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RESUMO
O peixe palhaco Amphiprion percula apresenta grande importancia econdmica devido ao
seu alto valor agregado. Na aquicultura, o sulfato de cobre (CuSO,) é utilizado para
controle de ectoparasitas em sistemas de producdo de peixes, como algicida e herbecida em
viveiros. Este trabalho teve como objetivo verificar os efeitos subletais da exposicdo a
concentragfes de CuSOs; utilizadas para tratamento de ectoparasitas, e posterior
recuperacdo em juvenis de peixe palhaco A. percula. No experimento | os peixes foram
expostos durante 7 dias a trés tratamentos: controle, sem adi¢do de CuSO,, 0,5 e 1,5 mg/L
de CuSQ,, seguidos de mais 7 dias de recuperacdo, em agua sem adi¢do de sulfato de cobre.
No experimento Il os peixes foram expostos durante 14 dias nas mesmas concentragdes do
experimento I. Em ambos os experimentos os tratamentos foram realizados em triplicata e
foram utilizados 16 juvenis por tanque (15L). Foram realizadas coletas nos dias 7 e 14 em
ambos experimentos, para a realizacdo das analises bioquimicas de peroxidacdo lipidica
(TBARS), capacidade antioxidante total contra radicais peroxil (ACAP) e atividade da
enzima Glutationa—S—Transferase (GST), e analises histopatoldgicas nas branquias. No
experimento | foi demonstrada apenas uma reducdo na ACAP dos peixes submetidos
inteiros ao tratamento 0,5mg/L de CuSO4 quando comparados aos tratamentos controle e
1,5mg/L de CuSOgs apds o periodo de recuperacdo. As histopatologias encontradas foram
telangiectasia, fusdo lamelar e fusédo lamelar parcial, sendo que a fuséo lamelar apresentou
menor ocorréncia no tratamento 1,5mg/L de CuSO4 em relagdo aos demais ao final da
recuperacdo. No experimento Il, a atividade da enzima GST foi menor no tratamento
1,5mg/L de CuSO4 em relagdo ao grupo controle e ao tratamento 0,5mg/L de CuSOs. As
histopatologias encontradas foram telangiectasia, hiperplasia, hiperplasia de células de
cloreto, hiperplasia parcial, fusdo lamelar parcial e fusdo lamelar completa, sem apresentar
diferencas significativas entre os tratamentos. Portanto, as concentragdes de 0,5mg/L de
CuSOse 1,5mg/L de CuSO4ndo induziram alteracdes histopatologicas ou uma condicéo de

estresse oxidativo, e portanto, sdo seguras para o peixe palhago A. percula.

Palavras-chave: estresse oxidativo; histopatologia; infestagdo parasitaria; profilaxia;

recuperacao
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ABSTRACT
The clown fish Amphiprion percula presents great economic importance due to its high
added value. In aquaculture, copper sulfate (CuSOs) is used to control ectoparasites in fish
production systems, such as algicide and herbicide in ponds. This work aimed to verify the
sublethal effects of exposure to CuSOs concentrations used to treat ectoparasites, and
subsequent recovery in juvenile clown fish A. percula. In the experiment | the fish were
exposed for 7 days to three treatments: control, without addition of CuSO4, 0.5 and 1.5
mg/L of CuSQOg, followed by another 7 days of recovery, in water without addition of
copper sulfate. In experiment Il the fish were exposed for 14 days at the same
concentrations of experiment I. In both experiments treatments were performed in triplicate
and 16 juveniles per tank (15L) were used. Samples were collected on days 7 and 14 in
both experiments for the biochemical analyzes of lipid peroxidation (TBARS), total
antioxidant capacity against peroxyl radicals (ACAP) and activity of the Glutathione-S-
Transferase (GST) enzyme, and histopathological analyzes in the gills. In the experiment I,
only a reduction in the ACAP of the whole submitted fish to the treatment 0.5mg/L of
CuSO4 when compared to the control treatments and 1,5mg/L of CuSOs after the recovery
period was demonstrated. The histopathologies found were telangiectasia, lamellar fusion
and partial lamellar fusion, and lamellar fusion presented a lower occurrence in the
treatment of 1.5 mg/L CuSOs in relation to the others at the end of the recovery. In the
experiment I, the activity of the GST enzyme was lower in the treatment of 1.5 mg/L
CuSOzs in relation to the control group and 0.5 mg/L CuSOs treatment. Histopathologies
were telangiectasia, hyperplasia, chloride cell hyperplasia, partial hyperplasia, partial
lamellar fusion and complete lamellar fusion, without significant differences between
treatments. Therefore, concentrations of 0.5 mg/L CuSOs and 1.5 mg/L CuSOs did not
induce histopathological changes or an oxidative stress condition, and are safe for clown

fish A. percula.

Keywords: oxidative stress; histopathology; parasitic infestation; prophilaxys

recovery
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1. INTRODUCAO GERAL

1.1. Producéo de peixes ornamentais

Segundo Wood (2001) o comércio de peixes ornamentais teve seu inicio na década
de 1930 no Sri Lanka, porém a partir de 1950 houve um aumento desta atividade
caracterizando-a de forma mais concretizada. Em meados de 1970 ocorreu uma expansao,
abrangendo em média 80 paises ao redor do mundo. No Brasil, a producdo de peixe
palhaco estd concentrada nos estados de Sdo Paulo e Rio de Janeiro, 0s quais possuem 0s
maiores mercados consumidores (Medeiros 2013; Vidal 2002).

Segundo a FAO (2016) os maiores produtores e fornecedores de peixes ornamentais
marinhos sdo a China, seguida pela Indonésia, os Estados Unidos e a Federacdo Russa. No
ano de 2014 a producdo mundial de aquicultura de peixes representou 44,1% do total da
producdo de peixes, incluindo para uso ndo alimentar onde se enquadram as espécies
ornamentais, este tipo de producdo esta entre os setores mais lucrativos da aquicultura, e
arrecadou em média 3,0 bilhGes de dolares por década (FAO 2016).

De acordo com dados da FAO (2012) os valores de exportagdo de organismos
ornamentais tém crescido 14% ao ano ao redor do mundo. Lima (2004) relatou que neste
ano a criacao de espécies ornamentais marinhas obteve uma taxa de crescimento de 14% ao
ano, quando comparado aos de peixes de corte que cresceu 9,2% ao ano e a pesca
extrativista 11,4% ao ano. Essas informac6es demonstram que este setor esta cada vez mais
se expandindo ao redor do mundo.

A criacdo de peixes ornamentais apresenta um baixo custo de implantacdo e gera
um produto final com alta rentabilidade. Por apresentarem estas caracteristicas, 0s peixes
palhacos, dentre uma grande variedade de espécies ornamentais, S80 o0rganismos
amplamente produzidos ao redor do mundo. Além disso, sdo considerados um modelo para
estudos fisiologicos devido a facilidade de manejo e manutencdo em laboratorio e seu
protocolo de larvicultura ja ser bem estabelecido (Olivotto 2011).

Diversos impactos ambientais estdo relacionados a extragdo e comercializacdo de

peixes ornamentais, que s&o em sua maioria coletados no ambiente e resultam em uma



diminuicdo das populacdes de algumas espécies, alteracbes na ecologia dos ambientes

naturais, e a extingdo de algumas espécies especificas (Wood 2001).

1.2. Descrigdo da espécie

Os peixes ornamentais geralmente Sdo pequenos, apresentam cores atrativas, e
possuem grande capacidade de se adaptarem em cativeiro, e para algumas espécies a
biologia e 0 manejo ja estdo bem difundidos atualmente. Este mercado estad em constante
desenvolvimento, e constitui uma alternativa de geracdo de renda para produtores de
pequena escala, visualizando que estes organismos podem ser cultivados em pequenas areas
e geram um produto final com um alto valor de mercado (Tlusty 2002).

Os peixes palhacos pertencem a familia Pomacentridae, e a subfamilia
Amphiprionae. A familia Pomacentridae compreende 30 espécies, onde 29 sdo do género
Amphiprion e apenas 1 do género Premmas. A familia Pomacentridae compreende espécies
pequenas (até 30 cm) e sua distribuicdo é ampla em regides costeiras e recifais (tropicais e
temperadas). Esta familia apresenta um grande nimero de espécies utilizadas na aquicultura
(James Cooper et al. 2009; Wood 2001). Dentro deste género existem as especies
Amphiprion percula e Amphiprion ocellaris. A espécie A. percula é popularmente
conhecida como o “peixe-palhaco verdadeiro”.

Fautin & Allen (1992) relatam que os peixes palhacos podem ser encontrados desde
0 sudeste Asiatico até a Australia, sendo nativos dos Oceanos Indico e Pacifico. A espécie
A. ocellaris ja foi capturada nas Ilhas Andanam, Nicobar e Ryukyu, Filipinas e Austrélia,
enquanto a espécie A. percula ja foi capturada na Nova Guiné, Nova Bretanha, Nova
Irlanda, Ilhas Salomé&o e Vanuatu, sendo estes os locais de coleta que diferem a ocorréncia
entre estas duas especies.

Estes peixes apresentam caracteristicas sexuais hermafroditas protandricas, ou seja,
as gonadas tém fungdo priméria ativa masculina, podendo mudar para o sexo feminino
guando em um determinado ambiente ha so macho, um deles torna-se fémea para que
continue o ciclo reprodutivo. Possuem comportamento agressivo, onde somente 0S

organismos mais resistentes conseguem concluir o processo de mudanga de sexo. Devido a



hierarquia que se estabelece dentro dos aquarios, as fémeas sempre apresentam um
tamanho maior em relacdo aos machos. Este género produz desovas em tempos regulares,
com fecundacéo e desenvolvimento externo, onde a quantidade de ovos esté relacionada ao
tamanho e a idade da fémea, e 0s ovos apresentam caracteristicas demersais, aderidos em
algum substrato (Faution e Allen 1992).

Estes organismos chegam a desovar de 400 a 2000 ovos, e a sobrevivéncia apos a
larvicultura pode chegar a 75% (Kumar et al. 2010). A espécie A. percula possui desovas
de até 650 ovos e durante a larvicultura, as sobrevivéncias podem ultrapassar 80%. Com
seis meses na fase juvenil atingem o tamanho padrdo comercial (Hoff 1996). O maior
tempo para comercializacdo dos juvenis, comparado a A. ocellaris (3 meses) encarece 0
preco desta espécie, porém seu maior valor de mercado compensa sua producdo. Além
disso, o dominio do pacote tecnoldgico de producdo € outro aspecto favoravel ao cultivo
(Hoff 1996). Esses fatores contribuem para que esta espécie permanega aumentando seu
potencial dentro da piscicultura ornamental utilizando da aplicacdo de tecnologias de

producdo ja disponiveis no cenario atual da aquicultura.

1.3. Importancia do cobre

Dentro dos sistemas aquaticos existem muitos poluentes, entre eles 0s metais,
essenciais e 0s nao essenciais, que estdo dissolvidos na coluna d'agua. Como metal
essencial temos o cobre que pode ser encontrado em diferentes formas, tanto particulada
como dissolvida. Sua concentragcdo varia de acordo com sua forma quimica e sua
biodisponibilidade pode ser afetada por fatores bidticos e abioticos, podendo em certos
casos ocasionar maleficios aos diferentes tipos de vida que ali habitam (Roy 1997).

Existe a necessidade de utilizar o cobre para o funcionamento normal de 6rgéos e
tecidos dos organismos, esta utilizacdo € regulada por mecanismos do controle
homeostatico, e sua toxicidade esta relacionada a sua afinidade por grupos tiol, além de ser
capaz de se ligar a cisteina, histidina e metionina formando complexos e tornando as
macromoléculas ndo funcionais. Porém este mecanismo sO pode ocorrer se 0 organismo é

exposto a elevadas concentragdes, ou quando um determinado orgédo é sobrecarregado e o
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mesmo nao é capaz de repara ou suprir este composto e excreta-lo (Monteiro et al. 2009).

O ion de cobre, pode apresentar “status redox” na forma oxidada (Cu?*) e reduzida
(Cu®) e serve como importante catalisador de reagdes dentro das estruturas proteicas, que
sdo fundamentais para o bem-estar fisiolégico e crescimento dos organismos. Estas
estruturas podem ser caracterizadas pela Cu-Zn superéxido dismutase, enzima envolvida no
processo de detoxificacdo de radicais livres, ou pela citocromo C-oxidase transportadora de
elétrons na mitocéndria e pela metalotioneina que € sequestradora de cobre (Pena et al.
1999).

De acordo com Sanchez et al. (2005) o mecanismo de acdo deste metal dependera
da absor¢do dentro dos organismos e principalmente da competicdo a ligacdo ao sitio de
acdo. Sua toxicidade pode ser reduzida quando hd um aumento na dureza, ou seja, 0S
cations e anions nao interagem diretamente com o cobre, 0 que reduz a biodisponibilidade
do metal na 4gua e consequentemente diminui sua toxicidade. Esta reducdo na toxicidade
pode estar relacionada a complexagdo do cobre com o aumento no pH e alcalinidade
(hidréxidos e carbonatos), geralmente associados a alta dureza (Allen & Hansen 1996;
Boyd & Massaut 1999). O cobre pode precipitar ou ser adsorvido estando disponivel em
diversas formas para diferentes espécies de organismos aquaticos. Na forma Cu?* pode ser
mais solivel em pH baixo, pois este elememto juntamente com o nitrato e o sulfato sdo
solveis em agua, e pode formar complexos e precipitar com carbonatos ou fosfatos (Tong
et al. 1999). De acordo com 0 CONAMA (2005) o nivel maximo de cobre na dgua que €
utilizada para aquicultura deve ser de 0,05 mg.

1.4. Utilizacao do sulfato de cobre na aquicultura

A utilizacdo do cobre na aquicultura € realizada pela utilizacdo de sulfato de cobre
(CuSOs) que é empregado para vérias finalidades, € comum a pratica como algicida e
herbicida em viveiros. Concentragdes usuais aplicaveis na aquicultura variam de 0,5 a 2,0
mg/L (Boyd & Massaut 1999).

O CuSOg4 é amplamente utilizado no controle de algas e parasitas em sistemas na

aquicultura, porém este uso deve considerar o pH e a alcalinidade da agua, visto que o
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cobre interage com os componentes da 4gua e também ha interacdo de cada espécie frente a
este agente. As respostas fisiologicas que resultam dos mecanismos bioquimicos causados
por este composto podem gerar interferéncias aos organismos como perda de peso e
diminuicdo do crescimento (Carvalho & Fernandes 2006).

O CuSO4 também é aplicado em diversos peixes sadios como forma de profilaxia
para prevenir surtos de epidemias e parasitas. Alem disso, é utilizado como agente
terapéutico para controlar doencas bacterianas (Rabago Castro et al. 2006). O CuSOa
também protege os peixes contra infestacdes bacterianas causadas pelo Flavobacterium
columnare. Esta protecdo parece estar ligada a absorcdo do cobre pelo epitélio dos peixes
(MacFarlane et al. 1986)

Este composto é utilizado no controle de saprolegniose, com banhos de uma hora,
em concentracdes de 15 ou 25 mg/L (Pavanelli et al. 2002). O mesmo autor recomenda
também concentracBes de 0,75 mg/L de solucdo de CuSOs4 por 14 dias para combater o
protozoario Amyloodiniun ocelatum (Pavanelli et al. 2002). Também pode ser utilizado
para eliminar o Prymnesium parvum (Smith 2005). Abreu et al. 2005 utilizou o sulfato de
cobre como agente profilatico para a espécie Paralichtys orbignianus para combater o
parasita Amylodinuim ocelatum.

O parasita mais comum dentro do sistema de psicultura € o Amyloodinium
Ocelatum que apresenta um ciclo de vida muito complexo, este ciclo é trifasico, onde o
primeiro estagio € o trofonte, onde o parasita se fixa e se alimenta das branquias e do tecido
epitelial do hospedeiro, 0 segundo estagio é o tomonte, onde o parasita se reproduz e
infecta 0 hospedeiro, e o terceiro estagio dinosporo, onde no ambiente ele procura um
hospedeiro sucetivel (Brown 1934).

Em locais onde se utiliza cobre diariamente como forma profilaxica ou para
controle de algas, € possivel que embora esse cobre seja carreado para o fundo dos tanques
e depositado no sedimento, € comum encontra-lo na forma residual dissolvido na agua do
local onde a aplicacdo é ou ja foi intensa, o que comprova que este elemento nédo e excluido

da agua onde foi adicionado (Mozeto & Zagatto 2006).

1.5. Efeitos dos estressores em peixes
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1.5.1. Estresse oxidativo

Segundo Wenderlaar Bonga (1997) o estresse caracteriza-se pela perturbacdo da
homeostase do individuo por acdo de algum agente estressor, e podem ser classificados em
trés tipos: estresse primario, secundario e terciario. Primeiramente ocorre a ativacao do
sistema nervoso simpatico o que eleva as concentracbes do cortisol no plasma
caracterizando assim o estresse primario. Quando o cortisol tem sua elevacéo e afeta outros
componentes corporeos como a glicose, por exemplo, ou até mesmo o dinamismo de outros
tecidos este efeito representa a resposta secundaria de estresse. Ja quando 0s organismos
estdo diretamente afetados, onde seu desempenho zootécnico ja apresentou mudancas, este
estd sofrendo das acGes do estresse terciario, sendo estes trés aspectos citados acima de
suma importancia para a aquicultura atual. De acordo com essas respostas, 0S 0rganismos
podem apresentar adaptacOes ao estresse e diminuir seu desempenho normal, apresentar
danos fisioldgicos e/ou diminuir seu crescimento, reproducdo e bem-estar para tentar se
readaptar e se proteger frente a algum agente estressor.

O estresse pode ser caracterizado como uma resposta dos organismos, de seus
tecidos ou de suas células frente algum agente estressor. Dentro deste contexto, destacamos
0 estresse oxidativo, que ocorre quando ha um aumento na formacao de espécies reativas de
oxigénio ERO's (radicais superoxido (O,) e hidroxila (OH), e o perdxido de hidrogénio
(H,0,) elou a reducdo das defesas antioxidantes. De acordo com Hermes Lima & Zenteno

Savin (2001) existem as defesas enzimaticas antioxidantes que sdo catalase (CAT),
glutationa redutase (GR), superoxido dismutase (SOD), glutationa S-transferase (GST) e a
glicose 6-fosfato desidrogenase (G6PDH), e as ndo enzimaticas que sdo a glutationa
reduzida (GSH), o &cido ascérbico, o acido urico, as vitaminas C e E, o B - caroteno, 0s
polifenois e as bilirrubinas.

Como consequéncia do desbalango do status oxidativo no organismo em favor dos
pré-oxidantes, ocorre um aumento no dano oxidativo em macromoléculas como proteinas,
lipidios, DNA e RNA alem dos niveis basais, 0 que pode comprometer diversos processos
fisiologicos, afetando a saude e o bem-estar dos animais (Almeida et al., 2007; Halliwell &
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Guteridge 2015). A descrigdo do status oxidativo, e suas consequéncias, sugere a situacdo
fisioldgica do organismo frente ao estresse (Martinez-Alvarez et al. 2002). Neste contexto,
diversos marcadores bioquimicos séo utilizados como os niveis de lipoperoxidacéo, que
podem ser medidos através da técnica de TBARS (Oakes & Van der Kraak 2003), a
capacidade antioxidante total (Amado et al. 2009), e a atividade da GST, que possibilita
avaliar mecanismos de detoxificacdo dos organismos (Wang et al. 2015).

De acordo com Sanchez et al. (2005) a toxicidade do cobre varia de acordo com o
ambiente e a exposicdo e da forma em que ele se encontra, 0 mecanismo de acdo deste
metal dependerd da absorcdo dentro dos organismos e principalmente da competicdo a
ligagdo ao sitio de acdo. Sua toxicidade também estd amplamente ligada a dureza da agua,
0s céations e anions ndo interagem diretamente com o cobre, esta toxicidade pode estar
relacionada a complexacdo do cobre com 0s aumentos nas concentracdes de pH e
alcalinidade (hidroxidos e carbonatos) que geralmente estdo associados a alta dureza, o que
ndo reduz a biodisponibilidade do metal na &gua e consequentemente aumenta sua
toxicidade (Allen & Hansen 1996). Fatores como a temperatura, pH, particulas em
suspensdo e cations e anions inorganicos que caracterizam a alcalinidade e dureza da dgua
interferem na toxicidade do cobre (Grossel et al. 2007).

Os efeitos do cobre a nivel de estresse oxidativo ja foram demonstrados por Pretto
et al. (2014) em jundias (Rhandia quellen) expostos durante 45 dias a concentracGes de
0,016mg/L e 0,029mg/L deste composto, sendo evidenciado um aumento na producédo de
ERO’s no musculo e no figado dos peixes. Um cenario prd oxidante resultando em
aumento nos nives de peroxidacao lipidica (LPO) foi reportado no figado e rim de Cyprinus
carpio L. com o aumento das concentracdes de cobre na agua (Sevcikova et al. 2011).
Carvalho et al. (2015) também reportaram alteracfes em enzimas antioxidantes como a
GST, CAT, SOD, glutationa peroxidase (GPx) e GR, bem como nas concentracdes de
metalotioneina e nos niveis de LPO em juvenis de curimbata Prochilodus lineatus expostos
ao cobre em pH’s variando em 4,5, 7,0 e 8,0 nas concentragdes de 24,5u/L, 7,25u/L ¢

4,0/L respectivamente.

1.5.2. Histopatologia
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A histopatologia € uma técnica rapida e de baixo custo, a qual € recomendada para
avaliar o efeito de contaminantes aquaticos em peixes (Bernet 1999). Uma ampla classe de
alteracOes histoldgicas pode ser utilizada neste tipo de avaliacdo, e certos tipos de lesbes
principalmente nas branquias séo indicadores bioldgicos seguros para determiner os efeitos
toxicos resultantes de exposicdo (AU 2004).

A branquia dos peixes é um o6rgdo envolvido em diversas funcdes vitais, como a
respiracdo, a osmorregulacdo, a manutencdo do equilibrio acido-base e a excrecdo de
metabdlitos (Cerqueira & Fernandes 2002). Sendo a principal via de absor¢do de metais
nos peixes é a branquia, pois representa uma grande area de superficie de trocas, onde a
especiacdo do metal no ambiente pode se alterar de acordo com a secre¢cdo do muco
branquial, em vista disso, os metais ligam-se a0 muco branquial e diminuem a sua
biodisponibilidade para contaminagdo dos organismos (Tao et al. 2002). A histopatologia €
uma ferramenta bastante utilizada para avaliagcéo dos efeitos do cobre em peixes, sendo que
varias lesdes ja foram associadas ao cobre para varias espécies (Tao et al. 2015; Chen et al.
2011).

Entretanto, pode ser bastante afetada pelos poluentes, por estar em direto e
permanente contato com o ambiente aquatico e possuir uma area superficial elevada. A
principal via de absorcdo de metais, incluindo o cobre, nos peixes ocorre neste orgao. As
branquias sdo também responsaveis pela depuracdo de contaminantes, onde a detoxificacdo
e 0 metabolismo destes agentes tdxicos podem ocorrer. A secre¢do do muco branquial pode
ainda afetar as interagdes do cobre no ambiente, através de ligacBes organicas e inorganicas
diminuindo a sua biodisponibilidade (Tao et al. 2002).

A partir da exposicdo a um determinado contaminante algumas das possiveis lesdes
a serem observadas nas branquias séo: a hiperplasia e/ou hipertrofia das células do epitélio
estratificado; a proliferacdo de células mucosas e das células de cloreto, telangiectasia,
fusdo lamelar e necrose dos tecidos (Bernet et al. 1999).

Neste contexto, observar os tecidos afetados por moléculas toxicas presentes no
meio ambiente, como o cobre podem demonstrar se uma substancia pode ou nao ser usada

com seguranca. Esta ferramenta vem sendo frequentemente utilizada na avaliagdo dos
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efeitos do cobre em varias espécies de peixes (Chen et al. 2011). Tao et al. (2015)
expuseram juvenis de Epinepheus coicoides a concentracdes de cobre que variaram entre
20pg/L e 100ug/L, além de nano particulas e demonstraram danos nas branquias como
hiperplasia na base das lamelas secundarias e aneurisma nos filamentos branquiais.
Tavares-Dias et al. (2002) também submeteram juvenis de Piaractus mesopotamicus a
concentragdes de 0,50 mg/L e de 1,00 mg/L de CuSOse observaram hiperplasia das células
basais e caliciformes com aumento da producdo de muco, telangiectasia e hemorragia
intersticial, inflamacdo moderada e infiltrado de células mononucleares, além de fusdo das
lamelas secundérias.

Entretanto, de acordo com as informacfes contidas na literatura referentes as
utilizacGes do cobre e seus possiveis danos em peixes ornamentais marinhos, tanto quanto a
possivel recuperacdo dos organismos quando em agua de qualidade adequada apds um
periodo de exposicdo. Os dados gerados neste estudo irdo gerar conhecimento acerca das
respostas fisiologicas dos peixes frente a toxicidade do cobre, e permitir o estabelecimento
de critérios para aplicacdo do sulfato de cobre com seguranca nos sistemas de producéo do

peixe palhago A. percula.
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2. OBJETIVOS

2.1. OBJETIVO GERAL

Avaliar os efeitos do sulfato de cobre em diferentes concentracGes apds periodo de

recuperacdo em juvenis de peixe palhago Amphiprion percula.

2.2. OBJETIVOS ESPECIFICOS

Verificar os efeitos da exposicdo a concentracGes de sulfato de cobre no sistema de
defesa antioxidante (atividade da enzima Glutationa-S-Transferase (GST) e capacidade
antioxidante total) e nos niveis de peroxidacao lipidica em juvenis de peixe palhaco.

Avaliar os possiveis danos histopatoldgicos nas branquias dos peixes decorrentes da
exposicao ao sulfato de cobre.

Determinar se ocorre a recuperacdo da homeostase dos animais apds um periodo em

agua livre de sulfato de cobre.
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CAPITULO 1

Effects of copper sulfate on oxidative stress and gill histology on juvenile clown fish

Amphiprion percula

ABSTRACT

The clownfish species are the most traded group of marine ornamental fish in the world.
Copper sulfate (CuSOa) is used to control bacterial and ectoparasitic infestations in
aquaculture, including the marine ornamental fish, such as clownfish Amphiprion percula.
However, copper is consider one of the most toxic metals for fish. This work aimed to
verify the effects of CuSO4 exposure at concentrations commonly apllied to ectoparasites
control and followed recovery in juveniles of A. percula. In the experiment the fish were
exposed for 7 days to three treatments: 0.5 and 1.5 mg/L of CuSOs plus a control, followed
by another 7 days in water without addition of sulfate copper to recovery. In the second
experiment, fish were exposed to the same CuSOs concentrations utilized in experiment 1
during 14 days. In both experiments the treatments was carried out in triplicate in static
system and 16 fish were randomly distributed in each tank (15L). The parameters of water
quality were in accordance with the standard for the species and water was renewed daily
with copper sulfate previously added. The biochemical analyzes of lipidic peroxidation
(TBARYS), total antioxidant capacity (ACAP) and GST activity were performed in whole
fish, and histophatological analyzes in gills. In the first experiment, fish exposed to 0.5
mg/L CuSOs presented lower ACAP when compared to other treatments after the recovery
period. The histopathologies found were telangiectasia, hyperplasia, chloride cell
hyperplasia, complete and partial lamellar fusion. The complete lamellar fusion presented a
lower occurrence in the treatment 1.5mg/L of CuSOa in relation to the others at the end of
recovery. In the experiment Il only the activity of the enzyme GST showed a lower values

in the treatment of 1.5 mg/L of CuSQs in relation to control and to the treatment 0.5 mg/L
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of CuSOs4 at day 7. Histopathologies found were similar that in the exp I. However, the
occurrence of histopathologies did not present significant differences among experimental
groups. In conclusion, the concentrations used in the present study of 0.5 mg/L CuSO4 and
1.5 mg/L CuSOs did not induce histopathological changes or an oxidative stress condition,
and therefore are safe for the clown fish A. percula.

KEYWORDS: ornamental fish, histopathology, oxidative stress.
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1. INTRODUCTION

The Amphiprion percula (Lacepede, 1802), popularly known as clownfish, occurs
in the western region of the Indo - Pacific Ocean, mostly in the Indo-Australian archipelago
(Allen et al. 1992). However, by its use like ornamental species, its production is
distributed around the world. According to Allen et al. (1992) the clownfish group also
offers advantages for experimentation, where its biology and management are already
known, could be used as model for marine fish studies. It is already well understood the
reproduction of the same in captivity, knowing that it was the first group of fish that
successfully mastered the reproduction of ornamental fish, leading the ranking of
ornamental organisms, and is the group of fish most produced in the world (Hoff 1996).

The use of copper is practiced in aquaculture for different purposes, such as an
algaecide in ponds (Boyd and Massaut 1999), in antifouling paint for nets of cages (Amara
et al. 2018), and control ectoparasits (Abreu et al. 2005; Straus et al. 2016) and bacterial
outbreaks (Rabago Castro et al. 2006). One of the most application of copper sulfate
(CuSOQg) in aquaculture is to control ectoparasites on fish culture. Copper sulfate has been
shown to be effective to control the dinoflagellate Amylodinium ocellatum in Scophthalmus
maximus (Ramos and Oliveira 2001), and in the Paralichthys orbignyanus (Abreu et al.
2005). In several species of clownfish, CuSO4 also has been used for treatment of the
protozoans A. ocellatum and Cryptocaryon irritans (Hoff 1996).

In addition, few studies of its effectiveness have been fully demonstrated, since its
chemical behavior in water may be toxic and stressful, making organisms more sensitive,
for example, by eliminating mucus from the gills when administered by prolonged baths
(Scott et al. 2000).

Physiological responses that result from the biochemical mechanisms caused by this
compound can generate interference to organisms such as weight loss and decreased
growth, and oxidative damage (Carvalho and Fernandes 2006). In addition to causing a
number of histopathological lesions associated with this metal in different tissues (Chen et
al. 2011).
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Copper can bioaccumulate in the organs (Dautremepuits et al. 2004) and can
influence the formation of reactive oxygen species (ROS) (Sanchez et al. 2005). This
situation can induce high levels of lipid peroxidation and cell damage in different tissues,
influencing the fluidity and integrity of biomolecules associated with the membrane, which
can also cause histopathological alterations in tissues and osmoregulatory disorders (Al-
Bairuty et al. 2013). As reported for the species (Rhandia quellen), which was exposed over
a period of 45 days at concentrations of 0.016mg/L and 0.029 mg / L copper and presented
the formation of reactive oxygen species in muscle and liver (Pretto et al. 2014). Monteiro
et al. (2005) experimentally exposed the tilapia Oreochromis niloticus at 40 and 400 ug L-1
and observed that there was an induction to a inhibition of NKA (sodium potassium
ATPase) activity, was reported too the presence of hyperplasia and telangiectasia in the
gills of the Epinephelus cooides exposed for 25 days at concentrations of 0.02 mg/L and
0.10 mg/L of copper sulfate (Tao et al. 2005).

According to McGeer et al. (2000) after exposure to copper, recovery begins as
there is an increase in body biosynthesis, as well as protein synthesis, which assists in the
repair of physiological damage. Thus, processes that neutralize or compete with metals are
initiated by proteins such as metallothionein, attempting to minimize the effects of metals.
With the increase of tolerance to compound stresses, the internal physiology of the
organisms initiates the recovery processes returning the pre-exposure conditions.

In the present study, copper sulfate concentrations varied from 0.5 mg/L and 1.5
mg/L adapted according to the methodologies utilized by Hoff (1996) and Abreu et al.
(2005) to ectoparasitic control. The specie of the present study A. percula is of great
economic importance in the market of aquarium and much produced around the world.

Based on this, and in order to verify effects of copper sulfate that is also widely
used for ectoparasite treatments of this species, the present study was carried out to
evaluate and elucidate if the concentrations, between 0.5 and 1.5 mg/L of copper sulfate,
that are currently used for treatment of ectoparasites in marine fish culture are safe and may
cause some sublethal effect in exposed fish, and if this damage can be reversible in the next

period.
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2. MATERIAL AND METHODS

The experiments were carried out at the Laboratory of Marine Fish Culture from
Marine Aquaculture Station (EMA), Institute of Oceanography (IO) of the Federal
University of Rio Grande (FURG). The juveniles that were used in the present study were
produced at EMA according to the methodology proposed by Hoff Jr. (1996).

The water used was pumped from Cassino Beach and previously filtered ina 5 um
filter, chlorinated (20 mg/L sodium hypochlorite) and dechlorinated (7 mg/L with sodium
thiosulfate).

2.1. Experiment I: 7 days exposure cooper sulfate plus 7 days recovery

The experiment was carried out in nine circular fiberglass tanks with capacity of 15
L, where the useful volume used was 10 liters, which were kept in a thermostated bath with
constant aeration, maintained with photoperiod 12/12 and in static system. Each
experimental unit were stocked with 16 fish (1.01 £ 0.26 g and 40.5 + 4.4 mm), totalizing
144 fish. Fish were exposed to two different concentrations of copper sulfate: 0.5 mg/L and
1.5 mg/L respectively for 7 days, plus a control treatment without addition of copper
sulfate. After the exposure period, fish remained for more 7 days for assessment of
recovery in copper sulfate-free water.

Approximately 90% of the water in each unit was renewed daily with copper sulfate
already added in the respective experimental concentrations. During the experiment the
animals were fed ad libitum twice a day (9:00 AM; 17:00 PM) with commercial fish feed
(Inve, NRD 5/8%®, USA).

Water quality parameters were measured daily using a digital oximeter to measure
dissolved oxygen and temperature (Oximeter 550A, YSI, USA), portable digital
refractometer to measure salinity (Atago PAL - 6S) and bench pHmeter to measure pH
(Mettler Toledo Five Easy Fe20, Switzerland). Alkalinity, total ammonia and nitrite were
mesured according to the methodologies compiled by UNESCO (1983). During the
experiment the oxygen remained at 6.0 £ 0.39 mg/L, temperature 27.0 = 1.02 °C, salinity
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30 £ 1.23 pH 8.0 £ 0.08, alkalinity 200 = 17.2 mg of CaCOs/L, total ammonia 0.24 + 0.32
mg/L and nitrite 0.03 £ 0.02 mg/L.

2.2. Experiment I1: 14 days exposure cooper sulfate

The experimental design was carried out according to the methodology of
experiment I. Each experimental unit were conditioned with 16 fish (0.95 + 0.24 g and 36.2
+ 2.8 mm), totalizing 144 fish. Fish were exposed to two different concentrations of copper
sulfate: 0.5 mg/L and 1.5 mg/L plus a control treatment without addition of copper sulfate
during 14 days.

The water quality parameters were measured according to the methodology
described in Experiment I. During the experiment the oxygen remained at 6.37 + 0.24
mg/L, temperature 25.1 + 0.16 °C, salinity 30 £ 1, pH 7.97 £ 0.10), alkalinity 115 + 5 mg
of CaCQOzs/L), total ammonia 0.55 = 0.2 mg/L and nitrite (0.02 £ 0.01 mg/L).

2.3. Fish sampling

At the end of exposure and recovery period for the first experiment, and after 7 and
14 experimental days for the second experiment, 8 fish from each experimental unit were
collected and euthanized in a solution of benzocaine hydrochloride (300 mg/L). After the
euthanasia, the fish were measured with an ichthyometer and weighed in a 0.01g precision
scale, and subsequantly processed by histopathological and biochemical analysis

accordingly itens 3.2.4 and 3.2.5.

2.4. Hystological analysis

After euthanasia, 3 fish from each tank (n = 27) were fixed in 10% buffered
formalin for 24 h and then transferred to 70% ethanol. Subsequently the samples were
dehydrated in increasing concentrations of ethanol and impregnated in paraplast.

Histological sections of 5 um were performed in a rotating micrometer and the slides were
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stained with hematoxylin and eosin (HE). The histopathological evaluation of alterations by
copper sulfate was performed on the gills of juvenile clown fish A. percula using the

methodology described by Reiser et al. (2010).

2.5. Biochemical analysis

After euthanasia, samples from 5 fish from each tank (n = 15 per treatment) were
rapidly frozen in liquid nitrogen and stored in ultrafreezer at -80 °C for subsequent
homogenization and oxidative stress analysis. The whole fish were homogenized (1:4; w/v)
on ice cold buffer (100 mM Tris-HCI, 0.1 mM EDTA and 0.1% triton X-100 (v/v), pH 7.8)
as described by Castro et al. (2012) and then centrifuged at 10,000 x g for 30 minutes at
4 °C (SOLAB Centrifuge SL-703). The supernatant was pipetted and stored at -80 °C until
the analyses. The biuret method was performed using commercial kits to measure the total
protein content (Doles, Brazil) of homogenized samples using a microplate reader at 550
nm absorbance (BioTekSynergy HT, USA).

The lipid peroxidation levels were measured according Oakes and Van Der Kraak
(2003) using 20 uL of the homogenate. This method quantifies malondialdenyde (MDA)
levels, a by-product of lipid peroxidation, by measuring thiobarbituric acid-reactive
substances (TBARS), which are capable of being read in a spectrofluorimeter
(BioTekSynergy HT, USA) at 515 nm (excitation) and 590 nm (emission). The values were
expressed as nmol TMP mg wet tissue, where TMP stands for tetramethoxypropane
(ACROS Organics), employed to stablish the standard curve.

The activity of the Glutathione S-Transferase (GST) enzyme were followed
according to Habig (1974) and Habig and Jakoby (1981) using 20 pl of homogenate
reacting with the conjugate of 1 mM glutathione and 1 mM 1-chloro-2,4-dinitrobenzene
(CDNB) using reading fluorescence at 340 nm in a microplate reader (BioTekSynergy HT,
USA).

Total antioxidant capacity against peroxyl radicals (ACAP) was determined through
detection of ROS in samples treated or not with a peroxyl radical generator, according to
the method described by Amado et al. (2009). All samples were first diluted with
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homogenization buffer to 2.0 mg protein mL—1 and then exposed to peroxyl radicals
generated by thermal (37 °C) decomposition of 2,2’-azobis(2 methylpropionamidine)
dihydrochloride (ABAP, 4 mM). Peroxyl radicals reacted with a fluorescent substrate (2',7’
dichlorofluorescein diacetate—H2DCF-DA) and fluorometry (excitation 485 nm; emission
520 nm) were measured through a microplate reader (BioTekSynergy HT, USA) with
readings every 5 min for 30 min.

The results were expressed as a relative area (the difference between the ROS area
with and without ABAP relative to that without ABAP). For result interpretation purposes,

a higher relative area means a lower antioxidant capacity.

2.6. Statistical analysis

Normality and homogeneity variance of all data were first verified by Shapiro-Wilk
and the Levene tests, respectively. In the first experiment, histopathological indices up to
100% and oxidative stress parameters were analized using one-way ANOVA followed by
Tukey’s test to check differences among treatments (CuSO4 concentrations) within the
same sampling day (exposure and recovery). Two-way ANOVA (factors: CuSOs
concentrations and exposure time) and the Tukey’s test were performed to check
differences among treatments for oxidative stress parameters of second experiment.
Otherwise, histopathological indices were compared by non-parametric tests of Kruskal-
Wallis (different treatments within the same sampling day) and Mann-Whitney (same
treatment among different days of exposure). All data are expressed as mean + standard
error. Statistica 7.0 software was used to perform the statistical analyzes and the

significance level was set at 5% (p < 0.05).

3. RESULTS

The fish survival rate was 100% for all treatments in the both experiments.

3.1. Experiment 1
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The activity of GST (Fig. 1a) did not present significant statistical difference among
the fish of the different treatments in both exposition and recovery times. Fish exposed to
0.5 mg/L CuSO4 showed lower ACAP compared to the control and to the treatment 0.5
mg/L CuSOg after recovery perid (Fig. 1b). Otherwise the TBARS levels (Fig. 1c) did not
present significant statistical difference among the fish of the different treatments in both
exposition and recovery times. During the experimental period the following
histopathologies were observed in A. percula gills: telangiectasia, hyperplasia, chloride cell
hyperplasia, partial lamellar fusion and complete lamellar fusion. Only telangiectasia,
complete lamellar fusion and partial fusion were present in all treatments. After recovery,
lamellar fusion presented lower ocurrence in gills of fish exposed to treatment 1.5 mg/L

CuSO4 when compared to control group and the treatment 0.5 mg/L CuSOs (Tab. 1).

3.1. Experiment 2

No significant differences were observed among treatments for ACAP (Fig. 2a).
The GST activity was lower in fish exposed to 1.5 mg/L CuSO4 when compared to the
control and treatment 0.5 mg/L CuSOg at day 7 (Fig. 2b). The TBARS levels (Fig. 2c).were
no differences observed among treatments during all the experimental period.

During the experimental period the following histopathologies were observed in A.
percula gills: telangiectasia, chloride cell hyperplasia, partial hyperplasia, partial lamellar
fusion and complete lamellar fusion. No significant differences were observed among

treatments for histopathological analisys (Tab. 2).

4. DISCUSSION

Among the numerous organic compounds that enter aquatic ecosystems, copper is
one of the most widespread, besides being already a natural component, can be found in
different forms and present great biological importance being fundamental for the

physiological well-being and growth of organisms (Pena et al. 1999). In aquaculture, the
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copper sulfate is widely applied as algicide, parasitic infections treatment, as well is applied
as prophylatic treatment to epidemis (Carvalho and Fernandes 2006; (Weirich et al. 2010).
However, according to Matsuo et al. (2005), copper is consider one of the most toxic
metals for fish and can lead to stress and some biological damages, including
histopathological alterations (Tao et al. (2015), oxidative stress (Wang et al. 2018) and
even death (Nunes et al. 2010).

Lethal concentrations (LCso) of copper for fish is specie-especific. The (LCsg) 96h
for fish Piaugu (Leporinus macrocephalus) was estimated in 0.09mg /L (Nunes et al. 2010),
while for Nile tilapia (Oreochromis niloticus) the (LCso) 96h is 0.59 mg /L (Masultti et al.
2006). In the present study, copper sulfate concentrations of 0.5 mg / L and 1.5 mg / L,
respectively, correspond to 0.12 and 0.36 mg / L of copper, which did not cause lethal
effects for A. percula over a period of 14 days of exposure. It was demonstrated by the
100% survival in all treatments during the experiment. These results may be related to the
composition of salt water, and its specifications, such as hardness, that for salt water is high,
and may induce the reduction of the effects of the toxicity of copper sulfate to A. percula.
The toxicity of copper is reduced by the increase in water hardness which is composed of
cations that interact directly with copper reducing its bioavailability, its effect on toxicity
may be partly due to the complexation of copper with increasing pH and alkalinity, usually
associated with high hardness (Osuala et al. 2013). According to Grossel et al. (2007) the
Na* gradients are the parameter that most influences the relative sensitivity to Cu in marine
aquatic organisms. The same author tested different salinities and different concentrations
of copper, and found for the fish Fundulus heteroclitus a (LCso) of 96 h 0,29mg/L.
Carvalho and Fernandes (2006) evaluated copper toxicity in curimbatad (Prochilodus
lineatus) and obtained (LCso) of 96 h values of 98 and 88 nug / L at pH 4.5 and 16 ug/L at
pH 8.0, showing that this species was more sensitive to copper at basic pH than to acidic
pH, suggesting that the decrease in copper toxicity at acidic pH may be due to the
competition of hydrogen and copper for the same binding site in the gill epithelium (Mazon
et al. 2002). The results found in the present study may be related to the mechanism of
action of copper sulfate together with the physical chemical components of the water,

resulting from these interactions the decrease of metal toxicity, since the concentration of
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up to 1.5 mg/L CuSO4 did not cause mortality, oxidative damage or histopathologies in A.
percula.

Gills are an organ of extreme importance to evaluate the effects of toxic compounds
on organisms, besides being involved in several vital functions, such as respiration,
osmoregulation, acid-base balance, excretion (Cerqueira and Fernandes 2002), and copper
uptake (Carvalho and Fernandes, 2008). From the exposure to a certain contaminant the
possible lesions observed in the gills are: hyperplasia and or hypertrophy of the cells of the
stratified epithelium; proliferation of mucosal and chloride cells and tissue necrosis (Bernet
et al. 1999). In the case of copper was reported for juveniles of Epinepheus coicoides at
copper concentrations ranging from 20 pg/L to 100 ug/L, in addition to nano particles,
damage to the gills as hyperplasia at the base of the secondary lamellae and telangiectasia
on the gill filaments (Tao et al. 2015). For the yellow catfish Pelteobagrus fulvidraco
exposed to 0.4 mg / L and 0.8 mg/L of copper sulfate, corresponding to 1 mg/L and 2.0
mg/L of copper for 7 days, several morphological lesions were observed (Chen et al. 2011).
These lesions are considered normal and expected in the gills, which always present a
certain portion of affected lamellae, because is an organ exposed and in permanent contact
with the external environment. However, no negative effect was observed in the gills of A.
percula juveniles during a 14-day exposure to copper sulfate in tested concentrations.

To protect against several oxidative damage compounds, fish have an antioxidant
system with several enzimatics and non enzimatics defenses (Halliwell and Gutteridge
2015). The antioxidant system as a whole can be represented by the total antioxidant
capacity of the organisms in front of some oxidizing agent, making no distinction between
the defenses that make up the antioxidant system. In general, the antioxidant system of fish
exposed to concentrations up to 1.5 mg/L of CuSO4 were not affected, except for the fish
exposed to the 0.5 mg/L treatment of CuSO4 during the recovery period. This result can be
relating to a decrease in antioxidant defences associated to a pro oxidant condition possibly
related to the detoxification process at that lower concentration of copper sulfate. However,
this condition did not result in enhanced oxidative damage, as demontrated by unchanged
TBARS level.

GST activity is involved in the cellular detoxification of xenobiotics such as metals
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and endogenous metabolites, including oxidative damage products (Blanchette et al. 2007).
Oss et al. (2013) demonstrated a 80% inhibition of GST activity in juvenile of fat snook
(Centropomus parallelus) during subchronic exposure to 25 or 50 ug Cu/L of copper GST
followed by the return to normal levels after 10 days of recovery. In 14 days of exposure
there was demonstrated a temporary decrease in GST activity in the treatment 1.5 mg/L of
CuSOq at day 7, which may be related to a possibly effect of copper, leading to a lower
production of ROS and less need for the enzyme in the detoxification of oxidative damage
products. This action may be related to a protective effect of copper, acting as a transition
metal present in enzymes, such as copper-dependent superoxide dismutase (Cu-SOD) (Van
der Oost et al. 2003) or the metabolic changes that copper may have caused, with less
mitochondrial activity and a possible decrease in the generation of reactive oxygen species
(ROS) (Sanchez et al. 2005). There were no changes in oxidative damage levels, since the
TBARS that measured lipid damage remained within the baseline values. These results
indicating that the use of copper sulfate did not induce an oxidative stress condition in
juvenile A. percula at the concentrations used in the present study during the period of 14
days of exposure.

As reported in the present study, concentrations of copper sulfate ranging from 0.5
mg/L and 1.5 mg/L widely used in aquaculture did not generate any oxidative damage or
major disturbance in antioxidant system A. percula juvenile. In addition, no
histopathological damage were induced, stating that the concentrations tested can be used
during parasitic infestation for the present species. This data corroborates the data found by
Furuta et al. (2005) for false clownfish, which the use of copper in concentrations up to
0.64 mg/L of copper does not cause deleterious effects and promotes a greater growth
during the larval phase, and with Nasser et al. (2017) which demonstrated that copper
sulfate up to 3 mg/L can be used safely in the prophylaxis and treatment of S. rivulatus

juveniles.

5. CONCLUSION
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In conclusion, the exposure to concentrations between 0.5 and 1.5 mg/L of CuSO4
up to 14 days did not induce histopathological changes or an oxidative stress condition in
juvenile of clown fish A. percula and therefore its use can be considered safe for the species

at this concentrations.
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Figure captions

Fig. 1 Total antioxidant capacity against a peroxyl radical (ACAP) (a), GST activity (b)
and TBARS levels (c) in juveniles of Amphiprion percula exposed to different
concentrations of copper sulfate during 7 days followed by a 7-days recovery period in
copper sulfate-free water. Data were expressed as means + SD (n = 5). Different lowercase
letters indicate significant differences among treatments within the same sampling day
(Tukey’s test, p < 0.05).

Fig. 2 Total antioxidant capacity against a peroxyl radical (ACAP) (a), GST activity (b)
and TBARS levels (c) in juveniles of Amphiprion percula exposed to different
concentrations of copper sulfate during 14 days exposed copper sulfate. Data were
expressed as means £ SEM (n = 5). Different lowercase letters indicate significant
differences among treatments within the sampling day (Tukey’s test, p < 0.05). Different
uppercase letters indicate significant diferences among time witihin the sampling treatment
(Test T p <0.05).
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Table 1 — Histophatological parameters (mean £+ SD) in percentage per lamella affected in juvenile Amphiprion percula exposed

to cooper sulfate (0.5 and 1.5 mg/L CuSQ4) during seven days followed by a 7-days recovery period.

; Not Lamelar . . Partial . Hyperplasia Partial
1
Day mg CuSO. . L affected fusion Telangiectasia fusion Hyperplasia chloride cell hyperplasia
81.6+8.32° 9.33+6.72° 3.48 £2.522 7.03+8.46° 1.00+0.47 0.55+0.56 1.7743.01
75.3+7.09° 7.9616.11° 9.86+6.50? 6.00£1.99? 0.00£0.00 0.66+0.47 0.00£0.00
Exposure
80.1+9.56° 4.20+2.47° 3.86+4.842 6.30+6.50? 3.33+1.57 0.77+0.15 0.55+1.57
82.3+15.0? 10.5+8.25% 3.33+2.51° 3.06+4.712 0.00+0.00 0.33+0.94 0.55+0.41
77.8+6.04° 12.7+£3.442 5.06+3.42° 3.43+3.66° 0.00+0.00 1.2242.35 1.11+1.57
Recovery
92.0£3.60? 0.10+0.17° 4.33+£2.86° 3.80£1.657 0.00£0.00 0.00£0.00 0.44+0.62

Different lower case letters indicate significant differences amoung treatments within the same day (Tukey's test; p < 0.05).
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Table 2 — Histophatological parameters (mean = SD) in percentage per lamella affected in juvenile Amphiprion percula exposed
to cooper sulfate (0.5 and 1.5 mg/L CuSQO4) during 7 and 14 days.

Not Lamelar . ) . . Chloride cell Partial
-1
Day mg CuSOq . L affected fusion Telangiectasia  Partial fusion hyperplasia hyperplasia
Control 85.5£6.76**  3.60+2.33*A 10.50 £1.89* 3.48 +2.52°A 3.11 +0.87 0.22 £0.41
. 0.5 84.5£9.98#*  5.40+0.79*A 5.43+4.78% 9.86+6.50% 1.11+1.13 0.33+0.94
15 87.0+4.35%  3.23+1.07*% 3.20+1.45% 3.86+4.84% 1.88+0.31 0.00+0.00
Control 82.8+5.34%  3.80+1.25% 6.50+3.50%4 3.33+2.51% 2.33+1.09 0.00+0.00
0.5 82.6+19.6**  4.86+4.33* 4.00+4.00% 5.06+3.42% 0.00+0.00 0.00+0.00
14
15 87.0+4.44%  3.10+3.56*A 4.83+4.25% 4.33+2.86% 0.33+0.15 0.33+0.94

Different lower case letters indicate significant differences amoung treatments within the same day (Multiple comparisons of
mean ranks; p < 0.05). Different uppercase letters indicate significant diferences among time witihin the sampling treatment
(Mann-Whitney p < 0.05).
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4. CONCLUSOES GERAIS

De modo geral, o sistema de defesa antioxidante n&o foi afetado pela utilizagéo do
CuSOs, exceto por uma alteragdo pontual e temporaria na atividade da GST.

A utilizacdo do sulfato de cobre ndo induziu dano lipidico ou alteragdes
histopatoldgicas em juvenis de peixe-palhaco expostos durante 14 dias a concentragdes de
0,5mg/L de CuSOgse 1,5mg/L de CuSOs.

Concluindo que a exposicdo a concentracdes entre 0,5 e 1,5 mg/L de CuSOq
tipicamente utilizadas durante um periodo de até 14 dias sdo seguras para o tratamento de

infestacBes parasitarias para o peixe-palhago A. percula.
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