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RESUMO
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Programa de Pés-Graduacdo em Ciéncias Bioldgicas: Bioquimica Toxicoldgica
Universidade Federal de Santa Maria

RESPOSTAS BIOQUIMICAS EM CARPAS (Cyprinus carpio) EXPOSTAS AO
FUNGICIDA TEBUCONAZOLE (FOLICUR® 200 EC)
AUTORA: CANDIDA TONI
ORIENTADORA: VANIA LUCIA LORO
Data e Local da Defesa: Santa Maria, 22 de julho de 2010.

O intenso uso e/ou manejo inadequado de pesticidas tém levado a
contaminacdo do ecossistema aquatico, atingindo a biota ali existente, incluindo os
peixes. Pesticidas podem afetar parametros toxicologicos desses animais,
prejudicando sua sobrevivéncia. Neste sentido, o objetivo deste trabalho foi avaliar
alteracdoes bioquimicas em carpas (Cyprinus carpio) apds exposicdo a uma
formulacdo comercial do fungicida tebuconazole (Folicur®). Num primeiro momento,
foi realizado um teste de toxicidade aguda a fim de determinar a CLso (96h) do
tebuconazole para C. carpio. Os animais foram expostos as concentracdes 1,0, 1,5,
2,0, 2,5 e 3,0 mg/L, durante 96 horas. Apds esse periodo, foram anestesiados e
eutanasiados. Utilizando o método whole-body, foram investigados os niveis de
TBARS, proteina carbonil, atividades das enzimas GST, CAT, SOD e AChE, niveis
dos antioxidantes ndo enzimaticos GSH e AsA e parametros metabalicos, dentre os
guais, lactato, glicogénio, glicose, ambnia, aminoacidos e proteina. Num segundo
momento, os peixes foram expostos ao fungicida durante sete dias, tanto em
condicio de campo (lavoura de arroz irrigado) como de laboratério. As
concentragcbes utilizadas em laboratorio (33,5 e 36,2 ug/L) foram proximas a
concentragcdo utilizada na lavoura de arroz (31,9 ug/L). Decorridos os periodos
experimentais, foram amostrados cérebro, figado e muasculo dos peixes. Os
parametros bioquimicos analisados foram o0s seguintes: niveis de TBARS em
cérebro, figado e musculo; proteina carbonil em figado; atividades das enzimas CAT
e GST em figado e da AChE em cérebro e musculo. No primeiro experimento
obteve-se como CLsy (96h) do tebuconazole para C. carpio a concentragcdo 2,37
mg/L. Os niveis corporais de TBARS mostraram-se elevados em todas as
concentracfes testadas. Ao contrario, as enzimas GST, CAT e SOD mostraram
reducdo em suas atividades. Os niveis de GSH e AsA também se mostraram
diminuidos apdés o0 mesmo periodo. Em relacéo a atividade da AChE e aos niveis de
proteina carbonil, ndo foram observadas alteracdes estatisticamente significativas.
Dentre os parametros metabolicos, houve aumento nos niveis de glicogénio e
glicose na concentracdo 1,5 mg/L, enquanto que o0s niveis de proteina foram
reduzidos nas concentracdes 2,0 e 2,5 mg/L. No segundo experimento, observou-se
aumento nos niveis de TBARS em cérebro somente na condicdo de campo,
enquanto que em figado e musculo esse aumento foi verificado tanto em campo
guanto em laboratério. Da mesma forma, os niveis de proteina carbonil aumentaram
em ambas as condi¢des experimentais. A atividade da AChE em cérebro se mostrou



aumentada somente em condicdo de campo, enquanto que em laboratério nenhuma
alteracdo significativa foi observada. As atividades da CAT, GST e AChE em
musculo ndo apresentaram mudangas significativas em ambas as condicdes
experimentais. Os resultados da presente investigacdo, considerando o0s dois
experimentos realizados, mostram que esse fungicida provoca desordens em
parametros antioxidantes e metabdlicos nos peixes expostos, indicando a ocorréncia
de estresse oxidativo, 0 que pode comprometer sua sobrevivéncia no meio natural.
A avaliacdo dos niveis de TBARS e de proteina carbonil em figado de carpas pode
ser utilizada como biomarcador de exposi¢cao ao tebuconazole.

Palavras-chave: Cyprinus carpio; estresse oxidativo; tebuconazole; toxicidade.
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The intensive use and/or inadequate management of pesticides have led to
contamination of the aquatic ecosystem, reaching the biota living there, including the
fish. Pesticides can affect toxicological parameters these animals, harming their
survival. In this way, the aim this study has to evaluate biochemistry changes in carps
(Cyprinus carpio) after exposure to a commercial formulation of the fungicide
tebuconazole (Folicur®). At first, we performed a test of acute toxicity to determine
the LCso (96h) of tebuconazole for C. carpio. The animals were exposed to
concentrations 1.0, 1.5, 2.0, 2.5 and 3.0 mg/L for 96 hours. After this period, were
anesthetized and euthanized. Using the whole-body method, we investigated the
levels of TBARS, protein carbonyls, activities of enzymes GST, CAT, SOD and
AChE, levels of non-enzymatic antioxidants GSH and AsA and metabolic
parameters, among which, lactate, glycogen, glucose, ammonia, amino acids and
protein. Secondly, fish were exposed to the fungicide during seven days, both in field
conditions (rice paddy field) as a laboratory. The concentrations used in the
laboratory (33.5 and 36.2 mg/L) were close to the concentration used for rice farming
(31.9 mg/L). After the experimental periods, we sampled brain, liver and muscle of
fish. The biochemical parameters analyzed were as follows: TBARS levels in brain,
liver and muscle, protein carbonyl in liver, enzyme activities CAT and GST in liver
and AChE in brain and muscle. In the first experiment was obtained as LCs, (96h) of
tebuconazole for C. carpio concentration 2.37 mg/L. The body levels of TBARS
showed to be high at all concentrations tested. In contrast, the enzymes GST, CAT
and SOD showed reduction in their activities. The levels of GSH and AsA were also
decreased after the same period. Regarding the activity of AChE and the levels of
protein carbonyls, there were no statistically significant changes. Among the
metabolic parameters, there was an increase in the levels of glycogen and glucose
concentration 1.5 mg/L, whereas protein levels were reduced at concentrations 2.0
and 2.5 mg/L. In the second experiment, we observed increased levels of TBARS in
brain only in the field condition, while in liver and muscle this increase was observed
both in field and laboratory. Likewise, the levels of protein carbonyls increased in
both experimental conditions. The activity of AChE in brain was increased only in the
field condition, whereas in the laboratory no significant change was observed. The
activities of CAT, GST and AChE in muscle showed no significant change in both
experimental conditions. The results of this research, considering the two
experiments show that this fungicide causes disorders in antioxidants and metabolic



parameters in fish exposed, indicating the occurrence of oxidative stress, which can
compromise their survival in the wild. The evaluation of TBARS levels and protein
carbonyl in the liver of carp can be used as a biomarker of exposure to tebuconazole.

Keywords: Cyprinus carpio; oxidative stress; tebuconazole; toxicity.
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APRESENTACAO

Esta dissertacdo estd descrita da seguinte forma: primeiramente s&o
apresentados os itens INTRODUCAO, OBJETIVOS e REVISAO BIBLIOGRAFICA.

A seguir, os RESULTADOS séo apresentados na forma de MANUSCRITOS.
As secdes Materiais e Meétodos, Resultados, Discussdo dos Resultados e
Referéncias Bibliograficas, encontram-se nos préprios 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 citacbes que
aparecem nos itens INTRODUCAO, REVISAO BIBLIOGRAFICA e DISCUSSAO
desta dissertacao.
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1 INTRODUCAO

Durante séculos, pesticidas tém sido amplamente utilizados na agricultura
com a finalidade de aumentar a produgcdo, bem como, combater insetos, ervas-
daninhas e ainda, fungos que possam atacar as culturas. Nos ultimos 30 anos, seu
uso tem se intensificado principalmente no Brasil, que se tornou um dos maiores
consumidores desses produtos quimicos, ficando atrds somente do Japao e dos
Estados Unidos (DAMS, 2006). Segundo a ANVISA (2010), atualmente o Brasil se
consolida como maior mercado e com maior ritmo de expansdo no consumo de
agrotéxicos em todo o mundo. Os pesticidas podem ser classificados em inseticidas,
herbicidas, fungicidas, acaricidas, bactericidas, nematicidas, rodenticidas, de acordo
com a praga que combatem. O tebuconazole (Folicur®) [1-p-clorofenil-4,4-dimetil-3-
(1H-1,2,4-triazol-1-ilmetil) pentano-3-ol] € um fungicida triazole, frequentemente
usado em areas agricolas para o tratamento e protecdo de cereais, soja e uma
variedade de frutas (BEREZEN et al., 2005; KONWICK et al., 2006).

No sul do Brasil, principalmente nos estados do Rio Grande do Sul e Santa
Catarina, € comum encontrar a pratica da aquicultura complementar a agricultura,
uma vez que as lagoas utilizadas para piscicultura encontram-se proximas ou dentro
de areas agricolas, ou ainda, recebem agua que circula pelo solo cultivado
(CERICATO et al., 2008). Devido a necessidade do uso de pesticidas para combater
pragas de culturas, os residuos desses compostos quimicos podem atingir as lagoas
onde sdo cultivados peixes, 0s quais sdo bastante sensiveis a contaminacdo do
ambiente aquatico.

Quando os pesticidas entram em contato com 0S peixes, podem causar
alteracdes bioquimicas e fisiolégicas, dependendo da concentracdo empregada,
tempo de exposicao e espécie exposta. Entre os efeitos deletérios provocados pelos
pesticidas em peixes, podemos citar a ocorréncia de estresse oxidativo, o qual leva
a geracdo de radicais livres e alteracdes no sistema de defesa antioxidante
enzimatico e ndo-enzimatico (ALMEIDA et al., 1997; FONSECA et al., 2008; TONI et
al., 2010). O estado de estresse oxidativo € decorrente de um desequilibrio entre

oxidantes e antioxidantes devido a deplecdo destes ou a superproducao de espécies
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reativas de oxigénio (EROs), ou ambos, resultando em danos ao organismo (ISIK &
CELIK, 2008).

Para lidar com este paradoxo, a célula possui uma série de defesas capazes
de evitar ou combater o efeito deletério dessas EROs geradas pelo metabolismo
aerébio. O sistema de defesa € formado por antioxidantes enzimaticos e nao-
enzimaticos, que podem ser produzidos endogenamente ou adquiridos pela dieta.
Dentre as principais enzimas que combatem a formacdo de EROs, estdo a
superoxido dismutase (SOD) e a catalase (CAT), as quais podem atenuar a
sensibilidade das células aos oxidantes (ORUC & UNER, 2000). A SOD catalisa a
conversédo do anion superoxido (O2™*) para produzir peréxido de hidrogénio (H,0), o
qual é metabolizado pela CAT em oxigénio molecular e agua (VAN DER OOST et
al., 2003). Glutationa-S-transferases (GSTs) sdao um grupo de isoenzimas
multifuncionais envolvidas na biotransformacdo e detoxificagdo de xenobidticos
(CNUBBEN, 2001). Um papel crucial da GST é proteger as células auxiliando na
detoxificacdo contra danos oxidativos e produtos peroxidativos (VAN DER OOST et
al., 2003).

Quando as defesas enzimaticas estdo sob uma condicdo de estresse,
componentes do sistema de defesa antioxidante ndo-enzimatico, como a vitamina C,
impedem a reacao de auto-oxidacdo. O acido ascorbico tem sido considerado como
um fator essencial para atenuar alguns dos efeitos toxicos dos radicais livres
(SAYEED et al., 2003). A glutationa reduzida (GSH) é o principal tiol ndo-protéico e
um dos principais agentes redutores encontrados nas células. Processos
relacionados a GSH desempenham um papel central na defesa antioxidante por
contribuir com inimeros processos como 0 combate aos radicais livres, reducao de
peroxidos e detoxificacdo de compostos eletrofilicos (CNUBBEN et al., 2001).

Além de alteracdes no sistema de defesa antioxidante enzimatico e néo-
enzimatico, a peroxidacao lipidica (LPO) também tem sido sugerida como um dos
mecanismos moleculares envolvidos na toxicidade induzida por pesticidas
(KEHRER, 1993). O processo de LPO é uma consequéncia importante do estresse
oxidativo e tem sido investigado extensivamente em peixes (MIRON et al., 2008;
FERREIRA et al., 2010). Como resultado do estresse oxidativo também pode ocorrer
a formacdo de proteina carbonil, onde EROs podem alterar a estrutura e

consequentemente a fungdo das proteinas. Sendo assim, 0 numero de grupos
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carbonil correlaciona-se bem com os danos causados as proteinas em uma situacéo
de estresse oxidativo (ALMROTH et al., 2005).

Para avaliar a neurotoxicidade de pesticidas em peixes, frequentemente é
utilizada a atividade da enzima acetilcolinesterase (AChE). Esta enzima constitui um
parametro bastante usado em areas poluidas por pesticidas, e sua atividade em
tecidos é frequentemente diminuida apds exposicao a esses produtos. A inibicdo da
atividade dessa enzima por diferentes poluentes pode afetar o crescimento, a
sobrevivéncia, os hébitos alimentares e o comportamento reprodutivo de peixes
expostos a diferentes poluentes (DUTTA & ARENDS, 2003). Parametros
metabdlicos também sdo muito usados para avaliar as condicbes de saude dos
peixes apds exposicdo a pesticidas. Estudos tém demonstrado que alteracdes no
metabolismo de proteina e carboidrato tém ocorrido em peixes que foram
submetidos a uma condicéo de estresse (CRESTANI et al., 2006; FONSECA et al.,
2008; SANCHO et al., 2010).

Varios estudos tém sido conduzidos no sentido de investigar alteracfes
bioquimicas provocadas em peixes expostos a pesticidas, tanto em condi¢cdes de
campo quanto em laboratorio (CATTANEO et al., 2008; MORAES et al., 2009; TONI
et al.,, 2010). No entanto, ainda sdo escassos o0s trabalhos que abordam
especificamente a toxicidade do fungicida tebuconazole em carpas (Cyprinus
carpio), espécie utilizada em sistemas de policultivo, caracterizada por sua
rusticidade e habito alimentar onivoro. A determinacédo da concentracao letal (CLsp)
desse fungicida para carpa é um parametro importante que fornece informacdes
acerca da toxicidade do produto sobre organismos ndo-alvo. Somado a isso, a
avaliacdo de respostas bioquimicas em peixes expostos a pesticidas, a
determinacdo de biomarcadores de estresse oxidativo e alteracdes
comportamentais, podem servir como ferramentas a serem empregadas em

programas para avaliacao de risco ambiental.
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2 OBJETIVOS

2.1 Objetivo geral

Determinar a concentracéo letal (CLsp) do fungicida tebuconazole (Folicur®

200 EC) para carpas (Cyprinus carpio) e avaliar alteracdes bioquimicas nesses
peixes expostos a diferentes concentracbes do fungicida em condicbes de campo

(lavoura de arroz irrigado) e laboratorio.

2.2 Objetivos especificos

- Testar a toxicidade aguda do tebuconazole para carpa (CLsp), utilizando
diferentes concentracdes do fungicida, durante 96 horas.

- Investigar possiveis alteracdes nos niveis de TBARS (substancias reativas
ao acido tiobarbiturico) e de proteina carbonil em carpas expostas ao tebuconazole.

- Verificar os efeitos do fungicida sobre a atividade das enzimas
acetilcolinesterase, glutationa S-transferase, superoxido dismutase e catalase.

- Determinar os niveis de antioxidantes ndo-enzimaticos: glutationa reduzida e
acido ascorbico.

- Analisar parametros metabdlicos: lactato, glicogénio, glicose, amonia,
aminoécido e proteina em peixes expostos ao fungicida.

- Comparar dados de campo e laboratério demonstrando a toxicidade do

fungicida em diferentes condicBes experimentais.



19

3 REVISAO BIBLIOGRAFICA

3.1 Pesticidas e o risco de contaminacao dos recursos hidricos

O desenvolvimento da sintese orgéanica durante a Segunda Guerra Mundial e
a consolidacdo do padrao tecnoldgico da agricultura moderna tiveram importancia
fundamental no desenvolvimento da industria mundial de agrotoxicos. O uso de
pesticidas nas atividades agricolas € necessario para a protecdo das plantas
cultivadas, a fim de que elas expressem todo seu potencial produtivo. No entanto, o
manejo inadequado dos pesticidas em areas agricolas pode resultar na
contaminacao dos recursos hidricos (GUNNINGHAM & SINCLAIR, 2005).

De acordo com a legislacdo brasileira, sdo chamados pesticidas ou
agrotoxicos, os produtos e os agentes de processos fisicos, quimicos ou biolégicos
empregados com o intuito de beneficiar a producédo agricola (BRASIL, 1998). Além
disso, os pesticidas podem ser classificados em diferentes grupos, de acordo com a
praga que atacam, sendo eles inseticidas, herbicidas, fungicidas, entre outros.

Segundo a ANVISA (2010), considerando a sua toxicidade, os pesticidas
estdo distribuidos em quatro classes toxicologicas: Classe | — Pesticidas
extremamente toxicos; Classe Il — Altamente toxicos; Classe Ill — Medianamente
toxicos; Classe IV — Pouco toxicos. A partir de 1996, o IBAMA passou a classificar os
pesticidas quanto ao seu potencial de periculosidade ambiental, considerando
parametros como bioacumulacéo, transporte, persisténcia. Assim, segundo o PPA
0s pesticidas sdo ditos: altamente perigosos, muito perigosos, perigosos, pouco
perigosos.

Entre as diferentes culturas, o arroz ocupa um lugar de destaque por seu
“potencial de contaminacéo das aguas superficiais com produtos quimicos de origem
agricola”. A extensa area cultivada, o elevado numero de tratamentos fitossanitarios
efetuados ao longo do seu ciclo natural, a aplicacéo de alguns pesticidas de elevada
toxicidade para a biota aquatica e sua estreita relacdo com o meio hidrico séo
fatores preponderantes para tal classificagdo. Uma vez no ambiente, os pesticidas

tenderdo a distribuir-se pelos diferentes compartimentos ambientais (agua, solo,
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sedimento, ar, biota) de acordo com suas propriedades fisico-quimicas e as
caracteristicas do meio (SILVA & SANTOS, 2007). Os pesticidas podem alcancar os
ecossistemas aquaticos através da aplicacdo intencional, deriva e escoamento
superficial a partir de &reas onde ocorreram aplicacdes (Figura 1). Na agua, os
residuos de pesticida podem tanto se ligar ao material particulado em suspenséo,
como se depositar no sedimento do fundo ou ser absorvido por organismos como 0s

peixes, podendo entdo ser detoxificados ou acumulados.
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Figura 1 — Movimento dos pesticidas em ecossistemas aquaticos (Adaptado de Silva & Santos, 2007).

Quando chegam até os corpos d'agua, o0s pesticidas provocam a
contaminacdo desses locais, causando sérios danos a organismos n&ao-alvo,
incluindo os peixes, o0 que pode resultar em alteragcdes significativas em
determinados processos bioquimicos e fisiolégicos desses animais (MAHTTIESSEN
et al., 1995; STORM et al., 2000; SHWETA et al., 2007). Isto ocorre porque 0S
peixes sdo particularmente sensiveis a influéncia de pesticidas, uma vez que eles
sdo capazes de absorver e reter esses xenobidticos dissolvidos na agua, via
transporte ativo ou passivo. As alteracdes fisioldégicas observadas em peixes nao
constituem apenas uma resposta as baixas concentracdes ambientais de pesticidas,
mas também proporcionam uma compreensdo desses poluentes em termos
biolégicos e demonstram um modelo de toxicidade para vertebrados, incluindo o
homem (SANCHO et al., 2010).

Tebuconazole é um fungicida pertencente ao grupo dos triazéis, amplamente
utilizado em lavouras de arroz (Figura 2). De acordo com seu potencial de

periculosidade ambiental, o tebuconazole enquadra-se na classe Il, sendo
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considerado muito perigoso ao meio ambiente e altamente toxico para organismos
aquaticos, segundo o IBAMA. Em relagdo a classificacdo toxicolégica, enquadra-se
na classe Ill, sendo considerado medianamente toxico. Possui acdo sistémica e
persisténcia de 20-25 dias no ambiente. A formulacdo comercial Folicur® é
classificada como uma substancia toxica para organismos aquaticos e pode causar
efeitos adversos, em longo prazo, no ambiente aquatico (BAYER CROPSCIENCE
LIMITED, 2005). A literatura indica que fungicidas triaz6is, bem como outros
relacionados imidazois, sdo usados para protecdo de cereais. Seu efeito fungicida é
resultado da inibicdo do citocromo P450 (CYP450) dependente da enzima C14a-
esterol-demetilase, a qual promove a demetilacédo do lanosterol, um intermediario na
biossintese do ergosterol e interfere com a sintese de esterdis, que sao essenciais

para a constituicdo normal das membranas celulares.

Cl

Figura 2 — Estrutura quimica do tebuconazole.

3.2 Carpa (Cyprinus carpio L. 1758)

Os peixes parecem possuir as mesmas vias metabdlicas que as espécies de
mamiferos para lidar com a toxicidade de agentes enddégenos e exdgenos. Por isso,
€ importante analisar os efeitos toxicos de pesticidas em peixes, uma vez que estes
constituem um importante elo na cadeia alimentar e sua contaminacdo por esses
xenobidticos provoca um desequilibrio no sistema aquatico. Além disso, 0s peixes
também constituem uma parte importante da alimentacdo humana (ORUC & USTA,
2007).

A carpa (Cyprinus carpio) é um peixe teleésteo da familia Cyprinidae (Figura

3). Originaria da Europa Oriental e da Asia Ocidental, a carpa foi introduzida no
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Brasil, mais precisamente no estado de S&do Paulo, somente em 1904 (CESP, 1985).
Caracteristicas como rusticidade, resisténcia a diferentes temperaturas e facilidade
de criacdo, fazem da carpa um dos peixes mais importantes cultivados no mundo
todo e indiscutivelmente uma das principais espécies utilizadas em aquacultura
(VANDEPUTTE, 2003). Por tratar-se de um peixe rastico, onivoro, o que permite
facil adaptacdo aos mais diferentes tipos de alimentos, essa espeécie torna-se
bastante atrativa para cultivos intensivos e em larga escala devido ao manejo
relativamente simples (CASTAGNOLLI & CYRINO, 1986).

E um peixe de aguas paradas e quentes, embora consiga se adaptar a
temperaturas extremamente baixas. Entretanto, seu desenvolvimento 6timo se da
com temperatura média de 28°C, com niveis de oxigénio entre 7 e 9 mg/L (CESP,
1985; GALLI & TORLONI, 1989). Uma vez que a carpa possui a capacidade de
resistir a uma ampla faixa de temperatura, sua disperséo ocorreu por varias regioes
e por isso, hoje sdo denominados animais cosmopolitas (MOREIRA et al., 2001). A
facil dispersdo fez com que surgissem varias ragcas, com algumas caracteristicas
especificas, de acordo com a regido. A carpa huangara (linhagem da carpa espelho
procedente da Hungria), por exemplo, possui um pequeno numero de escamas,
dispostas em trés fileiras, predominando ao longo da regido dorsal, sobre a linha
lateral e na regido ventral do peixe (CASTAGNOLLI, 1992; MOREIRA et al., 2001).

Figura 3 — Exemplar de Cyprinus carpio

No Rio Grande do Sul, as carpas (varias espécies) constituem o grupo de
peixes mais cultivados (BALDISSEROTTO, 2008) e empregados em sistemas de
policultivo (SILVA et al., 2006), visando aumentar a produtividade por uma utilizacéo
mais eficiente dos recursos ecoldgicos disponiveis no meio aquatico. Além disso,

essa espécie de peixe tem sido empregada em pesquisas para ado¢do do sistema
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de rizipiscicultura no Rio Grande do Sul, uma vez que ja existem estudos relatando
um aumento no rendimento do arroz irrigado quando cultivado em consoércio com
peixes em outros paises (MARCHEZAN et al., 2006).

3.3 Enzima Acetilcolinesterase (AChE)

No que diz respeito as func¢des neurais, enzimas de interesse sdo as
colinesterases, sendo que dois tipos sao reconhecidos: em primeiro lugar, a
acetilcolinesterase, que apresenta alta afinidade pela acetilcolina e, em segundo
lugar, a butirilcolinesterase, com afinidade para butirilcolina. Em cérebro de peixe
encontramos apenas acetilcolinesterase, enquanto que o tecido muscular contém
tanto acetilcolinesterase quanto butirilcolinesterase (STURM et al., 2000).

A acetilcolinesterase catalisa a hidrélise do neurotransmissor acetilcolina em
colina e acetato (Figura 4), desempenhando um papel central na regulacdo dos
niveis adequados desse neurotransmissor no sistema nervoso central, nas juncdes
neuromusculares e nas sinapses simpaticas e parassimpaticas (SANCHO et al.,
2000). A atividade desta enzima vem sendo usada como indicador de toxicidade de
pesticidas carbamatos e organofosforados (Yl et al., 2006; MODESTO &
MARTINEZ, 2010), que sao conhecidos por inibirem a AChE de maneira reversivel

(carbamatos) ou irreversivel (organofosforados).
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Figura 4 — Degradacéo da acetilcolina em colina e acetato pela AChE. Disponivel em:

http://www.fisfar.ufc.briv2/graduacao/arquivo _aulas/aula_sna.pdf. Acesso em 15 maio 2010.
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Quando ocorre inibicdo da AChE, o neurotransmissor acetilcolina ndo é
hidrolisado nas sinapses nervosas e nas jungbes neuromusculares, causando um
acumulo anormal de acetilcolina nesses sitios, 0 que leva a uma estimulacdo
excessiva dos receptores do neurotransmissor (ROEX et al, 2003).
Consequentemente, isso pode provocar sintomas de neurotoxicidade, identificados
por alteragcbes comportamentais como hiperatividade, asfixia e finalmente a morte.

Em peixes, estudos tém demonstrado que a reducdo na atividade da AChE
pode afetar a locomocao e o equilibrio em organismos expostos a pesticidas e pode
impedir a alimentacéo, os reflexos e o comportamento reprodutivo (SAGLIO &
TRIJASSE, 1998; BRETAUD et al., 2000; MIRON et al., 2005). Neste sentido, torna-
se importante investigar até que ponto carpas expostas ao fungicida tebuconazole
tém a atividade da AChE afetada e quais sdo os efeitos decorrentes dessa
exposicdo sobre o comportamento desses animais, uma vez que, tendo seus
movimentos natatorios prejudicados, 0s peixes poderdo apresentar maior

vulnerabilidade as presas quando em seu habitat natural.

3.4 Estresse oxidativo

Para os organismos aerObios o oxigénio é uma molécula fundamental
utilizada na producéo de energia, através da cadeia transportadora de elétrons na
mitocondria. Nas células aerdbicas, durante o metabolismo normal, particularmente
como um resultado do metabolismo oxidativo na membrana mitocondrial, s&o
geradas EROs como anion superéxido, peroxido de hidrogénio, radical hidroxila,
entre outras (ZHANG et al., 2004). Esses intermediarios, assim como espécies
reativas de nitrogénio, podem prejudicar a célula levando a um estado conhecido
como estresse oxidativo.

Estresse oxidativo € definido como uma perturbacdo do equilibrio entre
componentes pré-oxidantes e antioxidantes em favor dos primeiros, gerando
potencial dano. Ele é resultado de um de trés fatores: (1) aumento na geracéao de
EROs, através da acumulacao de intermediarios reativos; (2) prejuizo do sistema de
defesa antioxidante (inibicdo de enzimas antioxidantes, deplecdo de antioxidantes

nao-enzimaticos); (3) incapacidade para reparar dano oxidativo (ALY et al., 2010).
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Agentes xenobidticos, incluindo os pesticidas, podem induzir estresse
oxidativo uma vez que tém o potencial de produzir EROs que superam a protecao
conferida por mecanismos de defesa antioxidante, levando assim, a dano oxidativo,
atingindo macromoléculas incluindo DNA, proteinas e lipidios (Figura 5). A producéo
de EROs e o consequente dano oxidativo pode ser um importante mecanismo de
toxicidade em organismos aquaticos que vivem em ambientes receptores de agua
contaminada (LIVINGSTONE et al., 2001).

Oxidacdo de proteina
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Figura 5 — Dano ao DNA, lipidios e proteinas por EROs. (Adaptado de Trevisan, 2008).

De fato, estudos tém comprovado que os pesticidas podem induzir estresse
oxidativo em peixes, levando a geracdo de radicais livres, causando peroxidacéo
lipidica e carbonilacéo de proteinas (KEHRER, 1993; ALMROTH et al., 2005; TONI
et al.,, 2010). Sob condi¢des fisiologicas normais, EROs sdo detoxificadas e
removidas continuamente da célula pelo sistema de defesa antioxidante. No entanto,
frente a uma perturbacdo, como por exemplo, a exposicdo de organismos a
pesticidas, a producdo de EROs excede a capacidade dos antioxidantes celulares,
prevalecendo sobre sua degradacdo e levando a significativo dano oxidativo
(MATES, 2000; LUSHCHAK & BAGNYUKOVA, 2006).

Peroxidacdo lipidica € um complexo processo resultante de reacbes de
radicais livres com membranas biolégicas, as quais sao ricas em acidos graxos
poliinsaturados. Nesse processo, sdo formados hidroperéxidos lipidicos os quais
decompBem ligacbes duplas de acidos graxos insaturados e destroem a membrana
lipidica (ORUC & USTA, 2007). Entre os produtos finais formados durante o

processo de lipoperoxidagéo, destacam-se gases de hidrocarbonetos, como etano e
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pentano, e os aldeidos, como o MDA. Este, por sua vez, € bem caracterizado por ser
um produto da oxidacdo de acidos graxos poliinsaturados podendo reagir com o
TBA produzindo um intermediario colorido que serve como medida dos niveis de
TBARS, indicando a ocorréncia de peroxidacao lipidica (ALMROTH et al., 2005).

O processo de peroxidacdo lipidica tem influéncia sobre a fluidez da
membrana, bem como a integridade de biomoléculas associadas a membrana, como
proteinas e colesterol. Uma vez que esses lipidios, em peixes e outros organismos,
estdo justapostos a cadeia transportadora de elétrons, eles tornam-se alvos de
radicais de oxigénio, que podem causar danos ao organismo. Os lipidios altamente
oxidaveis, por sua vez, podem atacar proteinas proximas, formando um excesso de
proteina carbonil (ALMROTH et al., 2005).

A formagéo de grupos carbonil, que se correlacionam diretamente com danos
causados as proteinas, também pode ocorrer pelo aumento de EROs que atuam
sobre grupos amino das proteinas, alterando sua estrutura e funcdo (ALMROTH et
al., 2005). Proteina carbonil também pode se formar através de mecanismos
secundarios, como resultado de reacdes dos radicais livres com outros constituintes
celulares como lipidios, carboidratos e acidos nucléicos (GRUNE, 2000).

A modificacdo oxidativa de proteinas além de ser uma dentre muitas
consequéncias do estresse oxidativo, é apontada como valioso biomarcador de
exposicao a pesticidas (PARVEZ & RAISUDDIN, 2005). A formacao de derivados
carbonilicos € irreversivel, causando alteragcbes conformacionais, diminuicdo da
atividade catalitica de enzimas e, finalmente, resultando em degradacdo de

proteinas por proteases, devido a maior suscetibilidade (ALMROTH et al., 2005).

3.5 Sistema de defesa antioxidante

Os organismos aerdbios tém desenvolvido, através de processos evolutivos,
mecanismos de defesa antioxidante destinados a prevenir danos celulares
provocados por EROs (VALAVANIDIS et al., 2006). Para combater o estado de
estresse oxidativo resultante, dentre outras maneiras, da exposicao a pesticidas, a

célula possui uma série de defesas capazes de evitar e/ou combater os efeitos
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deletérios de EROs geradas. Essas defesas constituem o sistema de defesa
antioxidante, e podem ser produzidas endogenamente ou ser adquiridas pela dieta.

O sistema de defesa antioxidante compreende um grupo de enzimas e
antioxidantes de baixo peso molecular como o acido ascoérbico, a glutationa reduzida
e outros tiéis ndo-protéicos (WINSTON & DI GIULIO, 1991). As principais enzimas
antioxidantes, que atuam no sentido de neutralizar EROs e combater o estresse
oxidativo sdo a superdxido dismutase, a catalase, a glutationa redutase e a
glutationa peroxidase (ORUC & USTA, 2007; BALLESTEROS et al., 2009).

A SOD (EC 1.15.1.1) constitui uma importante defesa antioxidante e pode ser
encontrada tanto no citosol (CuzZn-SOD) quanto no interior da mitocondria (Mn-
SOD). Essa enzima catalisa a transformacédo do *O;’, convertendo-o em oxigénio e
perdxido de hidrogénio (NORDBERG & ARNER, 2001; BARREIROS et al., 2006).
Embora a atuacdo do anion superoxido como oxidante direto seja irrelevante, uma
vez que é pouco reativo e € eliminado pela SOD, ele pode auxiliar na producao do
radical *OH, o mais deletério ao organismo, através da reacdo de Haber-Weiss
(KEHRER, 2000).

A CAT (EC 1.11.1.6) esta presente principalmente nos peroxissomos e atua
na defesa contra o estresse oxidativo. Essa enzima promove a degradacéo do H,O,
em agua e oxigénio molecular (ORUC & USTA, 2007; MODESTO & MARTINEZ,
2010). O H,0; € pouco reativo frente as moléculas organicas na auséncia de metais
de transicdo. No entanto, exerce papel importante no estresse oxidativo por ser
capaz de atravessar as membranas celulares facilmente e gerar o °OH
(BARREIROS et al., 2006). E por essa razdo que a acdo da CAT se faz
imprescindivel na defesa do organismo contra o estresse oxidativo.

A GST (EC 2.5.1.18) é uma enzima que atua no processo de
biotransformacéo, catalisando a conjugacdo de uma variedade de metabdlitos,
incluindo xenobidticos e produtos de lipoperoxidagdo com GSH, transformando o
composto téxico em uma forma facilmente excretavel (MODESTO & MARTINEZ,
2010). Considerando sua funcdo na detoxificacdo do organismo, um papel
fundamental dessa enzima obviamente é a defesa contra o estresse oxidativo (VAN
DER OOST et al., 2003).

Entre os antioxidantes ndo-enzimaticos estd o tripeptideo glutationa em sua
forma reduzida (GSH), que atua como o principal antioxidante na célula e como co-
fator para acdo das enzimas GST e GPx (MARAN et al., 2009; MODESTO &
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MARTINEZ, 2010). Esse importante antioxidante ocorre naturalmente no organismo,
prevenindo danos causados por radicais livres e auxiliando no processo de
detoxificacdo, ligando-se a quimicos. Durante um estresse oxidativo moderado, os
niveis de GSH podem aumentar como uma resposta adaptativa, por meio de um
aumento na sua sintese. Entretanto, um estresse oxidativo severo pode suprimir 0s
niveis de GSH devido a uma falha nos mecanismos adaptativos (ZHANG et al.,
2004). Além disso, a GSH € consumida por enzimas para detoxificar os peréxidos
produzidos devido ao aumento da peroxidacao lipidica (ALY et al., 2010).

O &cido ascorbico ou vitamina C, por ser muito solavel em agua, esta
localizado nos compartimentos aquosos dos tecidos, sendo comumente encontrado
em sua forma ionizada — o ascorbato —, atuando como agente redutor no organismo.
Assim, ele pode ser oxidado pela maioria das EROs que sédo formadas nos tecidos,
convertendo-as em espeécies inofensivas. Dessa maneira, pode-se concluir que o
ascorbato age como antioxidante in vivo, uma vez que & capaz de amenizar alguns
efeitos toxicos dos oxiradicais (SAYEED et al., 2003; BARREIROS et al., 2006).

3.6 Parametros metabélicos

A exposicdo de peixes a determinado pesticida pode causar inimeros efeitos
bioquimicos e fisiologicos, dependendo do composto utilizado, o tempo de
exposicdo, a qualidade da agua, bem como a espécie animal. Como resultado da
presenca de poluentes no meio aquatico, além do sistema antioxidante enzimatico e
nao-enzimatico, alguns parametros metabdlicos podem estar alterados. Assim que
um toxico € absorvido pelos organismos aquaticos, estes podem apresentar
diferentes comportamentos, que podem ser tanto respostas adaptativas ou um
mecanismo de toxicidade (BEGUM, 2004).

A dindmica do metabolismo intermediario € fortemente influenciada por
gualquer tipo de estresse, ou seja, qualquer tipo de mudanca altera a homeostase
do animal, levando a um conjunto de respostas. Estas, por sua vez, geralmente sao
adaptativas e ajudam o animal a lidar com as mudancas em seu ambiente. No
entanto, as vezes, podem ocorrer algumas modificacdes nessa resposta ao estresse

ou efeitos prejudiciais derivados dela podem ter sérias consequéncias sobre o
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organismo e, em Uultima instancia, sobre determinada populacdo (SANCHO et al.,
2000).

Na maioria das vezes, um estressor quimico induz mudangas compensatérias
no metabolismo energético dos organismos. Considerando que a maior parte da
energia € usada para processos vitais como crescimento, reproducao e metabolismo
basal, o aumento de energia despendida para lidar com o estresse podera levar a
uma reducdo nas reservas energéticas (SANCHO et al., 2009). Em uma situacao de
estresse, 0s organismos geralmente necessitam de uma demanda energética maior,
a qual pode ser obtida através da quebra de glicogénio hepéatico e muscular e
aumento da glicose sanguinea. Dessa forma, as concentracdes de glicogénio e
glicose podem refletir o estado metabdlico dos tecidos (CATTANI et al., 1996). Sob
condicbes de hipoxia, o lactato é o produto final da glicOlise, assim, a oxidacéo
anaerdbia do substrato favorece o aumento da demanda energética em peixes
(CRESTANI et al., 2006). Proteinas sdo os maiores constituintes no metabolismo
dos animais, atuando na arquitetura e fisiologia da célula. Além disso, estao
envolvidas na adaptacao fisiolégica do organismo a agentes toxicos, 0s quais podem
provocar mudancas no metabolismo dessas moléculas como estimulagcéo da sintese
ou da quebra (DE SMET & BLUST, 2001; CRESTANI et al., 2006).

Estudos de toxicologia, envolvendo a exposicdo de pesticidas, mostram que
as alteracbes nas atividades das enzimas refletem diretamente distarbios
metabolicos e dano celular em érgaos especificos (CASILLAS et al., 1983). Além
disso, a avaliacdo de parametros metabdlicos é importante por suas alteracdes
surgirem antes dos sintomas clinicos, produzidos por substancias toxicas, tornar-se
aparentes em um organismo (RAO, 2006). Por esta raz&o, € importante investigar
possiveis alteracbes em parametros gerais referentes ao metabolismo de
carboidratos como glicogénio, glicose e lactato, bem como ao metabolismo protéico,
mensurando os niveis de proteina, aminoacidos e aménia em carpas expostas ao
fungicida tebuconazole, uma vez que pouco se sabe sobre a toxicidade deste

pesticida sobre aquela espécie de peixe.
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Abstract

Fish cultivated next to agricultural areas where pesticides are applied can undergo
biochemical and physiological changes resulting from xenobiotics contamination. The
aim of this research is to determinate the lethal concentration (LCsp - 96 hours) of
fungicide tebuconazole for carp (Cyprinus carpio) and also to investigate the
occurrence of oxidative stress. Whole-body levels of thiobarbituric acid-reactive
substance (TBARS) and protein carbonyl were determined; enzymes activities such
as acetylcholinesterase (AChE), catalase (CAT), superoxide dismutase (SOD) and
glutathione S-transferase (GST) were measured. It was verified non-enzymatic
antioxidants levels glutathione reduced (GSH) and ascorbic acid (AsA), as well as it
were evaluated metabolic parameters of fish. The LCs-96 h found in this
investigation was 2.37 mg/L. Fish exhibited significant increase of TBARS levels in all
concentrations used while the enzymatic and non-enzymatic antioxidants were
decreased. Among the metabolic parameters, glycogen and glucose increased at 1.5
mg/L concentration; protein levels decreased at 2.0 and 2.5 mg/L concentrations. In
conclusion, the fish health was adversely affected by the exposure to tebuconazole
and those changes can compromise animal survival in natural environment. The
results indicate TBARS levels like a possible biomarker of exposure to tebuconazole

for this specie of fish.

Keywords: lethal concentration, Cyprinus carpio, tebuconazole, oxidative stress
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1 Introduction

In southern Brazil, agquaculture is still considered a complementary activity that
is developed in places such as lakes and reservoirs very close or within agricultural
areas (Cericato et al., 2008). The activities of agricultural origin pose risks to
groundwater quality and surface water, especially the use of pesticides which, along
with many of their metabolic, can cause harm to human health and the environment
(Gomes and Spadotto, 2002). In the rice culture, for example, all water is extracted
from the crop at least twice a year and deposited in nearby rivers. To make the pest
management is used a large number of chemicals or where small quantities of these
wastes end up coming in contact with rivers, lakes, streams or water sources used
for aquaculture (Van der Oost et al., 2003). The fungicide tebuconazole belonging to
the group of azoles is widely used as a fungicide in paddy fields. Tebuconazole
(Folicur®) is classified as toxic to aquatic organisms that may cause long-term
adverse effects in the aquatic environment (Bayer CropScience Limited, 2005).

Toxic effects of pesticides have been studied in several fish species (Monteiro
et al., 2006; Ferreira et al., 2010, Toni et al., 2010). Exposure to pesticides can cause
oxidative stress in many aquatic organisms, since those contaminants can lead to the
formation of reactive oxygen species (ROS) or alter the antioxidant defenses
(Monserrat et al., 2007). These highly reactive substances are causing damage to
lipids, proteins, carbohydrates and nucleic acids (Sevgiler et al., 2004). The
antioxidant system comprises a group of antioxidant enzymes and low molecular
weight antioxidants, such as ascorbic acid, reduced glutathione (GSH), and other
non-protein thiols (Winston and Di Giulio, 1991). The antioxidant enzymes include
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and
glutathione reductase (GR). Glutathione-S-transferases (GST) are from the second
phase, which has the objective of detoxifying the enzymes that catalyze the
conjugation of GSH with a variety of electrophilic compounds. Acetylcholinesterase
(AChE) can be considered an indicator of toxicity after exposure to pesticides.
Furthermore, lipid peroxidation and protein carbonyl may also occur in response to
oxidative stress (Miron et al., 2008).

The common carp (Cyprinus carpio) is one of the most important cultivated
fish in the world, and undoubtedly one of the most important aquaculture species. In

Rio Grande do Sul, the carps (several species) represent the fish group most
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cultivated (Baldisserotto, 2008). For this reason, this fish was chosen for this
investigation. The aim of this study is to determinate the lethal concentration (LCs,-96
h) of tebuconazole for C. carpio, as well as to analyze the fish behavior during an
exposure period of 96 hours, symptomatic and physiological characteristics when
exposed to the fungicide. Additionally, it was evaluated the oxidative stress
parameters (lipid peroxidation and protein carbonyl), the effects of fungicide on

enzymatic and non-enzymatic antioxidants in fish, and also metabolic parameters.

2 Materials and methods

2.1 Test animals

Carp (Cyprinus carpio) weighting 2.0 + 0.5 g and measuring 3.0 + 0.1 cm were
obtained from Centro de Extensdo e Pesquisa Agropecuaria at Universidade de
Passo Fundo (RS, Brazil). Fish were acclimated for one week to laboratory
conditions before the start of the experiments. They were kept in continuously
aerated water with a static system and a natural photoperiod (12-h light/12-h dark).
During the acclimation period, the fish were fed twice a day with commercial extruded
food at 5% of body weight (42% crude protein). This work and experiments were
approved by de board on experimentation on animals of the Federal University of
Santa Maria. Reference number: 23081.015531/2009-96.

2.2 Chemicals

Commercial formulation of the tebuconazole fungicide [1-p-clorofenil-4,4-
dimetil-3-(1H-1,2,4-triazol-1-ilmetil) pentane-3-ol]. The trade name used in the
Brazilian Market is Folicur®200EC (BASF) at 200 g i.a./L. Acethylthiocholine (ASCh),
5,5'dithio-bis(2-nitrobenzoic acid) (DTNB), 1-chloro-2,4 dinhitrobenzene (CDNB),
bovine serum albumin, Triton X-100, hydrogen peroxide (H»O,), malondialdehyde
(MDA), 2- thiobarbituric acid (TBA) and sodium dodecyl sulfate (SDS) were obtained
from Sigma Chemical Co. (St. Louis, MO, USA).

2.3 Toxicity testing protocol
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Four-day static acute toxicity tests were performed in laboratory to determine
the LCsp values of tebuconazole for Cyprinus carpio. Fungicide concentrations of 1.0,
1.5, 2, 2.5 and 3.0 mg/L were used. After being acclimated to laboratory conditions
fish were randomly distributed in each test aquarium. For each concentration, a
group of 10 randomly selected fish was placed in the plastic aquaria (40 L per tank of
continuous aerated water). This procedure was repeated three times for each
concentration. The experiment was carried out in a static test design without water
changes and fungicide replacement. The control carp groups were kept in clean
water (without fungicide) as in the experimental sets. During the acute toxicity test
(96 h) animals were not fed. The number of dead fish was recorded at 24, 48, 72 and
96 h. Dead fish were removed from the aquaria.

2.4 Biochemical determinations

Finished the toxicity test, surviving fish were anesthetized by administering
clove oil. Then were individually homogenized with five volumes of 0.1 M phosphate
buffer (pH 7.2), using a motor-drive homogenize. Homogenates were centrifuged at
2000g for 10 min and the resulting supernatants were stored (-70°C) until further

analysis. All measurements were done in duplicate.

2.4.1 Lipid peroxidation estimation

Lipid peroxidation was estimated by a TBARS (thiobarbituric acid-reactive
substances) assay, performed by a malondialdehyde (MDA) reaction with 2-
thiobarbituric acid (TBA), which was optically measured according to Buege and Aust
(1978). Aliquots of supernatants (0.25 mL) were mixed with 10% trichloroacetic acid
(TCA) and 0.67% thiobarbituric acid 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 5000g for 15 min and optical density was
measured by spectrophotometer at 532 nm. TBARS levels were expressed as nmol

MDA/mg protein.

2.4.2 Protein carbonyl assay
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Supernatants (0.4 mL) were 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 10000g 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 2N HCI without DNPH was included for each sample. The total
carbonylation was calculated using a molar extinction coefficient of 22.000 M/cm.
The protein carbonyl content was expressed as nmol carbonyl/mg protein.

2.4.3 Acetylcholinesterase (AChE) activity

The AChE (EC3.1.1.7) activity was measured using the method described by
Ellman et al. (1961) with some modifications. Aliquots of supernatant (0.1 mL) were
incubated at 30°C for 2 min with a solution containing 0.1 M sodium phosphate buffer
pH 7.5 and 1 mM DTNB. After the incubation period, the reaction was initiated by the
addition of ASCh (0.5 mM). The final volume was 2.0 mL. Absorbance was measured
by spectrophotometer (Femto Scan spectrophotometer) at 412 nm during 2 min.

Enzyme activity was expressed as pmol of ASCh hydrolyzed/min/mg protein.

2.4.4 Antioxidant enzymes

Catalase (EC1.11.1.6) activity was assayed by ultraviolet spectrophotometer
(Nelson and Kiesow, 1972). The assay mixture consisted of 2.0 mL potassium
phosphate buffer (50 mM, pH 7.0), 0.05 mL H,0, (0.3 M) and 0.01 mL homogenate.
Change of H,0O, absorbance in 60 s was measured at 240 nm. Catalase activity was
calculated and expressed in pmol/min/mg protein. SOD activity was performed based

on inhibition of the radical superoxide reaction with adrenalin as described by Misra
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and Fridovich (1972). In this method, SOD present in the sample competes with the
detection system for radical superoxide. A unit of SOD is defined as the amount of
enzyme that inhibits by 50% the speed of oxidation of adrenalin. The oxidation of
adrenalin leads to the formation of the colored product, adrenochrome, which is
detected by spectrophotometer. SOD activity is determined by measuring the speed
of adrenochrome formation, observed at 480 nm, in a reaction medium containing
glycine-NaOH (50 mM, pH10) and adrenalin (1 mM). The activity was expressed in
Ul SOD/ mg protein.

2.4.5 Glutathione S-transferase (GST) assay

GST activity was measured in 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 umol GS-DNB/min/mg protein.

2.4.6 Non-enzymatic antioxidants

Reduced glutathione (GSH) and ascorbic acid (AsA) were studied as non-
enzymatic antioxidants. An aliquot the supernatants (1.0 mL) mixed with 1.0 mL 10%
trichloroacetic acid followed by centrifugation. GSH levels were determined by the
method of Ellman (1959). Supernatants (0.25 mL) were used for determination with
5,5'-dithio-bis(2-nitrobenzoic acid) 10 mM (DTNB) and phosphate buffer 0.5 mM (pH
6.8). The optical density of reaction product was read at 412 nm on a
spectrophotometer and results were expressed as pumol GSH/g fish. AsA levels were
estimated by the method of Roe (1954) with some modifications. Supernatants (0.3
mL) was mixed with 2,4-dinitrophenylhydrazine (4.5 mg mL™?), 0.6 mg mL™ thiourea,
CuS0,(0.075 mg mL™) and 13.3% trichloroacetic acid and incubated for 3 h at 37°C.
Then H,S0O,4 65% (v/v) was added to the medium. The absorbance was taken at 540

nm and the results expressed as pmol AsA/g fish.

2.4.7 Protein determination



38

Protein was determined by the Coomassie blue method using bovine serum
albumin as standard. Absorbance of samples was measured at 595 nm (Bradford et
al. 1976).

2.4.8 Metabolic parameters

Whole body glycogen was determined by the method described by Duboie et
al. (1956) after KOH (6N) and ethanol addition for precipitation of glycogen.
Supernatant was used to estimate the protein level according to the method
described by Lowry et al. (1951). For lactate, sugar soluble and ammonia
determination, the completely deproteinated supernatant was used for lactate
determination using the method described by Harrower and Brown (1972), sugar
soluble was measured according to Duboie et al. (1956) and ammonia was
measured according to Verdouw et al. (1978). For aminoacid quantification, the
neutral supernatant homogenates were used for colorimetric aminoacid

determination according to Spies (1957).

2.5 Statistical analysis

Probit Analysis Program Version 1.5 was used to calculate the 96 h-LCsg
values and its confidence limits (95%). Mean values and standard deviations were
calculated for each test group based on the values obtained for each individual fish
(n = 6). These results were compared to determine treatment toxic effects by one-
way analysis of variance (ANOVA) and Duncan’s significant difference tests was

used to find differences between experimental group and control group (p < 0.05).

3 Results

Tebuconazole, at 3.0 mg/L, caused fish death almost immediately following
addition to the tank. Lethargy, swimming at the surface and erratic swimming were
the main behavioral changes observed throughout the experiment, usually at 2.0 and
2.5 mg/L. The 96-h LCsy obtained for tebuconazole was 2.37 mg/L (confidence
interval 2.16 — 2.58).
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Whole-body levels of TBARS are shown in Fig.1. The TBARS levels were
significantly increased in all tested concentrations, with the superior increase
occurred in the highest tested concentration. The exposure to tebuconazole did not
cause significant alterations in protein carbonyl contents and AChE activity, when
compared with control group (Table 1). CAT and SOD activities were modified after
exposure to fungicide (Table 1). Decrease in CAT activity was verified at 1.5 mg/L,
while SOD activity decreased at 2.0 and 2.5 mg/L. A significant decrease was
observed in the activity of GST at 1.5, 2.0 and 2.5 mg/L (Fig. 2). With respect to non-
enzymatic antioxidants, GSH and AsA levels were decreased at concentrations from
1.5 to 2.5 mg/L (Fig. 3 and Fig. 4, respectively).

Table 2 shows results of metabolic parameters obtained in C. carpio exposed
to tebuconazole. Increase in glucose and glycogen were observed in levels at 1.5
mg/L, when compared with the control group. Protein levels decreased at 2.0 and 2.5
mg/L, while the amino acids levels increased, although no significantly. The others
metabolic parameters did not show any change in the concentrations used in this

study.

4 Discussion

Acute toxicity of tebuconazole on the Cyprinus carpio in the present study
resulted in LCso value at 2.37 mg/L. If we compare these results with those found in
the literature with the same fungicide in other fish species, we found out C. carpio is
more sensitive than Rhamdia quelen (5.3 mg/L) (Kreutz et al., 2008) and Danio rerio
(19.6 mg/L) (Sancho et al., 2010). Different results reflect the specific responses of
each fish species to fungicide and the involved detoxification mechanism, which may
be more and less efficient, depending on the considered specie.

Previous studies demonstrated that pesticide exposure can induce oxidative
stress in different fish species by the generation of free radicals (Modesto and
Martinez, 2010; Ferreira et al., 2010; Toni et al., 2010). Lipid peroxidation has been
suggested as one of the molecular mechanisms involved in pesticide-induced toxicity
and can be determinate through of the TBARS (thiobarbituric acid reactive
substances) levels. In this study, LPO phenomenon was verified in the moment that

TBARS levels were increased in all concentrations of fungicide. Ferreira et al. (2010)



40

observed the same results in Rhamdia quelen exposed to tebuconazole for 96 h.
Others authors also verified LPO in Oreochromis niloticus and Jenynsia multidentata
after exposure to diazinon and endosulfan, respectively (Uner et al., 2006;
Ballesteros et al., 2009). This increase in TBARS levels can be result of the
impairment in antioxidant enzymes due to ROS formation that attack the cell
membrane, with direct consequences on cell integrity and cell function. Results
concerning TBARS showed that a disruption of the pro-oxidant — antioxidant balance
in favor of the former of lipid peroxidation occurs in carps exposed to tebuconazole,
leading to potential damage.

Among the key enzymes for the detoxification of ROS in all organisms, it is
possible to detach superoxide dismutase (SOD) and catalase (CAT). These
antioxidant enzymes are essential for the conversion of ROS to harmless metabolites
and may be increased or inhibited under chemical stress. In our case, exposure to
tebuconazole at 2.0 and 2.5 mg/L caused a decrease in SOD activity. These results
corroborate with Oru¢ and Uner (2000), who reported enzyme inhibition after 96 h
azinphosmethyl exposure. An increase in the ROS production can cause the
inhibition of SOD and other antioxidant enzymes. Additionally, the superoxide
radicals by themselves or after their transformation to H,O, cause an oxidation of the
cysteine in the enzyme and decrease SOD activity (Dimitrova et al., 1994). This study
also demonstrated that the activity of CAT was significantly decreased at 1.5 mg/L.
Our results are in agreement with Sayeed et al. (2003) and Ferreira et al. (2010),
who reported inhibition in CAT activity after exposure to deltamethrin and
tebuconazole, respectively. This decrease in catalase activity could be justified by the
flux of superoxid radicals, which have been reported to inhibit CAT activity. Taken
together CAT and SOD results indicate a disruption of normal oxidative process
indicating an impairment of antioxidant defense system represent here by CAT and
SOD.

GST acts in the process of biotransformation, catalyzing the conjugation of a
variety of metabolites, including the xenobiotic metabolites and lipoperoxidation
products with the GSH, transforming the toxic compound into a more easily
excretable one (Modesto and Martinez, 2010). Tebuconazole exposure at 1.5, 2.0
and 2.5 mg/L caused a decrease in GST activity. Others authors reported the same
results in different species of fish exposed for pesticides deltamethrin and endosulfan

(Sayeed et al., 2003; Ballesteros et al., 2009). The most common response observed
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in GST activity is increase activity to trying detoxifying fish tissues to pesticides,
however in this study the role of GST seems has been deficient in scavenging ROS,
because TBARS levels were found elevated in all concentrations of the fungicide
tested and GST showed decrease activity at concentrations tested.

This study shows that the reduced glutathione (GSH) levels were decreased at
1.5, 2.0 and 2.5 mg/L of tebuconazole. In agreement with our results, Monteiro et al.
(2006) observed decrease in GSH levels of Brycon cephalus exposed to methyl
parathion for 96 h. Isik and Celik (2008) reported similar results in Oncorhynchus
mykiss exposed to same pesticide. GSH and GSH-related processes play a central
role in antioxidant defense by contributing to a number of processes, such as free
radical scavenging, reduction of peroxides and detoxification of electrophilic
compounds (Cnubben et al., 2001). However, under a severe oxidative stress, GSH
is consumed by GSH related enzymes, including GST, to detoxify the peroxides
produced due to increased lipid peroxidation. Moreover, the GSH levels may be
suppressed by the impairment of the adaptive mechanisms and in the context of
present study no relation was observed with GST due to reduced enzyme activity
observed.

Considering that ascorbic acid (vitamin C) converts ROS in harmless species
and its derivatives are unreactive, this acts as in vivo antioxidant. It was evaluated
the ascorbic acid (AsA) levels in fish exposed to tebuconazole and it was found a
decrease in this non-enzymatic antioxidant at 1.5, 2.0 and 2.5 mg/L concentrations.
Contrary to our results, Sayeed et al. (2003) related increase in AsA levels of Channa
punctatus after exposure to deltamethrin. It is known that varied responses to this
parameter can be observed in fish exposed to different pollutants (Thomas, 1987),
since AsA is an essential factor to ameliorate some of the toxic effects of oxygen
radicals. When normal enzymatic defenses are stressed, defenses such as vitamin C
prevent the auto-oxidation chain reaction. In this investigation, the inhibition of
antioxidants enzymes may have caused increased utilization of AsA by fish, in an
attempting to combat ROS leading to depletion of this antioxidant since its
regeneration was compromised by GSH levels decreased.

The metabolic parameters are also very useful to assess the fish health
conditions after exposure to pesticides. Studies show us that changes in protein and
carbohydrate metabolism have occurred in fish that are in stress condition (Crestani

et al., 2006; Fonseca et al., 2008; Sancho et al., 2010). In this study, sugar soluble



42

(glucose) and glycogen levels were increased at 1.5 mg/L of tebuconazole. Similarly,
Sancho et al. (2010) reported increase in the glucose levels of Danio rerio exposed
at same fungicide used in this study. An increase in the glycogen levels were
observed in Rhamdia quelen after exposure to clomazone (Crestani et al., 2006). As
a consequence of tebuconazole exposure, carbohydrate metabolism of C. carpio was
altered as a physiological strategy played by fish against the toxicant. Glucose
increases directly correlate with enhanced levels of glycemia required in fish
submitted to stress condition. This leads to the stimulation of processes as lipolysis
or proteolysis to use the degraded products as available energy (Sancho et al.,
2010). In fact, this study shows a decrease in protein levels at 2.0 and 2.5 mg/L and
may indicate a compensatory response to fungicide toxicity. Other authors have
related the protein reduction in fish after exposure to toxicants (Glusczak et al, 2007;
Fonseca et al., 2008). In our case, the high energy demands together carbohydrate
stores, might have led to the increase of protein catabolism. In summary results
presented here led to conclude that tebuconazole was toxic to carps exposed at 96

h. LC-50 96 h showed that this fish is very susceptible to fungicide toxicity.

5 Conclusion

We suggest, due to the results of this investigation, that C. carpio is more
sensitive to tebuconazole than others fish species. We verified that oxidative stress
fungicide-induced caused changes in both enzymatic and non-enzymatic
antioxidants. CAT and SOD show depletion in their activities, GSH and AsA also
demonstrated levels decreased after exposure to fungicide. TBARS levels were
elevated in all concentrations used in this research, which indicates cellular damage.
So, we suggest that TBARS measurements could be used as biomarker of exposure
to tebuconazole. Furthermore, the metabolites parameters evaluated indicate that
under oxidative stress condition, the fish may use the protein catabolism as an

alternative energy font.
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Figure captions

Fig. 1. Levels of TBARS (nmol MDA/mg protein) in Cyprinus carpio after exposure to
different concentrations of tebuconazole for 96 h. Mean £ SD; n = 6. * p < 0.05

respect to the control group.

Fig. 2. Activity of glutathione S-transferase (umol GS-DNB/min/mg protein) in
Cyprinus carpio after exposure to different concentrations of tebuconazole for 96 h.

Mean £ SD; n = 6. * p < 0.05 respect to the control group.

Fig. 3. Glutathione levels (umol GSH/g fish) in Cyprinus carpio after exposure to
different concentrations of tebuconazole for 96 h. Mean £ SD; n = 6. * p < 0.05

respect to the control group.

Fig. 4. Ascorbic acid levels (umol AsA/g fish) in Cyprinus carpio after exposure to
different concentrations of tebuconazole for 96 h. Mean £ SD; n = 6. * p < 0.05

respect to the control group.
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Table 1 — Whole-body enzymes acetylcholinesterase (AChE — pmol of ASCh hydrolyzed/min/mg
protein), catalase (CAT — pmol/min/mg protein) and superoxide dismutase (SOD — Ul SOD/ mg
protein) activities and protein carbonyl contents (nmol carbonyl/mg protein) in Cyprinus carpio

exposed to tebuconazole for 96 hours.

Control 1.0 mg/L 1.5 mg/L 2.0 mg/L 2.5 mg/L
AChE 0.425+0.033 0.425+0.081 0.468+0.061 0.464+0.103 0.418+0.080
CAT 0.074+0.022 0.070+0.020 0.028+0.005* 0.057+0.020 0.057+0.014
SOD 13.336+1.105  12.093+1.222 14.421+1.137 9.063£1.055*  11.360+0.462*
Protein 13.669+2.212  11.456+2.681 11.927+1.279 12.516+2.558 11.976+2.903

carbonyl

* Indicate significant difference with control group. Data are reported as mean + standard deviation (n
=6) (p <0.05).



o1

Table 2 — Whole-body metabolic parameters in Cyprinus carpio exposed to tebuconazole for 96 hours.

Control

1.0 mg/L

1.5mg/L

2.0 mg/L

2.5 mg/L

Lactate

Glycogen
Glucose
Protein
Amino acids

Ammonia

11.840+1.932
17.160+3.894

4.129+0.095
47.329+2.635
28.147+4.080

2.700+0.441

11.153+1.396
17.665+3.668

4.166+0.087
46.289+3.040
28.367+4.342

2.544+0.318

12.939+2.011
23.253+3.538*

4.360+0.115*

48.131+4.933

30.648+4.544
2.951+0.459

11.286+1.434
19.478+3.205

4.182+0.051
40.942+4.029*
30.969+2.814

2.574+0.327

12.426+2.278
16.832+1.250

4.169+0.042
36.089+2.885*
31.068+1.115

2.834+0.520

* Indicate significant difference with control group. Data are reported as meantstandard deviation
(n=6) (p <0.05).
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Abstract

Pesticides can affect some biochemical and physiological functions of living
organisms. The changes seen in fish and their response to pesticides can be used as
an example for vertebrate toxicity. In this study, carps (Cyprinus carpio) were
exposed to different concentrations of tebuconazole fungicide, by rice field (31.9
Mg/L) and laboratory (33.5 and 36.2 ug/L) conditional testing, during a 7 day period.
Parameters such as TBARS (thiobarbituric acid-reactive substance) levels, protein
carbonyl, catalase, glutathione S-transferase and acetylcholinesterase activities were
studied, using the liver, brain and white muscle of the fish. The field experiment
showed that the TBARS levels were increased in all the analyzed tissues. Similarly,
the protein carbonyl of the liver and the brain AChE activity increased after 7 days.
The laboratory experiment demonstrated that the TBARS levels in the liver were
increased in both of the concentration tests. TBARS levels in the muscle increased
only by the lowest test concentration. On the other hand, the protein carbonyl was
increased only by the highest concentration. The others evaluated parameters did
not show significant differences. The results indicate that the tebuconazole exposure
from the field and laboratory conditions directly affected the health of the fish,

showing occurrence of oxidative stress.

Keywords: fish, oxidative stress, tebuconazole, toxicology.
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1. Introduction

The use of pesticides in agriculture is necessary for the protection of cultivated
plants, for they express their productive potential. The improper management of
pesticides in crops could result in contamination of water sources (Gunningham and
Sinclair 2005). Tebuconazole is widely used as a fungicide in paddy fields. The
commercial formulation Folicur® is classified as a toxic substance to aquatic
organisms that may cause long-term adverse effects in the aquatic environment
(Bayer CropScience Limited 2005). Pesticide residue often reaches the aquatic
ecosystem and can be transferred through phytoplankton to fish and ultimately to
humans. Information about the environmental fate of tebuconazole is scarce (Sancho
et al. 2010).

The literature indicates that triazole fungicides, as well as other related
imidazoles are used for the protection of cereals. Their fungicidal effect is a result of
inhibition of cytochrome P450 (CYP450) dependent C14 demethylation of lanosterol,
an intermediate in ergosterol biosynthesis and interfering with the synthesis of
sterols, which are essential for the construction of normal cell membranes. In fish, the
CYP-meditated steroid metabolism, in addition to xenobiotic metabolism, can be
altered (Konwick, et al. 2006).

Fish are particularly sensitive to the influence of pesticides because they are
able to absorb and retain dissolved xenobiotic in the water, via active or passive
transport. The physiological changes shown in the fish are not only a response to low
environmental pesticide levels, but also provide an understanding of pollutants in
biological terms, and demonstrates a model for vertebrate toxicity, within the human
race as well (Sancho et al. 2010). The common carp (Cyprinus carpio) is one of the
most important cultured fish in the world, and arguably one of the most important
aquaculture species (Vandeputte 2003). In Southern Brazil, this species of fish has
been used in polyculture systems where there is a practice of rice-fish culture (Silva
et al., 2006).

So we have seen that pesticides can have effects on the biochemical
functions, physiological impairment and disturbances in energy metabolism of living
organisms, affecting the membrane integrity and possibly inducing generation of
reactive oxygen species (ROS), leading to oxidative stress (Sayeed et al. 2003;

Sancho et al., 2009, 2010). ROS are able to attack all biological molecules including
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DNA, protein, lipids and lipoproteins, which can cause the depletion of unsaturated
fatty acids of the cell membrane, thus, inducing the loss of cell integrity and functional
alteration of cell receptors and enzymes (Sepici-Dingel, et al. 2009).

Lipid peroxidation (LPO) is one of the molecular mechanisms in living
organisms involved in pesticide toxicity, as well as the excess of protein carbonyl,
which can occur as a result of oxidative stress (Almroth et al. 2005). Furthermore,
activity of the antioxidant defense system can be increased or inhibited under
chemical stress depending on the intensity and the duration of the stress applied, as
well as the susceptibility of the exposed species (Ballesteros et al. 2009; Kavitha and
Rao 2009). Glutathione-S-transferase (GST) is an enzyme that acts in the process of
biotransformation, catalyzing the conjugation of a variety of metabolites, including the
xenobiotic metabolites and lipoperoxidation products with the GSH, transforming the
toxic compound into a more easily excretable one (Modesto and Martinez 2010).

Acetylcholinesterase (AChE) activity is a parameter frequently used in
environmental monitoring, usually in areas contaminated by pollutants. It is an
enzyme that catalyses the hydrolysis of acetylcholine in choline and acetate at
synaptic cleft. When AChE activity inhibition occurs in the neurotransmitter
acetylcholine (ACh) is not hydrolyzed in the nerve synapses and neuromuscular
junctions, causing an abnormal amount of ACh in these areas, which leads to an
over activation of the brain and muscular tissues (Roex et al. 2003). Although the
effects of the enzyme activation are quite unknown, this had been showed by our
laboratory in experiments with herbicides (Miron et al. 2005; Cattaneo et al., 2008).

The purpose of this study was to evaluate the occurrence of lipid peroxidation
and the changes in the protein carbonyl content of carps (Cyprinus carpio) that were
exposed to different concentrations of tebuconazole in field and laboratory
conditions. Additionally, the enzymes catalase (CAT), glutathione S-transferase

(GST) and acetylcholinesterase (AChE) activities were also studied.

2. Materials and methods

2.1 Fish
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Cyprinus carpio weighting 14 + 1.0 g and measuring 8 + 1.0 cm 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 continuously
aerated water with a static system and a natural photoperiod (12-h light/12-h dark).
During the acclimation period the average of water parameters were as follow:
temperature 23.0 + 2.0°C, pH 6.7 = 0.2 units, dissolved oxygen 6.5 + 2.0 mg/L,
nonionized ammonia 0.7 + 0.01 pg/L, nitrite 0.05 = 0.01 mg/L.

After the acclimation period fish were divided into two groups: one group was
transferred to field ponds and other group was transferred to laboratory tanks. Thus
the study was carried out two different experimental conditions: rice field and
laboratory, both for duration of 7 days. The fish were fed during the acclimation and
experimental periods, once a day, with commercial fish pellets (42% crude protein,
Supra, Brazil). This work and experiments were approved by de board on
experimentation on animals of the Federal University of Santa Maria. Reference
number: 23081.015531/2009-96.

2.2 Chemicals

Commercial formulation of the tebuconazole fungicide [1-p-clorofenil-4,4-
dimetil-3-(1H-1,2,4-triazol-1-ilmetil) pentane-3-ol]. The trade name used in the
Brazilian Market is Folicur®200EC (BASF) at 200 g i.a./L that was used in the
experiment. Acethylthiocholine (ASCh), 5,5’dithio-bis(2-nitrobenzoic acid) (DTNB), 1-
chloro-2,4 dinhitrobenzene (CDNB), bovine serum albumin, Triton X-100, hydrogen
peroxide (H,O,), malondialdehyde (MDA), 2- thiobarbituric acid (TBA) and sodium
dodecyl sulfate (SDS) were obtained from Sigma Chemical Co. (St. Louis, MO, USA).

2.3 Experimental design
2.3.1 Field experiment

The fish were allocated into 2 groups (into triplicates) of 5 animals distributed
per tank. There were three control tanks and three treatment tanks, 15 fish per group.

One group was the control fish (not exposed to the fungicide), and the other group

was the exposed fish to the fungicide, with initial concentration corresponding to 31.9
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Mg/L during a 7 day period. The concentration of fungicide used in this experiment
corresponds to concentration recommended for growing rice. The control fish were in
tanks with separate water supply of the fish in the treatment tanks, but the conditions
and place of the tanks were mostly the same for both groups. During the experiment
in the paddy field, the fish were trapped and submerged in cages, measuring 0.30 m
(diameter) x 1.05 m (length). During the experimental period in the rice field, the
average water parameters were as follows: temperature 24 + 2.0°C, pH 6.5 + 0.2
units, dissolved oxygen 6.21 + 2.0 mg/L, nonionized ammonia 0.8 + 0.01 ug/L, nitrite
0.06 + 0.01 mg/L. After 7 days of exposure to the fungicide, the fish were killed by
punching the spinal cord (behind the opercula) and then the tissues (brain, liver, and

white muscles) were submitted for collection.

2.3.2 Laboratory experiment

The fish were allocated into three experimental groups (in triplicate) of 5
animals distributed into 40 L tanks, with 15 fish per group, and were exposed to the
exact same fungicide as the fish from the field experiment. The first group was
considered as a control group (not exposed to fungicide). The second group was
exposed to initial concentration of 33.5 pg/L of the fungicide. The third group was
exposed to initial concentration of 36.2 ug/L. Each group remained with the same
experimental conditions for a period of 7 days. The fungicide concentration in the
water was monitored on the first and seventh day of the experiment and was also
analyzed by the High Pressure and Liquid Chromatography (HPLC), in both
experimental conditions (field and laboratory). During the experimental period in the
laboratory the average water parameters were as follows: temperature 22.1 + 2.0°C,
pH 6.7 £ 0.2 units, dissolved oxygen 6.3 + 1.0 mg/L, nonionized ammonia 0.6 + 0.01
ug/L, nitrite 0.04 £ 0.01 mg/L. After 7 days of exposure to the fungicide, the fish were
killed by punching the spinal cord (behind the opercula) and then the tissues (brain,

liver, and white muscles) were submitted for collection.

2.4 Lipid peroxidation estimation assay

Lipid peroxidation was estimated by a TBARS (thiobarbituric acid-reactive

substances) assay, performed by a malondialdehyde (MDA) reaction with 2-
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thiobarbituric acid (TBA), which was optically measured according to Buege and Aust
(1978). Liver, muscle and brain (50-250 mg) were homogenized in a phosphate-K*
buffer (20 mM) and thus one aliquot (250-400 pL) was medley with TCA 10% and
0.67% thiobarbituric acid 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 5,000g for 15 min and optical density was measured by
spectrophotometer at 532 nm. TBARS levels were expressed as nmol MDA/mg

protein.

2.5 Protein 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 10,000g 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 2N HCI without DNPH was included for each sample. The total
carbonylation was calculated using a molar extinction coefficient of 22.000 M/cm.

The protein carbonyl content was expressed as nmol carbonyl/mg protein.

2.6 Catalase activity assay

Catalase (EC1.11.1.6) activity was assayed by ultraviolet spectrophotometry
(Nelson and Kiesow 1972). Liver tissue were homogenized in a Potter Elvejhem
glass/Teflon homogenizer with 20 mM potassium phosphate buffer, pH 7.5, and
centrifuged at 10,000g 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 0.01 mL
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homogenate. Change of H,O, absorbance in 60 s was measured at 240 nm.

Catalase activity was calculated and expressed in umol/min/mg protein.

2.7 Glutathione S-transferase (GST) assay

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.

2.8 Acetylcholinesterase (AChE) activity assay

The AChE (EC3.1.1.7) activity was measured using the method described by
Ellman et al. (1961) and modified by Miron et al. (2005). Brain and muscle tissues
(30 mg) were weighted and homogenized in a Potter Elvejhem glass/Teflon
homogenizer with sodium phosphate buffer 50 mM pH 7.2 and Triton X-100 1%. The
homogenate was then centrifuged for 10 min at 3,000g at 5°C and the supernatant
was used as enzyme source. Aliquots of supernatant (50 and 100 pL) (brain and
muscle, respectively) were incubated at 30°C for 2 min with a solution containing 0.1
M sodium phosphate buffer pH 7.5 and 1 mM DTNB. After the incubation period, the
reaction was initiated by the addition of ASCh (0.5 mM). The final volume was 2.0
mL. Absorbance was measured by spectrophotometry (Femto Scan
spectrophotometer) at 412 nm during 2 min. Enzyme activity was expressed as pmol

of ASCh hydrolyzed/min/mg protein.
2.9 Protein determination

Protein was determined by the Coomassie blue method using bovine serum
albumin as standard. Absorbance of samples was measured at 595 nm (Bradford,

1976).

2.10 Statistical procedures
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Comparisons between the control group and the exposed group in the field
experiment were made by the Student t-test. In the laboratory the data gathered from
the experiment was submitted to a one-way analysis of variance (ANOVA) and the
treatment records were compared by Duncan’s Test (p<0.05). The results obtained (n

= 15) were expressed as a mean = standard deviation (SD).

3. Results

3.1 Field experiment

The TBARS values in the different tissues of the carp (Cyprinus carpio) are
shown in Fig. 1A. After seven days of being exposed to the tebuconazole, the lipid
peroxidation phenomenon occurred in all tissues analyzed: liver, brain and white
muscle, once the TBARS levels increased, compared to the value of the control
group. In the same way, the protein carbonyl content was higher for the fish that were
exposed, then in the control group, after the exposure period (Fig. 2A). In addition, in
the brain tissue the enzyme AChE activity increased in the group that was exposed
to the fungicide, compared with the control group, while the muscle didn’t show a
significant difference between the two groups (Table 1). CAT and GST activities
showed no significant changes (Table 1). Tebuconazole residues were monitored in
the water of the rice field system to verify the presence of the active fungicide

ingredients in the water (data not shown).

3.2 Laboratory experiment

The Fig. 1B shows that the TBARS tissue levels of the carp (Cyprinus carpio)
after seven days of being exposed to the tebuconazole. In the liver, there was a
significant increase of the TBARS levels for both test concentrations (33.5 and 36.2
Mg/L) when compared with the control group. In the muscle, the TBARS levels
increased only by the lowest test concentration compared with the control group. At
the same time, the TBARS levels in the brain showed no change. The protein
carbonyl content increased in higher test concentrations (Fig. 2B). The enzymatic

activity is shown in Table 1. After seven days of exposure to the fungicide the CAT,
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GST, and AChE activities were not significantly changed. Tebuconazole residues
were monitored in the water of the laboratory experiment to verify the presence of the
active fungicide ingredient in the water (data not shown).

4. Discussion

The pesticides used in the agricultural areas can produce oxidative stress in
non-target organisms, reaching fish that live in aquatic ecosystems or around
cultivated areas. In this study, the tebuconazole exposure in both experimental
conditions (field and laboratory) caused changes in the carp’s (Cyprinus carpio)
metabolism.

After 7 days of exposure to tebuconazole, the lipid peroxidation (LPO)
phenomenon was verified in the liver, brain and muscle tissues of the fish exposed in
field condition. LPO occurs when free radicals attack the unsaturated fatty acid,
causing cell membrane damage, affecting its structure and function. In field
experiment, the TBARS levels were increased at all tissue evaluated. These results
are in agreement with those obtained by Oropesa et al. (2009) that observed a
significant increase of TBARS in fish tissues from the “Molinos de Matachel” reservoir
(water containing simazine herbicide) in comparison to levels measured in fish from
the reference reservoir.

In the laboratory experiment, the TBARS levels were elevated in the liver and
muscle, but not in the brain. The results concerning lipid peroxidation were different
in laboratory condition where lipid oxidative damage was observed only in liver and
muscle tissues. Although the brain is particularly susceptible to oxidative damage,
our findings indicate that the exposure to tebuconazole did not produce a lipid
peroxidation in the brain of the fish exposed. Therefore, the lipid peroxidation
developed in the brain of the fish exposed in field condition cannot be attributed only
by the tebuconazole, but by other factors as well, since the laboratory experiment did
not confirm such findings. This can be a result of the tissue-specific response that
may occur in organisms exposed to different types of pollutants. In addition, pesticide
behavior may be different in accordance to the environment considered. Our results

of laboratory are in agreement with Miron et al. (2008) and Sayeed et al. (2003) that
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observed increase of TBARS levels in Leporinus obtusidens exposed to clomazone
during 8 days, and in Channa punctatus exposed to deltamethrin, respectively.

In this study, the tebuconazole exposure caused the protein oxidation in fish
liver. This was observed by the increase of protein carbonyl contents, in both the field
and laboratory conditions. However, in the laboratory this increase occurred only in
the higher test concentration. Similarly, Parvez and Raisuddin (2005) demonstrated
an increase in the protein carbonyl contents in the liver of deltamethrin-exposed fish,
after 7 days of exposure. Protein carbonyl has been used us a biomarker of exposure
in fish because when protein carbonylation occurs, protein conformational changes,
decreased catalytic activity and breakdown of proteins by proteases also occur
(Almroth et al. 2005). As a result of the oxidative stress, proteins could get damaged
with subsequent alteration of their functions. The hydroxyl radical (OHe), which is one
of the reactive oxygen species generated in the process of leading to oxidative
stress, and is considered to be responsible for the forming of carbonyl groups in
proteins (Farber and Levine 1986). The increase in the protein carbonyl levels in the
fish liver that was exposed to the tebuconazole indicates that normal protein
metabolism had changed, resulting in the accumulation of damaged molecules.

The enzyme acetilcholinesterase activity is an important neurotoxic parameter
used to evaluate the pesticide toxicity in fish. In this study, only in the field condition
brain AChE activity showed response, demonstrating an increase in comparison with
control group. Our findings corroborate with Moraes et al. (2009) where imazethapyr
and imazapic herbicides increased brain AChE activity in C. carpio in a similar rice
field condition. The most commonly found effect of pesticide toxicity is the inhibition
of enzyme activity. However, different pesticides have shown increase of AChE
activity (Miron et al. 2005). This contradictory result could represent fish response
against possible stress caused by tebuconazole.

In both experimental conditions of this study, enzymes catalase and
glutathione S-transferase activities showed no changes. Is found in the literature the
activity of antioxidant enzymes may be increased or inhibited under chemical stress
depending on the intensity and the duration of the stress applied as well as the
susceptibility of the exposed species (Ballesteros et al. 2009). In this study, the
response absence of enzymes CAT and GST may have contributed to the increase
of the lipids and protein oxidation, evidenced by increase in the lipid peroxidation and

protein carbonyl contents, respectively.
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The presence of fungicide residues were monitored in both conditions. In the
field experiment occurred decrease 17.8% compared with initial concentration of
fungicide. In the laboratory condition, loss 12.6% and 26.0% were observed for
initials concentrations 33.5 and 36.2 pg/L, respectively. The present results suggest
possible fish tissue absorption, since tebuconazole residues were reduced only in
water with fish as compared with water without fish (data not show).

In summary, this study has shown that tebuconazole can cause oxidative
stress inducing effects on the Cyprinus carpio (carp fish) in the rice field and
laboratory condition. The enhancement in the TBARS levels and protein carbonyl
contents could be associated with the ROS production in fish exposed to fungicide.
Our observations led us to conclude that the alterations in the lipid peroxidation and
protein carbonyl can be used as potential biomarkers for risk assessment in the

aquatic ecosystem, especially near agricultural areas.
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FIGURE CAPTIONS

Fig. 1 TBARS levels (nmol MDA/mg of protein) in brain, liver and muscle tissues of
Cyprinus carpio exposed to commercial fungicide containing tebuconazole at rice
field (A) and laboratory conditions (B) for 7 days. Data represent the mean + SD (n =

15). *Indicates significant difference respect to control group (p < 0.05).

Fig. 2 Protein carbonyl contents in liver of Cyprinus carpio exposed to commercial
fungicide containing tebuconazole at rice field (A) and laboratory conditions (B) after
7 days. Data represent the mean = SD (n = 15). *Indicates significant difference

respect to control group (p < 0.05).
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Table 1 — Effects of tebuconazole on catalase (umol/min/mg protein), glutathione S-transferase (umol
GS-DNB/min/mg protein) and acetylcholinesterase (ASCh hydrolyzed/min/mg protein) activities in
different tissues of Cyprinus carpio after 7 days of exposure in field and laboratory conditions. Data

represent the mean = SD (n = 15).

Enzymes Tissue Field experiment Laboratory experiment
Control Exposed Control Exposed Exposed
(31.9 ug/L) (33.5 ug/L) (36.2 ug/L)
CAT Liver 0.708+0,01  0.641+0,23 0.187+0.06 0.200+0.05 0.215+0.06
GST Liver 0.299+0,06  0.144+0,02 0.416+0.07 0.367+0.11 0.327+0.14
AChE Brain 0.173+0,02  0.218+0,02* 0.276+0.05 0.308+0.08 0.294+0.11
Muscle 0.157+0,02  0.170+0,01 0.159+0.02 0.163+0.03 0.152+0.03

“Indicates significant difference between control and exposed group (p < 0.05).
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5 DISCUSSAO

Considerando que um dos fatores mais importantes que leva a contaminacao
do ambiente aquatico é o uso intensivo de pesticidas na atividade agricola, neste
trabalho foi determinada a CLso (96 h) do fungicida tebuconazole para carpa
(Cyprinus carpio). Com o crescente aumento da utilizacdo de pesticidas, faz-se
necessario, sob um ponto de vista ecotoxicolégico, estabelecer os limites de
tolerancia desse fungicida a uma espécie como a carpa, que apresenta relevante
valor comercial, sendo utilizada em sistemas de policultivo e de consorcio arroz-
peixe. O teste de toxicidade aguda de tebuconazole para carpa, nesta investigacao,
determinou como CLsy, (96 h) a concentracdo de 2,37 mg/L (2,16 — 2,58). Ao
comparar esses resultados com os achados da literatura tratando do mesmo
fungicida com outras espécies de peixes, pode-se dizer que C. carpio € mais
sensivel ao tebuconazole que Rhamdia quelen e Danio rerio, que apresentaram
valores para CLsp (96 h) 5,3 mg/L e 19,6 mg/L, respectivamente (KREUTZ et al.,
2008; SANCHO et al., 2010). A toxicidade de um pesticida sobre determinado
organismo pode variar dependendo da formulacéo utilizada, periodo de exposicao,
espécie considerada, que pode ser mais ou menos sensivel ao téxico, de acordo
com a eficiéncia do sistema antioxidante inerente a cada organismo.

Apos o teste de determinacdo da CLso (96 h), os niveis corporais de TBARS
mostraram-se elevados em todas as concentracfes testadas, indicando a ocorréncia
de peroxidacao lipidica. No segundo experimento, verificou-se que a exposicao de
carpas ao fungicida tebuconazole, tanto em condi¢bes de campo (lavoura de arroz)
como em laboratorio, durante sete dias, provocou a elevacédo dos niveis de TBARS
em figado e masculo dos peixes. No cérebro, um aumento significativo foi observado
somente na condicdo de campo. Uma vez que o fendmeno de lipoperoxidacdo € um
dos principais processos induzidos pelo estresse oxidativo, ISIK & CELIK (2008) em
estudos prévios, encontraram resultados que corroboram os desta investigacdo. Os
autores acima citados observaram aumento dos niveis de TBARS em figado de
Oncorhynchus mykiss expostos a 0,5 ppm dos inseticidas diazinon e metil paration,
durante 72 horas. Peroxidacéo lipidica também foi observada em musculo de Brycon

cephalus expostos por 96 horas a 2 mg/L de metil paration e de C. carpio expostos a



73

diferentes concentragcdes de diazinon durante 5 dias (MONTEIRO et al., 2006;
ORUC & USTA, 2007). Em um experimento de campo em condi¢cdes semelhantes
as deste estudo, TONI et al. (2010) também encontraram elevacdo dos niveis de
TBARS em cérebro de C. carpio apds 7 dias de exposicdo ao herbicida bispiribac-
sédio. De fato, o fendmeno de peroxidacao lipidica pode estar ocorrendo como
consequéncia de um aumento na producdo de espécies reativas de oxigénio, que
superou a capacidade do sistema de defesa antioxidante em neutralizi-las,
resultando na situag&o conhecida como estresse oxidativo.

Dentre outras consequéncias do estresse oxidativo pode ocorrer a
carbonilacdo de proteinas. No primeiro experimento, ou seja, apos o teste de
toxicidade do tebuconazole (CLso-96h), ndo foi verificada alteragéo significativa no
conteudo de proteina carbonil, quando comparado com valores do grupo controle.
No segundo experimento, foi verificado aumento no contetdo de proteina carbonil
em figado de carpas apds sete dias de exposicdo ao tebuconazole, tanto em
condicbes de campo quanto de laboratoério. Os resultados deste experimento estédo
de acordo com os de MIRON et al. (2008), que encontraram aumento de proteina
carbonil em figado de Leporinus obtusidens expostos a concentracdo 0,5 mg/L do
herbicida clomazone, durante 8 dias. Resultados semelhantes foram observados por
PARVEZ & RAISUDDIN (2005), ap6s a exposicao de Channa punctata ao inseticida
deltametrina (0,75 pg/L), por 7 dias. Os mesmos autores afirmam ainda, que a
carbonilacao de proteinas pode ocorrer em funcdo de um aumento na quantidade de
radicais hidroxila, que € uma das espécies reativas de oxigénio geradas durante o
processo que leva ao estresse oxidativo, e que seria responsavel pela formacéo dos
grupos carbonil nas proteinas. ALMROTH et al. (2005), sugerem que o0 aumento de
peroxidos lipidicos levaria ao ataque de proteinas proximas, causando a formacao
de um excesso de proteina carbonil. Neste caso, isso explicaria 0 concomitante
aumento dos niveis de TBARS e de proteina carbonil observado nos experimentos
conduzidos em campo e laboratério, durante 7 dias.

Como parametro de toxicidade em peixes, foi avaliada a atividade da enzima
acetilcolinesterase. No primeiro experimento (CLs-96 h), ndo se observou
alteracdes significativas na atividade dessa enzima. No segundo experimento, a
exposicao de carpas ao fungicida tebuconazole em condi¢cfes de campo levou a um
aumento na atividade da AChE em cérebro de peixes, enquanto que no musculo,

nesta mesma condicéo, a atividade da enzima néo foi afetada. Da mesma forma, em
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laboratorio, tanto em cérebro como em musculo, a atividade da AChE néo se
mostrou alterada. Quando se avalia a atividade da AChE em peixes apés a
exposicdo a pesticidas, geralmente encontra-se a diminuicdo da atividade
enziméatica (MIRON et al., 2008; FONSECA et al., 2008; MODESTO & MARTINEZ,
2010). Por outro lado, alguns autores reportaram aumento na atividade da AChE
apos exposicao a pesticidas, corroborando com os resultados do presente estudo.
ApGs exporem C. carpio ao herbicida bispiribac-sodio, em condi¢bes de lavoura de
arroz por 7 dias, TONI et al. (2010) observaram um aumento na atividade da AChE
cerebral, enquanto que no musculo a atividade enzimatica foi diminuida. Em um
estudo conduzido em laboratério, CATTANEO et al. (2008) encontraram resultados
semelhantes em R. quelen expostos ao herbicida 2,4-D, durante 96 horas. Percebe-
se, portanto, que ndo ha um padréo de resposta exclusivo de inibicdo na atividade
da AChE ap0s exposicéo a pesticidas. Diferentes resultados podem ser observados
considerando a classe do pesticida usado, o tempo de exposicdo e as espeécies
afetadas, que podem responder diferentemente, de acordo com a eficiéncia do
sistema antioxidante, inerente a cada organismo. Considerando que a ativacdo da
AChE em organismos expostos a pesticidas ainda € pouco conhecida, mais estudos
sdo recomendados a fim de se descobrir qual mecanismo pode estar envolvido
nesse resultado.

Neste estudo também foi avaliada a atividade da enzima GST, que participa
dos processos de biotransformacdo e detoxificacdo de xenobidticos. No primeiro
experimento, ap0s o0 teste para determinacdo da CLsp (96h) do fungicida
tebuconazole para C. carpio, observou-se uma reducdo na atividade da GST, em
comparacao com o grupo controle. No segundo experimento, a atividade enzimatica
nao exibiu alteracdo significativa nos peixes expostos ao tebuconazole tanto em
condi¢Bes de campo quanto de laboratério, durante 7 dias. A atividade dessa enzima
determina a habilidade do peixe em se adaptar a poluentes ambientais como os
pesticidas (GADAGBUI et al., 1996), por isso tem sido investigada em estudos que
avaliam a toxicidade de pesticidas em peixes (MONTEIRO et al., 2006; KAVITHA &
RAO, 2009). Aumento na atividade da GST foi encontrado em R. quelen apés 96 de
horas de exposicéo a 0,88 mg/L do fungicida tebuconazole (FERREIRA et al., 2010).
Contrario a esses resultados, ISIK & CELIK (2008) observaram uma reducéo da
GST em O. mikiss expostos ao inseticida metil paration. ORUC & UNER (2000), por

sua vez, relataram que a atividade da GST néo foi alterada apds a exposicdo de
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Oreochromis niloticus a uma combinacdo do herbicida 2,4-D e do inseticida
azinfosmetil, durante 96 horas. Dado o exposto, constata-se que os efeitos sobre a
GST tém sido inconclusivos, mostrando inducéo, reducdo ou nenhuma alteracéo na
atividade enzimética. No entanto, a inibicdo enziméatica pode refletir um prejuizo no
mecanismo de detoxificagdo do fungicida, agravando ainda mais a situacédo de
estresse oxidativo em que 0 peixe se encontra, resultando em dano ao organismo.

A SOD é uma enzima que desempenha um papel crucial na defesa do
organismo contra espécies reativas de oxigénio. Ela constitui uma importante defesa
contra EROs, dismutando o &nion superoxido em peréxido de hidrogénio e oxigénio.
Neste estudo, ocorreu reducdo na atividade da SOD em C. carpio, apds o teste para
determinacdo da CLsp (96h) do fungicida tebuconazole. Semelhante a isso, a
exposicao de O. niloticus a diferentes concentracdes (0,3 e 0,6 mg/L) do herbicida
oxifluorfen também resultou em atividade diminuida da SOD apés 7 dias (PEIXOTO
et al., 2006). Além disso, ISIK & CELIK (2008) relataram que os inseticidas metil
paration e diazinon causaram reducéo na atividade da SOD em O. mikiss apos 72
horas de exposicédo. Esses resultados corroboram com os achados deste trabalho,
comprovando que a exposicdo a diferentes pesticidas afeta de forma adversa a
atividade de enzimas antioxidantes como a SOD. A inibicdo da atividade enzimatica
possivelmente estaria ocorrendo em funcdo de uma producéo exacerbada de anion
superéxido — devido a exposicao ao fungicida — que se sobrepde a capacidade da
SOD em neutralizar essas EROs. Ou seja, 0 préprio substrato estaria provocando
uma modificacdo oxidativa, alterando a estrutura e funcdo da enzima e, por
conseguinte, levando a sua inativagdo. Por outro lado, a inducdo de enzimas
antioxidantes pode refletir uma adaptacdo do organismo ao xenobiético (DOYOTTE
et al., 1997). Neste caso, os resultados do presente estudo, demonstram que o
organismo dos peixes expostos ao tebuconazole ndo foi habil para se adaptar ao
toxico.

Em relacdo a atividade da enzima CAT, no primeiro experimento, apds o teste
de toxicidade do tebuconazole (CLs0-96h), foi observada uma reducdo na atividade
da CAT. Corroborando com este resultado, MIRON et al. (2008) também encontrou a
atividade da CAT diminuida em figado de L. obtusidens expostos ao clomazone. No
segundo experimento, ndo foi observada alteracédo significativa em peixes expostos
ao tebuconazole por sete dias, seja em condi¢cdes de campo ou de laboratorio. Estes

resultados estdo de acordo com TONI et al. (2010), que relataram n&o ter ocorrido
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nenhuma alteracdo significativa na atividade da CAT apds a exposicédo de C. carpio
ao herbicida bispiribac-sodio, em condi¢cdes de campo, e MODESTO & MARTINEZ
(2010), em Prochilodus lineatus expostos ao Roundup®, em laboratério. A literatura
relata que a atividade de enzimas antioxidantes pode estar aumentada ou diminuida
apos a exposicado a pesticidas (BALLESTEROS et al., 2009). Um aumento estaria
relacionado a uma resposta adaptativa do peixe na tentativa de se livrar do toxico,
enquanto que a reducdo da atividade enzimatica estaria ocorrendo como
consequéncia de uma falha no sistema de defesa antioxidante. Devido a isso, as
espécies reativas de oxigénio ndo estariam sendo neutralizadas de forma eficiente, o
gue causaria dano aos lipidios e as proteinas, resultando, respectivamente, no
aumento dos niveis de TBARS e de proteina carbonil, relatados previamente.

Os niveis de glutationa (GSH), principal antioxidante ndo enzimatico celular,
diminuiram nos peixes expostos ao tebuconazole no primeiro experimento (CLso-
96h). A GSH, além de participar da defesa antioxidante, esta envolvida em
processos fundamentais, atuando em conjunto com enzimas. A GST por exemplo
converte 0s xenobidticos em metabdlitos menos toxicos, em conjugacdo com a
GSH. A GPx, por sua vez, usa GSH como co-fator para metabolizar o peréxido de
hidrogénio em agua e oxigénio molecular. Sendo assim, uma reducao nos niveis de
GSH pode reduzir a habilidade celular em destruir os radicais livres, aumentando o
potencial oxidativo na célula (ELIA, et al., 2003). Resultados como os da presente
investigacdo foram encontrados em varios tecidos de C. carpio expostos ao
inseticida diclorvos (HAI, et al.,, 1997). Da mesma forma, RAO (2006) observou
reducdo nos niveis de GSH em Oreochromis mossambicus apds 3 e 7 dias de
exposicdo ao inseticida monocrotofos. A literatura relata que essa diminuicdo de
GSH é considerada um biomarcador de estresse ambiental, como observado em
peixes estressados por poluentes quimicos (PENA-LOPIS et al., 2002; KAVITHA &
RAO, 2009). De fato, sob um estresse oxidativo moderado, os niveis de GSH podem
ser mantidos através de um mecanismo adaptativo, que promove o0 aumento da sua
sintese. No entanto, um estresse oxidativo severo pode suprimir os niveis de GSH
devido a uma falha nesse mecanismo e a oxidacdo da GSH para GSSG (ZHANG et
al., 2004). E por isso que a reducdo dos niveis de GSH indica uma situacéo de
estresse oxidativo severo provocado pela exposicdo dos peixes ao fungicida,

podendo levar a peroxidacéo lipidica, observada neste estudo, e dano tecidual.
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O conteudo de acido ascorbico (AsA) também foi encontrado diminuido nos
peixes expostos ao tebuconazole no primeiro experimento (CLse-96h). Da mesma
forma que os antioxidantes enzimaticos, as defesas ndo enzimaticas mostraram-se
reduzidas ap6s a exposicdo ao fungicida. O papel do AsA como antioxidante se
deve ao fato dele impedir que outros compostos sejam oxidados, além de evitar a
peroxidacdo lipidica por meio de véarias reagbes (BENDICH et al, 1986;
PADAYATTY et al., 2003). De acordo com SAYEED et al. (2003), os niveis de AsA
diminuiram ap6s a exposicdo de C. punctata ao inseticida deltametrina. Em contra
partida, FERREIRA et al. (2010) relataram aumento de AsA em R. quelen expostos
por 96 horas ao fungicida tebuconazole. Com isso, observa-se que diferentes
padrbes de respostas podem ser obtidas em relagéo ao contetdo de AsA em peixes
expostos a pesticidas, embora sejam escassos 0s relatos da literatura que abordam
uma investigagdo neste aspecto. Considerando que esse antioxidante nao
enzimatico desempenha um papel importante no sentido de atenuar alguns efeitos
toxicos de espécies reativas de oxigénio, pode-se inferir que a reducédo no conteudo
de AsA, somado a inibicdo de enzimas antioxidantes e a reducédo da GSH, agravou
a situacdo de estresse oxidativo em que se encontrava 0s peixes, devido a
exposicao ao tebuconazole.

A exposicao de peixes a pesticidas, além de provocar alteracdes em defesas
antioxidantes, também afeta o metabolismo de carboidratos e de proteinas,
resultando em desordens que alteram a homeostase do animal (CRESTANI et al.,
2006; FONSECA, et al., 2008; SANCHO et al., 2010). No primeiro experimento, 0s
peixes que estiveram em contato com tebuconazole durante 96 horas, foram
afetados adversamente pelo fungicida. Em relacdo ao metabolismo de carboidratos,
foi observado aumento nos niveis de glicose e glicogénio somente na concentracéo
1,5 mg/L, enquanto que os niveis de lactato ndo apresentaram alteracao
significativa. ORUC & UNER (1999) verificaram aumento nos niveis de glicose na
mesma espécie de peixe deste estudo, apés 96 horas de exposicdo ao herbicida
2,4-Diamin. Semelhante a esses resultados, o fungicida triciclazole também
provocou uma elevacgao nos niveis de glicose em Danio rerio (SANCHO et al., 2009).
O aumento dos niveis de glicose verificado na concentracdo 1,5 mg/L constitui uma
estratégia fisiol6gica do peixe, a fim de manter os niveis de glicemia requeridos pelo
animal em uma condicéo de estresse. Autores tém reportado aumento nos niveis de

glicogénio em R. quelen e L. obtusidens expostos, respectivamente, aos herbicidas
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glifosato e clomazone, em diferentes condigbes experimentais (GLUSCZAK et al.,
2007; MORAES et al., 2009). O aumento nos niveis de glicogénio representa uma
resposta adaptativa do peixe ao téxico, sugerindo que o animal estaria poupando as
reservas de carboidrato e oxidando proteina. De fato, na presente investigacao, foi
observada a ocorréncia do catabolismo protéico apds exposi¢cdo ao fungicida nas
concentragdes 2,0 e 2,5 mg/L. Esses resultados estdo de acordo com os obtido por
DAVID et al. (2004), ap6s a exposicao de C. carpio ao inseticida cipermetrina.
BEGUM (2004) também relatou diminuicdo dos niveis protéicos em Clarias
batrachus expostos ao inseticida carbofuran. A diminuicdo dos niveis de proteina
pode representar uma resposta adaptativa do peixe a uma condicdo de estresse,
utilizando o catabolismo protéico para suprir a demanda energética. A necessidade
de manter a glicemia em uma condicdo estressante, leva a estimulacdo de
processos como lipdlise e protedlise para usar os produtos de degradacdo como
fonte de energia disponivel (SANCHO et al., 2010). Além disso, a reducdo de
proteina pode ser atribuida a destruicdo ou falha da funcéo celular com consequente
prejuizo a sintese protéica. Em relacdo aos niveis de aminoacidos e aménia, nao

foram observadas alteracfes significativas.
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6 CONCLUSOES

Pode-se concluir que C. carpio é mais sensivel ao tebuconazole (Folicur®)
gue R. quelen e D. rerio, um a vez que a CLsp (96 h) desse fungicida encontrada
neste estudo para carpa € 2,37 mg/L, enquanto que a ClLsp (96 h) do mesmo
pesticida para as outras duas espécies de peixe € 53 mg/L e 19,6 mg/L,
respectivamente.

A investigacdo dos parametros TBARS e proteina carbonil, em figado de
carpas, é recomendada para avaliar a toxicidade do tebuconazole, em programas de
monitoramento ambiental, uma vez que a elevagdo dos niveis de TBARS e de
proteina carbonil, tanto em condi¢cdes de campo quanto de laboratério, demonstrou
gue o figado foi o 6érgédo mais afetado.

A atividade da enzima AChE ndo € um parametro recomendado como
biomarcador da exposicdo de carpas ao tebuconazole, pois a atividade dessa
enzima nao se mostrou alterada apO6s o primeiro experimento (CLsp-96 h). No
segundo experimento a atividade enzimatica foi induzida em cérebro somente na
condicdo de campo, ndo ocorrendo alteracdo significativa em condicbes de
laboratorio.

O sistema de defesa antioxidante enzimatico, representado pelas enzimas
SOD, CAT e a enzima de detoxificacdo GST foi adversamente afetado no primeiro
experimento, sugerindo que a super producdo de EROs, decorrente da toxicidade do
fungicida, pode ter levado a inibicdo enzimatica e, consequentemente, a peroxidacao
lipidica.

A reducao dos niveis de antioxidantes ndo enzimaticos GSH e AsA observada
ap0s a exposicdo ao tebuconazole, possivelmente comprometeu a eficiéncia do
sistema de defesa ndo enzimatico, contribuindo para o agravamento do estresse
oxidativo nas carpas expostas ao fungicida.

A exposicdo de C. carpio ao tebuconazole provocou alteragcdo em alguns
parametros relacionados ao metabolismo de carboidratos e proteinas. O aumento
nos niveis de glicose e glicogénio na concentracao 1,5 mg/L e a reducdo nos niveis

de proteina nas concentragfes 2,0 e 2,5, podem indicar um mecanismo adaptativo
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do peixe ao toxico, utilizando o catabolismo protéico como fonte de energia
alternativa.

AplGs sete dias de exposicdo ao tebuconazole em condi¢cdes de campo
(lavoura de arroz) e laboratério, conclui-se que o metabolismo de C. carpio foi
adversamente afetado pelo fungicida. No entanto, em termos comparativos, torna-se
dificil especificar qual situacdo se mostrou mais toxica e prejudicial para os peixes,
uma vez que efeitos deletérios ao organismo, falha no mecanismo de defesa
antioxidante e ocorréncia de estresse oxidativo foi verificado em ambas as

condigdes experimentais.
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