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1. RESUMO GERAL

O objetivo do presente estudo foi determinar os efeitos da restricdo alimentar em juvenis do
linguado Paralichthys orbignyanus. Para isso foram comparados peixes Alimentados (A) e
peixes mantidos em Jejum (J) durante 8 semanas. Foram realizadas amostragens de seis
peixes por tratamento nas semanas 0, 1, 2, 4 e 8 para comparacgdo da utilizacdo das reservas
energéticas no figado, plasma e musculo e o efeito da restricdo alimentar na morfologia do
rim e intestino. Os resultados mostraram que 0 jejum produziu variagdes nos indices
biométricos e nas reservas energéticas (principalmente hepaticas) ao longo do tempo. O fator
de condicdo diminuiu na 8 semana, enquanto o indice hepatossomatico e 0 viscerossomatico
diminuiram a partir de 2 semanas. O colesterol plasméatico aumentou enquanto o hepatico
diminuiu, indicando um possivel transporte para a sintese de cortisol como resposta ao
estresse. Niveis de glicose, proteinas e triglicerideos plasmaticos foram mantidos ao longo do
tempo, 0 mesmo foi observado para osmolalidade. O glicogénio plasmatico apresentou
aumento na semana 8, indicando possivelmente um acimulo de glicose na forma de
glicogénio. Ja no musculo houve pico dos valores de glicose na semana 4 e aumento na
quantidade de proteinas na semana 8. Os lipideos musculares apresentaram variacdes ao
longo do tempo similares em ambos os tratamentos, aumentando na semana 2 no tratamento
A e na 4 no J; de forma antagonica a umidade diminuiu em ambos os tratamentos. No figado
ocorreu diminuicao significativa no glicogénio e nos triglicerideos na semana 2, e na glicose e
nas proteinas na semana 4. Os triglicerideos aumentaram nas semanas 4 e 8, possivelmente
devido ao processo de re-esterificacdo dos acidos graxos, formando lipoproteinas. Quanto aos
parametros histoldgicos, ndo foram observadas diferencas no grau de deposi¢do e tamanho

dos melano-macrofagos no rim, nem nos parametros morfologicos intestinais. Os juvenis de



linguado sobrevivem durante oito semanas em jejum utilizando reservas energéticas hepaticas
e sem sofrer modificacGes estruturais no rim e intestino.

Palavra-chave: Paralichthys orbignyanus, restricdo alimentar, reservas energeéticas.



6. ABSTRACT

The aim of this study was to determine the effects of starvation in Paralichthys orbignyanus
juveniles. For that, two treatments were compared, where one group was Feeding (F) and the
other was Starved (S). To compare between treatments, samples of six fish per treatment were
taken in weeks 0, 1, 2, 4 and 8. There were compared the use of energetic reserves in liver,
blood plasma and muscle, and the effect of starvation in the morphology of the kidney and the
intestine of the fish. The results showed that starvation produced variations in biometric
indexes and in energetic reserves (principally hepatic) along the time. The condition factor
decreased at 8 weeks, while hepatosomatic and viscerosomatic indexes decreased both from
week 2. Plasmatic cholesterol raised and the hepatic decreased, indicating a possible transport
for cortisol synthesis as a stress response. Glucose, protein and triglyceride plasmatic levels
were maintained along the time, corroborated by the constant levels of osmolality. Glycogen
raised at week 8, indicating a possible glucose accumulation in the form of glycogen. The
muscle suffered a glucose pike at week 4 and a rise in protein at week 8. Lipids showed
variations along the time similar in both treatments, whit a rise at week 2 in F and in week 4
in S. In an antagonistic way, there was a moisture decrease in both treatments. The liver
suffered a significant drop of glycogen and triglycerides at week 2, and in glucose and
proteins at week 4. Triglycerides raised at weeks 4 and 8 possibly because of the process of
fatty acid re esterification, leading to the formation on lipoproteins. With respect to
histological parameters, there were not observed differences in the degree of deposition and
the size of melano-macrophages, neither in the morphological parameters of the intestine.
Although, P. orbignyanus juveniles can survive to 8 weeks of starvation using the hepatic
energy stores without suffering structural changes in the kidney and in the intestine.

Key words: Paralichthys orbignyanus, starvation, energy stores.



3. INTRODUCAO GERAL
3.1 Distribuicdo de Paralichthys orbignyanus

Entre os 34°S e os 47°S da plataforma continental da América do Sul (litoral da
Argentina, Brasil e Uruguai) ocorrem trés espécies de Paralichthys: P. isosceles (Jordan,
1891), P. orbignyanus (Valenciennes, 1842) e P. patagonicus (Jordan, 1889) (Astarloa &
Munroe, 1998), que apresentam diferencas na sua distribuicdo e morfologia, dentre outras
caracteristicas. P. orbignyanus particularmente ocorre em aguas rasas e areas de substrato
macio, atingindo profundidades de até 45 metros (Diaz de Astarloa & Munroe, 1998).

Segundo Chao et al. (1985) é uma espécie marinho-estuarino dependente, ja que
habita 4guas marinhas e/ou estuarinas dependendo da fase de vida ou periodo anual. Ocorre
comumente em areas estuarinas como a Lagoa Mar Chiquita (Argentina) (Diaz de Astarloa,
1998), a Lagoa dos Patos (Brasil) (Chao et al., 1982) e a Lagoa de Rocha (Uruguai) (Pintos et
al., 1988). Esses mesmos autores tém demonstrado que estas areas sao utilizadas como
bercario, j& que sdo protegidas e abundantes em alimento, e que por tanto, implicam um
menor risco de predacdo para os juvenis de P. orbignyanus, que habitam profundidades

menores do que 3 metros.

3.2 Morfologia e Biologia de P. orbignyanus

Comparando as trés especies mencionadas, P. orbignyanus atinge 0 maior
comprimento, sendo 103 cm para fémeas e 61 cm para machos (Diaz de Astarloa & Munroe,
1998). O lado ocular (esquerdo) apresenta coloracdo marrom com manchas claras e escamas
cicléides em ambos os lados do corpo, enquanto P. Isosceles (do lado ocular) e P.

Patagonicus (em ambos os lados) apresentam escamas ctendides. Além disso, P. orbignyanus



tem a menor quantidade de vértebras (entre 37 e 39) e de raios dorsais e anais, 0 maior
numero de arcos branquiais, € 0 menor didametro ocular (Diaz de Astarloa & Munroe, 1998).

Séo organismos predadores, posicionados nos niveis mais altos da rede alimentar
(Rodriguez-Grafia et al., 2008). Norbis & Galli (2004) determinaram que na Lagoa de Rocha,
a dieta de P. orbignyanus é composta basicamente por peixes, sendo as principais espécies
consumidas o peixe-rei Odontesthes argentinensis (Valenciennes, 1835), a corvina
Micropogonias furnieri (Desmarest, 1823), a savelha Brevoortia aurea (Agassiz, 1829) e o
préprio P. orbignyanus, entre outras espécies ndo identificadas.

Quanto a reproducdo, as fémeas apresentam desenvolvimento assincrénico dos
ovocitos, o que leva a ocorréncia de desovas seriadas (Mellito da Silveira et al., 1995). Desta
forma, Mellito da Silveira et al. (1995) determinaram que o periodo reprodutivo de P.
orbignyanus compreende os meses entre outubro e abril na zona costeira adjacente a Lagoa
dos Patos no Brasil, enquanto Lépez Cazorla (2005) determinou que no estuario da Bahia
Blanca na Argentina ocorre entre novembro e janeiro. Os ovos sdo pelagicos, apresentando
diametros entre 790 e 820 um com uma Unica gota de 6leo de aproximadamente 116-117 pm

de diametro (Cerqueira et al., 1997).

3.3 Aquicultura de P. orbignyanus

P. orbignyanus é uma espécie que tolera uma ampla faixa de fatores ambientais como
pH (entre 6,0 e 8,0) (Wasielesky et al., 1997), temperatura (8°C — 31°C) (Wasielesky et al.,
1998) e salinidade (0-40%.0) (Sampaio & Bianchini, 2002). Também tolera uma elevada
concentracdo de compostos nitrogenados apresentando CLsp-96 h de 0,67 mg NH3-N para
amonia gasosa e 30,5 mg/L de nitrito (Bianchini et al., 1996). Além disso, apresenta elevado

rendimento de filetagem e sua carne tem um elevado valor no mercado (Robaldo et al., 2012).



A informacdo mencionada acima faz com que P. orbignyanus seja uma espécie com um alto
potencial para aquicultura. Estudos vém sendo realizados na Argentina, no Brasil e no
Uruguai com o objetivo de conhecer a biologia da espécie e determinar as condi¢Bes 6timas
para sua producdo. Aspectos como reproducdo e larvicultura sdo dominados (Bambill et al.,
2006; Sampaio et al., 2007, 2008; Lanes et al., 2008; Radonic & Macchi, 2009; Rodrigues et
al., 2012). Vérios aspectos foram estudados, como fatores que induzem ao estresse como
captura, transporte e densidade de estocagem (Bolasina, 2011), neuropeptidios associados a
ingesta de alimento (Campos et al., 2010), criopreservacdo de sémen (Ceccon Lanes et al.,
2008), manipulacdo de fatores ambientais como fotoperiodo e temperatura para obtencéo de
desovas espontaneas (Bambill et al., 2006; Radonic et al., 2007; Sampaio et al., 2008),
utilizacdo de hormoénios na inducdo a ovulacdo (Bambill et al., 2006; Sampaio et al., 2008),
enriquecimento de artémia com acidos graxos da série n-3 HUFA durante as etapas larvais
(Rodrigues et al., 2012), elaboracdo de dietas inertes que cumpram com as necessidades
nutricionais nas diferentes etapas de vida dos peixes, principalmente durante o desmame

(Féola et al., 2010; Salhi et al., 2010).

3.4 Restricdo alimentar em peixes

De acordo com McCue (2010) a restricdo alimentar é definida como uma condicéo
bioldgica na qual alguma limitagdo extrinseca impossibilita a alimentacdo dos organismos. A
ocorréncia e duracdo desses eventos sdo variaveis; podem ser longos e frequentes quando
causados por exemplo, por condigdes climéticas cronicas; longos e infrequentes provocados
por mudancas estacionais; curtos e frequentes devido a ciclos diarios; ou curtos e infrequentes
causados por condigdes climéticas agudas. O mesmo autor considera que a restri¢cdo alimentar
€ um processo no qual ndo é possivel distinguir fases discretas e que produz uma interrupgdo

no equilibrio entre o fluxo de energia e a massa corporal do organismo. Segundo Sokolova et



al. (2012) isso acontece pois 0 organismo necessita de mais energia do que em situacoes
normais para manter a sua homeostase. O balanco energético tem importancia na tolerancia
dos organismos ao estresse causado pelo ambiente e até na determinacdo dos limites da sua
sobrevivéncia (Sokolova et al., 2012).

No curso do seu ciclo de vida, varias espécies de peixes sofrem periodos de restricao
alimentar devido a fatores como a estacdo reprodutiva, a diminuicdo da disponibilidade de
alimento e a migracdo (Hur et al., 2006). A capacidade dos peixes de suportar uma condicao
de jejum é muito varidvel, podendo ser desde dias até anos (Love, 1970), sendo que existem
espécies que podem sobreviver por pelo menos dois anos nessa condicao (Whyte et al., 1993).
Na aquicultura a restricdo alimentar também pode ocorrer (Park et al., 2012). As vezes 0S
préprios criadores restringem a alimentacdo com a finalidade de melhorar a qualidade da
agua, ou reduzir efeitos negativos devido a doencas (Davis & Gaylord, 2011). Outro objetivo
de submeter os peixes a falta de alimento, é o crescimento compensatorio (CC). Esse processo
foi definido como uma fase de crescimento rapido como resposta a uma realimentacéo
adequada ap6s uma perda de peso causada pela auséncia de alimentacdo. Como resultado os
organismos em questdo podem atingir pesos mais elevados do que com uma alimentacéo
continua (Dobson & Holmes, 1984). Nos anos 80 comecaram a ser realizados estudos de CC
em especies como a truta Oncorhynchus mykiss, obtendo resultados positivos (Dobson &
Holmes, 1984). Além disso, o CC implica em varios beneficios para os aquicultores, como a
diminuigéo da poluigéo, poupar tempo de trabalho, reduzir os custos devido ao menor uso de
alimento e até o tempo de producdo (Cho, 2005; Heide et al., 2006). Segundo Zhang et al.
(2008) e Peres et al. (2011), o CC tambem poderia ser utilizado para manipular a composi¢édo
final do musculo, com a finalidade de melhorar a qualidade da carne (evitando uma deposi¢édo

de lipideos em excesso, por exemplo) antes de ser enviada ao mercado.



A resposta aos periodos de restricdo alimentar vai depender da espécie, do tamanho,
estagio de desenvolvimento e idade dos peixes, da natureza e duracdo da restricdo alimentar
(Blasco et al., 1991; Kieffer & Tufts, 1998; Ali et al., 2003; Eroldog et al., 2006). Segundo
Deng et al. (2004), o estresse produzido pelo jejum pode levar a diminuicdo na taxa
metabolica, definido como depressdo metabdlica.

Para lidar com essa situacdo (tanto na natureza quanto em cativeiro), 0s peixes
mantém suas atividades vitais essenciais mediante o uso de reservas energéticas acumuladas
(representadas como carboidratos, lipideos e proteinas) no seu organismo, o que implica na
utilizacdo dos seus proprios tecidos corporais (Weatherley & Gill, 1987). Como resultado,
ocorrem alteracGes na fisiologia e no metabolismo desses organismos que levam a mudancas
tanto no nivel estrutural quanto no bioquimico e/ou hematologico.

Alguns estudos tém demonstrado que em geral, a primeira fonte de energia utilizada
frente a uma situacdo de restricdo alimentar € o glicogénio, que € transportado pelo organismo
como glicose (Barcellos et al., 2010). Contudo, existem casos em que sdo utilizados o0s
lipideos (Black & Love, 1986). Isso vai depender, por exemplo, do estado nutricional dos
peixes (Echevarria et al., 1997).

A resposta do animal a falta de alimento também é influenciada pelo seu habito
alimentar, tanto que como 0s peixes carnivoros naturalmente apresentam uma ingesta de
alimento menos frequente do que aqueles herbivoros ou onivoros, estariam melhor
adaptados a enfrentar periodos de jejum (Bond, 1996).

As principais zonas de armazenamento de energia séo o figado, o0 madsculo e a zona
visceral (Riafio et al., 2011). Os principais 6rgdos para obtencdo de energia variam entre as
especies (Brett et al., 1969; Stirling, 1976; Riafio et al., 2011). Também tem sido observado

uma ordem na utilizacdo dos tecidos: algumas espécies utilizam primeiro o figado e



posteriormente 0 musculo (Stimpson, 1965; Johnston & Goldspink, 1973; Larsson &
Lewander, 1973). Outras espécies comecam utilizando reservas musculares, deixando as
hepéticas para as etapas tardias do jejum evitando danos estruturais permanentes no tecido
muscular devido ao consumo de reservas (Sant et al., 2009). Porém, no come¢co de um
processo de restricdo alimentar, geralmente o glicogénio hepatico (que representa entre 1 a 6
% do peso do figado) € a primeira reserva energética a ser mobilizada (Navarro & Gutiérrez,
1995; Hung et al., 1997; Barcellos et al., 2010; Davis & Gaylord, 2011). Contrariamente, 0
glicogénio muscular geralmente ndo sofre mudancas importantes frente a falta de alimento
(Navarro & Gutiérrez, 1995). Esse glicogénio mobilizado é transformado em glicose através
de atividade das enzimas glicogénio fosforilase e glucose-6-fosfatase, pelo processo
denominado glicogendlise com a finalidade de manter a glicose circulante em niveis normais
para 0 organismo. Davis & Gaylord (2011) determinaram que a glicogendlise ocorre durante
aproximadamente duas semanas; posteriormente a glicose é gerada a partir da gliconeogénese.

A osmolalidade plasmatica também pode variar frente a uma situacdo de restricdo
alimentar. Park et al. (2012) observaram que este parametro diminui ao longo do tempo, o que
estaria indicando uma osmorregulacdo inadequada frente a restricdo alimentar.

Outra resposta encontrada nos organismos é a perda de massa corporal. Segundo
McCue (2010), é uma resposta comum e praticamente inevitavel a restricdo alimentar,
diretamente proporcional ao gasto de energia ja que tanto lipideos quanto proteinas e
carboidratos apresentam diferentes densidades energéticas. Isso tem influéncia no
comportamento de indices como o fator de condicdo (FC) e os indices hepato e
viscerosomatico (IHS e IVS, respectivamente), que geralmente tendem a diminuir com o

aumento do periodo de restricdo alimentar.



3.4.1 Alteracdes morfoldgicas

A falta de alimento pode produzir mudancas em varias estruturas. No figado, por
exemplo, pode ocorrer alteracbes nos hepatocitos devido a perda de reservas energéticas
(principalmente glicogénio) (Segner & Mdller, 1984; Hur et al., 2006; Ostaszewska et al.,
2006). No rim, pode ocorrer aumento no nimero de melano macréfagos (MMs) (Agius &
Roberts 1981; Mizuno et al., 2002; Hur et al., 2006). Os MMs sdo células fagociticas com
pigmentacdo elevada, que podem ocorrer tanto livres quanto formando conjuntos de células
(Centros Melano-macréfago; MMCs) (Meseguer et al., 1994). Pertencem ao sistema
mononuclear fagocitico dos teledsteos, eliminando produtos da degradacdo celular e
particulas estranhas por meio da fagocitose. Carateristicas como a sua pigmentacao, tamanho
e/ou nimero podem ser influenciados por condi¢Bes patoldgicas e/ou fisioldgicas (Palmer et
al, 1992) como por exemplo, a idade dos peixes (Brown & George, 1985) e a restricdo
alimentar (Micaele & Perdichizzi, 1990; Mizuno et al., 2002; Rios et al., 2007).

O intestino é um orgdo que tem fungdes no balanco de agua e eletrolitos
(osmorregulacdo), absorcdo de nutrientes, regulacdo da digestdo, dentre outras (Shaibani et
al., 2013). Aqui, a restricdo alimentar também ocasiona mudancas ou atrofias, que podem
comprometer a atividade digestiva (Ostaszewska et al., 2006). Pode provocar a redugédo da
altura e do numero dos enterdcitos, e até no comprimento das vilosidades; tudo isso leva a
reducdo da area do epitélio consequentemente diminuindo a sua capacidade de absorcéo (e
por tanto afetando o processo de osmorregulacdo) (Segner et al., 1987; Hall & Bellwood,
1995; Shaibani et al., 2013). Segundo Green & McCormick (1999), a reducéo na altura dos

enterocitos é indicador de falta de alimento no trato digestorio.



3.4.2 Alteracdes Bioquimicas

Alteracdes bioquimicas ocorrem tanto no mdsculo, como no figado e no plasma de
peixes submetidos ao jejum. Niveis de substratos energéticos como colesterol, glicogénio,
glicose, lipideos, proteinas e/ou triglicerideos podem variar dependendo da espécie e da
extensdo do periodo de jejum (Boran & Yadav, 1996; Hung et al., 1997; Tripathi & Verma,
2003; Hur et al., 2006; Furné et al., 2012; Peres et al., 2013). Essa mobilizacdo de reservas,
precisamente de proteinas e lipideos geralmente produz variacdes na quantidade de agua dos
tecidos; existe a tendéncia ao aumento no conteudo de dgua em compensacdo a mobilizacado
dessas reservas devido que os lipideos apresentam um comportamento anfipatico (Alliot et al.,
1984; Black & Love, 1986; Hung et al., 1997).

E sabido que o perfil de 4cidos graxos do musculo, figado e gordura visceral sdo
influenciados pela restri¢cdo alimentar. Sendo que a mudanca desse perfil ocorre dependendo
da espécie (De Silva et al.,, 1997). Contudo, foi demonstrada uma tendéncia a
conservacao/incremento do DHA (acido docosahexaendico) nos organismos em restricao
alimentar por ser um &cido graxo essencial e componente importante das membranas
bioldgicas (Tidwell et al., 1992; Einen et al., 1998). Também tém sido registradas variacdes
como a diminuigdo nos niveis de PUFAs (acidos graxos poli-insaturados) e MUFASs (&cidos
graxos mono-insaturados), a utilizacdo de alguns acidos graxos individuais como o 18:1n9, ou
0 aumento dos &cidos graxos da sério n3, dentre outras (Tidwell et al., 1992; De Silva et al.,

1997).

3.4.3 Alteracdes hematoldgicas
O hematdcrito é um fator que pode ser influenciado pelo estresse, mas 0 momento em

que essas variacdes acontecem (geralmente diminuicdes) vai depender da espécie (Rios et al.,



2002; Caruso et al., 2010). De acordo com Rios et al. (2005) a reducdo neste parametro
poderia ser explicada por uma diminui¢do no tamanho dos eritrocitos.

Considerando que esse linguado apresenta potencial para aquicultura, o presente
estudo pode servir como base para futuras pesquisas direcionadas ao seu manejo alimentar,
permitindo determinar o0 momento no qual as mudancas tanto bioquimicas quanto
morfologicas produzidas por um periodo de restricdo alimentar ocorrem. Desta forma, o
objetivo do presente estudo foi avaliar os efeitos da restricdo alimentar em juvenis do

linguado P. orbignyanus.



4. OBJETIVOS

4.1. Objetivo geral

Determinar os efeitos da restricdo alimentar em juvenis do linguado Paralichthys

orbignyanus.

4.2. Objetivos especificos

e Determinar quais sao as principais fontes de mobilizacéo de energia e 6rgdos de reserva e
em qual momento do periodo de jejum comecam a ser utilizadas e influenciados pelo
jejum, respectivamente;

e Determinar as alteragdes morfoldgicas promovidas pela restri¢cdo alimentar no intestino e

no rim de juvenis de linguado submetidos a restricao alimentar.
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ABSTRACT

The aim of this work was to determine the effects of starvation in Paralichthys orbignyanus
juveniles. For this, two treatments were compared, Feeding (A) and Starvation (S); samples of
six fish per treatment were taken in weeks 0, 1, 2, 4 and 8. The results showed that the lack of
food leads to the diminution of the K, HSI and VSI, due to the decreased of hepatic reserves:
glycogen and triglycerides at week 2, and glucose and proteins at week 4. There was a rise in
triglycerides between weeks 4 and 8, possibly due to a fatty acid re-esterification process. The
hepatic cholesterol decreased, while the plasmatic raised, thus indicating its possible transport
for cortisol synthesis. The plasma glycogen and the muscular protein raised in the last week,
the former possibly due to a glucose accumulation and the later because glucose would be
stimulating protein synthesis. Starvation did not affect the size and the deposition degree of
melano-macrophages, neither the intestinal structures. Then P. orbignyanus juveniles can
survive to eight weeks of starvation by using basically hepatic energy stores and without
structural changes neither in the kidney nor in the intestine.

Key words: Paralichthys orbignyanus, starvation, energy stores.

1. INTRODUCTION

The flounder Paralichthys orbignyanus (Valenciennes, 1842) is distributed in coastal
and estuarine areas between Brazil and Argentina, up to 45 m deep (Diaz de Astarloa &
Munroe, 1998). It is a marine/estuarine dependent species (Chao et al, 1985), and tolerates a
wide range of environmental factors such as temperature (8 - 31 °C) (Wasielesky et al., 1998),
salinity (0 - 40 %o) (Sampaio & Bianchini, 2002), and pH (between 6.0 and 8.0) (Wasielesky
et al., 1997). Besides that, it presents a high fillet yield and it is highly appreciated in the

market (Robaldo et al., 2012). All these characteristics make P. orbignyanus a species with a
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high potential for aquaculture. Studies have been conducted in Argentina, Brazil and Uruguay
aiming to determine the optimum conditions for the production of this species in captivity.
Aspects such as breeding and larviculture techniques are dominated (Bambill et al., 2006;
Sampaio et al., 2007; 2008; Lanes et al., 2008; Radonic & Macchi, 2009; Rodrigues et al.,
2012).

Several fish species are forced to undergo periods of fasting during their life cycle due
to the decrease in food availability, migration, and breeding season (Hur et al., 2006). Fish
farmers also can submit fish to food deprivation for different purposes including a
compensatory growth response (Cho, 2005). In order to survive, organisms rely on energy
reserves stored in the body (carbohydrates, proteins, and lipids), which implies in the
catabolism of their own tissues (Weatherley & Gill, 1987). Therefore, metabolic changes
occur, and the nature of these changes will depend, among other factors, on the species, age of
the organism, and the starvation period (Blasco et al., 1992; Kieffer & Tufts, 1998). Major
energy sources and their storage places (compounds and organs) and the order in which they
are used during starvation vary between species (Black & Love, 1986).

Biochemical alterations have been observed in muscle, liver and plasma of unfed
fishes. For example, the reduction of hepatic glycogen (Segner & Modller, 1984; Borah &
Yadav, 1996; Hur et al., 2006), protein and glucose levels of liver and muscle (Borah &
Yadav, 1996; Tripathi & Verma, 2003). In bass (Dicentrarchus labrax), it was observed a
decrease of muscular glucose and triglycerides (Zammit & Newsholme, 1979), while juvenile
Sparus aurata underwent a reduction of plasmatic glucose, cholesterol and protein after two
weeks of starvation (Peres et al., 2013).

Muscle, liver and visceral fat content can also be affected (De Silva et al., 1997). In

hybrid tilapia (Oreochromis mossambicus x Oreochromis niloticus) starved for 45 days, there
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was observed an increase in the proportion of fatty acids (ug/mg of lipids) and in the
percentage of PUFA in liver and muscle. DHA percentage (of total lipids) showed a
significant rise in liver with starvation, while in muscle it did not vary significantly (De Silva
etal., 1997).

Histological changes have been observed in different organs of fish when subjected to
food restriction. Some parameters for the evaluation of this situation are: A- the increase in
the number of melano-macrophages (MMs) in the kidney (Michaele & Perdichizzi, 1990),
which are structures that act on the metabolism of toxic substances and the immune system of
fish (Agius & Roberts, 1981). B- a decrease in the thickness of the intestinal mucosa and
reduction of the intestinal microvilli, leading to a decrease in the absorption capacity of the
epithelium (Segner et al., 1987; Hall & Bellwood, 1995). C- changes in the hepatocyte
structure, as a reduction of glycogen reserves, in the diameter of the nucleus, larger
mitochondria, and the lack of Golgi bodies and lipids in the cytoplasm (Hur et al., 2006).

In some species the hematocrit and plasma osmolality are also influenced; the former
generally experienced a decrease (Rios et al., 2002; Caruso et al., 2010), but it can also
remain stable as well (Caruso et al., 2011). The last underwent a significant reduction in
Paralichthys olivaceus fasted for four weeks (Park et al., 2012).

Therefore, the objective of this study was to evaluate the effects of food restriction in
juvenile flounder P. orbignyanus. Considering that this species has a potential for
aquaculture, this kind of research could be important, being useful as a basis for future studies
with feed management of the species, allowing to determine the point at which biochemical

and structural changes caused by food restriction occurs for flounder.
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2. MATERIAL AND METHODS
2.1  Experimental fish
Juvenile Brazilian flounder P. orbignyanus were reared according to the protocol

described by Sampaio et al. (2008).

2.2  Experimental design

Four recirculating aquaculture systems were used in the experiment. Each system was
composed by 3 tanks (300 L) coupled to a sump with a moving biological filter for ammonia
oxidation, a sand filter (Sibrape, Model S50, Brazil), a protein skimmer (Plaspiral, Brazil),
and a pump (Sibrape, FIT-33, 1/3 hp, Brazil) for water recirculation. Water sterilization was
obtained using UV lamp (Sibrape, 95 W, Pond Clean, Brazil).

Seven fish (26.4 + 1.2 cm; 234.2 + 28.1 g) were placed in each tank (n=84), and
acclimated under controlled conditions of photoperiod (12h L:12h D) and temperature (23.7
0.7 °C) and constant aeration, for one month prior to the experiment. They were hand fed
with a commercial diet (50% protein and 10% lipids, Nicoluzzi - Brazil) once a day until
satiation. Then, two treatments were compared during 8 weeks: 1) STARVATION (S) in
which the fish of two systems (chosen randomly) were not fed during the experimental
period; 2) FEEDING (F; used as a control group) in which the fish of the other two systems
were fed using the same protocol of the acclimation period.

Water quality parameters were measured daily during the acclimation and the
experimental period: salinity was measured using a portable refractometer (Atago, Japan),
dissolved oxygen and temperature were measured with an oxymeter (YSI, Model 550A,
USA) and pH with a pHmeter (Toledo, Brazil). Alkalinity was measured by titration

accordingly to APHA (1998). Ammonia and nitrate were determined according to the
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methods presented by UNESCO (1983), and nitrite following the methodology of Strickland
& Parsons (1972).

One fish of each tank was sampled at the beginning of the experiment (t=0) and on
weeks 1 (t=1), 2 (t=2), 4 (t=4) and 8 (t=8). Thus, in each sampling time, a total of 12 fish
were sampled, 6 per treatment. Feeding of fish in the Control treatment was stopped 24 h
before each sampling period.

Fish were anesthetized with benzocaine (50 ppm). First, body mass and total length
were measured using a digital balance (Marte, BL3200H, Brazil 0.01g) and an ichthyometer

(0.1 cm), respectively.

2.3  Hematology

Firstly, blood samples were collected from the caudal vein using heparinized 1 mL
syringe. Immediately, the hematocrit was determined using heparinized capillary tubes by
centrifugation during 10 min at 12.000g using a centrifuge (HT, H-240, China). The
remaining of the blood was centrifuged for 10 minutes at 4°C and 1000g (SOLAB, SL-703)

and plasma was stored at -80°C.

2.4  Biochemical analyses

After blood collection, the fish were submitted to euthanasia by immersion in a
benzocaine bath (300 ppm), and the weight of the viscera and liver were registered. Samples
of muscle and liver were immersed in liquid nitrogen and then stored at -80°C. Concentration
of cholesterol, glucose, glycogen, total proteins and triglycerides were measured in blood
plasma, liver and muscle using commercial kits (Enzymatic Cholesterol, Enzymatic Glucose,

Enzymatic Total Protein and Enzymatic Triglycerides by Doles, Brazil). The extractions for
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cholesterol, glucose, glycogen and triglycerides were obtained using the homogenized
solution for metabolite extraction. Protein extraction for liver and muscle was made using the
methodology employed by Amado et al. (2006). The glycogen was measured using the Carr
& Neff (1984) method, modified by Nery & Santos (1993). The glycogen was broken into
glucose, which was measured using the commercial kit Enzymatic Glucose. In all cases
(muscle, liver and blood plasma) the determination of components were made by
spectrophotometer (BioTek, EL 808, Spain) at 490 nm using the software Gen5 1.08. Muscle
total lipids were extracted using the method described by Folch et al. (1957) and fatty acid
methyl esters (FAMES) were separated using gas chromatography (Hewlett Packard 5890,
USA). Osmolality was determined using a vapor-pressure osmometer (Vapro 5600, Wercor

Inc., Logan, UT, USA).

2.5  Histological analyses

Samples of liver, intestine and kidney were fixed in 10% buffered formalin for
subsequent histological evaluation. The samples were dehydrated in a graded series of
ethanol, embedded in Paraplast and sectioned at 5um. The slides of intestine and kidney were
stained with haematoxilin and eosin, and liver slides were stained with PAS technique. The
slides were observed in an optical microscope (Carl Zeiss, Primo Star GmbH, Germany) and
photomicrographs were taken with a digital camera (Carl Zeiss, Axiocam ERc 5s, Germany)
(Figure 1). The estimation of numbers and relative surface areas of melano-macrophage
centers were made following the methodology described by Weibel & Gomez (1962).
Intestinal histology was performed accordingly to Peng et al. (2013). Villus height was
measured from the lowest point between two longitudinal villus to the fold top; enterocyte

height was measured from the base of to the top of enterocyte. Ten measures per fish were
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made for both parameters. All measurements mentioned above were made using the software

AxioVision Rel. 4.8.

Figure 1. Photomicrographs of kidney (A) and transversal section of intestine (B and C)
showing the measures (um) of melano-macrophages (a; 10x), enterocyte height (b 40x) and
villi's length (d; 4x) of juvenile Paralichthys orbignyanus. MMs=melano-macrophages,

E=enterocyte and V=villi.

2.6 Biometric indexes
Using the biometric data mentioned above, Viscerosomatic (VSI) and Hepatosomatic

(HSI) indexes, and condition factor (CF) were calculated as follows:
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- VSI = (VW/TW)*100

- HSI = (LW/TW)*100

- CF = (TW/TL3)*100

Where VW=viscera weight (g), LW= liver weight (g), TW= total fish weight (g), e TL= total

fish length (cm).

2.7  Statistical analyses
All results are expressed in mean + standard error. Differences between treatments
were determined using two-way ANOVA, followed by the Test of Newman-Keuls or

orthogonal planned comparisons. The significance level adopted was 95%.

3. RESULTS

No fish died along the acclimation and experimental time. The water quality
parameters measured presented values within the range tolerated for P. orbignyanus. The
dissolved oxygen was 7.09+0.24 mgO-/L, pH was 8.33+0.09, and salinity, ammonia, nitrite,
nitrate and alkalinity were, 24.3£1.1 %o, 0.065+0.10 mg NH3-N /L, 0.13£0.37 mg NO,-N /L
7.7£3.9 mg NO3-N /L and 238156 mg CaCOs/L, respectively.

Fish weight was not affected by starvation, while those fish continuously fed showed a
significant rise in weight after 8 weeks (P<0.05). Weight of fish in both treatments were
significantly different (P<0.05) at week 8 (Table 1). Condition factor (CF), viscerosomatic
index (VSI) and hepatosomatic index (HSI) were not affected in fish that were normally fed.
On the other hand, these parameters were reduced along the time, presenting significant

differences (P<0.05) in fish maintained in starvation (S) during 8 weeks. VSI and HSI were
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reduced after 2 weeks of starvation, while CF was affected only after 8 weeks of starvation.
Significant differences between treatments were observed after 1, 2 and 8 weeks of starvation

for HSI, VSI and CF, respectively (Table 1).
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Table 1. Weight (W), Condition factor (CF), viscerosomatic index (VSI) and hepatosomatic index (HSI) (Mean + SE) of Paralichthys

orbignyanus fed (F) or starved (S) for up to 8 weeks.

Time (weeks) P value
Treatment 0 1 2 4 ] Treatment Time Treatment®* Time

Wg) F 2341749 82a 235.96x16.50a 220.65+10.44a 237.31+17.23a  289.7616.99h* (.004* 0.022* 0.049*
5 232 69810 221.90=11.1% 219.62=18.30 186.38+11.26 223 Bk 04

CF F 1.27+ 0,007 1.26 £ 0.05 1.25+0.12 1.28 £0.07 1.35+0.19* (.000* (0.504 0.001*
5 1.28< 0. 10a 1.17 = (.03ab 1.18 % (). (8ab 1.20 £ 0.04ab 1.06 £ 0.04b

VSI F 3.56 %042 IR £04] 349 %047* 351 = 0.66% 340 +£0.32* (.000* 0.000* 0.015*
5 352 +042a 3.21 £0.36ab 27240 34be 2536+021bc 226+:0.22c

HIS F 1.45 025 1.77 £ 0.30* 1.50 =041 1.65 = (.53* 1.57+027* (0. 000* 0.013* 0.002*
5 1.58 £ 0 34a 1.22 £0.26ab 1.01 £ 0, 26abe 0.85+0.16bc (.69 = 0.07c

Asterisk represents significant differences (P<0.05) between treatments at the same experimental time, and different letters indicate

significant differences along the time in the Starvation treatment.
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Blood Plasma

Cholesterol (Figure 2A) and glycogen (Figure 2B) levels in blood plasma were not
affected in the F treatment. Up to 4 weeks of starvation, cholesterol and glycogen levels
remained unchanged, but further on, it was observed a significant raise (P<0.05) of both
components compared to that of fed fish.

It was observed that the levels of plasmatic glucose, protein and triglycerides were not
affected by starvation, neither was osmolality. Only proteins and triglycerides of the F
treatment presented significant variations (P<0.05); the former decreased between weeks 1
and 2 (determined by orthogonal planned comparisons), and the later a rise between weeks 0

and 4, but then returned to values similar to all others observed before (Table 2).
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Figure 2. Cholesterol (A) and glycogen (B) plasma blood levels (Mean+SE) of Paralichthys
orbignyanus) fed (F) or starved (S) for up to 8 weeks. Asterisk represents significant
differences (P<0.05) between treatments at the same experimental time, different letters

indicate significant differences over time in the same treatment.
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Table 2. Plasma blood glucose, protein, triglycerides and osmolality (Mean+SE) of Paralichthys orbignyanus fed (F) or starved (S) for up

to 8 weeks.
Time (weeks) P value
Treatment 0 1 2 4 8 Treatment Time Treatment®* Time

Plasma Glucose F 0.25 = 0.06 0,332 0.04 0,28+ 0.03 0,33 0.05 0.33 = (.07 0422 0614 0864
(mg/mL)

S 028 +0.12 0.25 +0.05 0.28 +0.03 0.28 + 0,03 0.34 + 0,06
Phesun profein F 4558£192  S681£703 4785178  5162+346  5327+£305 0.006 0.177 0.453
(mg/mL})

N 4701£351 4851135 44844153  4387+£300  45.01£207
rr:la;':l”]_t}"glﬂmde F 343£030A 506£1.17AB 3462051 AB 62121438 424066 AB 0.014* 0.166 0.165

S 3.57 043 3.58%0.29 3214032 3.32£0.50 3.66 043
Osmelality F 32700+ 483 35183+2045  3220+£956  33067+939 36983+ 1543 0.311 0.012+ 0.351
(mmol/kg)

S 32833+ 145 32183+1405 32967+304 33633+£835  35233+1348

Capital letters indicate significant differences over time in the Feeding treatment. Circle represents significant differences determined by
orthogonal planned comparisons.

Capital letters indicate significant differences over time in the Feeding treatment. Circle represents significant differences determined by
orthogonal planned comparisons.
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Hematology

With respect to the hematocrit, it remained stable along time for fed fish, there was a
significant drop at week 4, but it rose up to the initial level at the end of the experiment.
Starved fish, in contrast, presented a significant drop in hematocrit levels since the second

week of starvation. Besides, both treatments were different in the last week (P<0.05) (Figure

3).
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Figure 3. Hematocrit levels (Meanz=SE) of Paralichthys orbignyanus fed (F) or starved (S) for
up to 8 weeks. Asterisk represents significant differences (P<0.05) between treatments at the

same experimental time. Different capital letters indicate significant differences over time for

fed fish, while lower case letters resemble starved fish.
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Muscle

Muscle cholesterol is not reported here because levels were below the detection limit
of the method employed. Neither glucose (Figure 4A), nor total proteins levels (Figure 4B)
were affected in fish normally fed. In starved fish, glucose level maintained low levels along
the experiment, but it was significantly higher (p<0.05) at week 4. Differences between
treatments occurred in week 4 (p<0.05); this could be due to an error in the analysis explained
by the wide range of the standard error. However, the concentration of muscular protein had a
significant rise between weeks 4 and 8 of starvation (p<0.05), but these values were not
different from the initial levels. There were no significant differences between treatments for

this parameter.
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Figure 4. Muscle glucose (A) and protein (B) (Mean+SE) of Paralichthys orbignyanus fed (F)
or starved (S) for up to 8 weeks. Different letters indicate significant differences over time in

the S treatment.
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In the case of muscle lipid levels (Figure 5A) and moisture (Figure 5B) both
treatments were affected along the experimental time. It was observed an increase in lipids
levels that became significant (P<0.05) at 2 and 4 weeks for F and S, respectively. Orthogonal
planned comparisons showed significant differences at 2 weeks between treatments (P<0.05).
Muscle moisture experienced a decrease along time, becoming significant in 2 and 4 weeks in
the S and F treatment, respectively (P<0.05).

Generally, the percentage of fatty acids (of total lipids), individual fatty acids (16:0,
18:1n9, 18:2n6, 20:3n3, 20:4n6, 20:5n3, 22:5n3, 22:6n3) sums (SAFA, MUFA, PUFA, n3, n6
e n9) and ratios (n6/n3, DHA/EPA, EPA/AA), presented the same behavior for both
treatments. Only the ratio DHA/AA showed a significant decreased in the S treatment along
the experimental time, that was significantly different of the F treatment at week 8 (p<0.05).
The most abundant fatty acids were: 16:0, 18:1n9, 18:2n6, 22:6n3. PUFAs and MUFAs
presented similar values and, in general bigger than that of the SAFAs; and the n9 series
generally showed superior levels than n3 and n6 (Table 3).

It was observed that muscular glycogen and triglycerides were not affected either by

feeding or by starvation (Table 4).
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Figure 5. Muscle lipids (A) and moisture (B) (MeanxSE) of Paralichthys orbignyanus fed (F)
or starved (S) for up to 8 weeks. Different letters indicate significant differences (P<0.05)
over time in the same treatment (capital letter: Feeding (F); lower case: Starvation (S)) and

circle represents significant differences determined by orthogonal planned comparisons.
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Table 3. Main fatty acids composition (mg/g of total FA; meant SE) of white muscle of Paralichthys orbignyanus Fed (F) or Starved (S)

for up to 8 weeks.

Asterisk represents significant differences (P<0.05) between treatments at the same experimental time, and different letters indicate significant differences over
time in the same treatment (capital letter: Feeding (F); lower case: Starvation (S)). Differences at week 2 were determined by orthogonal planned comparisons.



Feeding Starvation

Weeks [] 1 z [ B 1 z [} B Treatment  Time  Trestment® Time
140 1.3050.98 Aa oistomma 5.22% 1 GOB* 4,632 2.758 3.0521.9548 015 0L06= 240 38ab 487 Z 065 2.55H Bllab 0233 0.000* 0249
16:0 107426528z 3o3toTaa 3395111 228 31.16217 566 19.472 11 3386 34z 00a 16.2418 4Rab 32 56123 56b 17.36H1 S0ab 023z 0000 0259
16:1n-7 3.0712.464s 043103548 12 5t 3 966 11.47+ 6868 740t 4.B3AB 043201173 5.7&% 3.39ab 1210319250 62144 A8ab 0214 0.000*  0.249
18:0 2,301 3BACab 0ETH.19A 63312 138* 58913 31BC 358H G2ARC 08013 31141 A9ak 56723850 32942 09ab 0183 0000 0254
18:1n-3 12.9575.034a 2,33t0.990 54.56119. 916" 49.66230.066 28. 26217 21AE 2.4530.81a 2444415 10ah 51.27439.92b 24.51+ 17 58ab 023z 0.000* 0239
18:2n-6 10.7627.854a 2100 Tar 40.14+11 B8E* 35.70221 226 2239213 9046 21440552 1B.7410.38zb 39.11+29 59b 19.25H3.15ab 0.273 0000 0.243
18:3n-3 0.7130.5%4 oupeto.ose 2 8610 BER* 2.60%1.558 167211048 0.0530.03a 12740.72ab 29272 03b 1.26H).82ab 0234 0.000* 0199
20:4n-6 0.8540. 48883k 0.41+0.080 1. 8640508 1.732 0.838 1.1450.5348 0424009 10640433k 1.84%1 16b 10040 53ak 0.337 0000 0338
20:3n-3 D0E530.084 00z 03740138 0.3430.208 0.2150.1348 0.014001a 0L1EH009ak 0.3520.27h 01840 123k 0234 0000 0358
2-5n-3 1.5450.9%4 o41to 1z 49411 508° 4 5622 658 313719248 0.4310.08a 2.40H 26k 4.TEE3.56b 21940 15ab 01TE 0.000* 0250
22:50-3 093405842 0250068 2 900658 2.74%1 608 1.90%1 1448 03040062 15340.61ab 28E2223h 1 4040 B9ah 0.269 0000 0354
22:6n-3 4.2542 638Bab 21640358 B.80¢2. 678 E.6214 26AB 6.2522 9648 21140282 49611 59ab 8.7025.56b 43282 37ab 0.176 0000 0351
[ SAFA 15.6279. 504ah 45001 140 48 91715 EGE* 4512775 508 218 1716 3586 45710912 2357112 3zh 4655733 51b 25.07H6.55ab 0231 0.000* 0264
MUFA 19.60214 4843 34X 38 76.91425 T7B* 6872240766 43022267488 3.6000.925 35.01+20.04zb 73.23455.86b 37.24+25 91ab 0.247 0000*  0.247
PUFA 7326414 24ABab 6.9821 63262 63.67126.838 64.45536.448 42 69224 63AB 707H 162 3493417 TEsb 69.52450.74b 34 35421 TBab 0351 0.000* 0507
n-3 13.97I5.658a 2571040 578021 236 FLTOZILETE 30.10Z1E. 27AB 2EMD82a 26.05116.03ab 54.66142 52b 26.58H B 6lab 0243 0.000* Q262
n-6 12 6718 T94Bab 2 8540508 38.06¢ 20 868 40,3223 606 25.46215 ATAB 29140682 2144411 63zb 4406432 97b 2184114 66ab 0.464 0000 0624
n-2 7.70t4. 50ABab 298+0 550 206115 996 15.51+10. 6948, 13 65=7.6148 2864043 10,6715 .04ab 2051114 26b 0. 70h6 02ab o9z 0000 031
In-3HUFA  5.1543.064Bab 2.45+0.400 11.7243. 2948 11.3625.868 B.1624. 1048 24140332 6502 T9ab 11 7447 B4b 5.7343 26ab 0638 0000 0934
n-6in-3 1.560 46ABab 09440138 1 5140.756 1.89230.448 1.7440.336 0.974010a 1.8040.37b 1.84300530 2.1410.28h 0384 0000 0.753
JUHA/EFA 30EH 07Bab 5400778 17940146 23871 308 2. 300,926 5.0110.51a 2.38H Elb 24051 326 2 3710 .B0b 0516 0.000* 0937

DHAAA 5.0340.318ba 52630, 2288 47250 202 502403288 5.43H0158* 514400425 47740.50ak 473403930 4354023k 0.001* 0000 000

EFAJAA 1790 544 Bb 0.95+0 140 26410.208 24150678 2 4840 766 1.0430. 162 21340 46b 23050740 159940 54k 0.086 0000 0638

Table 4. Muscle glycogen and triglycerides (Mean £ SE) of Paralichthys orbignyanus fed (F) or starved (S) for up to 8 weeks.
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Treatment Weeks P
0 1 2 4 B Treatment Time Treatment*Time
Clycogen F 40942911 30912002 4135+2147 55654848 1475114528 0185 0349 0.788
(mg/z) 5 24021223 30221482 BB4+442 3582x1582 53844832
Trighrcerides F 036004 049 =0.15 037008 031008 038007 0.088 0.733 0249
(mg/g} 5 032+ 0.06 020 =005 025003 030 =007 042 +007
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Liver

The content of cholesterol in liver of unfed fish showed a significant reduction
(P<0.05) from the beginning to the end of the experiment (Figure 6A). Besides, there was a
significant decrease in liver glucose between weeks 0 and 4 (P<0.05) (Figure 6B); differences
between treatments occurred in weeks 2 and 4 (P<0.05; determined by orthogonal planned
comparisons).

Starved fish presented a significant reduction of hepatic glycogen (P<0.05) between
the firsts two weeks of starvation and remained low until the end of the experiment (Figure
6C).

On the other hand, the concentration of hepatic protein (Figure 7A) showed a
significant decrease (P<0.05) between weeks 1 and 4, and remained at this level until the end
of the experiment; differences between treatments were found at weeks 4 and 8 (P<0.05).
Liver of fish starved showed a significant reduction on triglyceride level (P<0.05) between
weeks 0 and 2, but afterwards triglyceride levels rose to the same concentration of the fish at
the beginning of the experiment (Figure 7B). Comparing liver of fed and starved fish, there
were significant differences between treatments in weeks 1 and 2 (P<0.05), determined by
orthogonal planned comparisons and Newman-Keuls, respectively. The hepatic levels of all
parameters mentioned above were not affected in fed fish.

In figures 8 A and B it is observed the change in the glycogen stores of the liver

between weeks 0 and 2, respectively.
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Figure 6. Hepatic cholesterol (A), glucose (B) and glycogen (C) (Mean£SE) of Paralichthys
orbignyanus fed (F) or starved (S) for up to 8 weeks. Asterisk represents significant
differences (P<0.05) between treatments at the same experimental time, different letters
indicate significant differences over time in the S treatment, and circle represents significant

differences determined by orthogonal planned comparisons.
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Figure 7. Hepatic total protein (A) and triglyceride (B) levels (MeanzSE) of
Paralichthys orbignyanus fed (F) or starved (S) for up to 8 weeks. Asterisk represents
significant differences (P<0.05) between treatments at the same experimental time, different
letters indicate significant differences over time in the S treatment, and circle represents
significant differences determined by orthogonal planned comparisons.
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Figure 8. Images of the hepatic glycogen storage (PAS technique) at weeks 0 (A) and 2 (B)

(40x) of starved Paralichthys orbignyanus.

Histology

Regarding to morphological parameters, the MMs number per Kidney area and the
MMs mean area were not affected by starvation, neither by feeding along the experimental

period (Table 5). There were not detected variations along the time in both treatments with
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respect to the enterocyte height and villi's length, but in the later the F was always higher than

the S, been significantly higher only at 2 weeks (Table 4).
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Table 5. Mean (xSE) measures of MMs kidney deposition, MMs mean area, microvilli's height, enterocyte height and villi's length of

Paralichthys orbignyanus fed (F) or starved (S) for up to 8 weeks.

Time (weeks) P
Treatment ] 1 2 4 5 Treatment Time Treatment® Time
A kddney
F rnes E 1.76=0.20 1.6420.14 1.7220.11 1.0=0.21 1.632017 0.030* 0.990 0.519
deposition
(MMAIs/pm?) :
, 5 1.87+0.10 1.99+0.11 2.03=0.00 1.80:0.14 1972012
(= 10000y
:_f:ll‘; mean area F 4650 58236713  S404.66=5T0.86 503455465046 S264.73=662.63 6472602166537 0.177 0.168 0.970
5 417800435203 484226253021 4804152472 88 407012241203 540784240782
f;‘;]::q“ F 46.06£1 31 46.01=1.74 44551 6 4381171 43 27155 0.551 0.109 0.150
{pum) g 44742074 43 370 66 481540 95 41.71=1.81 43 652130
Villi's lengzht -
(nm) F 1207.50=70.01 1182877120 126835+125.03 1387.6120607  1130.91+7120 0.021* 0.280 0.423
5 1230100028 11004520877  000.09+07.08 11725220710  1014.04+74.41

Asterisk represents significant differences (P<0.05) between treatments at the same experimental time, different letters indicate significant
differences over time in the same treatment (capital letter: Feeding (F); lower case: Starvation (S)). Circle indicates significant differences
determined by orthogonal planned comparisons.
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DISCUSSION

Fish submitted to food restriction is a common feature in nature, more than in
aquaculture. Even though, fish farmers can withheld food in order to reduce handling stress
and negative effects because of diseases or reduced water quality (Davis & Gaylord, 2011).
Fish can also be fasted to obtain a compensatory growth after returning to a normal feeding
regime (Cho, 2005). Weight loss is a common answer to starvation, because of the use of
energetic storages, influencing biometric indices that generally decrease over the starvation
period (McCue, 2010). Three indexes (K, HSI and VSI) decreased significantly along the time
for P. orbignyanus. Similar behavior was observed for the flounder Pleuronectes platessa, the
seabass D. labrax and hybrid striped bass Morone chrysops x Morone saxatilis (Moon &
Johnston, 1980; Alliot et al., 1984; Davis & Gaylord, 2011). According to Hung et al. (1997),
the decreases in HSI and in VSI suggest that liver and viscera are the main sites of nutrient
mobilization to cope with food restriction. In P. orbignyanus, these variations could be
explained by the decrease in energy stores, principally from the liver.

As in P. orbignyanus, a rise in plasma cholesterol and maintenance in glucose level
was observed in D. labrax submitted to 3 months of food restriction (Chatzifotis et al., 2011).
In accord with Chatzifotis et al. (2011), the first could be explained because cholesterol is a
precursor of steroid hormones like cortisol, which in stress situations acts stimulating the
gluconeogenic process (Wendelaar Bonga, 1997). The second is maintained by
gluconeogenesis, muscular proteolysis (setting free amino acids for hepatic gluconeogenesis)
(Smutna et al., 2002), glycogenolisis and triglycerides breakdown. The rise in glycogen in the
last week could be due to an accumulation of glucose.

On the other hand, the lack of changes in protein in P. orbignyanus indicates that there

is an equilibrium between the rates of protein mobilization and consumption, as was observed
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in Anguilla anguilla, D. labrax and Gadus morhua (Dave et al., 1974; Black & Love, 1986;
Echevarria et al., 1997). This could indicate an elevated liver activity because there occurs the
plasmatic protein synthesis (Harper, 1971). Further, the maintained levels of glucose, protein
and triglycerides are consistent with osmolality, which was almost constant along the 8 weeks
of starvation.

No changes in muscular protein levels were observed in P. platessa, D. labrax and
Dentex dentex submitted to 30, 21, and 5 weeks of starvation, respectively (Patterson et al.,
1971; Echevarria et al., 1997; Pérez-Jiménez et al., 2012). According to Pérez-Jiménez et al.
(2012), these fish have a high capacity to deal with prolonged fasting periods avoiding protein
hydrolysis in muscle, as it was also observed for P. orbignyanus. The last rise could be
explained by the fact that glucose can reduce protein breakdown or stimulate protein synthesis
during starvation as was demonstrated in humans; this could happen due to an amino acids
internal recycling (Sim et al., 1979).

Starved and fed Atlantic halibut (Hippoglossus hippoglussus) showed similar lipid
content during 5 weeks (Heide et al., 2006). It is known that wild halibut uses its hepatic
energy sources during gonadal development and not that of the carcass (Haug & Gulliksen,
1988), so these could explain the behavior observed during starvation. This could also explain
why lipid content in muscle did not change, implying that this energy reserve is not use
during the fasting period in P. orbignyanus. The same could be applied to the fatty acids
profile (individuals, sums, ratios and total), because it showed the same behavior of total
lipids and remained unchanged during the fasting period, and as such, it was an evidence of
no selective consumption of individual fatty acids. Besides, fatty acids had the same behavior
in Morone saxatilis larvae submitted to different levels of starvation (Martin et al., 1984). In

starved tilapia (Oreochromis mossambicus x Oreochromis niloticus), De Silva et al. (1997)
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found that the main fatty acids were the same observed in P. orbignyanus: 16:0, 18:1n9,
18:2n6 e 22:6n3.

Generally, when fish begin to use muscular proteins and/or lipids, they accumulate
water (Moon & Johnston, 1980; Alliot et al., 1984; Echevarria et al., 1997; Hung et al., 1997).
In opposition to this, muscle moisture decreased in both P. orbignyanus fed and starved; this
behavior could be due probably to the lipids rise, because their amphipathic behavior. The
mentioned changes in lipid and fatty acid levels in both treatments could be due because most
of them belong to triglycerides, so this would be hidden the behavior of polar lipids; the study
of this lipid class will tell us if P. orbignyanus is using lipids (another than triglycerides) and
if it has some preference in the utilization of fatty acids during food deprivation.

D. labrax (Chatzifotis et al., 2011), Rhamdia quelen (Barcellos et al., 2010) and P.
orbignyanus in this case, did not have glycogen changes in muscle, indicating that it is not
used as an energy source during the experimental period at least. According to Navarro &
Gutiérrez (1995), muscular glycogen is involved in muscular activity mainly, so it would not
be use against a stressful situation, or that it could also be maintained from glucose produced
by the liver.

Muscular triglycerides are generally used as an energy source (Dave et al., 1975;
Alliot et al., 1984). However, unchanged levels of muscular triglycerides for P. orbignyanus
indicates that this lipid class does not act as an energy source during these 8 weeks of
starvation.

The decrease of hepatic cholesterol in P. orbignyanus indicates a mobilization and
transport by the blood stream for cortisol synthesis (Chatzifotis et al., 2011). The rapid
decrease in glucose could be due to its fast synthesis and transport for blood stream to

maintain stable levels of plasmatic glucose.
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P. orbignyanus presented a drastic drop in hepatic glycogen content; the same was
registered for D. labrax and M. chrysops X M. saxatilis after 3 and 1 week of food restriction
(Alliot et al., 1984; Davis & Gaylord, 2011). According to Navarro & Gutiérrez (1995),
glycogen is the first substrate used in starvation.

As in P. orbignyanus, the initial decrease in protein was shown in Acipenser naccarii
and Oncorhynchus mykiis after 5 days of starvation and then remained stable (Furné et al.,
2012). This could be due by the hydrolysis of hepatic proteins, and the resulting amino acids
were used for the glucose synthesis in that organ.

According to Navarro & Gutiérrez (1995), triglycerides are the more accessible
reserves within the lipids. The reduction of hepatic triglycerides at the beginning of the
starvation period was also observed in starved D. labrax and A. naccarii after 1 week and 2
days (Alliot et al., 1984; Furné et al., 2010). According to Davis & Gaylord (2011), lipid
stores are mobilized along with glycogen when an individual is fasted, as happened with P.
orbignyanus. The subsequent increase was also recorded in S. auratus and D. dentex (Polakof
et al., 2006; Pérez-Jiménez et al.,, 2012). That could happen because a fatty acid re-
esterification resulting from adipose tissue hydrolysis that would lead to the formation of
lipoproteins of low density that would be accumulated in the liver (Deng et al., 2004).
Another explanation could be an interorgan lipid transport (Webster et al., 1994)

The observed changes in the first two weeks of starvation could suggest that the
flounders are passing by a metabolic depression to maintain energy, but to determine this it
should have been determined at least the oxygen consumption. The decrease in respiratory
rate and/or in oxygen consumption (indicators of the metabolic state) showed that P.
olivaceus (Park et al., 2012) and Cynoglossus semilaevis (Tian et al., 2010) presented a

metabolic decrease along 12 and 5 weeks of starvation, respectively.
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In respect to blood parameters, the hematocrit fell in P. orbignyanus and Hoplias
malabaricus (26.5 to 22.69%) (Rios et al., 2005), indicating that starvation can cause
erythrocyte changes, as a decreased in their number or volume (Rios et al., 2005), or diminish
the erythropoiesis capacity of the organisms (Love, 1970).

The MMs deposition grade in the kidney (MMs/pum? of kidney) is a tool generally used
to explain the nutritional status in fishes (Mizuno et al., 2002; Hur et al., 2006). In
Oncorhynchus masou kidney and H. malabaricus liver, this parameter showed a rise after 8
and 6 weeks of starvation, respectively (Mizuno et al., 2002; Rios et al., 2007). Aversely,
these parameters were not affected in P. orbignyanus; this could indicate that 8 weeks are not
enough time to affect the MMs characteristics and therefore, to produce an immune response.

According to Ostaszewska et al. (2006), a long-term starvation can cause changes in
structures of the digestive tract. Decrease of enterocyte height and villi's length were
observed for Salmo trutta caspius fasted for 3 and 6 weeks (Shaibani et al., 2013). Rapid
enterocyte degeneration was also observed for Tinca tinca (Ostaszewska et al., 2006). For
Hall & Bellwood (1995), that variation could be due to the formation of little cells because
the lack of food or by the utilization of intestinal lipids stocked in vacuoles, which are situated
in the enterocyte apical zone (Gisbert & Doroshov, 2003). All this could reduce the epithelial
area, affecting the nutrient absorption efficiency (Shaibani et al., 2013). On the other hand,
the intestinal structures studied for fasted Brazilian flounder were not influenced by the length
of the fasting period, thus indicating these structures are not affected by food restriction,

within the period of exposition in this work.
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CONCLUSIONS

Eight weeks of food deprivation affected hepatic stores and hematocrit, thus indicating
that Paralichthys orbignyanus could maintain its body energy requirements using hepatic
sources mainly, but with erythropoiesis process being affected (decreasing the number or
volume of the red blood cells). However, this period was not enough to affect muscular
energy stores, plasma osmolality, the size and degree of deposition of MMs in the kidney and
intestine morphology. At the beginning, this could suggest that juvenile P. orbignyanus can

survive to eight weeks of starvation without changes.
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7. CONCLUSAO GERAL

e Juvenis de P. orbignyanus conseguem lidar com oito semanas de restricdo alimentar

utilizando apenas as reservas energéticas estocadas no figado (colesterol, glicogénio,

proteinas e triglicerideos), sendo o processo de eritropoiese afetado (diminui¢do do

hematdcrito). Porém, esse periodo ndo foi suficiente produzir modificacdes:

a-

b-

Cc-

d-

Por tanto,

nos niveis de reservas energéticas no tecido muscular;

nos componentes plasmaticos (glicose, proteinas e triglicerideos), o que
corrobora com a manutencao da osmolalidade;

no tamanho e grau de deposi¢do dos melano-macrofagos do rim;

na morfologia do intestino.

juvenis de Paralichthys orbignyanus sobrevivem a oito semanas de jejum

basicamente utilizando as reservas do figado, sem apresentar modificacdes estruturais.
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8. PERSPECTIVAS FUTURAS

Para complementar o presente estudo poderiam ter sido registrados os niveis de
cortisol e a atividade enzimética com a finalidade de determinar o nivel de estresse
produzido e as vias metabolicas utilizadas durante essas oito semanas de restricao
alimentar.

Estudos com periodos de restricdo alimentar mais prolongados poderiam ser
realizados para determinar em qual momento os juvenis de Paralichthys orbignyanus
comecam a utilizar as reservas musculares e a sofrer mudancas estruturais, e outros de
realimentacdo com a finalidade de saber quanto tempo estes peixes podem permanecer
sem alimento e posteriormente recuperar tanto os niveis de reservas utilizadas quanto

as mudancas estruturais sofridas (a partir da realimentacéo).
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