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RESUMO GERAL

A densidade de estocagem é amplamente reconhecida como um fator critico na
aquicultura. A influéncia da densidade de estocagem sobre o crescimento e resposta ao
estresse em juvenis de linguado (Paralichthys orbignyanus, ~ 1.580 - 8.359¢, peso inicial
ao final) foi examinada em peixes mantidos em 50% PCA (82 peixes / tanque), 100%
PCA (164 peixes / tanque), 150% PCA (246 peixes / tanque) e 200% PCA (328 peixes /
tanque) durante 45 dias num sistema de recirculacao de aquacultura (RAS). Neste estudo,
diferengas significativas foram encontradas no desempenho de crescimento entre as
quatro densidades. O peso final no tratamento com 200% PCA foi significativamente
menor (P <0,05) do que nos outros grupos, os juvenis de linguado brasileiro mantidos em
50% PCA atingiram 8,36 + 0,41 g, enquanto aqueles mantidos em 200%PCA cresceram
até 6,13 = 0,2 g. Ao final do experimento, a taxa de crescimento especifico (TCE) e a
conversao alimentar (CA) também foram prejudicadas pela alta densidade populacional
(P <0,05). Da mesma forma, a densidade de estocagem induziu alteragdes que
comprometeram o sistema antioxidante (atividade reduzida de ACAP e GST) e
aumentaram o dano oxidativo nos lipidios. Aumentos na atividade de GST e no contetdo
de PSH também foram demonstrados. Em concluséo, juvenis de linguados brasileiros
podem ser criados até 100% de PCA sem mostrar nenhuma sinal de estresse; enquanto, a
densidade de estocagem chegou a 150% de PCA, o desempenho de crescimento e a
resposta fisiologica foram adversamente afetados com uma tendéncia a aumentar a

producdo de radicais livres que poderiam danificar o sistema de defesa antioxidante.

Palavras-chave linguado brasileiro, aglomeracéo, enzimas antioxidantes, bem-estar
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ABSTRACT

Stocking density is widely recognized as a critical factor in aquaculture. The influence of
stocking density on growth and stress response of Brazilian flounder juvenile
(Paralichthys orbignyanus, ~1.580 — 8.359g, initial to final weight) was examined in fish
held 50% PCA (82 fish/tank), 100% PCA (164 fish/tank), 150% PCA (246 fish/tank) and
200% PCA (328 fish/tank) for 45 days in a recirculating aquaculture system (RAS). In
this study, significant difference was found in growth performance among the four
densities. The final weight in the 200% PCA treatment was significantly lower (P<0.05)
than in other groups, flounder reared at 50% PCA reached 8.36 + 0.41 g, while those
reared at 200% PCA grew up to 6.13 = 0.2 g. At the end of the trial, the specific growth
rate (SGR) and feed conversion ratio (FCR) were also adversely affected by high stocking
density (P<0.05). Similarly, stocking density induced alterations which compromised the
antioxidant system (reduced ACAP and GST activity) and enhanced oxidative damage in
lipids. Increases in GST activity and PSH contents were also demonstrated. In conclusion,
Brazilian flounder juvenile can be reared up to 100 % PCA without showing any sign of
stress; while, the stocking density reached up to 150% PCA, the growth performance and
the physioloical response were adversely affected with a tendency to increase free radical

production that could damage the antioxidant defense system.

Keywords: Brazilian flounder, crowding, antioxidant enzymes, welfar
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1. INTRODUCAO

1.1. LINGUADO Paralichthys orbignyanus

O linguado Paralichthys orbignyanus é um peixe demersal que pertenece a Ordem
Pleuronectiforme e a Familia Paralichthyidae, na qual se caracteriza por sofrer
metamorfose durante o estadio larval, virando de uma larva pelagica e com simetria
bilateral a uma com corpo assimétrico e comprimido dorso-ventralmente, além da
localizag&o dos dois olhos no mesmo lado da cabega (Nelson, 2006).

Estéa distribuido a partir do estado do Rio de Janeiro, no Brasil, até Mar del Plata,
na Argentina (Figueiredo e Menezes, 2000), constituindo um recurso pesqueiro
importante (Millner et al., 2005) devido a sua excelente qualidade da carne que provoca
um elevado valor de mercado, além de apresentar um alto rendimento de filetagem
(Robaldo et al., 2012). Além disso, pode atingir 1 m de comprimento total e pesar cerca
de 10 kg. (Bianchini et al., 2010). O linguado apresenta uma ampla tolerancia aos
parametros ambientais durante a criacdo, como pH entre 5,2 a 8,0 (Wasielesky et al.,
1997), a temperatura entre 20 a 26°C (Okamoto e Sampaio, 2012; Garcia et al., 2015), a
salinidade entre 11 a 30%. (Sampaio e Bianchini, 2002) e compostos nitrogenados entre
0,12 a 0,57 mg NHz-NL* (Maltez et al. 2017). Também ¢é resistente a procedimentos de
manejo como fotoperiodo entre 18 a 24 horas de luz (Louzada, 2004), incluindo anestesia,
transporte e captura (Bolasina, 2011; Benovit et al., 2012). Além disso, sua larvicultura
tem sido realizada com sucesso em condi¢6es de laboratdrio (Sampaio et al. 2007, 2008).
Em funcdo das caracteristicas citadas, o linguado € uma das espécies consideradas
promissoras para o desenvolvimento da piscicultura marinha no Brasil razéo pelo qual
vem sendo estudado em escala experimental no Laboratério de Piscicultura Estuarina e
Marinha da FURG para assim obter as informacdes necessarias para que 0 processo de
criacdo do linguado se torne uma alternativa viavel comercialmente.

O elevado valor comercial de algumas espécies de linguado motivou a criacdo
desses peixes, que estdo entre as principais espécies marinhas produzidas em cativeiro.
Dados da FAO (2012) destacam a producéo do turbot Scophthalmus maximus, que atingiu
em 2010 pouco mais de 70.000 t.



Figura 1. Distribuicdo geografica e probabilidade relativa de ocorréncia do linguado

Paralichtys orbignyanus (Fonte: FishBase).

1.2. DENSIDADE DE ESTOCAGEM

A densidade e estocagem é considerada uma variavel importante na aquicultura,
ja que tem influéncia no desempenho de crescimento, consumo de alimentos (Wang et
al., 2018; Guo et al., 2017; McKenzie et al., 2012; Sanchez et al., 2011), resposta
imunoldgica e fisioldgica (Liu et al., 2016; Andrade et al., 2015) e variacdo de tamanho
(Zeng et al., 2010; Irwin et al. 1999), levando assim a problemas de saude e resultando
em taxas de crescimento reduzidas devido ao comportamento de peixes relacionados a
interacdes sociais (hierarquia, territorialismo) influenciados por densidades inadequadas
na producdo aquicola (Bolasina et al., 2006; Dou et al., 2004; Irwin et al., 1999). Por outro
lado, o bem-estar dos peixes esta recebendo uma atencdo cada vez maior, sendo que,
medidas estdo sendo tomadas na regulamentacdo das préaticas de gestdo, incluindo a
densidade animal (Turnbull et al., 2005; Nieuwegiessen et al., 2008).

A determinacdo da densidade de estocagem Otima tem sido referenciada como a
maior quantidade de organismos que podem ser eficientemente produzidos em um
espaco, otimizando assim o0s beneficios econdmicos e sua viabilidade no
desenvolvimento da producdo comercial (Biswas et al., 2013; Castillo Vargas et al.,
2012).

Diferentes estudos relacionados a densidades de estocagem elevadas em um
pequeno espaco pode gerar diminuicdo no crescimento e no desempenho dos peixes
(Vijayan et al., 1990; Jobling, 1994; Bolasina et al., 2006; Merino et al., 2007; Arbeléaez-
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Rojas, 2009) devido na competicdo por alimento (Schwedler e Johnson, 2000; Kestemont
e Baras, 2001), praticas inapropriadas de manejo alimentar (Kestemont e Baras, 2001).
Finalmente, outro fator que pode causar a diminuicdo de desempenho em peixes
submetidos a altas densidades de estocagem é o estresse (Schwedler e Johnson, 2000;
Silva, 2010; Sanches, 2013). Em contraste, diversos autores relataram que o aumento das
densidades de estocagem causa uma melhora nos indices de conversdo alimentar,
diminuigdo na heterogeneidade entre os peixes, e aumento da biomassa total (\Watanabe
et al., 1996a; Salaro et al., 2003; Ayroza et al., 2011); por conseguinte, determinam um
maior retorno sobre os investimentos em estruturas e equipamentos (Hengsawat et al.,
1997).

Em quanto o efeito da densidade de estocagem no crescimento em diferentes
espécies de linguado, existem alguns estudos como: Paralichthys dentatus, a medida que
0s peixes crescem a densidade de estocagem deve ser reduzida de 200% para 100% de
cobertura de fundo (PCF) para ndo prejudicar o crescimento (King et al., 1998). Assim
também, para Scophthalmus maximus foi relatado que a densidades maiores as taxas de
crescimento sdo mais lentas devido ao aumento da concorréncia por alimento (Irwin et
al., 1999). Fairchild e Howell (2001) indicam que juvenis de Pseudopleuronectes
americanus poderiam ser criados até 200% e possivelmente 300% PCF sem prejudicar o
crescimento, mas os peixes ficam mais estressados e com maior risco de adquirir doencas.
Merino et al. (2007) menciona que juvenis de Paralichthys californicus criados a 100%
PCF cresceram mais do que aqueles criados a 200% e 300%. Finalmente, de acordo com
o0 que foi descrito acima, a densidade de estocagem seguro para a criacdo de linguados é
de 100 a 200% de area de cobertura. Desta forma, a identificacdo da 6tima densidade de
estocagem para uma espécie é um fator critico no delineamento ou na definicdo de um

eficiente sistema de producdo.

1.3.ESTRESSE
O estresse é a cascata fisioldgica que influencia o sucesso produtivo de uma
criacdo, ja que os peixes sob estresse enfrentam e sofrem alteracdes fisioldgicas, o que
pode causar uma reducdo na habilidade de manter ou restabelecer a homeostase (Shreck,
2010).
Moberg (1985), dividiou a resposta ao estresse em trés fases: primeiro ocorre o

desequilibrio na homeostase; em seguida, 0 organismo reage em resposta ao estresse e,
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finalmente, ocorrem as consequéncias fisiologicas e comportamentais, as quais sao
dependentes da condicéo bioldgica do peixe. Cada fase compreende diferentes efeitos no
organismo do peixe, as quais se iniciam no sistema nervoso e sdo mediadas pelo sistema
neuroenddcrino e geralmente direcionadas a mobilizacdo de energia para o organismo
escapar ou combater o estressor (Pickering, 1981).

A reacdo aos estressores nos peixes foram divididas em dois momentos (Silva et
al. 2010): primeiro, os efeitos que ameacam ou perturbam o equilibrio homeostatico,
segundo o desencadeamento de diversas respostas fisioldgicas compensatérias e
adaptativas, visando a superacdo das ameacas. Asismismo, Barton (2000) classificou a
origem dos agentes de estresse em peixes em trés tipos: 1) de natureza fisica, como o
transporte, densidade de estocagem inadequado e 0 manejo; 2) de natureza quimica, como
0s contaminantes, o baixo teor de oxigénio, oscilacdes no pH e concentracdo elevada de
amoOnia e nitrito, além dos fatores decorrentes da degradacdo da materia organica que
consequentemente resultam em poluentes organicos e inorganicos e 3) os percepcionados
pelos animais, como a presenca de predadores, de coespecificos dominantes ou
coespecificos ndo familiares, também denominado de estresse social.

Assim, uma densidade de estocagem inadequada gera um estado de estresse em
peixes subordinados que provavelmente envolve o estado de medo e inibe a expressao do
comportamento natural (Chandroo et al., 2004). Barton 2002, menciona que 0S peixes
ndo conseguem se restabelecer num estresse intenso ou prolongado, podendo ocasionar
consequéncias negativas para o seu estado de satde. Exposicdes prologadas a agentes
estressores, que inicialmente ndo parecem problematicos, podem se acumular havendo o
risco de se tornarem letais para os individuos (Barton e lwama, 1991; Conte, 2004). A
distincdo entre o estresse agudo e o estresse cronico € de extrema importancia ja que o
primeiro geralmente ocorre durante o manejo dos animais ou pela ocorréncia de contatos
repentinos com situacdes estressantes que levem 0s peixes a um estresse rapido. Este,
geralmente cessa com o final do estimulo e os peixes se reestabelecem. O estresse cronico,
manifesta-se em condi¢cdes as quais 0S peixes mantém-se estressados permanentes e,
como consequéncia, geralmente ha queda no rendimento produtivo e/ou diminuicdo da
resisténcia imunolégica podendo inclusive gerar doencas e mortalidade (Silva, 2010;
Sanches, 2013).
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As respostas ao estresse podem ser apresentadas em: resposta primaéria, que
envolve a liberagdo de catecolaminas e corticosterdides no sistema circulatério (Barton,
2002). As respostas secundérias sdo mudancas na gama de fatores bioquimicos,
hematoldgicos e imunolégicos (Frisch e Anderson, 2005). As respostas terciarias afetam
0 crescimento, a taxa metabdlica, a resisténcia a doencas, a capacidade reprodutiva e
sobrevivéncia (Barton e Iwama, 1991; Barton, 2002). Finalmente, para uma producéo
rentavel é importante encontrar um limite entre o interesse econdmico e a incidéncia de

alterac0es fisioldgicas (Bjornsson et al., 2012; Herrera et al., 2009).

1.3.1. Estresse Oxidativo

O estresse oxidativo € definido como o desequilibrio entre oxidantes e
antioxidantes em favor dos oxidantes, conduzindo a ocorréncia de danos celulares
oxidativos (Halliwell e Gutteridge, 2015). O estresse oxidativo ocorrera devido a:
aumento nas espécies reativas de oxigénio (EROs), deficiéncia no sistema antioxidante
ou a uma insuficiente capacidade de reparacdo aos danos oxidativos. Os danos causados
por EROs incluem alteracfes de macromoléculas celulares como membranas lipidicas,
DNA e/ou proteinas. Estas modificagdes podem alterar as funcdes celulares devido a
mudancas no pH ou concentracao de calcio intracelulares, podendo levar a morte celular
(Swan et al., 1991; Dorval et al., 2005; Halliwell e Gutteridge, 2015).

Os peixes, como todos os organismos aeréobios, desenvolveram evolutivamente
um complexo sistema antioxidante composto de diversas defesas ndo enzimaticas e
enzimaticas que atuam impedindo a formacéo e acdo das espécies reativas de oxigénio
(ERO), ou favorecendo o reparo e a reconstituicdo de moléculas que sofreram danos
oxidativos (Halliwell e Gutteridge, 2015). O processo de metabolizacdo de xenobidticos
€ uma importante fonte de espécies reativas de oxigénio, que correspondem aos produtos
da reducdo do oxigénio molecular, como o anion radical superéxido (O2™*), o radical
hidroxil (OH®) e o peroxido de hidrogénio (H202). As espécies reativas de oxigénio
passam a ter um efeito prejudicial ao organismo quando ocorre um aumento excessivo na
sua producdo ou diminuicdo de agentes antioxidantes. Em qualquer uma dessas situacées
predomina EROS no organismo, o que é denominado estresse oxidativo.

Essa situacdo pode derivar tanto de fatores internos como de fatores externos

(Stegeman et al., 1992). Para combater essas espécies reativas de oxigénio existe um
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sistema de defesa antioxidante, composto por mecanismos enziméticos e ndo-
enzimaticos. As principais enzimas antioxidantes sdo superoxido dismutase (SOD), a
catalase e a glutationa peroxidase (GPx), todas elas abundantes nos tecidos de peixes
(Storey, 1996; Van der Oost et al., 2003).

A catalase descrita em 1901 por Loew (Frugoli et al., 1996), é uma enzima
tetramérica que contém grupos heme e é encontrada em todos 0s organismos vivos. A
CAT ¢ a Unica entre as enzimas degradantes de H>O. que ndo consome equivalentes
redutores celulares e possui um mecanismo muito eficiente para remover o H,O> formado
nas celulas sob condicdes de estresse (Mallick e Mohn, 2000). Ocorrem primariamente
nos peroxissomos e a proliferacdo peroxissdmica é a principal causa para a elevacao da
atividade catalasica nos tecidos (Halliwell e Gutteridge, 2015).

A glutationa peroxidase (GPx), é a principal peroxidase de peixes, uma enzima
citosolica tetramérica, dependente de selénio, que emprega a glutationa reduzida (GSH)
como co-fator. A GPx catalisa o metabolismo de um grande numero de hidroperoxidos
orgénicos (ROOH) e do H20O> para agua, envolvendo a oxidagdo concomitante da GSH
para sua forma oxidada (GSSG). A GPx pode estar localizada no citosol, bem como na
matriz mitocondrial, e divide com a catalase a habilidade para detoxificar o H20:
(Martinez, 2006).

A enzima glutationa-S-transferase (GST) desempenha um papel importante na
detoxificacdo e eliminacdo de compostos eletrofilicos, incluindo agroquimicos. Sua
estimulacdo envolve reacdes de conjugacdo na presenca de glutationa. Assim, animais
aquaticos que habitam ambientes poluidos podem estar expostos a xenobidticos o0s quais
sofrem detoxificacdo mediada pela glutationa na sua forma reduzida, catalisada pela
enzima GST. Esta enzima de biotransformacao tem sido estudada em trabalhos de campo
no monitoramento de poluentes de origem industrial e agricola (Cho et al., 1999; Fenet et
al., 1998; Kantoniemi et al., 1996).

A GSH esté envolvida em varias func@es fisiologicas: mantém os grupos SH das
proteinas no estado reduzido, participa no transporte de aminoacidos e detoxificacdo de
toxinas, atua enzimaticamente degradando peroxidos enddgenos, forma moléculas
bioativas e atua como coenzima em varias reacdes enzimaticas (Stamler e Slivka, 1996).
A GSH participa ainda na decomposicdo do H.O,, potencialmente toxico, que é

convertido em H>O em reagdo catalisada pela GPx, as custas da glutationa reduzida; a
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glutationa oxidada resultante € reciclada a forma reduzida pela glutationa redutase e
NADPH (Gul et al., 2000). O NADPH é regenerado pela via das pentoses fosfato, em
reacdo catalisada pela glicose 6 fosfato desidrogenase, a qual é particularmente
importante nos eritrécitos. Dessa forma, este processo de reciclagem e a manutencéo de
niveis adequados de GSH podem prevenir o dano celular causado pelo estresse oxidativo
(Stamler e Slivka, 1996).

A peroxidacdo lipidica (LPO), medida como substancias reativas ao &cido
tiobarbiturico (TBARS), tem sido reportada como a maior responsavel pela perda da
funcéo celular em condigdes de estresse oxidativo, sendo utilizada como biomarcador em
diversos estudos (Huang et al., 2003; Barata et al., 2005; Cattaneo et al., 2011).
Peroxidacéo lipidica € um mecanismo de leséo celular causado por reacdes de radicais
livres de oxigénio nas membranas bioldgicas, ricas em acidos graxos polinsaturados. Este
processo forma hidroperdxidos de lipidios, que decompdem a ligacdo dupla de acidos
graxos insaturados e danifica a membrana celular. Esses lipidios altamente oxidaveis
podem atacar proteinas vizinhas, causando uma formacdo em excesso de proteinas
carbonil (Lackner, 1998). A formacao de proteina carbonil pode ocorrer como resultado
do estresse oxidativo. O teor de proteina carbonil é atualmente o indicador mais comum,
sendo o marcador mais utilizado para avaliacdo da oxidacédo protéica. EROs convertem
grupos amino de proteinas e alteram sua estrutura e funcdo. Uma dessas modificacOes é
a formacdo de radicais carbonil em aminoacidos de cadeia lateral. Os radicais sdo
guimicamente estaveis, tornando-os Uteis para processos de deteccdo. Grupos carbonil
podem ser introduzidos em proteinas por diferentes meios: predominantemente pela
oxidacdo catalisada metalica, mas também por aducdo de lipidios oxidados ou agucares
que contenham carbonil (Berlett e Stadtman, 1997; Requena et al., 2003; Almoroth et al.,
2005).

2. OBJETIVOS
2.1.0BJETIVO GERAL

Avaliar o efeito de diferentes densidades de estocagem sobre o crescimento e na

resposta ao estresse em juvenis do linguado Paralichthys orbignyanus.
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2.2. OBJETIVOS ESPECIFICOS
o Avaliar os efeitos da exposicao a diferentes densidades de estocagem no
sistema de defesa antioxidante e nos niveis de dano oxidativo no figado, no musculo, no
cérebro e nas branquias de juvenis de linguado;
o Avaliar o desempenho zootécnico dos linguados mantidos em diferentes

densidades de estocagem.

3. HIPOTESES

Densidades de estocagem altas sdo agentes estressores para 0s juvenis de linguado,

resultando em crescimento mas lento e induz o estresse oxidativo.

4. MATERIAL E METODOS

4.1. LOCAL E INSTALACOES
Inicialmente foi solicitado e obtida uma autorizagdo para execucdo do
experimento pela Comissdo de Etica em Uso Animal (CEUA) da Universidade Federal
de Rio Grande (Protocolo N° 23116.002018/2018-81). O local de estudo foi no
Laboratorio de Piscicultura Estuarina e Marinha (LAPEM) do Instituto de Oceanografia
da Universidade Federal do Rio Grande - FURG.

4.2. MATERIAL BIOLOGICO E DELINEAMENTO EXPERIMENTAL

O experimento foi realizado com 3280 juvenis de linguado P. orbignyanus (1,58
+ 0.28g) provenientes da desova obtido no proprio LAPEM da FURG. Os peixes foram
mantidos em 16 doze tanques de fibra de vidro com capacidade util de 40 L a uma
temperatura de 25.0 £ 0.3 °C, salinidade de 27 + 4%o e sob um fotoperiodo de 18 horas
claro e 6 horas escuro acoplados a quatro sistemas de recirculacdo de agua independentes
por 45 dias.

A densidade de peixes foi expressa em porcentagem da cobertura de area (PCA)
em relacdo ao fundo do tanque. Peixes de comprimento total semelhante foram
selecionados para serem transferidos para os tangques experimentais e sua area de

superficie ventral (corpo do peixe incluindo todas as nadadeiras) e o comprimento total
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foram estimadas por meio de anélise de imagem (Image J), no inicio e no final do
experimento.

Os peixes foram distribuidos aleatoriamente em quatro tratamentos: 50% de
cobertura de fundo (82 individuos por tanque), 100% de cobertura de fundo (164
individuos por tanque), 150% de cobertura de fundo (246 individuos por tanque) e 200%
de cobertura de fundo (328 individuos por tanque) com quatro repeticdes cada um.

Os juvenis foram alimentados cinco vezes ao dia (7:30, 11:15, 15:00, 18:45 e
22:30 h) até a saciedade usando uma racdo comercial (INVE Orange 2mm) com 55%
proteina, 13% lipidios, 13,5% cinzas, 1,0% fibra)

4.3.PARAMETROS FiSICO-QUIMICOS
Todos os dias e antes da primeira alimentacdo foram monitoradas: oxigénio

dissolvido e temperatura (oximetro YSI 55), pH (pH meter, WTW 315i), alcalinidade
total (Eaton et al. 2005), salinidade (refratometro 6ptico, ATAGO® PAL-06S), amdnia
total (UNESCO, 1983), nitrito (Bendschneider e Robinson 1952) e nitrato (Garcia —
Robledo et al. 2014).

4.4, COLETA DE MATERIAL BIOLOGICO

Os juvenis de linguado foram anestesiados com hidrocloridrato de benzocaina (50
ppm) para realizacao das coletas de dados biométricos (n=35/tanque), com auxilio de uma
balanca (Marte, BL3200 H 0,01g) e assim avaliar o crescimento dos linguados de cada
tratamento.

Ao final do experimento, todos os peixes foram contados para o célculo da
sobrevivéncia. Com os dados obtidos durante o experimento foram calculados os
seguintes parametros:

a) Ganho diario de peso: GDP (g peixe dia ™) = (Bi— Bo) / Bo / T * 100, onde B =
biomassa de juvenis ao dia 45(g), Bo = biomassa de juvenis ao inicio do
experimento (g), T = tempo do experimento (dias).

b) Taxa de crescimento especifico diario: TCE (% / dia) = [(In pf - In pi) / t] x 100,
onde pi é o peso inicial (g), pf € o peso final (g) e t € o tempo (dias);

c) Conversao alimentar aparente: CAA = AO / GP, onde AO é a quantidade de

alimento oferecido (g) e GP € o ganho de peso dos peixes (9);
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d) Porcentagen de cobertura de &rea (%PCA): PCA = (AST * N *100) / A, onde
AST ¢ a area de superficie total dos peixes, N é a quantidade de peixes, A é a
area disponible para el cultivo (cm?);

e) Fator de condigdo: FC = pf/ cf®, onde pf e cf sdo respectivamente o peso e 0
comprimento final.

f) Coeficiente de variacdo (CVew) = 100 * (DP / BW), onde DP é o desvio padréo
e BW é a média do peso (g)

4.5. MEDICAO DE PARAMETROS BIOQUIMICOS

4.5.1. Amostragem e Homogeneizacédo de 0rgaos

Para realizar os parametros bioquimicos, 12 individuos de cada tanque foram
aleatoriamente removidos ao final do experimento, e foram imediatamente sacrificados
com uma dose letal de cloridrato de benzocaina (500 ppm) e amostras de branquias,
figado, cérebro e musculo foram coletadas, congelados em nitrogénio liquido e
armazenados em ultrafreezer (-80 ° C) para posterior analise. Amostras de tecido
branquial, hepatico, cerebral e muscular foram homogeneizadas (1: 5; p / v) em tampao
Tris-HCI (100 mM, pH 7,75) com EDTA (2 mM) e MgCl2.6H20 (5 mM) (Rocha et al.,
2009). Os sobrenadantes resultantes da centrifugacdo dos homogeneizados (20000 x g,
20 minutos, 4°C) foram utilizados para as analises. A quantificacdo da proteina total foi
realizada pelo método de Biuret (A = 550 nm) em triplicata, utilizando um leitor de
microplacas (Biotek Synergy HT), como realizado em estudos anteriores (Amado et al.,
2009). A média da concentracdo protéica (+ erro padrdo) dos tecidos foram,
respectivamente: branquias (14,03 £ 0,35 mg / mL), figado (27,67 £ 1,00 mg / mL),
cérebro (4,82 £ 0,16 mg / mL) e musculo (18,06 + 0,51 mg / mL).

4.5.2. Medicéo da capacidade antioxidante total (ACAP)

O ACAP foi detectado de acordo com o método descrito por Amado et al. 20009.
Baseia-se na deteccdo de espécies reativas de oxigénio (ERO) em amostras com presenca
ou auséncia de cloridrato de 2,2-azobis2 metilpropionamidinedihidroclorido (ABAP, 4
mM), que a 37 °C gera radicais peroxil. Todas as amostras foram fixadas em 2,0 mg de

proteina mL™*. Para a determinagdo de ROS 2 ' 7-diclorofluoresceina diacetato - H,DCF-
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DA, utilizou-se uma concentracao final de 40 mM. As leituras foram realizadas em um
leitor de microplacas de fluorescéncia Biotek Synergy HT (excitagdo: 485 nm; emisséo:
520 nm) com leituras a cada 5 minutos, durante 35 minutos. Os resultados foram
expressos como uma area relativa (a diferenca entre a area de ROS com e sem ABAP em
relacdo a sem ABAP). Para fins de interpretacdo dos resultados, uma area relativa maior
significa menor capacidade antioxidante e vice-versa (Monserrat et al. 2014).

4.5.3. Peroxidacdo lipidica - ensaio de substéncias reativas ao &cido
tiobarbitarico (TBARS)

Os niveis de peroxidacdo lipidica foram medidos de acordo com Oakes e Van Der
Kraak (2003). Para determinar as substancias reativas ao acido tiobarbitdrico (TBARS)
pela quantificagdo do malondialdeido (MDA), as amostras (branquias: 40 pL; figado: 80
pL; cérebro: 50 uL. e musculo: 100 pL) foram adicionados a uma solugao contendo 20 pL
de solugdo de BHT (67 uM), 150 uL de solugdo de acido acético a 20%, 150 pL solugéo
de TBA 0.8%, 50 pL de agua destilada e 20 puL de SDS a 8,1%. As amostras foram
incubadas a 95 °C por 30 min. Posteriormente, 100 pL. de 4gua destilada e 500 puL de n-
butanol foram adicionados a solucdo final. O sobrenadante remanescente apds a
centrifugacéo (3000 x g, 10 minutos, 15 °C) foi utilizado para determinar a fluorescéncia
(excitagdo: 520 nm; emissdo: 580 nm) e os resultados foram expressos em nmol MDA

mg de tecido imido™.

4.5.4. Medicéo da glutationa reduzida intracelular (GSH)

Foi realizado pelo método de White et al. (2003) e Chen et al. (2008) com
modificacbes. O protocolo baseia-se na medicao da concentracdo de GSH pela sua reacdo
com DTNB (5,5-Ditiobis (acido 2-nitrobenzoéico)). Para o ensaio, 100 pL de
sobrenadante, 200 pL de solucdo de reagdo (Tris-base 0,4M, pH = 8,9) e 10 uL. de DTNB
foram entdo transferidos para microplaca e incubados por 15 minutos a temperatura
ambiente. As leituras foram feitas em espectrofluorimetro com leitor de placas (Biotek

Synergy HT). A concentragdo foi expressa em pmoles de GSH por mg de proteina.
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4.5.5 Medicdo da concentracdo dos grupos de proteinas sulfidrilas (P-SH)

Foi realizado pelo método de Chen et al. (2008) em que mede a concentracao do
grupo P - SH por sua reagdo com DTNB (5,5 '- Dithiobis (&cido 2 - nitrobenzéico)). Para
0 ensaio, 240 pl de amostra e 28 ul de acido tricloroacético (TCA, 50%) foram
adicionados aos tubos eppendorf e centrifugados a 14000 rpm a 4 °C por 15 minutos, 0
precipitado de GSH foi usado e ressuspenso usando 200 mL de tampéo de
homogeneizacdo para posterior homogeneizacdo. Finalmente, 100 ul de sobrenadante,
160 pL de solucao de reagao (Tris-base 0,2 M, pH = 8,2) e 10 uL de DTNB foram
transferidos para microplacas e incubados por 15 minutos. As leituras foram feitas em
espectrofluorimetro com leitor de placas (Biotek Synergy HT), a temperatura ambiente.

A concentragdo foi expressa em pumololes de P-SH por mg de proteina.

4.5.6 Medicéo da atividade da glutationa-S-transferase (GST)

A atividade da GST foi determinada seguindo o método de Habig e Jakob (1981).
Neste processo, a absorvéncia é gerada pela conjugacdo de 1 mM de GSH (glutationa
reduzida, Sigma-Aldrich) com 1 mM de CDNB (1-cloro-2,4-dinitrobenzeno, Sigma-
Aldrich), a absorvancia a 340 nm a 25 ° C. Para ler, 15 puL do sobrenadante foram
adicionados a microplaca em um fundo plano, em 235 uL. de meio de reacdo (KH2PO4 -
0,05 M; KoHPO4 - 0,05 M; pH = 7,0), foram adicionados 10 pL de GSH 25 mM. As
leituras foram em espectrofluorimetro com um leitor de placas (Biotek Synergy HT). A
actividade especifica da GST foi expressa em nanomoles do produto CDNB-GSH por

minuto por mg de proteina.

4.6.ANALISE ESTATISTICA

Para os parametros de crescimento e estresse oxidativo, os dados foram expressos
como média + erro padrdo (EP). Todos os dados foram analisados quanto a normalidade
(Kolmogorov-Smirnov) e homocedasticidade da variancia (teste de Levene) e, quando
necessario, esses requisitos foram alcancados por transformacdo logaritmica. Os dados
foram analisados por andlise de variancia one-way (ANOVA) e, quando foram obtidas
diferencas significativas a partir da ANOVA, foram realizadas compara¢fes multiplas
com teste de comparagdo de médias de Tukey. O nivel de significancia utilizado foi P <

0,05 para todos os testes estatisticos. Todas as analises estatisticas foram realizadas
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utilizando o pacote computacional STATISTIC 7 e as figuras foram feitas usando o
GraphPad Prism verséo 8.0.1 para Windows (GraphPad Software, La Jolla, CA, EUA).
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Abstract

Stocking density is widely recognized as a critical factor in aquaculture. The influence of
stocking density on growth and stress response of Brazilian flounder juvenile
(Paralichthys orbignyanus, ~1.580 — 8.359¢, initial to final weight) was examined in fish
held 50% PCA (82 fish/tank), 100% PCA (164 fish/tank), 150% PCA (246 fish/tank) and
200% PCA (328 fish/tank) for 45 days in a recirculating aquaculture system (RAS). In
this study, significant difference was found in growth performance among the four
densities. The final weight in the 200% PCA treatment was significantly lower (P<0.05)
than in other groups, flounder reared at 50% PCA reached 8.36 = 0.41 g, while those
reared at 200% PCA grew up to 6.13 + 0.2 g. At the end of the trial, the specific growth
rate (SGR) and feed conversion ratio (FCR) were also adversely affected by high stocking
density (P<0.05). Similarly, stocking density induced alterations which compromised the
antioxidant system (reduced ACAP and GST activity) and enhanced oxidative damage in
lipids. Increases in GST activity and PSH contents were also demonstrated. In conclusion,
Brazilian flounder juvenile can be reared up to 100 % PCA without showing any sign of
stress; while, the stocking density reached up to 150% PCA, the growth performance and
the physioloical response were adversely affected with a tendency to increase free radical

production that could damage the antioxidant defense system.

Keywords: Brazilian flounder, crowding, antioxidant enzymes, welfare

30



1. Introduction

Stocking density is important for aquaculture, since if it is lower than optimal, production
is not maximized, on the other hand, when crowded in excess, fish performance will be
poor, due to physiological responses to cope with stress, which may reduce feed
consumption (Wang et al. 2018, Guo et al. 2017, McKenzie et al. 2012, Sanchez et al.
2011), decrease immunological competence (Liu et al. 2016, Andrade et al. 2015), thus
leading to health issues and resulting in reduced growth rates due to the behavior of fish
related to social interactions (hierarchy, territorialism) influenced by inadequate densities
in aquaculture production (Bolasina et al. 2006, Dou et al. 2004, Irwin et al. 1999).
Therefore, the determination of the optimal stocking density will allow the farmer to
produce the largest number of fish in a certain facility, therefore achieving the highest
productivity optimizing in this way the economic benefits and their feasibility in the

development of comercial production (Biswas et al. 2013, Castillo Vargas et al. 2012).

It is important to study stocking density for flatfish looking at both biomass per unit of
bottom area and as a percentage of coverage area (PCA) due to the demersal
characteristics of this group of fishes (Merino et al. 2007, Labatut and Olivares 2004).
There are some studies about the effect of stocking density on growth on different flatfish
species. Growth of Paralichthys dentatus is improved when the stocking density is
reduced from 200% to 100% PCA (King et al. 1998). Also, for Scophthalmus maximus it
was reported that at higher densities the growth rates are slower due to increased
competition for food (Irwin et al. 1999). Fairchild and Howell (2001) indicate that
juveniles of Pseudopleuronectes americanus could be reared up to 200% and possibly
300% PCA without harming growth, but fish become more stressed and at higher risk of
disease. Merino et al. (2007) mention that juveniles of Paralichthys californicus raised to
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100% PCA grew faster than those raised at 200% and 300% PCA. Finally, according to
what has been described above, the optimal stocking density for producing flatfish would

be between 100 to 200% PCA.

Stress is the physiological cascade of events that occurs when fishes is attempting to resist
death or reestablish homeostasis (Shreck 2010). An oxidative stress scenario is when exist
an imbalance between pro-oxidants and antioxidant defenses (Halliwell and Gutteridge,
2015). In fish culture, the reactive oxygen species (ROS) formation can be influenced by
several factors, such as variations of dissolved oxygen concentrations (Pelster et al. 2018),
food restriction (Morales et al. 2004), ammonia and nitrite exposure (Maltez et al. 2017,
Maltez et al. 2018), variations in temperature (Ibarz et al. 2010, Castro et al. 2012), and
overcrowding (Guo et al. 2017, Liu et al. 2016, Pérez-Sanchez et al. 2013) among other
factors. In that sense, when organisms become stressed, the mechanism for reducing cell
damage and protect themselves from oxidative stress is inducing antioxidant defense
systems. Furthermore, the non-enzymatic antioxidant defenses such as reduced
glutathione (GSH), which plays an important role in preventing, retarding or removing
oxidative damage to target molecules (Halliwell and Gutteridge 2015). Finally, to
guarantee an economical feasibility, it is important to find a balance between economic
interest and the incidence of physiological changes without compromising their welfare

profit (Bjornsson et al. 2012).

Brazilian flounder (Paralichthys orbignyanus) is a flatfish species candidate for
aquaculture in South America (Millner et al. 2005). It tolerates a wide range of
temperature, salinity and pH, and also copes well with ammonia and nitrite toxicity
(Bianchini et al. 1996, Wasielesky et al. 1997, Sampaio and Bianchini 2002, Okamoto
and Sampaio 2012, Maltez et al. 2017, Maltez et al. 2018) and handling (Bolasina 2011).
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In addition, spawning, larviculture and juvenile production have been successfully
achieved (Sampaio et al. 2007, Sampaio et al. 2008). However, to our knowledge, there
is no information on the influence of stocking density on this species culture. Therefore,
the present study was designed to evaluate the effect of different stocking densities on
growth and the oxidative status of Brazilian flounder juveniles and the information gained

should be applicable to industrial flounder farming operations.

2. Materials and Methods
2.1. Fish and experimental conditions

Brazilian flounder juveniles were produced and reared at the Laboratory of Marine Fish
Culture of the Federal University of Rio Grande - FURG. The experimental protocol was
approved by the Committee on Animal Experimentation of FURG under the registration

number 23116.002018/2018-81.

Fish were reared at four stocking densities: 50, 100, 150, and 200 % PCA,; using 82, 164,
246 and 328 fish per tank respectively, with four replicates each, for a period of 45 days.
Densities were calculated based on the ventral fish area to bottom tanks area ratio. To
measure density, mean fish ventral surface area was estimated by image analysis (Merino
2007). The juveniles (1.58 + 0.28g) were reared in 40 L circular tanks (£ 30 cm water
depth), with a 1256.64 cm? bottom surface area. During the experiment alperiod,
temperature was 25.0 £ 0.3 °C and the photoperiod was maintained at 18 hour light/6

hour dark.

Fish were hand-fed ad libitum five times a day (7:30, 11:15, 15:00, 18:45 and 22:30 h)

using a commercial diet (INVE Orange 2mm) with 55% protein, 13% fat, 13.5% ash, and
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1% fiber). Uneaten food and feces were siphoned out after feeding and new water was

used to refill the tanks.

Water quality parameters were measured daily before the first feeding: temperature and
dissolved oxygen (oximeter YSI 55), salinity (refractometer, ATAGO® PAL-06S), pH

(pH meter, WTW 315 i), total ammonia (UNESCO 1983), nitrite (Bendschneider and

Robinson 1952) and total alkalinity (Eaton et al 2005).
2.2. Growth parameters

Fish were weighed and measured (n = 35 per tank) at the beginning and at the end of the
experiment. Data on initial weight, final weight, total length, and feed intake were used
to calculate, daily weight gain (DWG), condition factor (K), final percentage of covered

area (PCA), and specific growth rate (SGR) as follows:
DWG = (Bt—Bo) /Bo/ T * 100

where, DWG= daily weight gain (g fish day*); B = Brazilian flounder biomass at day 45
(9); Bo = Brazilian flounder biomass at the beginning of the experiment (g); T = sampling

time (days).
FCR =TFS (FB - IB)

where, FCR= feed conversation ratio; TFS = total feed supply (g); FB = final stock

biomass; IB = initial stock biomass.
PCA = (TSA*N=*100)/A

where, PCA= percentage of covered area (%); TSA= total surface area (cm?); N = number

of fish; A = culture is available (cm?).
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SGR = ((In (W2) — In (W1)) / T) * 100

where, SGR= specific growth rate (% day*); W1 and W2 = initial and final weights (g);

T = sampling time (days).
Cvew = 100 * (SD / BW)

where, Cvew = coefficient of variability of body weight; SD = standard deviation of the

average body weight; BW = body weight (g)
K = (Wt/L®) * 100

where, K = condition factor (g cm®); Wt = wet weight (g) at sampling day; L = total

length (cm).
2.3. Measurement of biochemical variables
2.3.1. Tissue samples preparation

To perform the biochemical parameters, 12 individuals of each tank were randomly
removed at the end of the experiment, and were immediately euthanized with a lethal
dose of hydrochloride benzocaine (500 ppm) and samples of gills, liver, brain, and muscle

were collected, frozen in liquid nitrogen, and stored in ultrafreezer (—80 °C) for further

analysis. Samples of gill, liver, brain and muscle tissues were homogenized (1:5; w/v) in
a Tris—HCI (100 mM, pH 7.75) buffer with EDTA (2 mM) and MgCI2.6H20 (5 mM) (da
Rocha et al. 2009). The supernatants resulting from the centrifugation of the homogenates
(20000 x g, 20 minutes, 4°C) were used for analyses. Quantification of total protein was
performed by the Biuret method (A = 550 nm) in triplicate using a microplate reader
(Biotek Synergy HT) as performed in previous studies (Amado et al., 2009). Mean protein

concentration (£1 standard error) of tissues was respectively: gills (14.03 £ 0.35 mg/mL),
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liver (27.67 = 1.00 mg/mL) and brain (4.82 + 0.16 mg/mL) and muscle (18.06 = 0.51

mg/mL).

2.3.2. Measurement of total antioxidant capacity (ACAP)

ACAP was detected according to the method described by Amado et al. (2009). It is based
on the detection of reactive oxygen species (ROS) in samples with presence or absence
of 2,2-azobis 2 methylpropionamidinedihydrochloride (ABAP, 4 mM), which at 37 °C
generates peroxyl radicals. All samples were fixed to 2.0 mg protein mL-1. For
determination of ROS 2',7’ dichlorofluorescein diacetate - H2DCF-DA was used at a final
concentration of 40 mM. Readings were taken in a fluorescence microplate reader Biotek
Synergy HT (excitation: 485 nm; emission: 520 nm) with readings at every 5 minutes,
during 35 minutes. The results were expressed as a relative area (the difference between
the ROS area with and without ABAP relative to the without ABAP). For interpretation
purposes of the results, a higher relative area means a lower antioxidant capacity and vice-

versa (Monserrat et al. 2014).

2.3.3. Measurement of intracellular reduced glutathione (GSH)

It was performed by the method of White et al. (2003) and Chen et al. (2008) with
modifications. The protocol is based it measures the concentration of GSH by its reaction
with DTNB (5,5'-Dithiobis (2-nitrobenzoic acid)). For the assay, 100 uL of supernatant,
200 pL of reaction solution (Tris-base 0.4M, pH = 8.9) and 10 uL of DTNB were then
transferred to microplate and they were incubated for 15 minutes at ambient temperature.
The readings were made in spectrofluorimeter with plate reader (Biotek Synergy HT).

The concentration was expressed in umoles of GSH per mg of protein.
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2,3,4. Measurement glutathione- S - transferase (GST) activity

GST activity was determined following the method of Habig and Jakob (1981). In this
process, the absorbance is generated by conjugating 1 mM GSH (reduced glutathione,
Sigma-Aldrich) with 1 mM CDNB (1-chloro-2,4-dinitrobenzene, Sigma-Aldrich), at 340
nm absorbance at 25 °C. To read, 15 uL of the supernatant was added to the microplate
in a flat bottom, in 235 pL of reaction medium (KH2POz— 0.05 M; K2HPO4— 0.05 M; pH
=7.0), added 10 pL of 25 mM GSH. The readings were in spectrofluorimeter with a plate
reader (Biotek Synergy HT). The specific activity of GST was expressed in nanomoles

of CDNB-GSH product per minute per mg of protein.

2.3.5 Measurement of protein sulfhydryl groups (P-SH) concentration

It was performed by the method of Chen et al. (2008) in which it measures P - SH group
concentration by its reaction with DTNB (5,5 '- Dithiobis (2 - nitrobenzoic acid)). For the
assay, 240 pL of sample and 28 pL of trichloroacetic acid (TCA, 50%) were added to
eppendorf tubes so were centrifuged at 14000 rpm at 4 °C for 15 minutes. the GSH
precipitate was used and resuspended using 200 pl of homogenization buffer for
subsequent homogenization. Finally, 100 ul of supernatant, 160 uL of reaction solution
(Tris-base 0.2 M, pH = 8.2) and 10 uL of DTNB were transferred to clear microplate and
they were incubated for 15 minutes. The readings were made in spectrofluorimeter with
plate reader (Biotek Synergy HT), at room temperature. The concentration was expressed

in umololes of P-SH per mg of protein.

2.3.6. Lipid Peroxidation — thiobarbituric acid reactive substances (TBARS) assay

The lipid peroxidation levels were measured according to Oakes and Van Der Kraak

(2003). To determine the thiobarbituric acid reactive substances (TBARS) by the
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quantification of malondialdehyde (MDA). Samples (gills: 40 uL; liver: 80 uL; brain: 50
uL and muscle: 100 pL) were added to a reaction solution containing 20 uL of BHT
solution (67 uM), 150 pL 20% acetic acid solution, 150 uL 0.8 % TBA solution, 50 pL
distilled water, and 20 pL of 8.1% SDS. The samples were incubated at 95 °C for 30 min.
Thereafter, 100 uL of distilled water and 500 uL of n-butanol were added to the final
solution. The remaining supernatant after centrifugation (3000 x g, 10 minutes, 15 °C)
was used to determine the fluorescence (excitation: 520 nm; emission: 580 nm) and the

results were expressed as nmol MDA mg wet tissue-1.

3. Statistical analysis

For growth parameters and oxidative stress, a data was expressed as mean * standard
error (SEM). All data were analysed for normality (Kolmogorov-Smirnov) and
homoscedasticity of variance (Levene's test) and, when necessary, these requisites were
achieved by logarithmic transformation. Data were analysed by one-way analysis of
variance (ANOVA) and when significant differences were obtained from the ANOVA,
multiple comparisons were carried out performing Tukey mean comparison test. The
level of significance used was P < 0.05 for all statistical tests. All statistical analysis was
performed using the computer package STATISTIC 7 and the figures were made using

GraphPad Prism version 8.0.1 for Windows (GraphPad Software, La Jolla, CA, USA)

4. Results

4.1. Water quality

Dissolved oxygen saturation was significantly lower at 200% PCA than in 50% PCA,
72.6 £ 12.3 and 87.9 + 13.1 % respectively (p < 0.05). Temperature (25.0 £ 3.7 °C),

salinity (27 £ 4 %), alkalinity (3.35 £ 0.02 meg/L) and pH (7.38 = 1.10) were maintained
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within the target range and were similar among treatments. The average total ammonia
nitrogen (TAN) concentration increased with increasing stocking density from 50% PCA
(0.270 mg N-NH4+NH3/L) until 200% PCA (0.369 mg/L), nitrite concentration varied

between 0.348 to 2.744 mg N-NO2/L.

4.2. Survival and growth performance

The biometric and survival data are shown in Table 1. Differences for W, TL, TSA were
detected among the treatments and it was reflected at the end of the experiment where the
largest fish were those stocked originally at 50 - 100% PCA, and the smallest those
stocked at 150 - 200% PCA.; as well as for DWG and SGR, which showed an inverse
linear relationship with stocking density. The increase in fish biomass per area (BFA) at
day 45 was 424%, 408%, 324% and 287% for the 50% PCA, 100% PCA, 150% PCA and

200% PCA, respectively. Stocking density had no significant effect on survival.

The feeding rate influenced the intra-group coefficient of variability of body weight
(Cvew). The quotient of the final and initial values of the Cvew coefficients
(Cvewi/Cvswi) was in the range of 0.734 (100%) to 1.213 (50%), while the difference

between the groups was statistically differences (p<0.05; Table 1).

TABLE 1 Growth performance of Brazilian flounder Paralichthys orbignyanus juveniles

reared at different stocking densities for 45 days

Parameters Stocking Density (PCA)
50% 100% 150% 200%
Weight (9)
Initial 1.580 + 0.204
Final 8.358 +1.526  8.135+1.485°  6.701 +1.223° 6.133 + 1.120°

TL (cm)
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Initial

Final

TSA (cm?/ fish)
Initial

Final

PCA (%)
Initial

Final
Increment (%)
BFA (Kg/m?)
Initial

Final

Increment (%)

DWG (g fish day™?)

FCR

SGR (% day?)
K (g cm?)
Cvew (%)

S (%)

0.384 +1.7132

24.945 + 45542

50.467
162.775
222.537

1.031
5.402
423.957
1.798 + 0.301°
0.757 £ 0.142%
3.681 + 0.551°
1.010 £ 0.185?
1.213*
99.771

5.353 +0.691

9.446 +1.725*  8.798 + 1.606"
7.734 +0.998

24.018 +4.385%  21.017+ 3.837"
100.934 151.402
313.451 411.429
210.550 171.746

2.061 3.092

10.430 13.117
407.521 324.224

1.783+0.299°  1.698 + 0.295"

0.729 +0.145P

3.603 + 0.541*

0.961 + 0.182°
0.734°
100.000

0.824 +0.139%

3.211 £ 0.529°

0.984 +0.182%
0.926%
100.000

8.453 + 1.543¢

19.155 + 3.497°

201.869
499.919
147.645

4.123
15.974
287.436
1.650 + 0.308°
0.763 + 0.132%
3.015+0.579°
1.016 £ 0.191*
1.186%
100.000

Note: Values are means + SEM (n=4). TL (total length), TSA (total surface area), PCA (percentage of

covered area), BFA (biomass of fish per area), DWG (daily weight gain), FCR (feed conversion ratio), SGR

(specific growth rate), K (condition factor), Cvew (coefficient of variability of body weight) and S (survival

index). Values with different superscripts letters next to value indicate significant differences among groups

(p <0.05).

4.1. Biochemical parameter assays

4.1.1. Total antioxidant capacity — ACAP

A significant increase (p<0.05) was observed in total antioxidant capacity (lower relative

area) in gills of fish stocked at 50, 100 and 150 % PCA compared to those stocked at 200

% PCA during of 45 days of the experiment. (Figure 1a). In relation to the brain and liver,

were observed that fish stocked at 150 % PCA showed no significant differences between
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treatments (Figure 1b, c). Nevertheless, for muscle no showed significant differences

(p>0.05) between treatments over time (Figure 1d).
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FIGURE 1 Total antioxidant capacity (ACAP) of gills (a), brain (b), liver (c) and muscle

(d) in juvenile Brazilian flounder Paralichthys orbignyanus reared at different stocking

densities expressed in percentage of covered area (%PCA). Values are expressed as
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means + SEM (n = 16). Different letters indicate significant differences (p<0.05) among

treatments.

4.1.2. Reduced glutathione - GSH

The GSH content in gills was lower in 150 and 200%PCA compared to 50 and 100%

PCA (Fig. 2a). Brain and liver GSH content showed a higher value in fish held at 50, 100

and also 150% PCA (Fig. 2b, c). Finally; in muscle, reduced GSH content was observed

at 150 and 200%PCA in relation to 50 and 100% PCA (Fig. 2d).
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FIGURE 2 Determination of GSH activity of gills (a), brain (b), liver (c) and muscle (d)
in juvenile Brazilian flounder Paralichthys orbignyanus reared at different stocking
densities expressed in percentage of covered area (%PCA). Values are expressed as
means + SEM (n = 16). Different letters indicate significant differences (p<0.05) among

treatments.
4.1.3. Glutathion S - Transferase — GST

The GST activity in gills was lower at 50% PCA compared with 100, 150 and 200% PCA
(Fig. 3a). Brain of fish held at 150 and 200% PCA showed enhanced GST activity
compared with 550 and 100% PCA (Fig. 3b). GST activity in liver increased in fish held
at 200% PCA compared to the other treatments (Fig. 3c). Finally, no differences were

found among treatments in muscle GST activity (Fig. 3d).
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FIGURE 3 Determination of Glutathione-S-transferase (GST) activity of gills (a), brain
(b), liver (c) and muscle (d) in juvenile Brazilian flounder Paralichthys orbignyanus
reared at different stocking densities expressed in percentage of covered area (%PCA).
Values are expressed as means £ SEM (n = 16). Different letters indicate significant

differences (p<0.05) among treatments.
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4.1.4. Content of Protein thiols — PSH

The PSH content was higher in the liver of fish held at 200% PCA in relation to 150, 100
and 50% PCA (Fig. 4c). PSH content was higher in gills. brain and muscle of fish held at

200% PCA but in those organs is observed that from 150% PCA are signs of stress (Fig.

4a, b, d).
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FIGURE 4 Determination of content of Sulfhydryl groups associated with Protein (P-

SH) of gills (a), brain (b), liver (c) and muscle (d) in juvenile Brazilian flounder

Paralichthys orbignyanus reared at different stocking densities expressed in percentage

of covered area (%PCA). Values are expressed as means £ SEM (n = 16). Different letters

indicate significant differences (p<0.05) among treatments.

4.1.5. Lipid peroxidation — TBARS

During the course of the experiment, a significant reduction (p<0.05) in lipid peroxidation

levels of gills, brain and muscle were verified at 50, 100 and 150% PCA compared to fish

stocked at 200% PCA (Figure 5a, b, d). Nevertheless, no differences (p>0.05) were

observed in muscle LPO level among different treatments (Figure 5c).
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FIGURE 5 Levels of lipid peroxidation (TBARS) of gills (a), brain (b), liver (c) and
muscle (d) in juvenile Brazilian flounder Paralichthys orbignyanus reared at different
stocking densities expressed in percentage of covered area (%PCA). Values are expressed

as means = SEM (n = 16). Different letters indicate significant differences (p<0.05)

among treatments.
5. Discussion

The present study, emphasizes that fish stocking density has a significant effect on the
growth performance and the physiological responses. The importance of evaluating
density stress is towards determining optimal conditions concerning welfare of farmed
fish for a better planning an experimental design. The assessment of stress determined by
the biochemical analysis approaches can thus be used to establish more comprehensive
evaluation of density stress providing a higher level of confidence in subsequent

experimental data.

The water quality parameters were maintained within the safe levels recommended for

the Brazilian flounder. With respect to the effect of dissolved oxygen in the physiology
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on flatfish, there is an extensive literature. Tallgvist et al. 1999 describes that for juveniles
of Platichhys flesus, the critical oxygen saturation that causes the decrease in feeding
efficiency was 30%, while VVander Thillar et al. 1994 recorded a decrease in activity at an
oxygen saturation of 40%. In the present study, the concentration of dissolved oxygen
was always above 70% saturation from 87.996 % of oxygen saturation (50% PCA) to
72.127 % of oxygen saturation (200% PCA); this drop-in oxygen resulted from a
combined effect of high stocking densities (200 % and 150%) and the increasing amount

of feed offered.

The other parameters were within the tolerance ranges described for P. orbignyanus,
which has the capacity to tolerate wide temperature range (Wasielesky et al. 1998),
salinity (Sampaio and Bianchini 2002) and pH level was between 7.283 to 7.494, which

is a safe recommended level for the specie (Wasielesky et al. 1997).

In the case of TAN, the worst condition measured was for 200 % PCA with 0.369 mg
TAN/L which is equivalent to 0.003 mg NHz — N/L. Maltez et al. 2017 reported that 0.12
mg NHz — N/L induces oxidative stress and antioxidant responses in juvenile Brazilian
flounder. Merino et al. (2007) reported for Paralichthys californicus that growth was not
affected when fish were exposed up to 0.05 mg NHs — N/L. Therefore the highest
concentration of un-ionized ammonia recorded in the present study is within a safe range.
For nitrite, reports about the effect on Brazilian flounder includes the study of Maltez et
al. 2018, where concentrations between 5.72 and 15.27 mg NO2/L compromised the
overall antioxidant system and induced oxidative stress. Therefore the worst

concentration of nitrite recorded in the present study is within a safe range.
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Survival of Brazilian flounder was not affected within the range of stocking densities
tested in the present experiment. Although there are studies that report an inverse
correlation between survival and density (Yang and Lin 2001, Hitzfelder et al. 2006,
Rowland et al. 2006), there are also others in which they do not report any significant
effect of density on survival (Webb et al. 2007, Salas Leiton et al. 2010, Laiz-Carrion et

al. 2012, Riche et al. 2013).

Growth performance was negatively influenced when the density was above a certain
value. Similar results also were obtained in previous studies with different fish species
(Wang et al. 2018, Guo et al. 2017, McKenzie et al. 2012, Castillo Vargas et al. 2012,
Sanchez et al. 2011). However, some studies in others flatfish showed no significant
effect of SGR by this variable (Andrade et al. 2015, Salas Leiton et al. 2008, Aijun et al.
2006, Fairchild and Howell 2001); and also, no significant effect of stocking density were
found on growth parameters for Scophthalmus maximus (Martinez-Tapia and Fernandez-
Pato 1991), Paralichthys dentatus (King et al. 1998) or Pseudopleuronectes americanus
(Fairchild and Howell 2001). On the other hand, studies carried out in Paralichthys
californicus (Merino et al. 2007), Hippoglossus hippoglossus (Kristiansen et al. 2004),
Scophthalmus maximus (Liu et al. 2017, Liu et al. 2016, Andrade et al. 2015, Irwin et al.
1999) and Scophthalmus rhombus (Herrera et al. 2012) showed negative effects on

growth performance when the stocking density was increased.

Guo et al. 2017 also reported that some social interactions (hierarchic structures) increase
with increasing stocking densities. Also, an indicador of establishment of hierarchies in
fish is the increase in CV (Irwin et al. 1999, North et al. 2006, Lambert and Dutil 2001).

In this study, the CV increased significantly from 100% to 200% PCA. The results
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showed an intraspecific competition for food and space (Duan et al. 2011, Liu et al. 2016)
and were similar to found by Jia et al. 2016 and Li et al. 2013 for turbot juveniles.
Therefore, behavioural studies of the mechanisms of social interaction causing reduced

growth with an increase in stocking may be required for future research.

The Fulton condition factor (K) is an indicator of the general welfare of the fish. The
Brazilian flounder in the present study had a K value between 0.984 and 1.016; values
close to those found for the California halibut (Merino et al. 2007), and which, according

to Fulton's definition of condition, will be considered as healthy fish.

Fish, like other aerobic organisms, have a complex antioxidant system with several
enzymatic and non-enzymatic defenses to protect tissues against oxidative damage
(Halliwell and Gutteridge 2015). The total antioxidant capacity (ACAP) evaluation
provides the general antioxidant status of fish, without distinguishing between enzymatic
and non-enzymatic components. The ACAP in tissues of the Brazilian flounder was
compromised in gills, brain and liver at a density of 200% PCA compared with the other
3 treatments (Fig 1a, b, c), indicating that there is a variability in the antioxidant
competition between the different organs (Maltez et al. 2017). Caipang et al. 2008, 2009
reported that stress of overcrowding decreased the level of antioxidant capacity and
consequently the level of enzymes involved in the antioxidante defense. Furthermore,
Yarahmadi et al. 2016 showed a decrease in total seric antioxidant capacity in trout raised
at a density of 80 kg/m3 after 30 days compared to densities of 10 and 40 kg/m3. Finally,
this decrease in ACAP in the treatment of 200% PCA in those organs have been indicated
that, there is a suppression of oxidative defense, probably due to the damage of the

oxidative defense system after exposure to a overcrowding situation (Braun et al. 2010);
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as well as, to the use of enzymes related to oxidative stress to eliminate of the reactive
oxygen species (ROS) produced in cells and tissues due to the situation of oxidative stress

(Nagae et al. 1994, Caipang et al. 2009).

GSH is the most abundant intracellular non-protein thiol and in function of their
antioxidant properties, it is able to protect cells from ROS formed during normal
mitochondrial respiration and metabolism of foreign chemical (Hammond et al. 2004).
The results obtained in the present study showed an decrease in all analyzed organs
between the stocking density and GSH activity may be due to increased consumption of
GSH via GST or it may have directly reacted with ROS, in turn leading to attenuate the
deleterious effects of the active oxygen species that were not metabolized by the
enzymatic system of antioxidant defenses, defined here as the imbalance between lipid
peroxidation and antioxidant defenses (Droge 2002). The results obtained in the present
study allow to suggest that glutathione can constitute a good metabolic indicator of

oxidative stress in Brazilian flounder.

In this study, Brazilian flounder juveniles held at 200% PCA showed the highest
concentration of P-SH level in all analyzed organs and it could be result either from
enhanced thiols synthesis, decrease consumption and/or degradation (Husak et al., 2017).
Furthermore, GSH can covalently modify cysteine residues of protein thiols in a
reversible process called S-glutathionylation, avoiding irreversible oxidative damage
(Jakob and Reichmann 2013). Finally, this increment in PSH content, it has been
indicating a reduced oxidative damage in proteins, similar result was obtained for Maltez

et al. 2018.
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GST is an important enzyme for the biotransformation of xenobiotics and degradation of
endogenous compounds (Blanchette et al 2007), it is involved in the oxidative stress
pathway and catalyzes conjugation GSH with nucleophile xenobiotics or ROS-impaired
nuclear component (O'Brien et al. 2000) and is a useful biochemical biomarker of
environmental stress (Carvalho Neta and Abreu Silva 2013). In the present work, fish held at
200% PCA showed highest levels of GST activity in the gills, brain, liver and muscle, implying
that high stocking density conditions might response to the production of reactive oxygen
species in Brazilian flounder because were an increase of the activity of antioxidant
enzymes GST in order to combat peroxides, less harmful free radicals (Sayeed et al 2003);
and, it was support for other reports where they confirmed that high stocking density

could induce oxidative stress (Liu et al 2017, Jia et al 2016, 2017).

Lipid peroxidation is considered a valuable biomarker of oxidative damage of cellular
constituents (Morales et al. 2004, Pérez-Jiménez et al. 2012). In the present study, lipid
peroxidation increased with increasing stocking densities in all the evaluated organs,
suggesting that higher stocking density results in increased peroxidation and cell
degradation in Brazilian flounder. Among the organs analyzed, the gills presented higher
basal levels of TBARS and lower thiol group content, indicating a preexisting and more
intense prooxidant environment, making it more susceptible to oxidative damage during
a stress event. This result may indicate more serious effects, possibly related to a decrease
in polyunsaturated fatty acid levels due to early oxidative degradation (Sun et al. 2014b),
and it could explain the reason for the reduced levels of TBARS in the liver of fish held
at 150 and 200% PCA. However, reduced hepatic TBARS could also be related to a
greater detoxification of the LPO end products such as MDA, due to the concurrent

increase in GST activity. The responses to oxidative stress can be influenced by the
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metabolism and the basal redox condition of each organ (da Rocha et al., 2009). Finally,
previous studies showed that density increased lipid peroxidation and altered antioxidant
enzyme activity in the serum and tissue (Liu et al. 2017, Sahin et al 2014, Braun et al.
2010, Kucukbay et al. 2009, Trenzado et al. 2008); but, in the other hand, Wang et al.
2013, reported that of TBARS level content of African catfish was unaffected by stocking

density.

6. Conclusion

This study showed that Brazilian flounder juvenile can be reared in 100 % PCA without
showing any sign of stress. Likewise, when the stocking density reached up to 150%
PCA, the growth performance and the physiological response were adversely affected
with a tendency to increase free radical production that could damage the antioxidant
defense system. Perturbations of ROS — related processes in response to Brazilian
flounder juvenile to stocking density were most pronunced in brain among the four tissues

analyzed. The obtained results call for open new avenues for future investigations.
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10. CONCLUSOES

Os juvenis de linguados brasileiro podem ser criados em uma densidade de
estocagem de 100% PCA sem mostrar nenhum sinal de estresse. Da mesma forma,
quando a densidade de estocagem chega a 150% de PCA, o desempenho de crescimento
e a resposta fisiologica foram adversamente afetados, com tendéncia a aumentar a
producdo de radicais livres que poderiam danificar o sistema de defesa antioxidante.
Perturbac6es de processos relacionados a ERO em resposta ao linguado juvenil brasileiro
a densidade populacional foram mais pronunciadas no cérebro entre os quatro tecidos
analisados. Finalmente, os resultados obtidos exigem novos caminhos para futuras

investigacoes.

11. CONSIDERACOES FINAIS E PERSPECTIVAS

Com base nos resultados obtidos, densidades de estocagem a partir de 150 % PCA
devem ser evitadas nos sistemas de producéo do linguado P. orbignyanus, uma vez que

foram capazes de causar estresse nos juvenis. No presente estudo, mesmo que a densidade
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de estocagem de 100 %PCA foi a melhor em quanto desempenho zootécnico e toleréncia
as condicOes estressantes para os animais, recomenda se que futuros trabalhos sejam
realizados avaliando algum antioxidante na elaboracdo e formulacdo de racdo, o que
poderd melhorar o estado fisiol6gico dos organismos a altas densidades dos organismos

e assim incrementar a produtividade da producédo aquicola nesta espécie.
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