrados. Destas, estima-se que aproximadamente 106 espécies foram domesticadas 

na ultima década (Duarte et al. 2007). Diferentemente das espécies terrestres que 

tiveram grande parte de suas espécies domesticadas entre 11 e nove mil anos, a maioria 

das espécies aquáticas foi domesticada nos últimos 100 anos. Dentre os fatores que 

contribuiram para este elevado número de espécies aquáticas, particularmente as 

marinhas, sendo domesticadas recentemente, é que em comparação com as terrestres, as 

espécies aquáticas apresentam uma maior diversidade sendo utilizada para alimentação 

o que gera um maior potencial para domesticação. 

Dentre os peixes marinhos as espécies do gênero Trachinotus têm despertado 

interesse no desenvolvimento de técnicas para criação comercial (Stickney 2009). A sua 

rápida adaptação ao cativeiro, a boa tolerância às condições ambientais extremas e altas 

taxas de crescimento (Jory et al. 1985), são apontadas como características desejáveis 

na aquicultura. Na China e nos EUA, as espécies T. ovatus e T. carolinus já são criadas 

comercialmente. Nestes países estas espécies são produzidas em pequena escala, no 

entanto o pescado produzido apresenta elevado valor de mercado (Hong & Zhang 2003, 

MacMaster et al. 2004). 

 O pampo Trachinotus marginatus Cuvier 1832 é uma espécie endêmica do 

Oceano Atlântico Sul Ocidental habitando águas costeiras e estuarinas (Fisher et al. 

2004) (Fig. 1). Os jovens são encontrados em grande quantidade na zona de 

arrebentação das praias do litoral do Rio Grande do Sul durante todo período do ano, 

sendo menos comum sua ocorrência em água mais quente do Sudeste do Brasil, 
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enquanto que os adultos são encontrados em águas mais profundas desde o Rio de 

Janeiro até o Uruguai (Menezes & Figueiredo 1980, Lima & Vieira 2009).  

 

Figura 1. Juvenil de Trachinotus marginatus, 500 mm de comprimento total, 

coletado na praia do Cassino, RS, Brasil (Kütter M.T. 2012). 

Os juvenis alimentam-se principalmente de crustáceos e à medida que crescem 

passam a consumir com maior frequência moluscos e poliquetas (Monteiro-Neto & 

Cunha 1990). Na costa do Rio Grande do Sul o período reprodutivo desta espécie ocorre 

durante a primavera e o verão, sendo o tamanho dos exemplares na primeira maturação 

sexual estimado em 187,2 mm para os machos e 254,9 mm para as fêmeas que 

apresentam duas modas de diâmetro oocitário o que sugere uma desova total (Lemos et 

al. 2011).  

A pesca de peixes do gênero Trachinotus, ocorre principalmente nos estados de 

Santa Catarina e do Rio Grande do Sul que tem contribuido com 94,3% (904,8 t) do 

total de capturas no Brasil, (IBAMA 2007). Onde foram capturadas no ano de 2005 

959,5 toneladas no território nacional, sendo toda captura proveniente da pesca artesanal 

o que demonstra a importância deste gênero na pesca artesanal dos estados do sul do 

Brasil (IBAMA 2007). 
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A disponibilidade de conhecimento sobre o pampo T. marginatus são limitados. 

Nos últimos anos, estudos investigando esta espécie têm sido realizados pelo grupo de 

pesquisa em Piscicultura Estuarina e Marinha da Universidade Federal do Rio Grande 

(FURG) com intuito de gerar informações que possibilitem a criação desta espécie. De 

acordo com os estudos produzidos por este grupo, esta espécie é eurialina tolerando 

uma ampla faixa de salinidade (7-58) quando submetidos a choque agudo de salinidade 

(Sampaio et al. 2003). Também foi constatado que o pampo apresenta baixa 

sensibilidade a amônia e ao nitrito (LC50/96 h de 1,87 mg/L e 116,68 mg/L 

respectivamente) quando criado em ambiente isosmótico (Costa et al. 2008). Em estudo 

sobre a resposta imunológica desta espécie durante infestação parasitária por 

Bicotylophora trachinoti demonstrou-se uma resposta não específica do mecanismo 

defesa (Chaves et al. 2006). Foi ainda demonstrado que o pampo retorna ao seu 

consumo de oxigênio basal 2,5 h após alimentação, podendo ser alimentado com 

frequência de aproximadamente oito vezes por dia (Cunha et al. 2009). Em estudo 

investigando a concentração de anestésicos, foi determinado que a melhor concentração 

de benzocaína e eugenol, foram de 50 ppm (Okamoto et al. 2009). O ponto isosmótico 

do pampo foi investigado por Abou Anni (2011), sendo determinado em 357,5 

mOsmoles/kg H2O
-1, o que equivale à salinidade 13. Neste trabalho também foi 

constatado que os juvenis de pampo apresentam maior crescimento na salinidade de 3 a 

12. Recentemente foi diagnosticado o desenvolvimento de enterite da boca vermelha 

(yersiniose) em uma criação de T. marginatus em que os animais foram submetidos a 

estresse luminoso (Romano et al. 2012). 
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Estresse oxidativo 

Ao se intensificar a criação de animais, as doenças que normalmente apresentam 

baixa incidência nas populações selvagens podem ocorrer em grande número de 

indivíduos em ambiente confinado. O estresse causado pelo manejo combinado com a 

rápida transmissão de doenças em altas densidades de estocagem e problemas 

nutricionais são problemas determinantes para o sucesso de qualquer piscicultura 

(Alderman 1988). Em animais de criação o estresse oxidativo está envolvido em 

diversas condições patológicas incluindo condições que são relevantes para produção 

animal e bem estar geral dos indivíduos (Lykkesfeldt & Svendsen 2006). 

O estresse oxidativo é caracterizado por uma sobrecarga oxidativa decorrente do 

desequilíbrio entre oxidantes e anti-oxidantes em favor dos primeiros (Sies 1985). Os 

principais compostos responsáveis por este desequilíbrio são espécies ativas de 

nitrogênio (EAN) e espécies ativas de oxigênio (EAO) (Halliwell & Gutteridge 2007). 

A produção das EAO ocorre, entre outros processos, pela redução do oxigênio O2, 

durante o metabolismo e produção de energia na mitocôndria, resultando em diversos 

compostos intermediários altamente reativos e com alto potencial tóxico como o radical 

ânion superoxido (O2
. -), o peróxido de hidrogênio (H2O2), o radical hidroxila (.OH) e o 

oxigênio singlet (O2
1) ( Sies 1985).  

A primeira etapa de redução do O2 em O2
.- utiliza um doador de elétrons e ocorre 

principalmente no complexo I (NADH-ubiquinona oxiredutase) e complexo III 

(ubiquinol citocromo c oxiredutase) da cadeia transportadora de elétrons (Kussmaul & 

Hirst 2006). No entanto, a fase seguinte de redução desta reação pode ocorrer 

espontaneamente ou requerer um doador de e-/H+. Esta etapa, que é crucial para cascata 

de formação das espécies secundárias de EAO, é a reação do O2
.- com íons de metais de 
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transição (Fe2+, Cu+) que atuam como doadores de elétrons, promovendo a geração da 

EAO mais reativa, o radical hidroxila HO
.
 (Blokhina et al. 2003).   

Além disso, as EAO estão envolvidas na regulação da sinalização celular e 

expressão gênica, atuando também na ação antimicrobiana e citotóxica das células do 

sistema imunológico entre outros (Butler et al. 2009, Cui et al. 2009). No entanto, a 

produção excessiva destes compostos pode levar a oxidação de lipídios, proteínas e do 

DNA, desencadeando processos patológicos (Bergamini et al. 2004). Para proteger as 

células e órgãos contra o excesso de produção de EAO existe uma variedade de 

componentes envolvidos, endógenos e exógenos, que funcionam interativamente e 

sinergicamente para neutralizar as EAO. Neste grupo estão incluídas enzimas 

antioxidantes que catalisam a extinção de radicais livres, proteínas que ligam-se a 

metais, e que podem gerar EAO, como Fe2+, Cu, Mn2+ e anti-oxidantes derivados da 

dieta como ácido ascórbico (vitamina C), alfa tocoferol (vitamina E), carotenóides, 

polifenóis e outros compostos como o ácido lipóico (Block 1991, Wang & Luo 2007, 

Jiang et al. 2009).  

O antioxidante α-ácido lipóico 

A utilização de antioxidantes na alimentação esta relacionada à conservação das 

propriedades nutricionais destes, incluindo a inibição ou retardo da oxidação de lipídios 

(Ramalho & Jorge 2006). Por outro lado, a ingestão de antioxidantes pode também 

auxiliar no controle do estresse oxidativo no organismo.  

O ácido lipóico (AL) e sua forma reduzida o ácido dihidro-lipóico (ADHL) são 

dissulfitos que ocorrem naturalmente em micro organismos, plantas e animais (Navari-

Izzo et al. 2002) (Fig.2). O AL apresenta dois isômeros: o R que ocorre naturalmente, e 

o S que é a forma sintética. Esta molécula foi inicialmente classificada como vitamina, 
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mas posteriormente foi constatada sua síntese em células animais (Carreau 1979), onde 

atua como co-fator em complexos multi-enzimáticos mitocondriais que catalisam a 

descarboxilação oxidativa no ciclo de Krebs (Reed 1974). A síntese do AL ainda não é 

bem compreendida, no entanto, Navari-Izzo et al. (2002) sugerem que em eucariontes o 

AL é sintetizado nas mitocôndrias a partir do malonato. As fontes de AL na dieta são 

principalmente provenientes da carne vermelha, fígado, coração e rins e em menor 

concentração nos vegetais, sendo que se apresenta em maior concentração no espinafre, 

brócolis, tomate, batata e ervilha (Goraca et al. 2011).  

O AL e ADHL possuem um conjunto de características que os colocam como 

antioxidantes ideais para utilização terapêutica incluindo: especificidade na extinção de 

EAO, capacidade de quelar metais, regenerar outros antioxidantes, capacidade de atuar 

em ambos os domínios lipídico e aquoso, além de regular a ação de fatores de 

transcrição que regulam a expressão de genes envolvidos no sistema antioxidante e de 

detoxificação (Packer & Tritschler 1995). O AL ao entrar na célula é reduzido a ADHL 

(Handelman et al.1994), o qual pode atuar regenerando a vitamina E, o ascorbato e a 

glutationa (Packer et al. 2001). O AL é capaz de atravessar a membrana capacitando-o a 

agir na interfase entre lipídio e água da célula. Seus efeitos antioxidantes incluem sua 

interação com radicais hidroxil, que são essências para o início da peroxidação lipídica. 
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Figura 2. Estrutura molecular do ácido lipóico (AL- forma oxidada) e do ácido 

dihidrolipóioco (ADHL- forma reduzida). Fonte: Longaray (2012). 

 

Nas últimas décadas tanto o AL quanto o ADHL tem recebido atenção intensiva 

das pesquisas, devido a sua função antioxidante que tem demonstrado benefícios no uso 

terapêutico (Biewenga et al. 1997). O AL é utilizado no tratamento de uma variedade de 

doenças em humanos e animais, incluindo doenças hepáticas (Bustamante et al. 1998), 

doenças neuro-degenerativas (Bergamini et al. 2004), neuropatia diabética (Simbula et 

al. 2007) e contaminação por metais pesados (Bahtt & Flora 2009).  

Nos sistemas de criação, algumas vezes os organismos aquáticos estão 

suscetíveis a compostos tóxicos como microcistina, mudanças ambientais, como pH, e à 

infestação por parasitas, todos os quais podem induzir situações de estresse oxidativo 

(Leão et al. 2008, Zhou et al. 2009, Amado & Monserrat  2010, Garcia et al. 2011). Os 

peixes estuarinos apresentam uma substancial defesa contra os danos causados pelas 

espécies ativas de oxigênio, que é um dos vários mecanismos fisiológicos utilizados 

para enfrentar condições de estresse neste ambiente onde existe grande variação 

temporal e espacial dos parâmetros abióticos (Ross et al. 2001).  No entanto, nos peixes 
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as membranas ricas em ω-3 de ácidos graxos polinsaturados (PUFA) são altamente 

susceptíveis a oxidação por EAO (Sargent et al. 1999).  

 Os efeitos antioxidante da suplementação alimentar com ácido lipóico, foram 

estudados em duas espécies de peixes tropicais. A suplementação da dieta por oito 

semana com 1000 mg AL/kg ração, afetou os níveis de aminoácidos livres no plasma 

sanguíneo, preveniu a deficiência de ácido ascórbico e aumentou a concentração de 

ácido eicosapentaenóico no músculo de pacu (Piaractus mesopotamicus) (Terjesen et 

al. 2004, Park et al. 2006, Trattner et al. 2007), enquanto que em coridora (Corydoras 

paleatus) alimentadas com dieta contendo 70 mg AL/ kg massa corporal por quatro 

semana ocorreu neuroproteção (Monserrat et al. 2008). Entretanto, os resultados obtidos 

por Park et al. (2006) demonstraram que os peixes alimentados com a dieta de 1000 mg 

AL/kg ração, apresentaram um retardo no ganho de peso. A utilização do AL também 

foi estudada em outros grupos de organismos aquáticos empregados na aquicultura. No 

abalone (Haliotis discus hannai) a suplementação da dieta com AL pelo período de 16 

semanas, apresentou aumento da capacidade antioxidante e crescimento nas 

concentrações de 200 e 800 mg AL/kg ração (Zhang et al. 2010). Para o camarão do 

Pacífico (Litopenaeus vannamei) a suplementação da dieta com AL apresentou aumento 

no crescimento na concentração de 70 mg AL/kg ração e melhorou a capacidade 

antioxidante após período de anoxia e re-oxigenação (Martins 2011). Outra forma de 

intervenção de AL, por meio de injeção, foi estudada em carpa (Cyprinus carpio) por 

Longaray (2012), sendo observado neste estudo que a utilização de AL livre ou 

nanocapsulado aumenta a capacidade antioxidante do organismo.  

Desta forma, e pelo exposto acima, a utilização de AL para minimizar os danos 

causados pelo estresse oxidativo apresentam um potencial emprego na aquicultura. No 

entanto, a literatura farmacêutica está repleta de relatos de compostos que causam 
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efeitos adversos em diferentes espécies. O AL apresenta toxicidade diferente 

dependendo da espécie de animal estudada, sendo dez vezes mais tóxico para gatos que 

para cães e ratos (Hill et al. 2003). Estudos com camundongo e rato demonstraram que 

a suplementação com AL reduz o consumo alimentar, sugerindo um efeito anoréxico 

deste composto (Kim et al. 2004, Shen et al. 2005, Huong & Ide 2008). Além disso, foi 

relatado que o AL apresenta efeito pró-oxidante dependendo da dose administrada e da 

circunstância fisiológica do animal (Moini et al. 2002, Çakatai et al. 2005, Çakatai et al. 

2006, Atukeren et al. 2010). Devido à grande variedade de espécies criadas na 

aquicultura aliada ao efeito dualístico do AL, torna-se necessário à descrição da forma 

de ação e efeitos colaterais deste composto na espécie alvo quando administrados de 

forma aguda e crônica. Portanto, ambas as rotas de administração, via intraperitoneal 

(aguda) e suplementação alimentar (crônica), são comumente utilizadas na 

administração de medicamentos na aquicultura (Zhang et al 2010, Amado et al 2011). 

Desta forma o presente estudo analisou doses respostas do ácido lipóico, quando 

administrado de forma aguda e crônica, a fim de avaliar a concentração que apresenta 

efeito de quimioproteção para o pampo Trachinotus marginatus (Cuvier, 1832) 

(Carangidae).  
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Objetivo 
Geral 

Investigar a dose necessária de ácido lipóico (AL) administrada de forma aguda 

(injeção) e crônica (alimentação) para aumentar a competência antioxidante e de 

detoxificação no peixe Trachinotus marginatus.  

Específicos 

1. Avaliar o efeito de quimioproteção do AL administrado por meio de 

injeção e na alimentação em diferentes órgãos de Trachinotus 

marginatus; 

 

2. Verificar o efeito da administração de AL por meio de injeção e na 

alimentação na atividade de uma enzima envolvida em processos de 

desintoxicação glutationa S-transferase (GST) em diferentes órgãos de 

Trachinotus marginatus; 

3. Avaliar o efeito da administração de AL na concentração de produtos de 

peroxidação lipídica (TBAR) em diferentes órgãos de Trachinotus 

marginatus; 

4. Analisar o efeito da suplementação da dieta com AL na composição 

corporal de Trachinotus marginatus; 

5. Determinar a concentração ideal de AL na dieta para o crescimento de 

Trachinotus marginatus; 

6. Analisar o período necessário para ocorrer a quimioproteção do AL nos 
órgãos do peixe Trachinotus marginatus alimentado com dieta 
suplementada com AL. 
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Resumo 

O presente estudo avaliou o efeito de diferentes concentrações do anti-oxidante 

α-ácido lipóico administrado através de injeção intraperitoneal na capacidade de 

desintoxicação (atividade glutationa-S-transferase) e dano oxidativo (lipídios e 

proteínas) no peixe Trachinotus marginatus. O índice hepatossomatico e glicose 

plasmática não apresentaram diferença entre os tratamentos (p>0,05). No cérebro, 

Atividade GST foi significativamente maior (p<0,05) nos peixes injetados com 40 mg 

AL/kg em comparação ao controle. No músculo, a atividade da GST não foi 

influenciada pelo tratamento com AL (p>0,05); no fígado peixes tratados com 20 mg 

AL/kg apresentaram aumento significativo na atividade da GST. Entretanto, as maiores 

concentrações (40 e 60 mg AL/kg) apresentaram redução da atividade da GST no fígado 

quando comparadas ao grupo controle (p>0,05). As duas maiores concentrações de AL 

(40 e 60 mg AL/kg) apresentaram efeito oposto dependendo do órgão analisado: o AL 

foi antioxidante no cérebro, reduzindo a peroxidação lipídica (p<0,05), e pro-oxidante 

no fígado, aumentando a oxidação lipídica (p<0,05). Este último efeito foi 

acompanhado do aumento da concentração de ferro livre no fígado nas maiores 

concentrações. Estes resultados indicam a necessidade de avaliar com cautela o efeito 

dos antioxidantes nos organismos aquáticos, pois algumas concentrações e/ou órgãos 

podem não apresentar benefícios antioxidantes.   

  

SUMMARY: 

This study evaluated the effect of different doses of the antioxidant α-lipoic acid (LA) 

administered by intraperitoneal injection on the detoxifying capacity (activity of 

glutathione-S-transferase, GST) and oxidative damage (lipids and proteins) in the fish 
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Trachinotus marginatus. The plasma glucose levels showed that there were no 

differences between the treatments (p>0.05). In the brain, GST activity was 

significantly higher (p<0.05) in fish injected with 40 mg LA/kg when compared with 

the control group. In muscle, GST activity was not influenced by LA treatment 

(p>0.05); in liver, fish injected with 20 mg LA kg-1 showed higher GST activity than the 

control group (p<0.05). However, higher doses (40 and 60 mg LA kg-1) led to a 

reduction of GST activity in the liver, which was comparable to that observed in the 

control group (p>0.05). The two highest LA doses (40 and 60 mg kg-1) had opposite 

effects depending on the tissue examined: LA was antioxidant in the brain, reducing 

lipid peroxidation (p<0.05), and pro-oxidant in the liver, augmenting oxidative lipid 

damage (p<0.05). The latter effect was accompanied by an increase in the free iron 

concentration in the liver at higher LA doses. These results indicate the need to 

thoroughly evaluate the antioxidant effects on aquatic organisms because at some doses 

and/or in some organs, their beneficial effects can be lost. 

 

INTRODUCTION 

 

Oxidative stress is a biochemical condition that occurs when the concentration of 

reactive oxygen species (ROS) become greater than the concentration of antioxidants. 

This condition has potential deleterious effects if important biomolecules are oxidised 

(Sies, 1991). ROS are formed in several biochemical processes, including oxidative 

phosphorylation; ROS are also involved in the regulation of cellular signalling and gene 

expression and in the antimicrobial defence elicited by the immune system (Butler et al., 

2009; Cui et al., 2009).  



32 

 

To protect cells and organs from oxidative damage caused by ROS, there are a 

variety of endogenous and exogenous antioxidant molecules that neutralise and/or 

intercept ROS. This group includes antioxidant enzymes that promote ROS degradation, 

proteins that bind metals (i.e., iron and copper) that catalyse ROS generation and non-

enzymatic antioxidants derived from the diet and/or sinthetized like ascorbic acid, α-

tocopherol, carotenoids, polyphenols and other compounds such as lipoic acid (LA) 

(Block, 1991; Wang and Luo, 2007; Jiang et al., 2009). 

LA is a disulphate derived from octanoic acid, which occurs naturally in 

microorganisms, plants and animals (Navari-Izzo et al., 2002). This molecule is a 

cofactor of mitochondrial enzymes that catalyses oxidative decarboxylation in the Krebs 

cycle (Reed, 1974; Christensen, 1983). In the last decade, LA has been intensively 

investigated because of several therapeutic benefits associated with its antioxidant 

action (Biewenga et al., 1997). LA is utilised in the treatment of a variety of diseases: 

ascites (Diaz-Cruz et al., 2003), neurodegenerative diseases (Bergamini et al., 2004), 

diabetic polyneuropathy (Simbula et al., 2007), and metal contamination (Bahtt and 

Flora, 2009). LA is hydro- and lipophilic; this capability permits LA to act as an 

antioxidant at the lipid-water interface. Some of the antioxidant properties of LA 

include its interaction with the hydroxyl radical (HO.), an ROS responsible for induction 

of lipid peroxidation (LPO). The reduced form of LA, dihydrolipoic acid (DHLA), can 

act in the regeneration of other antioxidants, such as α-tocopherol, ascorbate and 

glutathione (Packer et al., 2001). Because of these characteristics, LA can be used to 

improve the antioxidant status of cells, allowing important applications for several 

purposes. For example, treatment with LA has been proposed as a preventive procedure 

to reduce the toxic effects of cyanotoxins in fish species that are important for 

aquaculture, such as carp Cyprinus carpio L. 1758 (Amado et al., 2011). 
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To our knowledge, published information regarding the effects of LA on fish is 

limited to a few studies (Otto et al., 1997; Terjesen et al., 2004; Park et al., 2006; 

Trattner et al., 2007; Monserrat et al., 2008; Amado et al., 2011), and none of these 

studies have analysed the relationship between the dose and the antioxidant capacity of 

LA. Only one study (Zhang et al., 2010) has studied this relationship in the abalone, 

Haliotis discus hannai, fed with an LA-enriched diet. These authors observed a positive 

correlation between the LA concentration in the diet and antioxidant capacity and 

growth, with LA doses ranging from 200 to 800 mg kg-1. However, at higher doses 

(1,600 and 3,200 mg kg-1), they observed reduced weight gain and a decrease in the 

total antioxidant capacity. Other authors (Hill et al., 2004) have also reported that high 

doses of LA can induce hepatocellular toxicity.  

The Plata pompano Trachinotus marginatus Cuvier 1832 possesses biological 

characteristics that make this species a candidate to be used in aquaculture. It is an 

euryhaline species that tolerates a wide range of salinity (7-58) (Sampaio et al., 2003); it 

also demonstrates a tolerance to ammonia and nitrite when reared in isosmotic 

environment (Costa et al., 2008). Moreover, this species had a high metabolism (Cunha 

et al., 2009) making an interesting model to analyze the antioxidant responses in marine 

organisms. Thus, the aim of the present study was to investigate the effects elicited by 

different doses of dietary LA administered by intraperitoneal injection on antioxidant 

status of T. marginatus. Furthermore, the second objective of this study is evaluate if 

high doses of LA generate pro-oxidant effects in different organs of Plata pompano, 

likewise other animal groups (Çakatay, et al., 2005; Zhang et al., 2010) 
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MATERIAL AND METHODS 

 

Fish and experimental conditions 

T. marginatus of both sexes were captured at Cassino Beach (32 o 12’S; 52 o 

10’W, Rio Grande, RS, Southern Brazil) by fisherman. The fish were transferred to the 

Aquaculture Marine Station at the Federal University of Rio Grande - FURG.  

Total of 45 fish (mean weight 167.8±33.7 g) were acclimated for seven days 

prior to experimentation. They were stocked in five plastic tanks (9 fish per tank) with 

200 L of seawater in a static system with a daily water exchange of 90% before the first 

meal. Each tank was cleaned daily by siphoning the bottom to remove deposited debris. 

Water parameters were measured daily. The salinity, temperature and dissolved oxygen 

were monitored using multi-parameter electrode (550 A, YSI, Yellow Springs, OH, 

USA). The pH was measured using electrode (FE20-FiveEasy TM, Mettler Toledo, 

Schwerzenbach, Switzerland). The ammonium was determined according to the 

methods presented by UNESCO (1983). Mean water salinity, temperature, oxygen 

saturation, pH and ammonium during the entire period (9 days) were 26.2 ± 0.6, 22.3 ± 

0.8 oC, 83.9 ± 6.3%, 8.2 ± 0.2, 1.9 ± 0.5 mg L-1, respectively. The photoperiod was fixed 

at 12 L:12 D. The fish were fed at 2 % of body mass for seven days, two times a day 

(0800 and 1600 hours), with prepared food containing: 42 % protein, 28% carbohydrate, 

9% lipid, with 3,600 Kcal (Aqualine, Supra). The fish were not fed 24 h prior to LA 

infusion. 

Lipoic acid was administered through a single intraperitoneal injection following 
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the methods of Amado et al. (2011). Briefly, each fish was anaesthetised with 

benzocaine (50 ppm) (Okamoto et al., 2009) and weighed prior to the intraperitoneal 

injection and the volume injected in each animal was adjusted to achieve the desired 

dose according to fish body weight. Each dose was measured using micropipette (1000 

µL LABMATE+, PZ HTL S.A, Danieszewka, Poland) than this volume was transferred 

to syringe. The fish were injected with one of the following doses of LA: saline solution 

(control), or 10, 20, 40, or 60 mg LA kg-1 body weight. Doses were selected ranging 

concentrations above and below the 40 mg LA kg-1 body weight tested in Cyprinus 

carpio by Amado et al. (2011). Twenty-four hour after the infusion, the fish were 

anaesthetised with the same procedure described above, and blood was sampled from 

the caudal vein using heparinized syringes. The animals were euthanized by cervical 

dislocation, and the brain, liver and muscle were dissected. These organs were 

immediately frozen in liquid nitrogen and stored at -80 °C until biochemical analysis. 

The infusion was prepared according to Suh et al. (2004) by dissolving DL-α-

lipoic acid (Sigma-Aldrich) in a solution containing 2 M 6 NaOH and 154 mM NaCl. 

After dissolution, the pH was adjusted to 7.40, and the final volume of the solution was 

adjusted with 2.154 M NaCl. 

 

Organ homogenisation and blood samples preparation 

Organs were homogenised (1:5 w/v) in a Tris–HCl (100 mM, pH 7.75) buffer 

with EDTA (2 mM) and Mg2+ (5 mM) (Amado et al., 2011). The homogenates were 

centrifuged at 10,000 x g for 20 min at 4 °C, and the supernatants resulting from this 

centrifugation were employed for all of the measurements described here. The total 

protein content was determined in triplicate with a microplate reader (BioTek LX 800), 
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using a commercially available kit based on the Biuret assay (550 nm). The protein 

content was expressed as mg proteins g tissue-1.  

Blood samples were centrifuged at 10,000 x g for 15 min at 4 °C; the resulting 

plasma was used for glucose determination, which was measured using a commercial 

reagent kit based on oxidation of 4-aminoantipirine (510 nm), using the same 

microplate reader cited above. 

 

Activity of glutathione-S-transferase (GST) 

The activity of the enzyme glutathione-S-transferase (GST) was determined 

following the conjugation of 1 mM glutathione (GSH) with 1 mM 1-chloro-2, 4-

dinitrobenzene (CDNB), as described by Habig et al. (1974) and Habig and Jakoby 

(1981). Absorbance was measured at 340 nm in a spectrofluorometer with a microplate 

reader (Victor 2, Perkin Elmer, Waltham, MA, USA) at 25 °C. GST activity, which was 

normalised to the protein concentration in the supernatant, was expressed in nanomoles 

of conjugated GSH-CDNB mg proteins-1 min-1.  

 

Measurement of lipid peroxide concentration 

 Lipid peroxidation was determined according Oakes and Van der Kraak (2003). 

The method includes the derivatisation of a by-product of lipid peroxidation, 

malondyaldehyde, with thiobarbituric acid, followed by fluorescence measurement. 

Homogenised extract (40 µL) was added to a reaction mixture made with 150 µL of 20 

% acetic acid, 150 µL of thiobarbituric acid (0.8 %), 50 µL of Milli Q water and 20 µL 

of sodium dodecyl sulphate (SDS, 8.1 %). The samples were heated at 95 °C for 30 
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min, and after cooling for 10 min, 100 µL of Milli Q water and 500 µL of n-butanol 

were added. After centrifugation (3,000 x g for 10 min at 15 °C), the organic phase (150 

µL) was placed in a microplate reader, and the fluorescence was measured after 

excitation at 520 nm and emission at 580 nm. The concentration of thiobarbituric acid 

reactive substances (TBARS) (nmoles mg of wet tissue-1) was determined using 

tetramethoxypropane (TMP, Across Organics) as a standard. 

 

Protein oxidation 

Measurement of the protein modified by oxidation (carbonyl groups) was 

performed in muscle samples using a commercial immunoassay kit (OxySelectTM, Cell 

Biolabs Inc.) according to the manufacturer’s instructions. Aliquots of muscle 

homogenate were added to a 96-well microtitre plate and incubated overnight at 4 °C to 

adsorb the protein to the bottom. The plate was then washed, and a solution of 2, 4-

dinitrophenylhydrazine (DNP) was added to derivatise (45 minutes at room temperature 

in the dark) the carbonyl groups of the oxidised proteins side chains, forming 2, 4-

dinitrophenylhydrazone (DNP-hydrazone). The DNP-derivatised proteins were then 

incubated with a mouse monoclonal antibody specific to the DNP moiety for 1 h at 

room temperature. Afterwards, a secondary antibody conjugated to horseradish 

peroxidise (HRP) was added, the samples were incubated with an HRP substrate, and 

the absorbance was read at 450 nm in a microplate reader spectrophotometer (BioTek 

LX 800). Readings were expressed as nmoles of carbonyl groups/mg of protein; a 

calibration curve was obtained by mixing different proportions of fully reduced and 

fully oxidised bovine serum albumin.     
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Free iron concentration 

Free liver iron content was determined by the method described by Oakes and 

Van der Kraak (2003). Livers were homogenised in 10 % (w/v) 1.15% KCl. After 

measurement of the protein concentration, the samples were adjusted to 2 mg/ml. The 

free iron present in the samples reacted with 2, 2-bipyridyl to produce a complex that 

absorbs maximally at 520 nm. A standard of FeCl3.6 H2O was employed to express the 

data as µg Fe/mg of protein. 

 

Data and statistical analyses 

The data were expressed as the mean ± the standard error. Differences between 

treatments were evaluated by a one-way analysis of variances (ANOVA), followed by 

the Newman-Keuls post-hoc test or orthogonal contrast. The significance level adopted 

was 5% (α=0.05). ANOVA assumptions (normally distribution and variance 

homogeneity) were checked previously (Zar, 1984).    

 

RESULTS 

 

The plasma glucose exhibited no significant differences between treatments 

(p>0.05). Fish injected with a dose of 60 mg LA kg-1 showed a concentration of 84.9 ± 

19.5 mg dl-1, followed by fish injected with 10 mg LA kg-1 (76.3 ± 17.7 mg dl-1) and 

finally by fish injected with 40 mg LA kg-1 (74.8 ± 11.0 mg dl-1) and control fish (74.8 

± 16.1 mg dl-1). 
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Fish that were administered an intraperitoneal injection with LA presented 

differences in GST activity in the organs analysed. Activity in the muscle was 10 times 

lower than in the brain and the liver (compare the scales in Fig. 1). In the brain, GST 

activity was significantly higher in the fish injected with 40 mg LA kg-1 when compared 

with the other treatments (p<0.05; Fig. 1a). GST activity in the liver was higher 

(p<0.05) in fish that were injected with 10 mg LA kg-1 and 20 mg LA kg-1, while fish 

exposed to the highest dose (60 mg LA kg-1) presented the lowest GST activity (p<0.05; 

Fig. 1b). In muscle, GST activity was not influenced by LA treatment (p>0.05; Fig. 1c). 
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Figure 1. Activity of glutathione-S-transferase (GST) (nanomoles of conjugated GSH-

CDNB mg of proteins-1 min-1) in Trachinotus marginatus, 24h after injected 

intraperitoneally with lipoic acid (LA). Control: fish injected with saline solution. The 

data are expressed as the mean ± the standard error (n=5-9). Asterisks indicate 

significant difference (p<0.05), after comparison with orthogonal contrasts. Similar 

letters indicate the absence of significant differences (p>0.05) after Newman-Keuls 

post-hoc test. Analysed organs: (a) brain, (b) liver, (c) muscle.  



41 

 

Lipid peroxidation was also different in the organs analysed. The brains of fish 

injected with either 40 mg LA kg-1 or 60 mg LA kg-1 showed lower TBARS levels 

(p<0.05; Fig. 2a). In liver, fish from the control group and those injected with 10 mg LA 

kg-1 or 20 mg LA kg-1 presented similar TBARS levels (p>0.05), whereas the fish 

injected with either 40 mg LA kg-1 or 60 mg LA kg-1 showed TBARS levels that were 

four times higher than those of the control group (p<0.05; Fig. 2b). In muscle, no 

differences between the treatments were detected (p>0.05; Fig. 2c). 
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Figure 2. Lipid peroxidation (TBARS) in Trachinotus marginatus, 24h after injected 

intraperitoneally with lipoic acid (LA). Control: fish injected with saline solution. The 

data are expressed as the mean ± the standard error (n=5-9). Similar letters indicate the 

absence of significant differences (p>0.05) after Newman-Keuls post-hoc test. Analysed 

organs: (a) brain, (b) liver, (c) muscle. 

Because muscle was the only organ that did not show any changes after LA 

injection, the protein carbonyl group concentration was determined. Again, no 
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differences between the groups were detected (p>0.05; Fig.3a). DHLA is the reduced 

form of LA; thus, DHLA can increase free iron levels (Çakatay et al., 2005). Moreover, 

the liver showed increased lipid peroxidation at the highest doses of LA (40 and 60 mg 

LA kg-1). Therefore, we measured the free iron concentration in the liver. Indeed, free 

iron levels were higher in the livers of fish injected with 40 or 60 mg LA kg-1 (Fig. 3b). 

 

 

Figure 3. (a) Concentration of carbonyl groups in proteins in the muscle of Trachinotus 

marginatus, 24h after injected intraperitoneally with lipoic acid (LA). Control: fish 

injected with saline solution. The data are expressed as the mean ± the standard error 

(n=5-9). Similar letters indicate the absence of significant difference (p>0.05) after 

Newman-Keuls post-hoc test. (b) Same as (a) for the liver free iron concentration. The 
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data are expressed as the mean ± the standard error (n=3-5). Asterisks indicate 

significant difference (p<0.05), after comparison with orthogonal contrasts. 

 

DISCUSSION 

 

The treatment with LA via intaperitoneal injection has been shown to be an 

alternative route of antioxidant administration in fish species (Amado et al., 2011). In 

culture systems, fish may be susceptible to contamination and environmental variations, 

such as pH changes, which can cause oxidative stress (Zhou et al., 2009). According to 

Arivazhagan et al. (2002), LPO is the primary source of damage brought about by 

oxidative stress due to its propagative nature and the cytotoxicity of its metabolic by-

products. In several organisms, including aquatic organisms, GST is one of the major 

xenobiotic detoxifying enzymes (Blanchette et al., 2007). Furthermore, the increase in 

glutathione GST activity should reduce the levels of LPO by-products because this 

enzyme has been reported to catalyse the conjugation of 4-hydroxynonenal with GSH in 

fish (Pharm et al., 2002).   

In the present study the analysed biochemical variables these parameters showed 

different effects depending on the concentration of LA and the organs analysed. In the 

brain, LA reduced LPO and increased GST activity in fish injected with 40 mg LA kg-1, 

suggesting that antioxidant treatment not only ameliorates lipid oxidative damage but 

also augments the ability to perform detoxification reactions. Moreover, many studies 

have indicated that LA can cross the blood-brain barrier (Arivazhagan et al., 2002; 

Chng et al., 2009; Freitas, 2009; Ferreira et al., 2009), which is very important for the 

neuroprotective ability of LA. The brain and neural system contain a source of ROS, 
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which is unique to these tissues, including excitatory amino acids and neurotransmitters 

whose metabolism produces ROS (Packer et al., 1997).  

The livers from fish treated with doses of either 40 or 60 mg LA kg-1 showed a 

pro-oxidant effect. This pro-oxidant effect induced by LA was also found when the 

mollusc Haliotis discus hannai ino was fed with different concentrations of LA (Zhang 

et al., 2010). The antioxidant/pro-oxidant properties of LA, in different circumstances, 

are dependent on its concentration (Çakatay et al., 2005; Atukeren et al., 2010; 

Valdecantos et al. 2010). The pro-oxidant effect of LA could be due to its ability to 

reduce Fe3+ to Fe2+, resulting in the generation of a hydroxyl radical via Fenton 

chemistry that may propagate chain reactions including lipid peroxidation (Goralska et 

al., 2003). DHLA also showed the ability to remove Fe from ferritin, increasing the 

levels of free iron (Çakatay et al., 2005). Moreover, according to Haramaki et al. 

(1997), mitochondrial dihydrolipoamide dehydrogenase reduces LA to dihydrolipoic 

acid (DHLA) at the expense of NADH and has preference for the R-enantiomer. In 

contrast, cytosolic glutathione reductase also catalyses the reduction of LA, with 

preference for the S-enantiomer and at the expense of NADPH. This phenomenon may 

explain why the brain and the liver of T. marginatus showed different responses to the 

same LA dosage. For example, the different mitochondrial content in these tissues may 

have consequences for the relative concentrations of NADH or NADPH.  

Muscle was the only organ that did not show any effect after exposure to LA in 

terms of GST activity, TBARS concentration and concentration of carbonyl groups. 

Similar results have previously been reported for GST activity by Monserrat et al. 

(2008) in the muscle of the fish Corydoras paleatus Jenyns 1842 fed with LA for four 

weeks. However, the authors did report a lower concentration of protein carbonyl 

groups (64.3 kDa) in the LA-treated group. Fish muscle possesses biochemical 
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characteristics that reduce oxidative damage because it contains fewer lipids and more 

α-tocopherol than mammals (Hamre and Lie, 1995). Under these conditions, treatment 

with lipoic acid should lead to a decreased effect in the muscle compared with other 

organs with a more pro-oxidant condition. It is likely that a persistent treatment with LA 

would be necessary to observe a protective effect of this antioxidant on muscle. 

LA modulates glucose metabolism and is effective in lowering insulin resistance 

and type 2 diabetes (Henriksen, 2006). For this reason, it has been used in therapeutic 

treatment in humans. In the present study, plasma glucose levels did not show 

differences between the experimental groups. Fish in this study were injected with LA 

and were fasted for the 24 h until blood sampling was performed. Thus, if 

hypoglycaemia occurred due to the injection of LA, the fish may have re-established its 

glucose levels either through glycogen degradation (via glycogenolysis) or by de novo 

glucose synthesis (through gluconeogenesis) before blood sampling.  

Considering that the effects of lipoic acid are dependent on the organ analysed, 

and taking into account that doses above 20 mg kg-1 may exert detrimental effects on 

the liver due to a pro-oxidant effect of LA, it is recommended that greater than 20 mg 

kg-1 LA should be administered when using intraperitoneal injection.  
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Resumo 

Este estudo avaliou o efeito de diferentes doses de ácido lipóico (AL) 

suplementados na dieta sobre o crescimento, composição corporal e status antioxidante 

no peixe Trachinotus marginatus. Os peixes foram alimentados por 42 dias com dieta 

contendo diferentes níveis de AL: 0 mg AL kg-1de ração, 316,4 mg AL kg -1 de ração, 

524 mg AL kg -1 de ração, 890,4 mg AL kg-1 de ração e 1.367,3 mg AL kg-1 de ração. 

As maiores concentrações (890,4 e 1.367,3 mg AL kg-1 de ração) reduziram 

significativamente o crescimento, taxa de crescimento específico e eficiência proteica 

(p<0,05). Quando suplementado em altas doses o AL reduziu o consumo alimentar 

(p<0,05) enquanto que a taxa de conversão alimentar aumentou nestes tratamentos 

(p<0,05). A composição corporal dos grupos controle, 316,4 e 524 mg AL kg-1 de ração 

apresentou maior porcentagem de lipídio (p<0,05). A suplementação da dieta com AL 

aumentou a atividade da glutationa-S-transferase no cérebro na concentração de 890,4 

mg AL kg-1 de ração e reduziu a peroxidação lipídica no músculo (todas as 

concentrações com AL) (p<0,05). Estes resultados obtidos em relação ao crescimento, 

status antioxidante, metabolismo de lipídio e proteína indicam que o AL pode ser 

suplementado na dieta para T. marginatus em concentrações entre 316,4 a 524 mg AL 

kg-1 de ração. 

Palavras-chave: antioxidante, composição corporal, peixe, crescimento, lipoato 

 

Abstract 

This study evaluated the effect of four doses of α-lipoic acid (LA) from dietary 

supplementation on growth performance, body composition and anti-oxidant status in 

the fish Trachinotus marginatus. The fish fed for 42 days with a diet containing 

different concentrations of LA: 0 mg LA kg -1 dry food, 316.4 mg LA kg-1 dry food, 524 
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mg LA kg-1 dry food, 890.4 mg LA kg-1 dry food and 1367.3 mg LA kg-1 dry food. 

High doses (890.4 and 1367.3 mg LA kg-1) of dietary LA significantly reduced the 

growth (p<0.05), the specific growth rate and the protein efficiency ratio. When 

administered in high doses of LA, supplementation significantly decreased the feed 

intake (p<0.05), although the feed conversion ratio increased (p<0.05) in these groups. 

The carcass composition exhibited the highest lipid values in the control group and in 

the fish exposed to 316.4 and 524 mg LA kg-1 dry food (p<0.05). The LA dietary 

supplementation increased the brain activity of glutathione-S-transferase (GST) when 

administered at a dose of 890.4 mg LA kg-1 dry food, and the lipid peroxidation in 

muscle was reduced (at all LA doses) (p<0.05). The results obtained regarding growth, 

antioxidant status and lipid and protein metabolism indicated that LA could be 

supplemented in diets for T. marginatusat doses between 316.4 and 524 mg LA kg-1 dry 

food. 

Key-words: antioxidant, body composition, fish, growth, lipoate 

 

1.Introduction 

Recently, studies concerning reactive oxygen (ROS) and nitrogen species (RNS) 

have correlated the accumulation of these species to a variety of disorders and diseases 

(Roberts & Sindhu, 2009). Disequilibrium between oxidants and antioxidants can lead 

to the oxidation of important molecules and, thus affect cellular functions. The 

production of ROS/RNS occurs during oxidative metabolism, and the accumulation of 

by-products can occur when antioxidants are depleted and/or when the rate of 

ROS/RNS production surpasses the antioxidant capacity.  

In farm animals oxidative stress may be involved in several pathological 

conditions, including conditions that are relevant for animal production and the general 
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welfare of the individuals (Lykkesfeldt & Svendsen 2007). During the rearing process, 

fish are susceptible to abrupt alterations in water quality. Variations in salinity, oxygen 

and temperature can alter the ability of the fish to detoxify ROS (Da Rocha et al. 2009). 

Furthermore, in aquatic environments, toxins produced by cyanobacteria, such as 

microcystin, can also affect the antioxidant capacity of fish (Amado et al 2011). 

A pro-oxidant condition can be prevented by the administration of exogenous 

dietary antioxidants (Linnane & Eastwood, 2006). Exogenous non-enzymatic 

antioxidants include ascorbic acid, α-tocopherol, carotenoids and, more recently, α-

lipoic acid (LA), which has been extensively used as a dietary supplement for humans, 

farm animals and pets (Block 1991; Merchie et al. 1996; Moini et al. 2002; Tocher et al. 

2002). 

Lipoic acid (LA) and its reduced form, dihydrolipoic acid (DHLA), are powerful 

antioxidants, exhibiting the capacity to regenerate other antioxidants. These species also 

act as a co-factor in oxidative decarboxylation reactions in the Krebs cycle and quench 

several reactive species in both lipid and aqueous domains (Packer et al. 1995). Because 

of these characteristics, LA is considered to be a “universal antioxidant” or “ideal 

antioxidant” (Kagan et al. 1992, Packer et al. 1995). Thus, LA has been employed for 

the treatment or prevention of many diseases in humans such as: diabetes neuropathy, 

type II diabetes, assuagement of the aging process, AIDS, ischemia-reperfusion, and 

liver and cardiovascular diseases (Parcker 1995; Biewenga, et al. 1997; Bustamante et 

al. 1998; Ghibuet al. 2009).  

In contrast, the majority of research related to the use of LA in pets and farm 

animals is restricted to experimental studies (Diaz-Cruz et al. 2003; Wollin et at. 2004; 

Hill et al. 2004; Hamano 2002, Ibrahim et al. 2008). Information regarding the effects 
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of LA in aquatic organisms of interest to aquaculture is also restricted to experimental 

studies and is also limited to only a few species (Otto et al. 1997; Terjesen et al. 2004; 

Park et al. 2006; Trattner et al. 2007; Monserrat et al. 2008; Zhang et al. 2010; Amado 

et al. 2011). Although LA supplementation in the diet was investigated in two fish 

species the pacu Piaractus mesopotamicus and the corydora Corydoras paleatus 

(Terjesen et al. 2004; Park et al. 2006; Trattner et al. 2007; Monserrat et al. 2008), none 

of these studies evaluated the effects of different LA doses. Moreover, one of these 

studies reported that fish fed with LA exhibited a growth delay (Park et al., 2006). 

Regarding abalone (Haliotis discus hannai), Zhang et al.(2010) reported a growth 

increase at intermediate LA doses (800mg kg-1) and growth inhibition at the highest LA 

dose (1,600 and 3,200 mg kg-1).  

The importance of the Plata pompano, Trachinotus marginatus (Carangidae) for 

aquaculture in Brazil should be considered in this context: species of the Tachinotus 

genus are considered appropriate for fish rearing in virtue of their quick adaptation to 

captivity, good tolerance to extreme environmental conditions and because of their fast 

growth. Several investigations have been conducted in T. marginatus because of the 

interest in its commercial production (Sampaio et al. 2003, Costa et al. 2008, Cunha et 

al. 2009, Okamoto et al. 2009). Thus, the aim of the present study was to investigate the 

effects elicited by different doses of dietary LA supplementation on the growth, body 

composition and antioxidant status of T. marginatus. 

 

2. Material and methods 

2.1 Experimental Fish  

Juvenile Plata pompano (Trachinotus marginatus) (Cuvier, 1832) were caught at 

the Cassino Beach (32°12’S; 52°10’W, Rio Grande, RS, Southern Brazil). The fish were 
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transferred to the Aquaculture Marine Station at the Federal University of Rio Grande 

(FURG) and stored in 300-L plastic tanks containing 200 L of seawater (salinity: 35±2 

‰) at 24.5±1.2°C, with continuous aeration. During this period, the fish were fed three 

times a day (08:00, 12:00 and 16:00 h) with commercial food (NRD 0.8/1.2, INVE).  

2.2 Experimental design 

After seven days of acclimation in the stock tanks, the fish were transferred to 

test tanks. A total of 150 juvenile T. marginatus fish (1.55±0.40 g) were randomly 

distributed into 15 cylinder tanks (80 L) containing 60 L of water at a stock density of 

10 fish per tank. The experimental tanks were arranged in a unique recirculation water 

system containing a biofilter, a protein skimmer and a UV lamp. Three tanks were 

assayed per treatment. Each tank was aerated via an air stone. The salinity, temperature 

and dissolved oxygen were monitored daily using multi-parameter electrode (550 A, 

YSI, Yellow Springs, OH, USA). The temperature was controlled using submersed 

heater thermostat. The chemical parameters were measured twice week. The amounts of 

nitrogenous compounds (ammonium, nitrite and nitrate) were determined according to 

the methods presented by UNESCO (1983), Benderschneider & Robinson 1952; 

Strikcland & Parsons (1972) respectively. The alkalinity was measured according to the 

method of APHA (1989), and the pH was measured using electrode (FE20-FiveEasy TM, 

Mettler Toledo, Schwerzenbach, Switzerland). The photoperiod was adjusted to 

14L:10D. The fish were fed four times a day (08:00, 12:00, 16:00 and 20:00 h) to 

apparent satiety. After acclimation period the fish were fed for three days with control 

food to test ingestion and satiety, prior to the beginning of the experiment. 

2.3 Experimental diet 

The diet was formulated with purified ingredients to contain 47% of protein 

casein and gelatin and 11% lipid from soybean oil and fish oil (Table 1). Five 
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experimental diets were supplemented to contain different concentrations of LA: 0 mg 

LA kg-1 (Control), 500 mg LA kg-1, 1,000 mg LA kg-1, 1,750 mg LA kg-1 and 3,000 mg 

LA kg-1.  The ingredients were mixed with fish oil and soybean oil (1:1), and warm 

water was added to produce stiff dough. The dough was pelleted and dried in an oven at 

40°C for 24 h. The dry pellet was than crushed to a small diameter and stored at -20 °C 

until used. 
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Table 1- Formulation and proximate composition (% dry matter, DM) of basal 

diet feed for the juvenile Plata pompano Trachinotus marginatus. 

 

Test ingredients (%) DM 

Fish meal 5.0 

Casein 40.0 

Gelatin 10.0 

Dextrin 25.0 

Fish oil 5.5 

Soybean oil 5.5 

Cellulose 8.0 

Vitamin and mineral mix 1.0 

Chemical analysis (% DM) 

Crude protein  48.4 

Crude lipid  12.0 

Ash  2.8 

Crude fiber  5.8 

 

2.4 Measurement of lipoic acid in the diet 

To measure the effective dose of LA in diet, 0.25 g of dry food was dissolved in 

2mL of methanol (HPLC grade) and extracted overnight at room temperature. The 

samples were filtered through 0.20 µm Millipore filters. The quantification of LA was 

performed using liquid chromatography with mass spectrometric detection. A Waters 

Alliance 2695 Separations Module (Waters, Milford, USA) fitted with an autosampler, 
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a membrane degasser and a quaternary pump was used. Mass spectrometry was 

performed using a Micromass Quattro Micro API (Waters, Milford, USA) with an ESI 

interface. The analytical instrument control, data acquisition, and treatment were 

performed using Masslynx version 4.1 2005 software (Micromass, Waters, Miliford, 

MA, USA). The chromatographic separation was achieved using a mobile phase 

consisting of acetonitrilite and 0.1 % acetic acid (55:45, v/v), with a flow rate of 0.2 mL 

min-1. The analytical column was maintained at 25°C. The run time was 4 min. The 

sample injection volume was 10 µL. The column effluent was connected to an 

electrospray ionization MS interface. The negative-ion mode was used to detect the 

lipoic acid. Typical interface conditions were as follows: capillary voltage, 3.5 kV; 

nebulizer and desolvation (drying gas) flow, 550 and 50 L h-1, respectively; and source 

block and desolvation temperatures, 100 and 250 °C, respectively. The transitions with 

m/z 205.19>171.13 using a cone voltage of 18 and collision energy of 10, and those 

with m/z 205.19>92.82 using a cone energy of 22 and a collision energy of 13 were 

selected for MRM mode due to their high stability and intensity. The LA content in the 

diets was quantified using analytical curves (r>0.99) that ranged from 0.001 to 1.0 mg 

L-1. 

2.5 Growth trial 

Juvenile Plata pompano were weighed on different days (0 and 42) after being 

anesthetized with benzocaine (50ppm) according to the method of Okamoto et al. 

(2009). After 42 days, the fish were anesthetized following the protocol mentioned 

above and euthanized by cervical dislocation. Prior to sampling, the fish were fasted for 

24 h. The brain, liver and muscle were dissected. These organs were immediately frozen 

in liquid nitrogen, and stored at -80°C until biochemical analyses. 
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The growth performance variables were calculated using the following formulae: 

Specific growth rate (SGR) = [(lnWt2-lnWt1) / (t2-t1)] × 100 

where Wt1 and Wt2 are the initial and final wet weights (g), respectively, within the 

considered time period ( t, in days) 

Feed conversion ratio (FCR) = dry weight of feed consumed (g) / wet weight gain of 

fish (g) 

Protein efficiency ratio (PER) = final body weight (g) – initial body weight (g) / protein 

consumed (g) 

Feed intake (FI) = [mean daily consumption (g)/ mean fish mass] × 100 were mean fish 

mass (fish mass at t2 + fish mass at t1)/2 and fish mass = mean body weight × fish 

number. Here: t1 and t2 represent the initial and final dates of the weight measurements, 

respectively.  

2.6 Analytical procedure 

Samples of the fish carcasses and diet were collected and stored frozen (- 20 °C) 

until the posterior analyses of the proximate composition. The proximate composition 

analysis was performed using the standard methods of AOAC (1995). The amount of 

moisture was determined by drying the samples at 105 °C for 24h. The ash was 

analyzed by combustion at 550 °C for 12h. The protein content was determined by 

measuring the nitrogen content (Nx6.25) using the Kjeldahl method, the lipid content 

was determined by ether extraction using a Soxhlet extractor, and the crude fiber 

contend was determined using acid digestion followed by calcination.  
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2.7 Organs homogenization  

The organs were homogenized (1:6 w/v) in a Tris–HCl (100 mM, pH 7.75) 

buffer with EDTA (2 mM) and Mg2+ (5 mM) (Amado et al., 2011). The homogenates 

were centrifuged at 10000 × g for 20 min at 4 °C, and the supernatants were employed 

for all of the measurements described here. The total protein content was determined in 

triplicate using a commercial kit based on the Biuret assay (550 nm), using a microplate 

reader (BioTek LX 800) (da Rocha et al., 2009). The protein content was expressed as 

mg protein/g wet tissue. 

2.8Activity of glutathione-S-transferase (GST) 

One of the major enzymes involved in antioxidant activity is glutathione-S-

transferase (GST). The GST are an multi-gene family of enzymes involved in the 

detoxification and activation of a variety of chemicals (Eaton & Bammler 1999; 

Sheehan et al. 2001). 

The activity of the enzyme glutathione-S-transferase (GST) was determined 

following the conjugation of 1 mM glutathione (GSH) and 1 mM1-chloro-2,4-

dinitrobenzene (CDNB), as described by Habiget al. (1974) and Habig & Jakoby 

(1981). The absorbance was measured at 340 nm using a spectrofluorometer with a 

microplate reader (Víctor 2, Perkin Elmer, MA, USA). The GST activity was 

normalized based on the protein concentration in the samples, and is expressed in 

nanomoles of conjugated GSH-CDNB/mg proteins/min.  

2.9 Measurement of lipid peroxides concentration 

Cellular macromolecules as polyunsaturated fatty acids are more susceptible to 

ROS oxidation, because of presence of double bonds with conjugated geometry 

(Bergamini et al. 2004). The degree of lipid peroxidation was determined according to 
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the method of Oakes & Kraak (2003). The method includes the derivatization of a by-

product of lipid peroxidation, malondialdehyde (MDA), with thiobarbituric acid, which 

is followed by determination of the fluorescence. The homogenized extract (10 µL) was 

added to a reaction mixture containing 150 µL of 20 % acetic acid, 150 µL of 

thiobarbituric acid (0.8%), 50 µL of Milli Q water and 20 µL of sodium dodecyl sulfate 

(SDS, 8.1 %). The samples were heated to 95 °C for 30 min, and after cooling for 10 

min, 100 µL of Milli Q water and 500 µL of n-butanol were added. After centrifugation 

(3,000 × g for 10 min at 15 °C), the organic phase (150 µL) was placed in a microplate 

reader and the fluorescence was registered after excitation at 520 nm and emission at 

580 nm. The concentration of thiobarbituric acid-reactive substances (TBARS) 

(nmol/mg of wet tissue) was determined using tetramethoxypropane (TMP, Acros 

Organics) as a standard. 

2.10 Data and statistical analyses 

The data were expressed as the means ± standard deviation. The differences 

between the treatments were evaluated using a one-way (factor: LA doses) analysis of 

variances (ANOVA) followed by the Newman-Keuls post-hoc test or orthogonal 

contrast. The significance level adopted was 5% (α=0.05). The ANOVA assumptions 

(normality by Shapiro-Wilks and variance homogeneity by Levene) were previously 

validated (Zar, 1984).   
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3. Results 

 

The mean water salinity, temperature and oxygen saturation over the entire 

experiment (42 days) were 31.8±2.8, 25.4±1.2°C and 91.7±2.6 %, respectively. The 

concentrations of nitrogenous compounds (ammonium, nitrite and nitrate) were 

0.13±0.06 mg L-1, 0.16±0.26 mg L-1 and 7.90± 4.65 mg L-1. The mean alkalinity was 

94.46±25.45 mg L-1. 

In the diet without LA, a mean value of 8.4 mg LA kg-1 was estimated and 

subtracted from the diets that included LA. Thus, in the rest of text, the control diet will 

henceforth be referred to as 0 mg LA kg-1. The LA was presented in concentration 

below nominal supplementation.  The diets showed the respectively LA concentration: 

500 mg LA kg-1 (316.4±8.49 mg LA kg-1), 1000 mg LA kg-1 LA (524±38.2 mg LA kg-

1), 1,750 mg LA kg-1(890.4±66.3 mg LA kg-1) and 3,000 mg LA kg-1(1,367.3±185.8 mg 

LA kg-1).   

The fish survival, body weight, SGR, FCR, PER, FI and carcass composition 

data after 42 days of LA supplementation are shown in Table 2. No significant 

differences were observed in survival rates between the treatments (p>0.05). The final 

body weight was significantly higher in the control group, and groups fed 316 and 524 

mg LA kg-1dry food when compared with 890 (p= 0.00) and 1,367mg LA kg-1 dry food 

(p=0.00). The SGR exhibited the same response pattern as that of the final body weight 

(p<0.05). Treatment with 1,367mg LA kg-1 dry food resulted in an increase in the FCR 

when compared with control treatment (p=0.02). LA supplementation decreased the 

PER at a dose of 1,367 mg LA kg-1dry food compared with the control conditions 
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(p=0.04). A lower FI was observed in the treatments 524, 890 and 1,367 mg LA kg-1dry 

food when compared with that of the control group (p<0.05). 

The carcass composition responded differently to LA supplementation. The 

moisture content increased upon treatment with 890 mg LA kg-1dry food (p=0.02) and 

1,367 mg LA kg-1dry food (p=0.00) compared with that of the control group. The 

highest lipid percentage was observed in the control group, 316 mg LA kg-1dry food and 

524mg LA kg-1dry food (p<0.05). No changes were observed in the protein contents 

between the treatments (p>0.05). The ash content was a significantly different (p=0.00) 

only in the group treated with 1,367mg LA kg-1dry food, which exhibited a higher ash 

content than that of the rest of experimental groups. 
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Table 2- Survival, initial body weight, final body weight, specific growth rate, feed 

conversion, protein efficiency ratio, feed intake and carcass composition of Trachinotus 

marginatus after 42 day of being fed containing different concentration of lipoic acid. 

Data are expressed as the means ± standard deviation. Lipoic acid doses: 0 mg kg-1, 

316.4±8.49 mg kg-1, 524±38.2 mg kg-1, 890.4±66.3 mg kg-1 and 1,367.3±185.8 mg kg-1. 

 

 Experimental group 

 Control 316 mg LA 

kg-1 dry 

food 

524 mg LA 

kg-1 dry 

food 

890 mg LA 

kg-1 dry 

food 

1,367 mg 

LA kg-1 

dry food 

Growth       

S (%) 96.7±5.8 90±10.0 100±0.0 93.3±5.8 93.3±5.8 

Initial BW (g) 1.55±0.40 1.54±0.41 1.56±0.41 1.54±0.38 1.57±0.41 

Final BW (g) 4.33±0.50a 3.62± 0.16b 

 

3.97± 0.24ab 

 

3.12±0.16c 2.34±0.01d 

SGR (% day -1) 2.38±0.2a 1.98±0.08b 2.16±0.14ab 1.65±0.12c 0.92±0.04d 

FCR 2.12±0.4a 2.47±0.34ab 1.87±0.25a 2.62±0.56ab 3.47±0.61b 

PER 1.13±0.20a 0.94± 0.13ab 1.23± 0.16a 0.90±0.18ab 0.70±0.12b 

FI 5.09±0.20a 4.77±0.00ab 4.27±0.29b 4.40±0.23b 3.10±0.31c 

Carcass composition (in wet weight) 
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Moisture 62.89±0.97a 63.58±0.93ab 64.35±0.70ab 65.83±1.02bc 66.85±1.49c 

Crude lipid 14.46±0.27a 14.19±0.36a 13.58±0.92a 11.13±0.55b 7.98±0.45c 

Crude protein 17.26±0.25 16.99±0.32 17.50±0.56 17.55±0.41 18.03±1.13 

Ash  7.67±0.53a 8.53±1.47a 7.80±1.56a 7.76±0.87a 11.01±0.28b 

S- survival 

SGR- specific growth rate 

BW- body weight 

FCR-feed conversion ratio 

PER- protein efficiency ratio  

FI- feed intake  

Three samples per treatment were analyzed and data expressed as means ± 1 standard 

deviation. The means in the same row with the same superscript letter are not 

significantly different (p>0.05). 
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The dietary supplementation of LA induced GST activity in the brains of the fish 

fed with 890 mg LA kg-1dry food (p<0.05). In the liver was observed a reduction in 

GST activity in fish fed with 316 mg LA kg-1dry food (p=0.02) and 524 mg LA kg-1dry 

food (p=0.04) in comparison to control group. No change in GST activity was observed 

in the muscle as a result of the LA treatment (Fig.1a-c).   

 

Figure 1. Activity of glutathione-S-transferase (GST) (nanomoles of conjugated GSH-

CDNB/mg of proteins/min) in Trachinotus marginatus fed with lipoic acid. Lipoic acid 

doses: 0 mg kg-1, 316.4±8.49 mg kg-1, 524.0±38.2 mg kg-1, 890.4±66.3 mg kg-1 and 

1367.3±185.8 mg kg-1. The data are expressed as the means ± standard deviation (n=6-

9). The asterisks indicate significant differences (p<0.05) in respect to the control group 
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after orthogonal contrasts. Values accompanied by the same letters indicate the absence 

of statistical differences in the Newman-Keuls test (p>0.05). Analyzed organs: (a) 

muscle, (b) brain, (c) liver. 

 

Lipid peroxidation was significantly reduced in the muscle (p<0.05) in the fish 

treated with 316, 890 or 1,367mg LA kg-1dry food compared with that of the control 

group (Fig.2a). No significant effect (p>0.05) of LA on lipid peroxidation was observed 

in the brain and liver (Fig. 2b-c). 
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Figure 2. Lipid peroxidation (TBARS) in Trachinotus marginatus fed with lipoic acid. 

Lipoic acid doses: 0 mg kg-1, 316.4±8.49 mg kg-1, 524.0±38.2 mg kg-1, 890.4±66.3 mg 

kg-1 and 1367.3±185.8 mg kg-1. The data are expressed as the means ± standard 

deviation (n=6-9). Values accompanied by the same letters indicate the absence of 

statistical differences in the Newman-Keuls test (p>0.05). Analyzed organs: (a) muscle, 

(b) brain, (c) liver. 

The protein concentration also exhibited different responses in the analyzed 

organs. No effects of LA (p>0.05) were observed in the muscle (Fig. 3a) or brain (Fig. 

3c). In the liver, a reduction in the protein content (p<0.05) was observed in the fish 

treated with 890 mg LA kg-1dry food and 1,367 mg LA kg-1dry food compared with that 

of the fish treated with 316mg LA kg-1dry food and 524mg LA kg-1dry food, although 

none of LA doses resulted in a significant difference relative to the control group 

(p>0.05) (Fig. 3b). 
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Figure 3- The total protein concentration of Trachinotus marginatus fed with lipoic 

acid. Lipoic acid doses: 0 mg kg-1, 316.4±8.49 mg kg-1, 524.0±38.2 mg kg-1, 890.4±66.3 

mg kg-1 and 1367.3±185.8 mg kg-1. The data are expressed as mean ± standard 

deviation (n=6-9). The values accompanied by the same letters indicate the absence of 

significant differences in the Newman-Keuls test (p>0.05). Analyzed organs: (a) 

muscle, (b) brain, (c) liver.  

  



74 

 

4. Discussion 

 

In the present study, we provide direct evidence that LA supplementation 

(measured effectively in the diet) affected the growth performance and anti-oxidant 

status of Plata pompano (T. marginatus). Previously, Terjesen et al. (2004) and Trattner 

et al. (2007) observed a decrease in weight that was caused by LA supplementation 

(1,000 mg LA kg-1dry food, nominal concentration) in the fish Piaractus 

mesopotamicus. As mentioned above, Zhang et al. (2010) observed an increase in the 

growth of abalone (Haliotis discus hannai) following a dose of 800 mg LA kg-1dry food 

(nominal concentration), whereas higher doses (1,600 and 3,200 mg LA kg-1dry food, 

nominal concentration) resulted in a decrease in the growth. The FI and FCR founded in 

the present study suggest an anorexic effect of LA at high doses (890.4±66.3mg LA kg-1 

and 1,367.3±185.8mg LA kg-1dry food). A reduction in the feed intake was reported by 

Kim et al. (2004) and Shen et al. (2005) in rats and mice supplemented with LA. 

According to Kim et al. (2004), this decrease is related to reduction in the activity of the 

hypothalamic AMP-activated protein kinase that is responsible for signaling the cell to 

consume energy. In addition, some reports indicate that dietary LA enhances energy 

expenditure (Kim et al., 2004; Wang et al., 2010). Both of these factors can contribute 

to a reduction in the lipid content of the carcasses of fish in the groups fed with 

890.4±66.3 mg LA kg-1 and 1,367.3±185.8 mg LA kg-1dry food, and consequently, may 

influence the final fish weight. Similar results were previously reported by Shen et al. 

(2005) who observed a decrease in the lipid content in mouse carcasses after three 

weeks of LA supplementation in the diet. In addition, Zempleni et al. (1997) observed 

that rats treated chronically with LA exhibited decreased activity of biotin-dependent 
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carboxylase in the liver, which is an important enzyme in lipid synthesis. This fact also 

explains the decrease in the lipid percentage in the fish carcasses. 

The protein concentration in the liver was higher in the groups treated with 

316.4±8.49 mg LA kg-1 and 524±38.2 mg LA kg-1 dry food compared with that of the 

groups treated with 890.4±66.3 mg LA kg-1 and 1,367.3±185.8 mg LA kg-1 dry food. 

Gupte et al. (2009) demonstrated that LA increases the expression of heat shock protein 

in the skeletal muscle of rats. However, Terjesen et al. (2004) reported that fish feed 

with an LA supplementation diet exhibited a decrease in total free amino acid levels in 

the plasma. The authors have also suggested that protein utilization indices such as 

PER, apparent net protein utilization, and the expression of central enzymes of nitrogen 

metabolism should be monitored closely when doses of 1,000 mg LA kg-1 (nominal 

concentration) were included in the fish diet. Furthermore, a study conducted by 

Çakatai & Kayali (2005) show that LA can oxidize plasma proteins in aging rats. 

Considering the results describing the growth and PER obtained in this study, it can be 

infer that LA doses higher than 1,300 mg kg-1 may hamper pompano protein 

metabolism.  

The brain is particularly susceptible to oxidative damage because of high levels 

of polyunsaturated fatty acid and iron coupled with low antioxidant activities, making it 

extremely susceptible to oxidative damage (O’Donnell & Lynch 1998). The increase in 

GST activity in the brain of Plata pompano fed diets supplemented with 890.4±66.3mg 

LA kg-1dry food are in agreement with the results obtained by Monserrat et al. (2010), 

which indicated that the GST activity increased in fish brains after four weeks of LA 

supplementation in the diet (70 mg kg-1of body mass, nominal concentration). 

Furthermore, Amado et al. (2011) showed that carp subjected to treatment with LA via 

intraperitoneal injection (40 mg kg-1 body mass) exhibited an increase in the gene 
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expression of GST isoforms. The increase in GST reported in the present study 

enhanced the detoxifying capacity of the brain. It has been show that GST catalyzes the 

conjugation of hydrophobic xenobiotic compounds that posses cytotoxic and/or 

genotoxic properties (Blanchette et al. 2007). Finally, many studies have indicated that 

LA can cross the blood-brain barrier (Arivazhagan, et al 2002; Freitas, 2009; Ferreira et 

al., 2009), which explains the effect of LA on the brain.  

Overall, the findings reported in the present study indicate that LA exerts 

different effects on the analyzed organs regarding antioxidant status and metabolism. 

The increase in GST activity in the brain and the reduction in lipid peroxidation in the 

muscle should improve the antioxidant status of these organs. In fact, a reduction in the 

lipid levels in the carcass should include polyunsaturated fatty acids, thus impairing the 

occurrence of lipid peroxidation. Recently, Yasin et al. (2012) showed that α-lipoic acid 

and α-tocopherol exerts synergic effect on broiler’s meat by reducing the lipid 

peroxidation and may have beneficial effects when included in the human diet. 

To the best of our knowledge, the determination of LA in the diet of aquatic 

organisms was analyzed for the first time in this study, and the final LA concentration 

in the diet resulted in an average reduction of 52% compared with the nominal 

concentration. Thus, the effects of LA on the antioxidant status of an animal fed a 

nominal concentration should be used with caution because the present study 

demonstrated that doses below the nominal concentration can interfere with protein and 

lipid metabolism in fish. Based on the results, it is suggested that dietary LA can be 

supplemented in T. marginatus in doses between 316.4 and 524 mg LA kg-1 to reduce 

muscle lipid peroxidation without affecting growth performance.  
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Resumo 

O presente trabalho avaliou a resposta ao longo do tempo sobre a condição antioxidante 

do peixe Trachinotus marginatus alimentado com dieta suplementada com α-ácido 

lipóico (AL). Os peixes foram aliementados durante 30 dias com dieta sem adição de 

AL (controle) ou 524 mg AL/kg ração. O cérebro, fígado, brânquia e músculo foram 

coletados aos 10, 20 e 30 dias de alimentação. A atividade da glutationa-S-transferase 

(GST) no cérebro não apresentou diferenças significativas entre os tratamentos 

(p>0,05).  No fígado o grupo AL registrou aumento da GST em comparação ao grupo 

controle aos 30 dias (p<0,05). A peroxidação lipídica reduziu significativamente no 

grupo AL e em relação ao grupo controle aos 30 dias no músculo (p<0,05). Os 

resultados obtidos sugerem que é necessário ao menos 30 dias de suplementação da 

dieta com AL para aumentar a capacidade antioxidante do peixe. 

 

Summary 

This study evaluated along the time the effect of antioxidant status in the fish 

Trachinotus marginatus fed with diet supplemented with α-lipoic acid (LA). The fish 

were fed for 30 days with diet without supplementation (control) or with 524 mg LA/kg 

dry food. The brain, liver, gill and muscle were sampled at 10, 20 and 30 days. The 

glutathione-S-transferase (GST) activity in brain showed no significant differences 

between groups along the time (p>0.05). In the liver, the LA group exhibited an 

increase in GST activity at day 30 in comparison to control groups (p<0.05). The lipid 

peroxidation in muscle exhibited a decrease in AL group at day 30 in comparison to 

control group (p<0.05). The results obtained suggest that are necessary almost 30 days 

to LA diet supplementation enhances antioxidant status of fish. 

Keywords: fish, glutathione, lipid peroxidation, lipoate.  
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Introduction 

Fish like all aerobic organisms are also susceptible to deleterious effects caused 

by accumulation of reactive oxygen species and have substantial internal defenses that 

are well described in the literature (Ross et al. 2001; Martínez-Álvarez et al. 2005). The 

reactive oxygen species are formed during aerobic metabolism by several biochemical 

processes, including oxidative phosphorylation. It has been suggested that the 

accumulation of these compounds participate broadly in the pathogenesis of a wide 

range of pathologies (Soffler 2007; Roberts & Sindhu 2009). 

Cellular macromolecules as, proteins, DNA and lipids are targets to ROS 

damage. The fish tissues contain large quantities of polyunsaturated fatty acids (PUFAs) 

that are more susceptible to ROS oxidation (Bergamini et al. 2004). The peroxidation of 

unsaturated lipids in cell membranes produces unstable lipid hydroperoxides, that when 

decomposed present high reactivity, affecting the cell integrity.  

The non-enzymatic pathways whereby the reactivity of ROS can be neutralized 

are represented mainly by diet antioxidants such as retinol, ascorbic acid and α-

tocopherol, carotenoids and lipoic acid (LA). The LA and its reduced form 

dihydrolipoic acid (DHLA) are powerful antioxidants, scavenging hydroxyl radical, 

hipochlorous acid, peroxynitrite and singlet oxygen (Packer et al. 2001). Lipoic acid is 

readily absorbed from the diet and converted to DHLA in many tissues. The DHLA 

possess ability to regenerate endogenous antioxidants such as α-tocopherol, ascorbic 

acid and glutathione (Packer et al. 2001). Moreover, the relatively low molecular mass 

of LA makes it soluble in both water and fat, permitting an action across the membrane, 

strengthening the antioxidant network of cell (Navari-Izzo et al. 2002). Because of these 
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antioxidant attributes, this compound has been employed as a therapeutic for treatment 

of neurodegenerative disorders, and also liver and cardiovascular dysfunctions (Packer 

et al. 1997; Bustamante et al. 1998; Wollin & Jones 2003).  

In fish different factors such as: diet, environmental conditions, age, xenobiotic 

compounds and parasites can influence antioxidant defense (Martínez-Álvarez et al. 

2005). Furthermore, during aquaculture procedure fish is exposed to many of these 

factors making susceptible to reduce defense against ROS.  

Recently studies in aquatic organisms have been carried out and demonstrated 

the improvement of antioxidant status by LA (Monserrat et al. 2008; Zhang et al. 2010; 

Amado et al. 2011; Kütter et al. 2012). Therefore, the present study analyzed the period 

necessary to dietary LA supplementation in fish to elict an antioxidant response.  

 

2. Material and methods 

2.1 Fish and experimental design 

Juvenile Plata pompano (Trachinotus marginatus) (Cuvier, 1832) were caught at 

the Cassino Beach (32°12’S; 52°10’W, Rio Grande, RS, Southern Brazil)- Environment 

Ministery permission- SISBIO 269021. The fish were transferred to the Aquaculture 

Marine Station at the Universidade Federal do Rio Grande (FURG) and stored in a 310-

L plastic tank containing 200 L of seawater (30 ‰, 18.8 ± 2.0 ºC) with continuous 

aeration and submersed heater thermostat. Fish were stock at density of 60 fish per tank. 

They were arranged as a static system with a daily water exchange of 90 %, before the 

first meal. Tanks were cleaned daily by siphoning the bottom to remove deposed 

organic matter. Fish were acclimated for ten days previous to experiment. During this 
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period, the fish were fed to apparent satiety, three times a day (08:00, 12:00 and 16:00 

h) with experimental food (control). The photoperiod was adjusted to 14L:10D.  

After acclimation a total of 90 juvenile T. marginatus fish (5.3 ± 2.0 g) were 

randomly distributed into two cylinder tanks (310 L) containing 200 L of seawater at a 

stock density of 45 fish per tank. The system was the same that described above. The 

water quality parameters were monitored daily. The temperature and dissolved oxygen 

was measured using multi-parameter electrode (550 A, YSI, Yellow Springs, OH, 

USA). The salinity was determined using refractometer (S/Mill-E, ATAGO, Tokyo, 

Japan).  

2.2 Experimental diet 

The experimental diet was the same utilized by Kütter et al (2012) that used 

purified ingredients and contain 47% of crude protein and 11% lipid. The diet was 

supplemented with 1,000 mg LA/kg of dry food whereas in the control diet LA was not 

included. After drying pellets they were crushed to a small diameter and stored at -20 

°C until used. The final LA concentration of food was 524±38.2 mg LA/kg dry food. 

2.3 Organs samples and homogenization  

The brain, liver, gill and muscle were dissected at 10, 20 and 30 days. The fish 

were anesthetized following Okamoto et al (2009) and euthanized by cervical 

dislocation. Prior to sampling, the fish were fasted for 24h. During the dissection the 

organs (brain, liver and gill) were immediately stored in 3mL of physiological saline 

solution and maintained at 5 °C, with exception to muscle that was directed stored at -

80 °C. The physiological saline solution for marine fish was prepared according to 

Forster & Hong (1958). After dissection, organs were dried quickly in toilet paper and 

stored at -80°C until biochemical analyses. 
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The organs were homogenized (1:5 w/v) in  Tris–HCl (100 mM, pH 7.75) buffer 

with EDTA (2 mM) and Mg2+ (5 mM) (Amado et al. 2011). The homogenates were 

centrifuged at 10,000 × g for 20 min at 4 °C, and the supernatants were employed for all 

of the measurements described here. The total protein content was determined in 

triplicate using a commercial kit (Proteínas Totais®; Doles, Goiânia,GO, Brazil) based 

on the Biuret assay (550 nm), using a microplate reader (BioTek LX 800). The protein 

content was expressed as mg protein/g wet tissue. 

2.4 Activity of glutathione-S-transferase (GST) 

The activity of the enzyme glutathione-S-transferase (GST) was determined 

following the conjugation of 1 mM glutathione (GSH) and 1 mM 1-chloro-2,4-

dinitrobenzene (CDNB), as described by Habig et al. (1974) and Habig & Jakoby 

(1981). The absorbance was measured at 340 nm using a spectrofluorometer with a 

microplate reader (Víctor 2, Perkin Elmer, MA, USA) at 25 °C. The GST activity was 

normalized based on the protein concentration in the supernatant, and is expressed in 

nanomols of conjugated GSH-CDNB/mg proteins/min.  

2.5 Measurement of lipid peroxides concentration 

The degree of lipid peroxidation was determined according to the method of 

Oakes & Van der Kraak (2003). The method includes the derivatization of a by-product 

of lipid peroxidation, malondialdehyde (MDA), with thiobarbituric acid, which is 

followed by determination of the fluorescence. The homogenized extract (15 µL) was 

added to a reaction mixture containing 150 µL of 20 % acetic acid, 150 µL of 

thiobarbituric acid (0.8%), 50 µL of Milli Q water and 20 µL of sodium dodecyl sulfate 

(SDS, 8.1 %). The samples were heated to 95 °C for 30 min, and after cooling for 10 

min, 100 µL of Milli Q water and 500 µL of n-butanol were added. After centrifugation 
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(3,000 × g for 10 min at 15 °C), the organic phase (150 µL) was placed in a microplate 

reader and the fluorescence was registered after excitation at 520 nm and emission at 

580 nm. The concentration of thiobarbituric acid-reactive substances (TBARS) 

(nmol/mg of wet tissue) was determined using tetramethoxypropane (TMP, Acros 

Organics) as a standard. 

2.6 Data and statistical analyses 

The data were expressed as the means ± standard error (SE). The differences 

between the treatments were evaluated using a factorial analysis of variances (factors: 

time and treatment) followed by the Newman-Keuls post-hoc test. The significance 

level adopted was 5% (α=0.05). The ANOVA assumptions (normality by Shapiro-

Wilks and variance homogeneity by Levene) were previously validated (Zar, 1984).   

 

Results 

The GST activity in the brain exhibited no significant differences between 

groups along the time (p>0.05) (Fig.1a). In the liver, the LA group exhibited an increase 

in GST activity at day 30 in comparison to control groups at same time (p<0.05) 

(Fig.1b). In the gill, the group LA showed decrease in GST activity in comparison to 

control groups at day 10 (p<0.05), but this difference disappear at days 20 and 30. 

Furthermore, at days 20 and 30 the GST activitie of LA groups was significative higher 

than LA groups at 10 days (Fig.1c).  
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Figure 1. Activity of glutathione-S-transferase (GST) (nanomoles of conjugated GSH-

CDNB mg of proteins-1 min-1) in Trachinotus marginatus, fed with lipoic acid (LA) diet 

supplemented. Control: 0 mg/kg dry food; LA: 1000 mg/ kg dry food. The data are 

expressed as the mean ± the standard error (n=5-6). Similar letters indicate the absence 

of significant differences (p>0.05) after Newman-Keuls post-hoc test. Analysed organs: 

(a) brain, (b) liver, (c) gill.  

The lipid peroxidation in brain exhibited no significant differences between 

groups (p>0.05) (Fig. 2a). In the liver, both treatments exhibited reduction in lipid 

peroxidation at day 20 in comparison to days 10 and 30. LA group also exhibited 

decrease of lipid peroxidation in comparison to control group at day 20 (p<0.05). The 

lipid peroxidation in liver exhibited significative reduction in LA group at 20 days in 

comparison to control at same period. Furthermore at this period lipid peroxidation was 
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smaller than at 10 and 30 days (Fig. 2b). In the gills, the lipid peroxidation did not differ 

between treatments in all period examined (p>0.05). The lipid peroxidation in gills 

exhibited higher values when compared to others tissues (Fig. 2c). The lipid 

peroxidation in muscle exhibited an increase in control group at day 30 in comparison 

to LA group at same period (p<0.05) (Fig.2d). 

 

Figure 2. Lipid peroxidation (TBARS) in Trachinotus marginatus, fed with lipoic acid 

(LA) diet supplemented. Control: 0 mg/kg dry food; LA: 1000 mg/ kg dry food.  The 

data are expressed as the mean ± the standard error (n=4-6) to brain, liver and gill, (n=7-

12) muscle. Similar letters indicate the absence of significant differences (p>0.05) after 

Newman-Keuls post-hoc test. Analysed organs: (a) brain, (b) liver, (c) gill, (d) muscle. 
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Discussion 

The glutatione-S-transferases (GSTs) are a multi-gene family of enzymes 

involved in the detoxification, and activation of a wide variety of chemicals (Eaton & 

Bammler 1999). In aquatic organisms, GSTs are know to play a main role in 

metabolism of xenobiotics in phase II detoxification, protecting cells against chemically 

induced toxicity (Blanchette et al. 2007). The GSTs also play an important role in 

detoxification of endogenous products of lipid peroxidation such as 4-hydroxy-2-

nonenal (Eaton & Bammler 1999).  

The results obtained of GST activity in brain exhibited no differences between 

treatments. The increase in GST activity in the brain of fish fed diet supplemented with 

LA had been reported by Monserrat et al (2008) and Kütter et al (2012). Moreover, 

previously study has reported that for this species a concentration of 890 mg LA/kg dry 

food is necessary to increase GST activity in brain (Kütter et al. 2012). In present study 

the employed concentration LA was 524 mg LA/ kg of dry food. This concentration was 

chosen because in this species is the best concentration to be employed in diet 

supplementation to enhance antioxidant status of some organs without reducing growth 

performance (Kütter et al. 2012).  

The present study showed difference in organ response to LA diet 

supplementation. According to Bustamante et al (1998), when LA is offered via diet the 

absorption occur rapidly in the gut, taken up into various organs were metabolically 

altered and then excreted. The biotransformation of AL occurs mainly via β-oxidation 

of the carboxylic acid side chain and S-methylation of the dithiole moiety (Teichert et 

al. 2003).  Furthermore, different animal metabolized LA in metabolic with distinct 

proprieties.  The study of metabolic pathway of LA after oral administration, showed 
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that rat and mice forming predominatly derivatives of bisnorlipoic, whereas dogs the 

metabolic predominant are related with tetranorlipoic acid (Schupke et al. 2001).  The 

liver is one of the main organs were LA accumulated after oral dose (Hill et al. 2004). 

Also, it is possible that LA in diet can present interference from others composts that 

could reduce its bioavailability (Shay et al. 2009).  These statements could explain the 

effect on GST activity in liver occurred only after 30 days of LA diet supplementation.  

The reduction in lipid peroxidation in the muscle of fish fed diet supplemented 

with LA had been reported by Kütter et al (2012). Similar with the response of liver the 

reduction in lipid peroxidation in muscle occurred only at 30 days. This reduction could 

be related with the interference of LA in body fatty acid compositions that increase the 

percentage of saturated fat acids that are less susceptible to oxidation (Çelik & Özkaya 

2002; Özkan et al. 2005; Trattner et al. 2007).  

The lipid peroxidation in gill exhibited higher values when compared to others 

tissues. Similar result has been previously described for trout Oncorhynchus mykiss 

(Trenzado et al 2006). According to the cited author the gill present less enzymatic 

antioxidant activity than liver and muscle turning this tissue more susceptible to 

oxidation. 

Considering the explanation above we could suggest that are necessary almost 

30 days to LA diet supplementation to enhance the antioxidant status of Plata pompano. 

Furthermore, the finding of reduction in lipid peroxidation in muscle can improve meat 

stability. The use of LA diet supplemented to increase meat quality had been reported 

for steer (Rentfrow et al 2004) and broiler (Arshad et al 2011; Yasin et al 2012).  
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Resumo 

O ácido lipóico (AL) é um dissulfito derivado do ácido octanóico que é 

sintetizado na mitocôndria, atuando como cofator das enzimas mitocondriais que 

catalizam a dexcarboxilação oxidativa no ciclo de Krebs. As propriedades antioxidantes 

do AL fazem com este composto seja conhecido como “antioxidante ideal”. Diversos 

benefícios terapêuticos associados a sua ação antioxidante têm sido encontrados em 

uma variedade de patologias. Estudos recentes demonstraram que este composto pode 

ser empregado na aquicultura para aumentar a capacidade antioxidante dos organismos. 

Desta forma o presente manuscrito apresenta os potenciais usos do AL na aquicultura. 
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Abstract 

Lipoic acid (LA) is a disulphite derived from octanoic acid that is synthesized in 

mitochondria. LA acts as cofactor of mitochondrial enzymes that catalyses oxidative 

decarboxylation in the Krebs cycle. The antioxidants properties of LA make this 

compound be consider an “ideal antioxidant”. Several therapeutic benefits associated 

with its antioxidant action have been investigated in wide range of pathologies. 

Recently researches have demonstrated that this compound can be also employed for 

enhance antioxidant status in aquatic organisms. The present manuscript relates the 

potential uses of LA in aquaculture. 

Key-words: antioxidant status, aquaculture, aquatic organism, lipoate. 

 

Introduction 

The α-lipoic acid or 1,2-dithiolane-3-pentanoic acid, is a disulphate derived from 

octanoic acid synthesized in the mitochondria, found in microorganisms, plants and 

animals (Reed 1974; Navari-Izzo et al. 2002). The lipoic acid (LA) presents two 

enantiomers: R that occur naturally and S that is synthetically synthesized. This 

molecule contains two sulfur atoms (at C6 and C8) connected by dissulfite bond. 

(Fig.1a). Intracellular the thiol group of lipoic acid can be reduced in dihydrolipoic acid 

(DHLA)(Fig.1b). 
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Figure 1- The structure of α- lipoic acid- oxized form (a); dihydrolipoic acid- 

reduced form. 

The LA acts as cofactor of mitochondrial enzymes that catalyses oxidative 

decarboxylation in the Krebs cycle (Reed 1974; Christensen, 1983). Furthermore LA 

and DHLA have antioxidant proprieties including free radical quenching, metal 

chelation and interaction with other antioxidants. Together with characteristics cited 

above the amphiphilic character and bioavailability and safety properties of LA, make 

this compound an “ideal antioxidant” (Packer et al. 2001). The phisiologycal pathway 

of LA are multifaceted including the induction of cellular signaling pathways of 

glicogenesis and lipid metabolism, a vasorelaxant/anti-hypertensive compound, and an 

adjuvant for neuro-cognitive function (Shay et al 2009). Considering all these 

characteristics, the use of LA to improve the antioxidant status of cells, allows 

important applications for disease prevention in aquaculture organism. 

In contrast to other antioxidants, like ascorbic acid, α-tocopherol, the use of LA 

in pets and farm animals is restricted to experimental studies (Diaz-Cruz et al. 2003; 

Wollin et at. 2004; Hill et al. 2004; Hamano 2002, Hamano 2007, Ibrahim et al. 2008). 
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The first studies investigating the effects of LA in aquatic organism started in 

1960’s. In these studies were investigated the effects of LA on animalization in sea 

urchin (Runnstrom 1957), in the regenerative capacity of hydra (Ham and Eakin 1958) 

and planaria (Henderson and Eakin 1959), on morphogenetic of frog embryo and 

acetabularia (Brachet 1961; Brachet 1962). Although, after this period a lack of 

publications focusing on LA effects in aquatic organisms occurred in subsequent 

decades. Only a few decades lather, information regarding the effects of LA on 

organisms utilized in aquaculture was published. Although, to our knowledge, these last 

published information is limited to only a few species: raibow trout Onchorhynchus 

mykiss (Otto et al. 1997), Pacu Piaractus mesopotamicus (Terjesen et al. 2004; Park et 

al. 2006; Trattner et al. 2007), corydora Corydora paleatus (Monserrat et al. 2008), 

habalone Haliotis discus hannai (Zhang et al. 2010), Carp Cyprinus carpio (Amado et 

al. 2011, Longaray et al 2013), zebrafish Danio rerio (Francis et al. 2012) and Plata 

pompano Trachinotus marginatus (Kütter et al. 2012; Kütter et al. 2013,). 

 

Oxidative stress in aquatic organism 

Like all aerobic organisms, cultured aquatic organisms are also susceptible to 

damage effects caused by oxidative stress and have substantial internal defenses that are 

well described in the literature (Ross et al 2001; Lushchak & Bagnyukova 2006). In 

homeostasis the rates of reduction and oxidation are equal. The oxidative stress occurs 

when the concentration of reactive oxygen species (ROS) become greater than the 

concentration of antioxidants (Sies 1985). For other point of view, oxidative stress can 

be consider a perturbation in signaling and redox control of cell (Jones 2006). This 

condition has potential deleterious effects if important biomolecules are oxidized (Sies 

1991). The ROS are formed during aerobic metabolism by several biochemical 
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processes, including oxidative phosphorylation; ROS are also involved in the regulation 

of cellular signaling and gene expression and in the antimicrobial defense elicited by the 

immune system (Butler et al. 2009; Cui et al. 2009). However, it has been suggested 

that high ROS concentration are behing the etiology of several pathologies (Soffler 

2007; Roberts & Sindhu 2009; Lu et al. 2006). 

In farm animals, oxidative stress may be involved in several pathological 

circumstances including conditions that are relevant for animal production and the 

general welfare of the individuals (Lykkesfeldt & Svendsen 2006). During the rearing 

process temporal and spatial alterations in water quality make the organism cultured 

susceptible to oxidative stress. Variations in salinity, oxygen and temperature can alter 

the ability to detoxify ROS (Da Rocha et al. 2009). Furthermore, parasite infestation 

and toxins produced by cyanobacteria, such as microcystin, can also affect the 

antioxidant capacity of fish (Secombes & Chappell 1996; Belló et al 200; Amado et al. 

2011; Garcia et al. 2011).  

Considering that during the intensification of farm animal disease that normally 

have low incidence in wild populations can occur in large number of individuals in 

confined environment, any changes in antioxidant response of fish will be favorable to 

disease infestation. To prevent pro-oxidant condition the utilization of exogenous 

dietary antioxidants had been employed (Linnane & Eastwood 2006). The exogenous 

non-enzymatic antioxidants include ascorbic acid, α-tocopherol, carotenoids and α-

lipoic acid (LA). Dietary supplementation with exogenous non-enzimatic antioxidants 

has been extensively used for humans, farm animals and pets (Block 1991; Merchie et 

al. 1996; Moini et al. 2002; Tocher et al. 2002). 
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Uptake and toxicity 

The LA is considered a safety dietary supplement with non-observed adverse 

effect in human (Cremer et al. 2006). It has been large utilized due to its antioxidant and 

anti-hyperglicaemic proprieties in humans. Meanwhile, some authors have reported 

adverse effects depending of dose for others species. The rat is more tolerant to LA 

followed by dog, mice and cat that are very sensitive to LA (Hill et al. 2004). In broilers 

no limit concentration has been described. However, a dose of 150 mg/ kg exhibited 

growth reduction (Yasin et al. 2012).  

In aquatic organism, studies investigating dose response have been reported for 

habalone and Plata pompano (Zhang et al. 2010; Kütter et al. 2012; Kütter et al. 2013). 

In the habalone was reported that high LA doses in diet, (between 1,600 and 3,200 mg 

LA Kg-1 dry food- nominal concentration), decreased antioxidant capacity and growth. 

In Plata pompano a single dose injected intraperitonelly, 40 or 60 mg LA kg-1 body 

weight, showed a pro-oxidant effect in liver with increase in lipid peroxidation and free 

iron concentrations (Kütter et al. 2013), whereas  in diet doses of 890 and 1,367 mg kg-1 

dry food cause growth delay and decreased food intake (Kütter et al. 2012). 

The antioxidant/pro-oxidant properties of LA, in different circumstances, are 

dependent on its concentration (Çakatay & Kayali 2005; Atukeren et al. 2010; 

Valdecantos et al. 2010). The pro-oxidant effect of LA is considered to be related to its 

ability to reduce Fe3+ to Fe2+, resulting in the generation of a hydroxyl radical via 

Fenton reactions that may propagate chain reactions including lipid peroxidation 

(Goralska et al. 2003).  

Furthermore, the decrease caused by diet LA is related to reduction in the 

activity of the hypothalamic AMP-activated protein kinase that is responsible for 
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signaling the cell to consume energy (Kim et al. 2004). In addition, some reports 

indicate that dietary LA enhances energy expenditure (Kim et al. 2004; Wang et al. 

2010). 

Considering that aquaculture employ a large number of species it is important to 

determinate the appropriated dose to different species. The studies cited above indicated 

that both fish and habalone are tolerant to diets supplemented with doses of 3,000 and 

3,200 mg kg-1 (nominal dose) respectively. However, these doses althought did not 

induced mortality, decrease growth and antioxidant status. In both cases, the optimal 

concentration was considered to be between 500 to 1,000 mg LA kg-1 dry food (nominal 

concentration) for Plata pompano and 709 mg LA kg-1 dry food for habalone (Zhang et 

al. 2010; Kütter et al. 2012). Furthermore, acute LA dose in Plata pompano exhibited 

optimal response with a single intraperitoneal injection of 20 mg kg-1 body weight 

(Kütter et al 2013). 

 

Possible benefits of lipoic acid in fish farming 

Researches with other antioxidants in aquatic organisms have demonstrated that 

these compounds increasing growth, survival, alter behavior and immunology, and also 

increase nutritional value of fish (Trenzado et al 2009, Rostamzad et al. 2010; Celada et 

al. 2013).  

The reduced form of LA, dihydrolipoic acid (DHLA), can act in the regeneration 

of other antioxidants, such as α-tocopherol, ascorbate, glutathione and ubiquinol 

(Packer et al. 2001). Studies with LA in Pacu Piaractus mesopotamicus suggest that 

dietary LA suppress symptoms of ascorbic acid deficiency (Park et al 2006). 

Furthermore, other studies in aquatic organisms have been carried out and demonstrated 
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the improvement of antioxidant status by LA (Monserrat et al. 2008; Zhang et al. 2010; 

Amado et al. 2011; Kütter et al. 2012; Kütter et al. 2013, Longaray et al. 2013).  

In corydoras Corydoras paleatus was reported that fish fed with dietary LA had 

antioxidant status of brain improved (Monserrat et al. 2008). Furthermore, in abalone, 

Haliotis discus hannai the supplement diet with LA present a positive correlation 

between the LA concentration and antioxidant capacity and growth in doses ranging 

from 200 to 800 mg kg-1(Zhang et al. 2010). Whereas in Plata pompano, LA diet 

supplementation triggered reduction in lipid peroxidation in muscle and enhance 

antioxidant status of brain (Kütter et al. 2012).  In other work was reported that 

treatment with LA could reduce the toxic effects of cyanotoxins in carp Cyprinus carpio 

(Amado et al. 2011). The application of LA in antioxidant-enriched media during 

embryonic incubation was tested in zebrafish, Danio rerio and showed enhancement of 

cell proliferation and growth (Francis et al. 2012). 

Recently studies demonstrated that LA applied intraperitoneal also can enhance 

antioxidant status in brain of Plata pompano Trachinotus marginatus (Kütter et al. 

2013). Other study conduced by Longaray et al. (2013) reported that carp injected 

intraperitoneally with LA or LA nanocapsuled exhibited diference response at different 

organs. It was showed that at short time the liver was the principal organ to provide 

antioxidant responses, whereas at long time, the brain and muscle are more responsible.  
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Conclusions and future directions 

The ROS damage can trigger apoptosis and cell dysfunction, making oxidative 

stress a primary factor in the pathogenesis or a secondary contributor mechanism in 

disease etiology. The utilization of compounds that can enhance antioxidant defense 

should provide benefits against a wide range of pathologies. Furthermore, the present 

data demonstrated that LA could be employed at different stages of development in fish 

(Francis et al. 2012, Kütter et al. 2012). The LA can be applicated using different route 

of administration: intraperitoneally, diet supplemented and water solution. These 

characteristic permit the application at different circumstances, short time or long time 

response, and at different stages of aquaculture practices. 

The beneficial proprieties of LA reported in current researches with aquatic 

organisms, turn this compound suitable to be used in aquaculture. Like others 

antioxidants LA can be applicated to improve growth, survival, immunology, and also 

increase nutritional value of fish. However, it is necessary determinate the appropriated 

dose to different species an even organ. Furthermore, economically profitable of LA 

employ in aquaculture need more research. Regardless of actual high price of this 

compound it would be an alternative to improve health in fish farm.  
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Considerações finais 

Os resultados encontrados no presente estudo demonstraram que é necessária a 

determinação da concentração de α-ácido lipóico para que este apresente efeito benéfico 

ao organismo. Sendo assim, podemos concluir que a utilização de α-ácido lipóico no 

peixe Trachinotus marginatus melhora a capacidade antioxidante dos animais quando 

utilizado de forma aguda ou crônica. Além disso, a utilização de α-ácido lipóico na 

ração apresenta aumento da capacidade antioxidante após 30 dias de tratamento. 

As doses de AL recomendadas para juvenis de T. marginatus são de 20 mg/kg 

em uma aplicação i.p enquanto que a inclusão de AL na dieta deve ser entre 316 e 524 

mg AL/ kg de ração. O α-ácido lipóico pode ser utilizado na aquicultura, pois apresenta 

potenciais benefios relacionados à sua capacidade antioxidante que pode prevenir 

diversas patologias. 

 

 


