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RESUMO

Dissertacdo de Mestrado
Programa de P6s-Graduagédo em Ciéncias Bioldgicas: Bioquimica Toxicoldgica
Universidade Federal de Santa Maria

BIOMARCADORES DE ESTRESSE OXIDATIVO EM CARPAS (Cyprinus carpio)
EXPOSTAS AOS INSETICIDAS CARBOFURAN E FIPRONIL EM CONDICOES DE
LAVOURA DE ARROZ

AUTORA: BARBARA ESTEVAO CLASEN
ORIENTADOR: VANIA LUCIA LORO
Data e Local da Defesa: Santa Maria, 24 de julho de 2009.

A contaminagdo do ambiente aquético por agrotoxicos é um problema de
importancia mundial, devido ao seu efeito toxico em organismos nédo-alvo. Estes
produtos podem afetar parametros toxicolégicos em peixes. As carpas Sd0 peixes
cultivados na regiao Sul do Brasil e possuem grande interesse comercial. Existem
poucos estudos em nosso pais relacionando o uso de agrotoxicos e sua toxicidade
nestes peixes. O objetivo deste estudo foi verificar se inseticidas utilizados na
lavoura de arroz alteram parametros toxicolégicos em juvenis de carpas (Cyprinus
carpio). Através dos resultados obtidos foram determinados biomarcadores de
toxicidade para estes inseticidas. As carpas foram expostas a dois tipos de
inseticidas por sete, 30 ou 90 dias em condi¢cdo de lavoura de arroz. Apos 0s
periodos experimentais foram avaliados parametros toxicolégicos e de estresse
oxidativo nos tecidos hepético, cerebral e muscular. Os parametros enzimaticos
analisados foram: atividade da catalase (CAT) e glutationa S-transferase (GST).
Além disso, analisaram-se parametros de estresse oxidativo, como a carbonilagao
de proteinas no tecido hepatico e niveis de TBARS em figado, cérebro e musculo.
Os resultados mostraram que apds exposi¢do a formulacdo comercial do inseticida
carbofuran a catalase apresentou sua atividade aumentada no tecido hepético apés
30 dias de exposicao. A atividade da enzima ndo foi alterada aos sete ou 90 dias em
figado de carpas expostas ao inseticida carbofuran. A enzima GST diminuiu apés
sete e 90 dias de exposi¢do. Por outro lado, em 30 dias sua atividade aumentou no
figado de peixes expostos ao inseticida. Os niveis de proteina carbonil diminuiram
em figado de carpas expostas por sete, 30 ou 90 dias ao carbofuran. Os niveis de
TBARS foram aumentados em praticamente todos os periodos e tecidos
considerados, com excec¢do do tecido hepatico e muscular, que aos sete dias de
exposi¢cdo mostrou os niveis de TBARS inalterados. A exposi¢cdo a formulagdo
comercial do inseticida fipronil diminuiu atividade da catalase em todos os periodos e
tecidos testados. Os niveis de proteina carbonil foram aumentados apds 30 dias de
exposicdo ao fipronil, enquanto que aos sete ou 90 dias ndo houve alteracdo nos
niveis de proteina carbonil. Os niveis de TBARS aumentaram em todos os periodos
e tecidos em carpas expostas ao fipronil. Estes resultados indicam que o0s
parametros medidos podem ser bons indicadores da contaminagdo destes
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pesticidas em tecidos de carpa apds exposi¢cdo prolongada. De acordo com 0s
resultados obtidos, podemos considerar a determinacdo de proteina carbonil no
tecido hepético e TBARS em cérebro, musculo e figado como biomarcadores de
toxicidade em carpas para o carbofuran. Para o fipronil os resultados encontrados na
atividade da enzima catalase em figado e nos niveis de TBARS em todos os tecidos
estudados, permitem-nos considera-los biomarcadores de toxicidade.

Palavras-chave: carpa (Cyprinus carpio), inseticidas, estresse oxidativo, parametros
toxicologicos

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

ABSTRACT

Master Dissertation
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OXIDATIVE STRESS BIOMARKERS IN CARP (Cyprinus carpio) EXPOSED TO
CARBOFURAN AND FIPRONIL INSECTICIDES IN RICE FIELD CONDITIONS
AUTHOR: BARBARA ESTEVAO CLASEN
ADVISOR: VANIA LUCIA LORO
Data and Place of the defense: July, 24”‘, 2008, Santa Maria

The contamination of the aquatic environment by pesticides is a problem of
global importance because of their toxic effect on non-target organisms. These
products may affect toxicological parameters and oxidative stress in fish. The carp is
cultivated in southern of Brazil and has great comercial interest. There are few
studies in our country regarding the use of pesticides and their toxicity in these fish.
The aim of this study was to determine if the insecticides used in rice farming alter
these parameters in juvenile carp (Cyprinus carpio). Throught obtained results
toxicity biomarkers to insecticides were determinated. The carps were exposed to
insecticides for seven, 30 or 90 days in rice field condition. After the experimental
periods, toxicological parameters and oxidative stress were evaluated in liver, brain
and muscle. The parameters analyzed were the enzymatic activity of catalase (CAT)
and glutathione S-transferase (GST). Furthermore, parameters of oxidative stress,
such as protein carbonyl in the liver and levels of TBARS in the liver, brain and
muscle were examined. The results showed that after exposure to the comercial
formulation of the insecticide carbofuran the CAT increased its activity in hepatic
tissue after 30 days of exposure. The enzyme activity was not changed in the liver of
carp exposed to carbofuran for seven or 90 days. The GST decreased after seven
and 90 days of exposure. On the other hand, after 30 days its activity increased in
the liver of fish exposed to this insecticide. The protein carbonyl levels reduced in the
liver of carp exposed for seven, 30 or 90 days to carbofuran. The TBARS levels
increased in almost all tissues and periods considered, except the liver and brain that
showed TBARS levels unchanged at seven days of exposure. Exposure to comercial
formulation of insecticide fipronil showed that the activity of CAT reduced in all
periods and tissues tested. The protein carbonyl levels increased after 30 days of
exposure fipronil, while at seven and 90 days there was no change in the levels of
protein carbonyl. The TBARS levels increased in all periods and tissues in carp
exposed to fipronil. These results indicate that the measured parameters can be
indicators of contamination to insecticides in Cyprinus carpio after prolonged
exposure. According to the results obtained we consider the determination of protein
carbonyl in hepatic tissue and TBARS in liver, brain and muscle tissue as biomarkers
of carbofuran toxicity in carp after 90 days of exposure. For fipronil the results found
in the activity of the CAT in liver and TBARS levels in all tissues studied, allow us to
consider them biomarkers of insecticide toxicity.
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Keywords: carp (Cyprinus carpio), insecticides, oxidative stress, toxicological
parameters.
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APRESENTACAO

Esta dissertacdo esta descrita da seguinte forma: primeiramente séao
apresentados a INTRODUCAO, os OBJETIVOS e a REVISAO BIBLIOGRAFICA.

A seguir, os RESULTADOS séao apresentados na forma de MANUSCRITOS.
As secdes Materiais e Métodos, Resultados, Discussdo dos Resultados e
Referéncias Bibliograficas, encontram-se nos proprios manuscritos e representam a
integra deste trabalho.

No final da dissertacdo encontram-se os itens DISCUSSAO e
CONCLUSOES, nos quais ha interpretacbes e comentarios gerais sobre os
manuscritos contidos neste estudo.

As REFERENCIAS BIBLIOGRAFICAS referem-se somente as citagbes que
aparecem nos itens INTRODUCAO, REVISAO BIBLIOGRAFICA, DISCUSSAO e
CONCLUSOES desta dissertacao.
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1 INTRODUCAO

Os residuos de agrotédxicos oriundos de campos agricolas podem facilmente
contaminar corpos de agua, resultando em sérios danos a muitas espécies, incluindo
peixes (SENGER et al., 2005). Sdo denominados de agrotdxicos todas as substancias
ou misturas que tem como objetivos impedir, destruir, repelir ou mitigar qualquer
praga. E um termo utilizado que agrupa herbicidas (controlam plantas daninhas),
inseticidas (usado no controle de insetos), fungicidas (controlam fungos causadores
de doencas), nematicidas (controlam nematdéides) e acaricidas (usados no controle de
acaros) (RODRIGUES & ALMEIDA, 2005).

Os agrotéxicos séo substancias amplamente usadas na agricultura, pois 0s
mesmos possibilitam o aumento da produtividade agricola e tém auxiliado no controle
de vetores de diversas doengas. Entretanto, seu uso desordenado e excessivo vem
provocando diversos impactos sobre o meio ambiente. Dentre os efeitos nocivos a
este, pode-se citar a presenca de residuos no solo, na 4gua, no ar, nas plantas e
animais. Devido aos seus efeitos toxicos em organismos ndo-alvo, muitos agrotoxicos
podem prejudicar os ecossistemas aquaticos (ORUC & UNER, 1999; BRETAUD et
al., 2000).

Dentre os agrotoxicos utilizados na lavoura de arroz, serdo testados neste
estudo dois inseticidas (fipronil e carbofurano).

O fipronil (Standak®) é um inseticida de amplo espectro e pertence a classe dos
fenilpirazois. Desde sua introducdo no mercado, em 1996, o fipronil tem sido usado
em lavouras de arroz, milho e algodao. E téxico para muitos organismos n&o-alvo em
concentragbes ambientalmente elevadas. O fipronil € altamente toxico para peixes,
invertebrados aquaticos, aves, mas relativamente pouco toxico para mamiferos (US
ENVIRONMENTAL PROTECTION AGENCY, 1996; ALVES et al., 2002; PEI et al.,
2004; MIZE, et al., 2008).

O carbofuran (Furadan®), que pertence a classe dos carbamatos, € inseticida,
nematicida e acaricida sistémico de amplo espectro. Devido & sua ampla utilizagc&o na
agricultura e relativa boa solubilidade em agua, o carbofuran pode contaminar aguas
superficiais e subterrdneas. Os estudos disponiveis mostram que o carbofurano tem

sido frequentemente detectado como contaminante das &guas subterrdneas na
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América, bem como na Europa e na Asia ao longo das Ultimas duas décadas
(CAMPBELL et al., 2004; MAHALAKSHMI et al., 2007; BRKIC et al., 2008).

Apesar da preocupacdo com a contaminacdo de sistemas aquaticos por
inseticidas ter crescido no meio cientifico, no Brasil ainda sao poucos os estudos
relacionando a toxicidade destes em peixes, principalmente associados as culturas
agricolas. Neste sentido, estudos avaliando a toxicidade de inseticidas s&o
importantes para verificar os efeitos destes compostos em peixes de interesse
comercial como as carpas. A carpa hungara (Cyprinus carpio) é originaria da Europa
Oriental e da Asia Ocidental. Atualmente, seu cultivo ocorre em todos os continentes,
devido a sua rusticidade, resisténcia a diferentes temperaturas e facilidade de criagéo.
E uma espécie onivora que se alimenta de invertebrados, plantas, algas, consome
larvas de insetos e crustaceos, podendo alimentar-se também de pequenos peixes
(QUEROL et al, 2005).

Entre os efeitos que os agrotoxicos podem causar em peixes esta a formacao
de espécies reativas de oxigénio (EROSs) e alterac6es em antioxidantes enzimaticos e
ndo-enzimaticos, o que pode evidenciar uma situacdo de estresse oxidativo
(LIVINGSTONE, 2001). A formagdo de EROs pode estar associada a diferentes
processos patolégicos em peixes expostos a poluentes, tais como os inseticidas
(SCANDALIOS, 2005). Em uma situagdo de estresse oxidativo pode ocorrer a
peroxidacéo lipidica e a carbonilacdo de proteinas (ALMROTH et al., 2005; PARVEZ
& RAISUDDIN, 2005). Os antioxidantes enzimaticos e ndo enzimaticos sdo essenciais
para manter o funcionamento das células como uma importante defesa biolégica
contra o estresse oxidativo. As enzimas superéxido dismutase, catalase e glutationa
S-transferase séo responsaveis pela prote¢do das células contra as EROs. Estudos
mostram que quando a atividade destas enzimas se encontra alterada em peixes,
pode ser um indicativo da exposicdo a poluentes aquéticos. Além disso, alguns
antioxidantes podem ser usados como biomarcadores de exposicdo a poluentes
aquéaticos em peixes (BAINY, 1996; AHMAD et al., 2000 LI et al., 2003).

Varias respostas bioquimicas e fisiologicas ocorrem quando um pesticida entra
no organismo, resultando na adaptacdo do organismo ao contaminante ou se 0O
organismo ndo consegue metabolizar com eficiéncia estes produtos, 0s mesmos
podem induzir toxicidade.

Sendo assim, pretende-se verificar parametros de estresse oxidativo e perfil

antioxidante apds exposicao a dois inseticidas, carbofuran e fipronil, em sistema de
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arroz irrigado. A partir dos resultados obtidos selecionar biomarcadores de intoxicagao

para esta espécie e inseticidas.
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2 OBJETIVOS

2.1 Objetivo geral

O objetivo deste trabalho sera avaliar o efeito de formulagdes comerciais dos
inseticidas carbofuran e fipronil sobre parametros de estresse oxidativo em juvenis de

carpa hangara em sistema de arroz irrigado.

2.2 Objetivos especificos

Determinar a atividade da enzima antioxidante catalase em figado de carpas
expostas aos inseticidas carbofuran e fipronil.

Verificar se a atividade da enzima glutationa-S-transferase se altera, em figado,
apos exposicao prolongada aos inseticidas.

Investigar o possivel estresse oxidativo, evidenciado por peroxidagdo lipidica,
através da determinagdo de substancias reativas ao acido tiobarbitirico (TBARS) no
tecido hepético, cerebral e muscular e a carbonilacéo de proteinas em figado.

Selecionar entre o0s parametros analisados aqueles que podem ser

biomarcadores de toxicidade para carbofuran e fipronil
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3 REVISAO BIBLIOGRAFICA

3.1 Contaminagao ambiental

As préticas agricolas est@o diretamente relacionadas com o uso de pesticidas,
a fim de controlar as pestes que atacam os produtos cultivados. Entretanto, devido ao
crescimento da populacdo, das industrias, da ciéncia e da tecnologia, houve uma
necessidade de uma demanda maior de produtos agricolas, tais como inseticidas,
para acompanhar e controlar principalmente o aumento da producdo vegetal. Em
decorréncia disso ocorreram danos aos diferentes ecossistemas devido ao
desconhecimento da persisténcia e agao destes agentes no ambiente, ou mesmo,
pela falta de planejamento de utilizagdo dos mesmos. O uso indiscriminado de
pesticidas na agricultura € uma grande causa de envenenamento no mundo, cerca de
trés milhdes de casos de envenenamento severo sao registrados e destes, duzentos e
vinte mil culminam com morte. Cerca de 99% dos casos registrados ocorrem em
paises de terceiro mundo, onde os cuidados com aplicacdo e dosagem costumam ser
menores (BANERJEE et al., 1999, PRIMEL et al., 2005).

Segundo Wilson e Tisdell (2001) o consumo mundial de pesticidas tem
chegado a 2,6 milhdes de toneladas e deste total, 85% sé&o utilizados na agricultura.
Considerando a América Latina, o Brasil desponta como o maior consumidor de
agrotoxicos, com um consumo estimado em 50% da quantidade comercializada nesta
regido. De modo geral o consumo destes pesticidas no meio rural decresce na
seguinte ordem: herbicidas > inseticidas > fungicidas. Embora os herbicidas sejam
mais utilizados, em geral a toxicidade deste grupo de substancias € inferior a dos
inseticidas. Estes englobam compostos quimicamente bastante diferenciados, que
podem ser agrupados em quatro categorias principais: os organofosforados, o0s
piretroides, os organoclorados e os carbamatos (OLIVEIRA-SILVA et al., 2001).

A contaminacdo dos ambientes aquaticos por estes pesticidas oriundos das
praticas agricolas se tornou um problema de grande importancia mundial.
Atualmente, muitos estudos tém sido desenvolvidos a fim de avaliar alteracdes
causadas por estes xenobidticos em organismos aquéticos (SANCHO et al., 2000,
BRETAUD et al., 2000, OROPESA et al., 2009). Existem duas maneiras principais

através das quais os pesticidas podem se concentrar no ambiente aquatico, sua
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persisténcia no solo que ao ser lixiviado libera-os para os cursos de 4gua, e também
através de sua evaporacdo para a atmosfera, chegando até esses meios por
precipitacdo (PAN & DUTTA, 1998). Além da possibilidade de contaminacdo dos
cursos de agua naturais, temos os sistemas de criacdo de peixes, pratica muito
empregada na regido Sul da América do Sul. Grande parte dos criadouros localiza-
se proximo ou dentro de &reas de plantagdes agricolas, mantendo assim, um
contato direto dos animais com os produtos quimicos utilizados nas lavouras (SOSO
et al, 2007). Esses tOxicos causam alteracbes na composi¢cdo quimica dos
ambientes aquaticos, o que pode causar sérios prejuizos a fauna natural (ORUC et
al., 2004; ADHIKARI et al., 2004). Assim, a presenca continua de componentes
toxicos nas aguas pode causar alteracdes diversas em peixes, inclusive no
comportamento reprodutivo, podendo chegar até mesmo a mortalidade destes
individuos. Um efeito a longo prazo pode culminar na extincdo de espécies mais

susceptiveis a esse tipo de variagdo ambiental (SOSO et al., 2007).

3.2 Inseticidas
3.2.1 Carbofuran

Z | CH3
X 0 CH3
O—C—N—CH3»
|
O H

Figura 1: Estrutura quimica do inseticida carbofuran (adaptado de Nunes et al., 2002).

Nome comum: carbofuran

Grupo Quimico: carbamato

Nome quimico (IUPAC): 2,3-dihidro-2,2-dimetilbenzofuran-7-metilcarbamato
Classe: inseticida, nematicida

Foérmula molecular: C1oH1sNO3

Massa Molar: 221,3 g/mol

Classe toxicoldgica: |
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Solubilidade em agua: 320 mg/L (20°C)

Intervalo de seguranca: 30 dias

O Carbofuran (Furadan®), (Figura 1) que pertence a classe dos carbamatos, é
um inseticida, nematicida e acaricida sistémico de amplo espectro comumente
usado mundialmente. Seu mecanismo de acdo esté ligado a transmissado sinaptica,
onde ele age inibindo a enzima acetilcolinesterase. Este composto € muito toxico
para peixes e mamiferos (MAHALAKSHMI et al., 2007; BRKIC et al., 2008). Devido a
sua ampla utilizagdo na agricultura e relativa boa solubilidade em agua, o carbofuran
pode contaminar 4guas superficiais e subterraneas e, por isso, causar toxicidade em
consumidores, bem como ao meio ambiente. Os dados disponiveis mostram que o
carbofuran tem sido frequentemente detectado como contaminante das aguas
subterraneas na América, bem como na Europa e na Asia ao longo das Gltimas duas
décadas (GARCIA DE LLASERA e BERNAL-GONZALES, 2001; CAMPBELL et al.,
2004). Muitos fatores influenciam a degradacdo dos carbamatos. Entre eles a
umidade, a temperatura, a luz e a volatilidade. Carbamatos sdo metabolizados por
microrganismos, plantas e animais ou degradados na agua e no solo, especialmente
em meio alcalino (Figura 2). Sua decomposi¢do envolve a formacdo de amonia,

amina, diéxido de carbono, fenol e alcodis (NUNES et al. 2002).

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

0
[ OF OH
CMHCHa2 o CHs CH
o CH; :
CH 4 CH_:_ aH _
3 [8)= CHs
H 3-hyroxvearbofuran-T-phenol Carbofaran Phenol

3-hydroxycarbofiran 5
oH
21,3 dibydro-2,2-dimethyl bemzofiran 4.7-E0l
H
o CH;:
CH; E‘
M“'-m,__ o DCh'I_,H
Carbofuran Phenal |
E HCHy
':' SOIL o CH3

::u::h-ln::H; CH; 3-Ketocarbofuran

Carbofuran
[ ﬁ oH
3-ketoc abo-ur;u CH;
_ BIOTA s

Carbofiran Phenol
CH: Plants Anima
(Y Yo

\DI- \
3-hydroxyearbofinan /

I-hydroxyearbofiran-Tphenol

i OLNHCH,
Q CH_:,
3-keto carbofuran-T-phenal

3-keto carbofuran-7 phenn]

3-keto carbc-:ura.n

Figura 2: Destino ambiental do carbofuran (adaptado de Singh, 1999).

3.2.2 Fipronil

F.C N

Cl NH, \CF

Figura 3: Estrutura quimica do inseticida fipronil (adaptado de Bobé et al., 1998).
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Nome comum: fipronil

Grupo Quimico: fenil-pirazol

Nome quimico (IUPAC): 5-amino-1-(2,6-dichloro-a,a,a-trifluoro-p-tolyl)-4-
trifluoromethylsulfinylpyrazole-3-carbonitrile

Classe: inseticida, formicida, cupinicida

Formula molecular: C12H4CloFsN4OS

Massa Molar: 473,2

Classe toxicoldgica: Il

Solubilidade em agua: 0,024 g/L (pH=5)

Intervalo de seguranca: ndo determinado devido & modalidade de emprego

Fipronil é um inseticida do grupo dos fenil-pirazois (Figura 3), exibe atividade
neurotodxica, sendo altamente efetivo contra diversos géneros de insetos. Estudos
realizados em diversos paises demonstraram que fipronil propicia um controle
prolongado de insetos, o que praticamente acaba com o repasse de tratamento
(US ENVIRONMENTAL PROTECTION AGENCY, 1996; STARK & VARGAS, 2005).

O ingrediente ativo do fipronil tem um modo de agéo Unico e exclusivo, devido
a especificidade e precisdo do local atingido no Sistema Nervoso Central (SNC).
A transmissdo do impulso nervoso nas células do SNC acontece em funcdo da
diferenga de concentracdo de ions dentro e fora dessas células. O estabelecimento
do equilibrio idnico nas células SNC ¢é garantido gracas ao GABA (Acido Gama
Amino Butirico), uma substancia que controla o fluxo de ions cloreto através da
membrana da célula nervosa. Pesquisas recentes mostram que o ingrediente ativo
do fipronil pode reverter a agdo do GABA, alterando o equilibrio idbnico nas células do
SNC, com consequente morte dos insetos. O GABA ¢é o principal neurotransmissor
inibidor nos insetos, dai sua importancia na regulagcdo da atividade do SNC
(WIRTH et al.,, 2004; TAN et al., 2008). A toxicidade do fipronil a insetos é bem
documentada na literatura. No entanto, seu efeito téxico em peixes em
concentragcfes subletais é pouco conhecido. (FAOUDER et al., 2007). Em meio
aquatico, fipronil sofre degradacdo e transforma-se em outro produto, também
toxico, denominado disulfenil. Quando exposto a luz solar o disulfenil apresenta acao
neurotodxica, semelhante a molecula original do fipronil. A fotdlise é o caminho mais
importante para a degradacao do fipronil aquoso, entretanto a hidrélise s6 se tornara

importante se o meio apresentar pH basico. O fipronil é estavel & hidrélise em agua
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com pH ligeiramente acido (pH 5,0 — 6,0) a neutro (pH 7,0) sem a presenca de luz
(Figura 4) (BOBE et al., 1998).
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Figura 4: Destino ambiental do fipronil (adaptado de Bobé et al., 1998).

3.3 Carpa hungara (Cyprinus carpio L.1758)

A carpa, peixe da familia Cyprinidae, género Cyprinus, espécie Cyprinus
carpio L. 1758 (Figura 5) € uma espécie exotica, de origem asiatica, criada na China.
H& mais de 2.000 anos (CASTAGNOLLI & CYRINO, 1986). Em 1887, veio para a
América, sendo aclimatada nos Estados Unidos. No Brasil, onde se adaptou com
grande facilidade, foi introduzida no Estado de S&o Paulo, em 1904; entretanto, as
criagcdes intensivas s tiveram inicio na década de 30 (GALLI & TORLONI, 1989).
No Brasil, muitas pisciculturas utilizam a carpa hangara, Cyprinus carpio, sendo esta
uma das primeiras espécies a serem cultivadas. Atualmente seu cultivo ocorre em
todos os continentes, devido a sua rusticidade, por resistirem a grandes diferencas
de temperatura e por sua facilidade de criacdo (QUEROL et al., 2005).

Segundo Moreira et al (2001), as carpas, pela sua capacidade de resistir a
uma ampla faixa de temperatura, sdo hoje animais cosmopolitas, sendo que seu
crescimento 6timo da-se com temperatura média de 28°C. Seu crescimento pode ser

afetado por temperaturas abaixo de 15°C. Estas, ndo se reproduzem quando a
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temperatura cai abaixo de 20°C e n&o ingerem alimentos quando a temperatura da
agua é inferior a 4°C (CASTAGNOLLI & CYRINO, 1986). Resistem bem as quedas
do teor de oxigénio dissolvido, suportando até 3,2 mg/L. Porém, para de se alimentar
com nivel de 2,5 mg/L e pode morrer com 0,8 mg/L (MENEZES & YANCEY, 1984;
GALLI & TORLONI, 1989). E uma espécie onivora que se alimenta de invertebrados,
plantas, algas, consome larvas de insetos e crustaceos, podendo alimentar-se
também de pequenos peixes (QUEROL et al, 2005).

Por ser a carpa cosmopolita, surgiram varias racas, segundo a regiao e o
método de criacdo. As racas diferem principalmente por caracteristicas ligadas ao
formato, as escamas e ao tamanho da cabeca em relacdo ao corpo. A carpa
hangara possui um pequeno nimero de escamas, sendo estas maiores que as da
carpa comum, dispostas em trés fileiras, na regido dorsal, sobre a linha lateral e na
regido ventral. Apresenta crescimento precoce, uma alta relacdo entre altura e

comprimento do corpo podendo atingir mais de 20 kg (MOREIRA et al., 2001).

Figura 5: Exemplar de carpa hungara (Cyprinus carpio) juvenil.

3.4 Estresse oxidativo

As reagOes de oxidagdo sdo essenciais no metabolismo normal dos
organismos aerodbicos, principalmente porque o elemento oxigénio atua como
aceptor de elétron no sistema de fluxo de elétrons, sendo responsavel pela geracéo
de energia via fosforilagdo oxidativa (LUSHCHAK & BAGNYUKOVA, 2006).
As EROs (espécies reativas de oxigénio) sdo produzidas durante a funcao celular

normal de células aerbbicas e, além disso, elas podem ser geradas como
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consequiéncia do metabolismo intracelular de compostos exdgenos, levando a
peroxidacéo lipidica, oxidagdo de algumas enzimas e a oxidag&o e degradacdo de
proteinas (MATES, 2000). As EROs incluem o radical anion superdxido (O,"),
peréxido de hidrogénio (H20,) e o radical hidroxila (OH’), e estas espécies possuem
alta reatividade quimica (BARATA et al., 2005).

Atualmente, os organismos aquéticos estdo continuamente sendo expostos a
diversos contaminantes quimicos e por isso efeitos adversos podem surgir como
resposta aos diferentes mecanismos de toxicidade destes produtos
(BARATA et al.,, 2005). Uma variedade de poluentes ambientais, dentre eles os
pesticidas, podem provocar um aumento na producgdo de radicais livres em diversos
organismos aquéticos, como 0s peixes, e se 0s sistemas de defesas antioxidantes
forem ineficiente para combater as EROs ocorre uma situagéo de estresse oxidativo
(AHMAD et al., 2000; UNER et al., 2005). O estresse oxidativo € um fenémeno
bastante complexo que culmina com a formacédo elevada de EROs. Pode também
ser definido como um desequilibrio entre pré-oxidantes e antioxidantes, onde a
quantidade gerada do primeiro € maior, ocorrendo assim possiveis danos oxidativos
(UNER et al.,, 2006; ALMROTH et al., 2008). Diversos autores ja evidenciaram
estresse  oxidativo em  peixes expostos a diferentes  agrotoxicos
(SAYEED et al., 2003; BAGNYUKOVA et al., 2005; ZHANG et al., 2005; PEIXOTO et
al., 2006; MORAES et al., 2007).

As EROs podem modificar todas as macromoléculas celulares, incluindo as
proteinas, os lipidios e o DNA (SIES, 1993) (Figura 6). O seu ataque as proteinas
pode ocasionar clivagem das ligacdes peptidicas, modificacdes nos residuos dos
aminoacidos, reacdes de peptidios com lipidios e com produtos da oxidagdo dos
carboidratos, oxidacdo dos grupos sulfidrila, formagcdo de proteina carbonil, etc
(LUSHCHAK & BAGNYUKOVA, 2006). Recentemente alguns autores tém sugerido
que a dosagem de carbonilagdo de proteinas em peixes pode ser usada como
biomarcador complementar de estresse oxidativo (ALMROTH et al.,, 2005;
PARVEZ & RAISUDDIN, 2005).

A peroxidacao lipidica (LPO) causa danos importantes no sistema bioldgico e
tem sido muito utilizada também como biomarcador de estresse oxidativo em peixes
(SAYEED et al., 2003). A lipoperoxidacdo € o resultado da atuagdo dos radicais
livres sobre as membranas bioldégicas que s&o ricas em 4&cidos graxos

poliinsaturados (ORUC & USTA, 2007). Dentre os lipidios, os &cidos graxos
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poliinsaturados sd8o o0s mais sensiveis ao atague das EROs
(LUSHCHAK & BAGNYUKOVA, 2006). O processo de LPO influencia a fluidez da
membrana e a integridade das biomoléculas associadas com a membrana
(ALMROTH et al., 2005). A intensidade da peroxidacéo lipidica pode ser avaliada de
acordo com os niveis dos produtos primarios ou ainda com os produtos finais da
peroxidagdo, como por exemplo, o malondialdeido (MDA), que é expresso em
substancias reativas ao &cido tiobarbitirico (TBARS) (LUSHCHAK &
BAGNYUKOVA, 2006).
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Figura 6: Efeitos das EROs sobre lipidios, proteinas e DNA (adaptado de Nordberg & Arnér, 2001).

Os organismos aerobicos possuem uma diversidade de defesas antioxidantes
para proteger a célula contra os danos ocasionados pela producdo de EROs.
Os peixes também possuem um sistema antioxidante eficaz (ZHANG et al., 2005,
TRENZADO et al., 2006). Porém, existem poucas informacdes sobre os mecanismos
de defesas que neutralizam os impactos das EROs em peixes. O sistema
antioxidante pode ser enzimatico e ndo-enzimatico. O n&o-enzimatico € composto
por substancias como a glutationa, o acido ascorbico, o tocoferol, etc. As enzimas
antioxidantes mais reportadas em organismos aquaticos sdo a superéxido dismutase
(SOD), a catalase (CAT), e a glutationa peroxidase (GPx) (Figura 7). A glutationa
S-transferase (GST) representa uma importante ferramenta para a detoxificagdo de
xenobioticos. As enzimas CAT e GPx tém papéis complementares na detoxificagdo
do peroxido de hidrogénio, sendo que elas tém diferentes localiza¢des celulares e
moléculas alvo (BARATA et al., 2005). A CAT é uma das mais importantes enzimas
do sistema antioxidante. Essa enzima se localiza nos peroxissomos e é responséavel

pela detoxificagdo do H,O, (ZHANG et al.,, 2005). Quando sua atividade aparece
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aumentada em determinados tecidos de peixes, isso pode significar uma possivel
resposta compensatéria do organismoa insultos oxidativos. As glutationa
S-transferases incluem trés familias de enzimas (citosdlica, mitocondrial e
microssomal), que estdo envolvidas na detoxificagcdo de muitos xenobiéticos e ainda
tem um importante papel na protecdo dos tecidos contra situacdes de estresse
oxidativo. Este multicomponente enzimatico possui um potente efeito protetor contra
as EROs (MASELLA et al., 2005; ZHANG et al., 2005). A avaliagéo da GST tem sido
bastante reportada em peixes como bioindicador na avaliagdo de impacto ambiental
em peixes (AHMAD et al., 2000; PEIXOTO et al, 2006; Yl et al, 2007).
Estudos mostram que quando as enzimas CAT e GST apresentam aumento de suas
atividades em tecidos de peixes, elas podem ser usadas como indicadores de
exposicdo aos poluentes aquaticos como os pesticidas (AHMAD et al., 2000;
Ll et al., 2003, MORAES et al., 2007).
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Figura 7: Sistema antioxidante: disponivel em http://www.bact.wisc.edu/themicrobialworld/oxygen.jpg
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4 RESULTADOS

4.1 Manuscrito 1

Oxidative stress biomarkers in Cyprinus carpio exposed to carbofuran in arice

field condition
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Abstract

The present study investigated carbofuran effects in Cyprinus carpio
maintained in rice field conditions for 7, 30 or 90 days. Antioxidant profile and
oxidative stress parameters were evaluated. The carbofuran caused an increase in
hepatic CAT activity after 30 days of exposure. Conversity, the GST activity in liver
was decreased after seven and 90 days, but increased after 30 days. The protein
carbonyl was reduced in all exposure times. The levels of TBARS in liver and muscle
showed increased after 30 and 90 days of exposure to carbofuran. Brain exhibited an
increased on TBARS in all investigated periods of exposure to carbofuran in rice field
conditions. These results suggest that environmental relevant concentration of
carbofuran has a toxic effect on tissues of C. carpio by induces oxidative stress and

that oxidative stress can be considered a biomarker of toxicity carbofuran-induced.

Keywords: Carbamate, insecticide, oxidative stress, fish.
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INTRODUCTION

Dependence on pesticides has been increasing since the onset of the green
revolution in agriculture. This phenomenon is especially seen in tropical areas as
Brazil where agriculture has increased dramatically over the last decades
(Sucahyo et al., 2008). Pesticides are substances widely used in current agricultural
practices and have become necessary to ensure increased productivity through the
pest control. However, owing to the toxic effects on non-target organisms, including
fish, most pesticides may produce serious detrimental effects on ecosystems
(Bretaud, 2000; Adhikari et al., 2004; Senger et al., 2005).

Carbofuran (2,3-dihydro-2,2-dimethyl-7-benzo-furanyl methylcarbamate) is an
carbamate inseticide and is being used extensively in rice fields to control rice pests.
Contamination of water bodies adjacent to rice fields by carbofuran, mainly through
run off, is quite possible. Carbofuran is a broad spectrum systemic insecticide,
nematicide, and acaricide commonly used throughout the world. Because to its
widespread use in agriculture and relatively good solubility in water (320 mg/L),
carbofuran can contaminate surface and ground waters and therefore carries a risk
to various consumers, as well as the environment. Carbofuran has a half-life of 138
days in field soil and carbofuran is very toxic to rat and fish tissues
(Bretaud et al., 2000; Begum, 2004; Brki¢ et al., 2008).

Many environmental pollutants have oxidative stress inducing effect in fish.
Regarding to carbofuran, recent studies have showed that carbofuran induces
oxidative stress leading to generation of free radicals, with the increase of reactive
oxygen species (ROS) and, alteration in antioxidant profile (Banerjee et al., 1999).

Consequently, ROS can attack multiple cellular constituents, including proteins,
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nucleic acids, and lipids. To combat the damaging actions of ROS, organisms
developmented multiple systems of antioxidant defense. The antioxidant system
includes high-molecular weight enzymes such as catalase (CAT), superoxide
dismutase (SOD) and glutathione peroxidasede (GPx). An imbalance between the
oxidizing processes and the antioxidant defense systems of an organism cause
oxidative stress (Halliwell & Gutteride, 1989; Bagnyukova et al., 2005). Some
biochemical perturbations resulting from oxidative stress include lipid peroxidation
and protein carbonyl formation (Almroth et al., 2005). Lipid peroxidation in fish,
measured as thiobarbituric acid reactive substances (TBARS) has been suggested
as one of the molecular mechanisms involved in pesticide-induced toxicity
(Banerjee et al., 1999). Another oxidative stress indicator is the protein carbonyl.
Carbonyl formation has been used as biomarker of exposure at pesticides in fish.
The oxidizable lipids may attack nearby proteins causing the formation of an excess
of protein carbonyl (Almroth et al.,, 2005). In fish there is little information about
changes in oxidative stress parameters after exposure to agrochemicals like
carbofuran. Considering the potential contaminant of pesticides used in agriculture
practices and possible contamination of fish, this study examined the effects of
carbofuran at environmental relevant concentrations on oxidative stress parameters
in tissues of Cyprinus carpio. An attempt has also been made to assess usefulness
of these parameters as biomarkers of exposure to carbofuran, due to economical

importance of this freshwater fish.
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MATERIALS AND METHODS
EXPERIMENTAL DESIGN

Cyprinus carpio juveniles with an average weight of 20.0 + 1.0 g and length
10.0 £ 1.0 cm were obtained from a fish farm (RS, Brazil). The fish were acclimated
for 10 days to laboratory conditions, in tanks (250 L) prior to the experiments.
They were kept in continuously aerated water with a static system and with a natural
photoperiod (12h light/12h dark). After acclimation the experiment was carried out in
the ponds of a rice paddy field, with the fish trapped in submersed cages, measuring
0.30 m (diameter) x 1.05 m (length). Fish were exposed to carbofuran for 7, 30 and
90 days.

The experimental design used was a randomized block design with three
replications (ponds). Fifteen fishes per pond were exposed for 7, 30 and 90 days to
the treatments. The treatments included three ponds with the commercial insecticide
containing carbofuran (100 g/Kg) and a control without insecticide application
(control). Insecticide was added to the water at the beginning of the experiment.
The concentration of commercial insecticide containing carbofuran in rice field was
measured after 0, 7, 14, 21, 28, 45 and 90 days using high performance liquid
chromatography with diode array detection (HPLC-DAD) after a solid phase
extraction using C18 (500 mg). This method was described by Zanella et al., (2003).
The rice paddy water, during experimental period (90 days) had the following
average parameters: temperature 24 + 2.0 °C, pH 6.5 + 0.2 units, dissolved oxygen
4.21 £+ 2.0 mg/L, nonionized ammonia 0.8 + 0.01 ng/L, nitrite 0.06 + 0.01 mg/L.
During the experimental period fish were fed once a day with commercial fish pellets

(42% crude protein, Purina, Brazil) during both acclimation and exposure period.
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After the experimental period (7, 30 and 90 days), five fish per tank (n=15) were
collected and placed in recipients with ice for 5 min for anesthetizing. Tissues
(brain, muscle and liver) were then removed, weighed separately, and immediately

frozen at -70°C for posterior analysis.

CHEMICALS

A commercial formulation of the insecticide carbofuran - 2,3-dihydro-2,2-
dimetil-7-benzofuranyl metylcarbamate (Furadan 100 g — FMC Quimica do Brasil
Ltda) was used in the experiment. Bovine serum albumin, Triton X-100, hydrogen
peroxide (H2O,), malondialdehyde (MDA), 2-thiobarbituric acid (TBA) and sodium

dodecyl sulfate (SDS) were obtained from Sigma Chemical Co. (St. Louis, MO, USA).

OXIDATIVE STRESS PARAMETERS
Catalase activity assay

Catalase (EC 1.11.1.6) activity was assayed by ultraviolet spectrophotometry
(Nelson & Kiesov, 1972). Samples of liver tissue (50 mg) were homogenized in a
Potter-Elvejhem glass/Teflon homogenizer with 20 mM potassium phosphate buffer,
pH 7.4 (with 0.1% Triton X-100 and 150 mM NacCl) (1:20 dilution), centrifuged at 10
000 X g for 10 min at 4 °C. The assay mixture consisted of 2.0 mL potassium
phosphate buffer (50mM, pH 7.0), 0.05 mL H,0, (0.3 M) and 0.05 mL homogenate.
Change of H,O, absorbance in 60 s was measured at 240 nm. Catalase activity was

expressed as pmol/min/mg protein.
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Glutathione S-tranferase (GST)

GST activity in liver tissue (50 mg) was measured according to Habig et al.
(1974) using 1-chloro-2, 4-dinitrobenzene (CDNB) as a substrate. The formation of
S-2, 4-dinitrophenyl glutathione was monitored by the increase in absorbance at 340
nm against blank. The extinction coefficient used for CDNB was 9.6 mM/cm.

The activity was expressed as pmol GS-DNB/min/mg protein.

Protein Carbonyl assay

The liver tissue (50 mg) was homogenized in 10 volumes (w/v) of 10 mM Tris-
HCI buffer pH 7.4 using a glass homogenizer. Protein carbonyl content was assayed
by the method described by Yan et al. (1995) with some modifications.
Soluble protein (1.0 mL) was reacted with 10 mM DNPH in 2N hydrochloric acid.
After incubation at room temperature for one hour in dark, 0.5 mL of denaturing
buffer (150 mM sodium phosphate buffer, pH 6.8, containing SDS 3.0%), 2.0 mL of
heptane (99.5%) and 2.0 mL of ethanol (99.8%) were added sequentially, vortexed
for 40s and centrifuged at 10,000 X g for 15 min. Then, the protein isolated from the
interface was washed twice by resuspension in ethanol/ethyl acetate (1:1), and
suspended in 1 mL of denaturing buffer and the carbonyl content was measured
spectrophotometrically at 370 nm. Assay was performed in duplicate and two tubes
blank incubated with 2 N HCI| without DNPH was included for each sample.
The total carbonylation was calculated using a molar extinction coefficient of 22,000

M/cm.
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Lipid peroxidation assay

Lipid peroxidation was estimated by TBARS assay, performed by a
malondialdehyde (MDA) reaction with 2-thiobarbituric acid (TBA), which was optically
measured. Liver, muscle and brain homogenates (100-400 pL) were added TCA 10%
and 0.67% thiobarbituric acid were added to adjust to a final volume of 1.0 mL.
The reaction mixture was placed in a micro-centrifuge tube and incubated for 15 min
at 95 °C. After cooling, it was centrifuged at 5,000 X g for 15 min and optical density
was measured by spectrophotometer at 532 nm. TBARS levels were expressed as

nmols MDA/mg protein according to Buege & Aust (1978).

Protein determination
Protein was determined spectrophotometrically using bovine serum albumin
as standard. Absorbance of samples was measured at 595 nm

(Bradford et al., 1976).

STATISTICAL ANALYSIS
Comparison between two groups (control and exposure group) (n=15) was
made by Student t-test. Value of p < 0.05 was considered statistically significant for

all statistical analyses.

RESULTS

There was an increase in catalase activity in the liver after 30 days of
exposure to carbofuran was observed and a lack of response in the other analyzed

periods (Fig. 1). Glutathione S-transferase in the liver showed different results
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according to period analyzed. Significant GST increase was observed after 30 days
of exposure and decreased activity at 7 and 90 days (Fig. 2). Protein carbonyl in the
liver decrease significantly in all periods studied (Fig. 3). At the seven days brain
TBARS increase significantly in all periods, but no alterations were observed in the
liver and muscle tissue in seven days exposure. On the contrary at 30 and 90 days of
exposure to carbofuran TBARS levels increased significantly in all tissues studied

(Table 11).

DISCUSSION

Catalase activity did not modified in our experimental protocol, CAT activity did
not alter after 7 and 90 days of carbofuran exposure. CAT is a very important
enzyme of antioxidant system that removes the hydrogen peroxide which is
metabolized to oxygen and water (Peixoto et al., 2006). However, CAT activity in liver
was increased after 30 days of exposure. The increase ocuured probably in response
to higher hepatic TBARS levels found in this period. Catalase increase is a typical
response against pesticide toxicity and the effect showed in the present study could
be directly related to carbofuran residues found in water ponds. A significantly
increased CAT activity was also observed in some studies after the exposure to
different pollutants and pesticides (Ahmad et al., 2000; Zhang et. al., 2004).
Monteiro et. al. (2006) showed an increase in liver CAT activity of Brycon cephalus
after methyl parathion insecticide exposure. Similary that in this study Oreochromis
niloticus exposed to etoxazole for 15 days showed significant alterations on CAT

activity in gill and white muscle tissues (Uner et. al., 2005). In this study, liver GST
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activity was reduced in seven and 90 days of exposure to carbofuran. Different after
30 days GST activity was increased. The induction of GST is considered beneficial to
handle a stress condition, but the reduction of activity is little known. Is possible, that
the long time of exposure to carbofuran can induces the lack of response in both
catalase GST activity. The inhibition of GST enzyme activity in hepatic tissue usually
occurs because liver is one of the first organs exposed to pesticides or other
pollutants. Regarding to lipid peroxidation we observed an enhanced of TBARS
levels in brain after all exposure time. Liver and muscle TBARS increased at 30 days
and 90 days of exposure to carbofuran. The results concerning tissue TBARS levels
suggesting protective effect of antioxidant system of C. carpio during seven days of
exposure. The lack of response from hepatic catalase activity probably induces a
compensatory mechanism by other antioxidant system. The lipid peroxidation
phenomenon was evidenced due to elevation of TBARS levels in brain, liver and
muscle after 30 and 90 days of exposure. Our results led us to conclude that the
exposure to carbofuran insecticide promotes variations in the MDA concentrations
and in the antioxidant systems in different tissues of C. carpio. Accordingly, have
other authors have observed elevated levels of lipid peroxidation induced by aquatic
pollutants (Li et al., 2003, Sayeed et al., 2003). Li et al. (2003) observed that TBARS
levels increased about 73% in the liver of Carassius auratus exposed for 15 days to
0.4 mg/L of 3,4-dichloroaniline, a chemical used in the synthesis of herbicides. The
level of lipid peroxidation may differ among fish species and also due to tissue
considered. In this study the protein carbonyl levels were reduced in all exposure
times and these results are in agreement with those obtained by Almroth et al.,
(2005), where a decrease in this parameter as observed in eelpout

(Zoarces viviparus). To best of our knowledge, little work has been done concerning
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protein carbonyl in teleost fish especially after long exposure. The existence of an
induction of antioxidant system may reflect an adaptation of organisms and explain
the reduced levels of protein carbonyl found in the present study.

The present study showed that carbofuran concentrations used in agriculture
may cause changes in associated to oxidative stress in Cyprinus carpio.
The measurement of tissue TBARS levels can be considered a good parameter to
monitor insecticide fish toxicity in contamined water. Thus, any external stressor,
such as carbofuran, even at non-lethal concentration can have a toxic effect on the
C. carpio oxidative parameters. The increased TBARS levels might have resulted
from an increase of free radicals as a result of fish stress condition after carbofuran

intoxication.
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Table I: Concentration (ug/L) of carbofuran in rice field after 0, 7, 14, 21, 28, 45 or 90 days.

Time (days) 0 7° 14 ° 21° 28° 450 90°
Concentration 3.6 3.3 2.7 2.5 2.0 nd nd
(Hg/L)
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Table II: Lipid peroxidation measured throughout TBARS levels (nmol MDA/mg of protein) in

brain, liver and muscle of Cyprinus carpio exposed to carbofuran.

Brain Liver Muscle
Time (days) Control treatment control treatment Control treatment
7 3.83+05 7.83+0.82* 1.85+0.7 1.51 +0.88 0.83+0.5 0.69 +0.32
30 4.26+0.6 11.98 + 0.07* 1.61+0.2 1.95+0.3* 0.82 £ 0.09 0.97 £ 0.13*
90 4.04 £0.4 10.44 + 1.5* 1.73+0.8 2.30+£0.83* 0.86 £ 0.12 1.17 £ 0.23*

* Indicate significant difference between carbofuran group treatment and control values (P<0.05).
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FIGURE CAPTIONS

Fig.1l Liver catalase (CAT) activity in Cyprinus carpio exposed to carbofuran (3.6
Hg/L) at rice field condition after 7, 30 or 90 days. Data represent the mean £ SD
(n=15). *Indicates significant difference between control and insecticide group
(p =0.05).

Fig.2 Liver glutathione S-transferase (GST) activity in Cyprinus carpio exposed to
carbofuran (3.6 pg/L) at rice field condition after 7, 30 or 90 days. Data represent the
mean = SD (n=15). *Indicates significant difference between control and insecticide

group (p < 0.05).

Fig.3 Liver protein carbonyl in Cyprinus carpio exposed to carbofuran (3.6 pg/L) at
rice field condition after 7, 30 or 90 days. Data represent the mean + SD (n=15).

*Indicates significant difference between control and insecticide group (p < 0.05).
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4.2 Manuscrito 2

Cyprinus carpio responses after exposure to insecticide fipronil at rice field

condition

Barbara Clasen?, Vania Lucia Loro®, Roberta Cattaneo® Charlene C. de Menezes?,
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Abstract

This study investigates Cyprinus carpio exposed to fipronil at rice field
conditions for 7, 30 or 90 days. Oxidative stress parameters and antioxidant profile
were evaluated. Liver, brain and muscle TBARS levels enhanced in all periods of
exposure in rice field. Liver catalase activity was inhibited in seven, 30 and 90 days.
No alterations were observed in Glutathione S-Transferase activity during
experimental periods. Protein carbonyl only increased after 30 days of exposure to
fipronil. This study pointed out effects of insecticide fipronil at environmentally
relevant concentrations on toxicological parameters associated to oxidative stress in

Cyprinus carpio in different tissues.

KeyWords: biomarkers, protein carbonyl, antioxidants, insecticide, fipronil

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

54

Introduction

Fipronil is a broad-spectrum insecticide that belongs to phenylpyrazole class
of pesticides. These insecticides have been marketed recently and are considered
more selective and less damaging to ecosystems compared to the organophosphate
insecticides. Since its introduction, fipronil has been used on rice, corn and cotton
cultures (US Environmental Protection Agency, 1996; Stark and Vargas, 2005).
Fipronil toxicity occurs by interference with the passage of chloride ions through the
gamma-amino butytic (GABA) receptors, effectively blocking the chloride channel
and result in paralysis (Wirth et al., 2004; Tan et al., 2008). The toxicity of fipronil to
insects is well-documented, while little is known about the physiological and
behavioral effects on fish of sublethal doses of fipronil (Faouder et al., 2007).

Many pesticides are responsible for causing oxidative stress in aquatic
organisms, since these contaminants may induce the formation of reactive species
and alterations in the antioxidant system (Uner et al., 2005). The oxidative stress also
can cause lipid peroxidation (LPO). LPO in fish may be measured as thiobarbituric
acid reactive substances (TBARS) and has been used as a biomarker of toxicity in a
large number of studies (Almroth et al., 2005; Oru¢ and Usta, 2007). The oxidative
stress is able of generate hydroxyl radical (OH’), that is considered responsible for
the formation of carbonyl groups in proteins (Parvez and Raisuddin, 2005).
When oxidative stress occurs, fish cells combat it using the antioxidant systems,
which includes enzymes such as superoxide dismutase (SOD) and catalase (CAT).
Indeed, Glutathione S-Transferase is a group of multifunctional enzymes that
catalyze the conjugation of GSH with a variety of electrophilic metabolites, which are

involved in the detoxification of xenobiotics (Monteiro et al., 2006).

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

55

Cyprinus carpio, a native fish of Eastern Europe and Western Asia and widely
distributed in Brazil, is an omnivorous species that feeds on invertebrates, plants,
algae, consume insects larvae and crustaceans and can feed, also, of small fish
(Querol et al, 2005). At best of our knowledge few studies are found in the literature
concerning the potential effect of pesticides like fipronil on aquatic organisms
(Kolaczinski and Curtis, 2001; Schlenk et al., 2001; Chaton et al., 2002; Stark and
Vargas, 2005). Thus, considering the economic importance of carps and the possible
toxic effects of fipronil the aim of this study was to examine under rice field conditions
the effects of sublethal concentrations of fipronil on oxidative stress parameters of

C. carpio.

2. Materials and Methods
2.1. Chemicals

The commercial formulation of the insecticide used is (x)-5-amino-1-(2,6-
dichloro-a,a,a-trifluoro-p-tolyl)-4-trifluoromethylsulfinyl — pyrazole-3-carbonitrile (0.65
mg/L). The trade name used in the Brazilian Market is Standak 250° (BASF).
Acethylthiocholine (ASCh), 5,5'dithio-bis(2-nitrobenzoic acid) (DTNB), 1-chloro- 2,4
dinhitrobenzene (CDNB), bovine serum albumin, Triton X-100, hydrogen peroxide
(H202), malondialdehyde (MDA), 2-thiobarbituric acid (TBA) and sodium dodecyl

sulfate (SDS) were obtained from Sigma Chemical Co. (St. Louis, MO, USA).

2.2 .Fish
Cyprinus carpio weighting 20.0 = 1.0 g and measuring 12.0 £ 1.0 cm of length,
were obtained from a fish farm (RS, Brazil). Fish were acclimated to laboratory

conditions for 10 days, in tanks (250 L) prior to the experiments. They were kept in
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continuously aerated water with a static system and with a natural photoperiod (12h
light/12h dark). After acclimation fish were divided in groups according with
description above. Both, in the period of acclimation and in the period of exposure,
the fish were fed twice a day with commercial fish pellets (42% crude protein, Supra,
Brazil). This work and experiments were approved by the board on experimentation
on animals of the Federal University of Santa Maria. Reference number:
23081.010369/2007-58. The insecticide concentrations in water were measured
using high performance liquid chromatography with diode array detection (HPLC-
DAD) after a solid phase extraction using C18 (500 mg). This method was described

by Zanella et al. (2003) and data are in Table 1.

2.3 .Experimental design

Fish were allocated in 2 groups (in triplicate) of 15 animals distributed per
tank. There were the control tanks (without insecticide) (3) and treatment tanks
(with fipronil) (45 fish per treatment). The fipronil concentration was 0.0 (control) or
0.65 mg/L, for a 7, 30 or 90 days. The experiment was carried out in a rice paddy
field, with the fish trapped in submersed cages, measuring 0.30 m (diameter) x 1.05
m (length). Insecticides concentration in water was monitored from the first day until it
was not detected. During all experimental period (90 days) in rice field the average of
water parameters were: temperature 22.5 + 2.0 °C, pH 6.4 + 0.2 units, dissolved
oxygen 4.2 + 2.0 mg/L, nonionized ammonia 0.8 £ 0.01 ng/L, nitrite 0.06 + 0.01 mg/L.
After each exposure period (7, 30 and 90 days), a sample of 5 individuals were taken
from the tanks and then submitted to blood and tissues (brain, liver and white

muscle) samples.
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2.4 .Catalase activity assay

Catalase (EC 1.11.1.6) activity was assayed by ultraviolet spectrophotometry
(Nelson and Kiesov 1972). Liver tissue (50 mg) were homogenized in a Potter-
Elvejhem glass/Teflon homogenizer with 20 mM potassium phosphate buffer,
pH 7.5 (1:20 w/v), centrifuged at 10,000 X g for 10 min at 4°C. The assay mixture
consisted of 2.0 mL potassium phosphate buffer (50 mM, pH 7.0), 0.05 mL H,O, (0.3
M) and 0.05 mL homogenate. Change of H,O, absorbance in 60 s was measured by

at 240 nm. Catalase activity was calculated and expressed in pmol/min/mg protein.

2.5. Carbonyl assay

The liver tissue (60 mg) was homogenized in 10 volumes (w/v) of 10 mM Tris-
HCI buffer pH 7.4 using a glass homogenizer. Protein carbonyl content was assayed
by the method described by Yan et al. (1995) with some modifications. Soluble
protein (1.0 mL) was reacted with 10 mM DNPH in 2N hydrochloric acid. After
incubation at room temperature for one hour in dark, 0.5 mL of denaturing buffer (150
mM sodium phosphate buffer, pH 6.8, containing SDS 3.0%), 2.0 mL of heptane
(99.5%) and 2.0 mL of ethanol (99.8%) were added sequentially, vortexed for 40s
and centrifuged at 10,000 X g for 15 min. Then, the protein isolated from the interface
was washed twice by resuspension in ethanol/ethyl acetate (1:1), and suspended in
1 mL of denaturing buffer and the carbonyl content was measured
spectrophotometrically at 370 nm. Assay was performed in duplicate and two tubes
blank incubated with 2 N HCI without DNPH was included for each sample. The total

carbonylation was calculated using a molar extinction coefficient of 22,000 M/cm.
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2.6. Glutathione S-tranferase (GST)

GST activity was measured in liver according to Habig et al. (1974) using 1-
chloro-2, 4-dinitrobenzene (CDNB) as a substrate. The formation of S-2, 4-
dinitrophenyl glutathione was monitored by the increase in absorbance at 340 nm
against blank. The extinction coefficient used for CDNB was 9.6 mM/cm. The activity

was expressed as pmol GS-DNB/min/mg protein.

2.7. TBARS assay

Lipid peroxidation was estimated by a TBARS assay, performed by a
malondialdehyde (MDA) reaction with 2-thiobarbituric acid (TBA), which was optically
measured. Liver, muscle and brain (100-400 pL) were homogenized in a phosphate-
K" buffer (20 mM) and after were added TCA 10% and 0.67% thiobarbituric acid
were added to adjust to a final volume of 1.0 mL. The reaction mixture was placed in
a micro-centrifuge tube and incubated for 15 min at 95 °C. After cooling, it was
centrifuged at 5,000 X g for 15 min and optical density was measured by
spectrophotometer at 532 nm. TBARS levels were expressed as nmols MDA/mg

protein according to Buege & Aust (1978).

2.8. Protein determination
Protein was determined according to Bradford et al. (1976) method using
bovine serum albumin as standard. Absorbance of samples was measured at 595

nm.

PDF created with pdfFactory trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

59

2.9. Statistical procedures

Comparison between control and insecticide exposure group was made using
Student t-test. Value of p < 0.05 was considered statistically significant for all
analyses. All statistical analyses were carried out using the Statistic 5.1 software for
windows. Were collected five fish of each tank (triplicate), thus the “n” number was

15.

3. Results and Discussion

Oxidative stress parameters such as reactive substances to tiobarbituric acid
(TBARS) significantly increased in all tissues tested (brain, liver or muscle) in all
exposure periods (Table2). The results concerning tissue TBARS clearly indicate a
lipid peroxidation phenomenon probably generated by fipronil exposure. Accordingly,
in a similar study carried out in our laboratory fish exposed to quinclorac, propanil
and metsulfuron methyl showed lower TBARS levels in brain and muscle tissues.
Was observed TBARS increased in the liver of fish tissue after clomazone and
propanil exposure (Moraes et al., 2007). Thus, oxidative damage has been recorded
in fish after rice pesticides exposure. Results concerning brain TBARS showed in this
study could be due to high susceptible to oxidative damages and lipid peroxidation of
this organ. Brain tissue has a low antioxidant defense system and high contents of
polyunsaturated fatty acids in cell membrane. Many hypothesis have been
formulated to explain pesticides induced -lipid peroxidation, and this response varies
depending of tissue considered, fish, time of exposure and pesticide class. In fact,
Uner et al. (2005) observed that the short-time exposure of Oreochromis niloticus to

etoxazole insecticide did not nduce alterations in muscle TBARS levels. In this way,
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the lipid peroxidation observed in ours experimental protocol could be considered a
tissue specific response to long-term exposure.

Protein carbonyl levels increased after 30 days of fipronil exposure levels
(Fig.1). An increase in protein carbonyl levels, compared to control, also can be
considered a biomarker of pesticide exposure, where a decrease in protein carbonyl
levels may indicate that the susceptibility to proteolytic degradation has been
increased by mild oxidation of proteins. The results of present study are in agreement
with Parvez and Raisuddin (2005) that found protein carbonyl levels increased in
liver, kidney, gill and muscle of Channa punctata after exposure to deltamethrin,
endosulfan or paraquat. This oxidative modification of proteins is also one of the
many consequences of oxidative stress in fish. The sum of results concerning
TBARS and protein carbonyl increase at 30 days of exposure pointed out the
oxidative stress phenomenon that fish developed in response to fipronil exposure.

Catalase (CAT) activity decreased in the hepatic tissue after seven, 30 and 90
days of exposure of fishes to fipronil (Fig.2). Accordingly, a reduction in catalase
activity was observed in the liver of silver catfish exposed to clomazone (0.5 or 1.0
mg/L) for 12, 24 and 96 h (Crestani et. al., 2007) and decrease in liver tissue of
Channa punctatus after 48 hours of exposure to deltamethrin insecticide (Sayeed et.
al., 2003). This decrease in CAT activity observed in this study could be due to the
flux of the superoxide radicals, which have been reported to inhibit CAT activity.
These results are in accordance to Ballesteros et al. (2009) where the activity of
catalase was inhibited after exposure to endosulfan insecticide for 24 and 48 hours.
The decreased CAT activity of catalase in the liver of fishes indicate a reduced

capacity to scavenge the H,O; produced in this tissue. Thus, the inhibition observed
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in this important antioxidant enzyme may be directly linked with oxidative stress
development in tissues of carps after prolonged exposure to fipronil.

No changes were observed in activity of GST on evaluated tissue (Fig.3). This
results are according to Oruc¢ & Uner (2000), where 2,4 D, azinphosmethyl and their
mixtures did not affect the activity of GST in Carassius auratus. The unchanged GST
activity after insecticide exposure indicates the inactivation of GST by this pesticide
or GSH depletion, which induces GST to lose its activity. In addition when Carassius
auratus were exposed during 40 days to 2,4 dichlorophenol no differences were
observed in liver GST activity (Zhang et al., 2004). However, the most commonly
found effect of pesticide toxicity is the inhibition of enzyme activity. The GST
inhibition by pesticides was found in liver of Ciprinus carpio (Moraes et al., 2009) and
in liver of Ancistrus punctatus exposed to deltamethrin insecticide (Pimpéo et al.,
2007).

Fipronil residues were found until 45 days after the first application and this
fact could help to explain results obtained in fish tissues. The long time (30-90 days)
of exposure of this study could contribute to responses observed in fish tissues.
Besides, fipronil detection in water was only until 45 days (Table 2). Thus, the
changes observed at long time exposure could be a clear indicative that any damage
initiated in beginning of exposure time persists until 90 days. The pattern of response
depends of the parameter analyzed, time of exposure of fipronil residues in fish
tissues. The present study showed that at concentrations used in rice field fipronil is
potentially toxic to Cyprinus carpio. Moreover, the evaluation of TBARS and protein

carbonyl can be considered to early biomarker to fipronil toxicity in carps.
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FIGURE CAPTIONS

Fig.1 Liver protein carbonyl in Cyprinus carpio exposed to fipronil (0.65 mg/L) at rice
field condition after 7, 30 or 90 days. Data represent the mean + SD (n=15).

*Indicates significant difference between control and insecticide group (p < 0.05).

Fig.2 Liver tissue catalase (CAT) activity in Cyprinus carpio exposed to commercial
insecticide containing fipronil (0.65 mg/L) in rice field condition after 7, 30 or 90 days.
Data represent the mean + SD (n=15). *Indicates significant difference between

control and herbicide group (p < 0.05).

Fig.3 Liver glutathione S-transferase (GST) activity in Cyprinus carpio exposed to
fipronil (0.65 mg/L) at rice field condition after 7, 30 or 90 days. Data represent the
mean = SD (n=15). *Indicates significant difference between control and insecticide

group (p < 0.05).
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Table 1: Concentration (mg/L) of commercial insecticide containing fipronil in rice field after 0, 7, 14,

21, 28, 45 and 90 days.

Time (days)
0 7° 14° 21¢° 28° 45° 90°
Concentration(mg/L) | 0.65 0.64 0.6 0.5 0.4 0.3 nd

Table 2: Lipid peroxidation measured throughout TBARS levels (nmol MDA/mg of protein) in

brain, liver and muscle of Cyprinus carpio exposed to fipronil in rice field condition after 7, 30 and 90

days (n=15).
Time (days) Brain Liver Muscle
First year Control treatment Control treatment control treatment
7 4.26+0.6 7.09 +0.6* 18+04 2.38+0.14* 0.83+£0.01 0.85 + 0.01*
30 4.185+ 0.6 11.46 +0.7* 1.61+0.08 24+0.7* 0.82 £ 0.09 1.24 £+ 0.20*
90 4.31 +0.06 15.9 + 0.04* 1.73+£0.09 2.61+0.29* 0.86 £ 0.12 1.08 + 0.28*
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5 DISCUSSAO

No presente estudo ocorreu lipoperoxidagao nos tecidos estudados de carpas
expostas aos dois inseticidas comerciais em sistema de lavoura de arroz. Estes
resultados indicam claramente que o aumento nos niveis de TBARS provavelmente
foi gerado pela produgéo de estresse oxidativo induzido pelos inseticidas carbofuran
e fipronil. O aumento dos niveis de TBARS em tecidos de peixes como um indicativo
de estresse oxidativo, j& foi demonstrado na literatura por outros autores. Li et al.
(2003), observaram aumento de 73% nos niveis de TBARS hepéticos de Carassius
auratus expostos por 15 dias a 0.4 mg/L do pesticida 3,4 dicloroanilina. Moraes et al.
(2007), também encontraram niveis elevados de TBARS em figado de carpas
expostas aos herbicidas clomazone e propanil em uma condicdo experimental
semelhante a deste estudo.

Outro indicativo importante de estresse oxidativo causado por contaminantes
ambientais € a atividade da enzima antioxidante catalase. Nos peixes expostos ao
inseticida carbofuran ndo observou-se alteragdes significativas na atividade da
enzima catalase apés sete e 90 dias de esposi¢cdo. No entanto, aos 30 dias houve
um aumento na atividade da enzima no figado. Quando esta enzima apresenta
aumento de sua atividade, significa que estd ocorrendo um processo de
detoxificagédo, principalmente na tentativa de evitar ou minimizar a formacdo de
EROS nos tecidos. Aumento da atividade da catalase é uma resposta tipica contra
toxicidade por pesticidas e estes efeitos mostrados no presente estudo podem estar
relacionados aos residuos de carbofuran encontrados na 4gua da lavoura de arroz.
Um aumento significativo na atividade da enzima catalase foi observado em alguns
estudos apos a exposicdo a diferentes poluentes ambientais (AHMAD et al., 2000;
ZHANG et al., 2004). Monteiro et al. (2006) observaram resultados similares quando
Brycon cephalus foram expostos ao inseticida metil paration (Folisuper 600).
Entretanto, em carpas expostas ao inseticida fiopronil a atividade da enzima catalase
diminuiu no tecido hepatico apos sete, 30 ou 90 dias de exposicdo. Crestani et al.
(2007) também observaram uma diminuicdo na atividade da enzima catalase em
figado de jundids apds exposicdo ao herbicida clomazone (0,5 e 1,0 mg/L). A
diminuicdo encontrada na atividade da enzima catalase em jundias foi relacionada
com o aumento de TBARS encontrado no tecido hepatico (CRESTANI et al., 2007). A
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inibicdo observada nesta importante enzima antioxidante parece estar diretamente
ligada ao desenvolvimento de estresse oxidativo em tecidos de carpas apoés
exposicdo prolongada. Residuos de fipronil foram encontrados até 45 dias apos a
primeira aplicagéo e este fator pode ajudar a entender os mecanismos desenvolvidos
pelos tecidos dos peixes na tentativa de sobreviver em agua contaminada.

A enzima glutationa S-transferase também tem um importante papel no
processo de detoxificagdo de xenobioticos. A inducdo da GST € considerada
benéfica reduzida em uma condicdo de estresse oxidativo, mas o efeito da sua
atividade € pouco conhecida. Aos sete ou 30 dias de exposicdo a formulacéo
comercial do carbofuran, a atividade desta enzima foi diminuida. Porém, ap6s 90 dias
de exposicéo, a atividade da enzima foi significativamente aumentada. Ballesteros et
al. (2009) também encontraram uma diminuicdo na atividade da GST em figado,
musculo e branquias de Jenynsia multidentata expostas ao inseticida endosulfan
(0,014 a 1,4 pg/L). Exposicéo prolongada ao carbofuran induziu a falta de resposta
na atividade da catalase e reduzir a atividade da GST, como ocorreu neste estudo
nos peixes expostos por sete e 90 dias ao inseticida carbofuran. J& nos peixes
expostos ao inseticida fipronil nenhuma alteracdo na atividade da GST foi observada
em todos os periodos analisados. A carbonilacdo de proteinas também foi avaliada
no presente estudo. Observou-se diminuicdo da proteina carbonil em figado de
carpas expostas ao inseticida carbofuran em todos os periodos testados. Existem
poucos trabalhos com determinacdo de proteina carbonil em peixes, especialmente
apés exposicdo prolongada. A existéncia de uma induc¢do do sistema antioxidante
devido & exposicdo aos pesticidas pode refletir uma adaptagdo dos organismos e
explica os niveis reduzidos de proteina carbonil encontrados no presente estudo. Nos
peixes expostos ao inseticida fipronil apds sete ou 90 dias de exposi¢cdo, nenhuma
alteracdo nos niveis de proteina carbonil foi encontrado. Entretanto, aos 30 dias de
exposi¢cdo ocorreu um aumento significativo nestes niveis. A carbonilacdo de
proteinas também é um indicativo de estresse oxidativo e tem sido usado em peixes
como biomarcador de contaminagdo por diferentes poluentes. Um aumento nos
niveis de proteina carbonil, em comparagdo com referéncias, pode ser um
biomarcador de exposicdo a pesticidas. Parvez & Raisuddin (2005) também
observaram um aumento de carbonilacdo de proteinas em Channa punctatus

expostos a diferentes pesticidas.
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Os resultados obtidos no presente estudo mostram que as concentracdes de
carbofuran e fipronil usadas na agricultura podem causar alteragdes nos parametros
toxicoldgicos em Cyprinus carpio. De fato, a diminuicdo observada nos niveis de
proteina carbonil em tecido hepatico pode ser considerada um biomarcador a
exposicao ao inseticida carbofuran, assim como, a diminuigdo da atividade da enzima
catalase para exposicao ao inseticida fipronil. Os elevados niveis de TBARS podem
ser considerados biomarcadores para acompanhar a toxicidade de peixes em agua
contaminada por ambos inseticidas. Em resumos as alteragbes encontradas na
atividade das enzimas catalase e glutationa S-transferase e nos niveis de TBARS e
carbonilacdo de proteinas podem indicar uma resposta do peixe frente a possivel
toxicidade causada pelos inseticidas. Ocorreu dano oxidativo nos tecidos das carpas
apoés a exposicdo a ambos inseticidas comerciais e periodos de exposi¢éo testados.
Assim, 0 uso destes inseticidas mesmo em baixas concentragdes, por alterar os

mecanismos antioxidantes destes peixes e deve ser cuidadosamente avaliado.
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6 CONCLUSOES

As formula¢6es comerciais dos inseticidas estudados provocam alteragcdes na
atividade da enzima catalase no tecido hepético indicando um possivel dano

oxidativo causado pela exposi¢éo a ambos inseticidas.

A enzima glutationa S-transferase também apresentou modificacdes em sua
atividade, indicando uma possivel resposta detoxificante frente & intoxicagcao
causada pelo carbofuran. No entanto, nos peixes expostos ao inseticida

fipronil a enzima néo se alterou durante todos os periodos experimentais.

O aumento na formagdo de substancias reativas ao acido tiobarbitirico
(TBARS) em diferentes tecidos de carpas e as alteragbes dos niveis de
carbonilagdo de proteinas hepéticas deste peixe evidenciam uma situacao de
estresse oxidativo. As alteragOes observadas na atividade da enzima catalase
e glutationa S-transferase também evidenciam uma resposta ao dano
oxidativo causado pela exposi¢ao aos inseticidas comerciais testados.

Através dos parametros analisados e dos resultados obtidos, podemos
determinar a carbolinacdo de proteinas como biomarcador a exposi¢cdo ao
carbofuran. A atividade da enzima catalase pode ser considerada biomarcador
para toxicidade ao fipronil e os niveis de TBARS em cérebro, musculo e figado

como biomarcadores de toxicidade a ambos inseticidas avaliados.
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