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RESUMO
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AGROQUIMICOS
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Data e Local da Defesa: Santa Maria, 26 de novend2010

A contaminacdo do ambiente aquatico por agrotoxécom problema de importancia
mundial, devido ao seu efeito téxico em organismés-alvo. Estes produtos podem afetar
parametros toxicologicos em peixes. Entre os efajioe 0s agrotoxicos podem causar em
peixes esta a formacao de espécies reativas denixi(EROsS) e alteracbes em antioxidantes
enzimaticos e ndo-enzimaticos, o que pode evidenci situacdo de estresse oxidativo.
Véarias respostas bioquimicas e fisioldgicas ocomaando um pesticida entra no organismo,
resultando na adaptacdo do organismo ao contamaimmantse 0 organisSmo nao consegue
metabolizar com eficiéncia estes produtos, os megudem induzir toxicidade. Alevinos de
Rhamdia quelen foram expostos a concentracdes subletais de paadionetilico (MP), um
herbicida a base de glifosato (GLI) e tebuconafdbkEB). O figado deR. quelen exposto a
MP e TEB mostrou um maior nivel de substanciasvasatio acido tiobarbitlrico (TBARS),
superior nos peixes no grupo controle (56% e 5@¥pectivamente). Em contraste, GLI ndo
alterou a producdo de TBARS. Ocorreu aumento dzondacao pretéica apenas nos peixes
expostos a TEB. Os peixes expostos aos trés agrogdmostraram uma diminuicdo
significativa da atividade da catalase (52%, 48%y @6, respectivamente) e aumento da
atividade da glutationa-S-transferase (57%, 46%66%d respectivamente). Os peixes
expostos a MP, GLI e TEB apresentaram um aumengbudigtiona reduzida (151%, 472% e
130%, respectivamente, quando comparado com o nigeyrupo controle) e concentracdes
de acido ascorbico (121%, 102% e 184%, respectivg)eenquanto que o conteudo de
tidis-ndo-proteicos aumentou apenas Bmguelen expostos a tebuconazole. Os peixes
expostos a MP e TEB mostraram diversas alterag8tsphtoldgicas no figado, incluindo a
degeneracéo dos hepatdcitos e estagnacao bilaresente trabalho relata pela primeira vez

a toxicidade dos pesticidas MP e do fungicida TEBRequelen, e sugere que a toxicidade de



GLI é relativamente menor para os peixes. Os damjmesentados demonstram que
concentracdes sub-letais de MP, TEB podem cautenagbes nos parametros de estresse
oxidativo, bem como lesbes de células hepaticaRegnelen e que estes parametros tém o

potencial de serem desenvolvidos como biomarcadierexposicdo a esses agrotoxicos.

Palavras-chaves. herbicida a base de glifosato; dano hepatico; jpaab metilico; estresse

oxidativo; tebuconazole.
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Due to the proximity of crop and fish culture ares@me agrichemicals that could be
harmful for fish could enter into fishponds by diént ways, such as by leaching through
rain. The contamination of the aquatic environmientpesticides is a problem of global
importance because of its toxic effects on nonelagyganisms. These products may affect
toxicological endpoints in fish. Among the effedtsat pesticides can cause fish is the
formation of reactive oxygen species (ROS) and ghann antioxidant enzymatic and non-
enzyme, which may show a situation of oxidativeesdr The formation of ROS may be
associated with different pathological processesfish exposed to pollutants such as
pesticides. Several biochemical and physiologiesponses occur when a pesticide enters the
body, resulting in the adaptation of the organismhte contaminant or if the body can not
efficiently metabolize these products, they mayuel toxicity. Rhamdia quelen (Teleostei)
were exposed to sub-lethal concentrations of meplayhthion (MP), a glyphosate based
herbicide (Gly), and tebuconazole (Teb). The lieérR. quelen exposed to MP and Teb
showed enhanced levels of thiobarbituric acid reacubstances (TBARS), compared to the
control fish (56% and 59%, respectively). In costraGly did not alter the TBARS
generation. The protein carbonyl content increasdd in fish exposed to Teb. Fish exposed
to the three agrichemicals showed a significantebse of catalase activity (52%, 48%, and
67%, respectively) and increased glutathione-Ssteaase (57%, 46%, and 160%,
respectively) activity. Fish exposed to MP, Glydareb showed higher reduced glutathione
(151%, 472%, and 130%, respectively, when compéoeithe control levels) and ascorbic
acid concentrations (121%,102%, and 184%, respdyg}iwhile the non-protein thiol content
increased only iR quelen exposed to tebuconazole. Fish exposed to MP ahdsiewed
several pathological changes in the liver, inclgdihepatocyte degeneration and bile
stagnation. The present work reports for the firse the toxicity of the pesticide MP and the

fungicide Teb inRR. quelen, and as in other works, suggests the relativelefdiver toxicity



of Gly for fish. The data presented herein demanstthat sublethal concentrations of MP
and Teb cause changes in oxidative stress pararedewell as hepatic cell injuries R
guelen, and that these parameters have the potentiaktddveloped as bioindicators of

exposure to these agrichemicals.

Keywords: Glyphosate based herbicide; hepatic damage; Metrgthion; oxidative stress;

silver catfish; tebuconazol.
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APRESENTACAO

Esta dissertacdo estad descrita da seguinte forrmaeippmmente sdo apresentados a
INTRODUGAO , 0sOBJETIVOS e aREVISAO BIBLIOGRAFICA .

A seguir, o0sRESULTADOS séo apresentados na forma MANUSCRITO . As
secOes Materiais e Métodos, Resultados, Discuss&&fezéncias Bibliograficas, encontram-
se no préprio manuscrito e representam a integte dabalho.

No final da dissertacdo encontram-se os iRIBCUSSAO e CONCLUSOES, nos
quais ha interpretacbes e comentarios gerais sam@uscrito contido neste estudo.

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

As atividades de origem agricola oferecem riscqsadidade das aguas subterraneas e
superficiais, especialmente pelo uso de agrotoxgues juntamente com muitos de seus
metabdlicos, podem causar danos a saude humana ree@mo ambiente (GOMES &
SPADOTTO, 2002). Os herbicidas e fungicidas sdalasgpara controle de pragas no
ambiente aquatico e agricola, gerando graves ppagdes sobre os potenciais efeitos

indesejaveis destes produtos quimicos sobre o angdente.

O Glifosato [sal de isopropilamina (IPA) do acidefdéfonometilglicina] é registrado
no Brasil para o controle ndo seletivo de mono eotiéddneas em pds-emergéncia em
diversas culturas (RODRIGUES & ALMEIDA, 2005). Q@ganofosforado Metil Paration

(MP) (tiofosfato de dimetil - paranitrofenila) éaskificado toxicologicamente de acordo com

a Portaria da Secretaria Nacional de Vigilanciait8aa (SNVS) I\?lO de 1985 como muito
toxico (Relatério Técnico AGRIPEC, 1987). A intoag@o aguda por este organofosforado
deve-se a inibicdo da enzima acetilcolinesterasm, acumulo de acetilcolina, que age em
nivel de sistema nervoso central, podendo levar atempor faléncia respiratoria

(HERNANDEZ et al., 1998).

O fungicida tebuconazole (Folicur), do grupo doéiszé comumente utilizado em
culturas de plantas ou como preservativo de maddita SZAREK et al., 2000). Este
composto € classificado como téxico para organisagpsticos (BAYER CROP SCIENCE
LIMITED, 2005). Juntamente com glifosato e metikgiion € um potencial desrregulador
enddcrino porque causa a inibicdo de varias enzéstasodoigénicas chave (KJAERSTAD
al., 2008).

O jundiaRhamdia quelen da familia Heptapteridaé,uma espécie endémica do sul da
Ameérica do Sul, capaz de crescer e reproduzir-seguatguer regido de clima temperado ou
subtropical (CERICATCet al., 2008).

O equilibrio entre defesas antioxidantes e a gerdgdEROs é fundamental para a
homeostase em uma perturbacdo no equilibrio piaote antioxidante em favor do
primeiro, levando a uma potencial lesdo. Os indioagl do estresse oxidativo incluem bases
de DNA (acido desoxirribonucléico) alteradas, ptodule oxidacéo de proteinas e produtos
de peroxidacdo de lipideos (AHMAE al., 2000; MARAN et al., 2009; MODESTO &
MARTINEZ, 2010).
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Espécies reativas de oxigénio sdo compostos gusnriesultantes da ativacdo ou
reducdo do oxigénio molecular Oou derivados dos produtos da reducdo. As priigipa
espécies reativas de oxigénio sdo o anion radigaréxido (@), o peroxido de hidrogénio
(H20,) e o radical hidroxila (HQ. Estes compostos podem reagir com macromoléculas
biolégicas e produzir a peroxidacao lipidica (LP@3nos ao DNA e oxidacdo de proteinas,
resultando no estresse oxidativo (MONTEIR® al., 2006). Os sistemas de defesa
antioxidante naturais podem ser enzimatico, quéuiing superdxido dismutase (SOD),
catalase (CAT), Glutationa-S-Transferase (GST) etagjbna peroxidase (GPx) e néo
enziméatico, representado pelos niveis de &cidorlaisod tidis ndo protéicos e glutationa
reduzida (GSH) (AHMADet al., 2000; ORUGt al., 2004). O sistema de defesa antioxidante
nao-enzimatico atua impedindo reacdes de auto-g&ada tem sido vinculado com a reducéo
de radicais livres (SAYEERt al., 2003). Dentre estes, destaca-se a GSH, o margiabte
tiol ndo-protéico e um dos principais agentes m@@st encontrados nas células e atua como
co-fator para a GST e GPx (MONTEIR®Dal., 2006; MODESTO & MARTINEZ, 2010).

Os efeitos dos herbicidas sobre os peixes variaacdlo com a espécie, estagio de
crescimento, com o produto (formulagcéo utilizadagncentracdo do produto, tempo de
exposicdo (CRESTANEt al., 2007; GLUSCZAKet al., 2007; MORAESet al., 2007;
FONSECA et al., 2008; MIRONet al., 2008; CATTANEOE€et al., 2008). A analise
histopatoldgica € proposta como uma ferramentaeafe e sensivel para o controle de
poluicdo nos corpos d’ agua (COS®Aal., 2009).0s hepatocitos podem ser considerados o
primeiro alvo da toxicidade de uma substancia, ® caracteriza o figado como um orgéao
biomarcador da poluicdo ambiental (ZELIKOFF, 1998).

O uso de biomarcadores de peixes no estudo dastaspmldgica e bioquimica a
contaminantes tem atraido grande interesse ja gdenp ser encontrados praticamente em
todos os ambientes aquaticos e desempenham imigop@pel na cadeia alimentar, pois tém
a funcéo de transportar energia de niveis troficfesiores para niveis superiores (BEYER
al., 1996).
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2. OBJETIVOS

2.1 Objetivo geral

O objetivo do trabalho foi verificar se a exposig@dormulagcdes comerciais do

herbicida glifosato, fungicida tebuconazole e peddi metilparation altera parametros de

estresse oxidativo e lesdes histoldgicas em jurie@sndia quelen).

2.2 Objetivos especificos

v

Determinar o perfil oxidativo através da medida dogeis de peroxidacéo lipidica
pela formacdo de substancias reativas ao acidoarbbrico (TBARS) e a
carbonilagdo de proteinas no tecido hepético ddigsnexpostos ao glifosato, ao

tebuconazole e ao parationato metilico;

Avaliar a resposta antioxidante enzimética atralesleterminacdo da atividade da
enzima catalase (CAT) em figado de jundias expastoglifosato, ao tebuconazole e

ao parationato metilico;

Determinar a atividade da glutationa S-transfer@S8T) em figado de jundias

expostos ao glifosato, ao tebuconazole e ao pasdtianetilico;

Determinar o conteldo dos antioxidantes ndo enmostcomo acido ascorbico,
glutationa reduzida (GSH) e tidis nao-protéico dgado de jundias expostos ao

glifosato, ao tebuconazole e ao parationato metilic

Avaliar as lesdes histopatologicas no figado dalias expostos ao glifosato, ao

tebuconazole e ao parationato metilico;

Determinar as enzimas aspartato transaminase (ASianina transaminase (ALT)
em jundias expostos ao glifosato, ao tebuconazateparationato metilico.
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3. REVISAO BIBLIOGRAFICA

3.1 Agroquimicos

Segundo Wilson e Tisdell (2001), o consumo mundéapesticidas tem chegado a 2,6
milhdes de toneladas e deste total, 85% sdo wilzaa agricultura. Considerando a América
Latina, o Brasil desponta como o maior consumigoagrotoxicos, com um consumo estimado
em 50% da quantidade comercializada nesta reggies Englobam compostos quimicamente
bastante diferenciados, que podem ser agrupadosquiro categorias principais: 0s
organofosforados, os piretréides, os organocloradmscarbamatos (OLIVEIRA-SILVA al.,
2001).

A poluicdo dos ecossistemas aquaticos pode provegagrda da biodiversidade. A
poluicéo a nivel de populacéo tem degradado etesss fundamentais por meio de alteragfes
moleculares nos peixes, refletindo na diminuicdoqdalidade e da sustentabilidade destes
ecossistemas. A contaminacdo dos recursos aquatosivel de organismo é alvo de
preocupa¢bes humanas, tendo em vista que o condisio e indireto de peixes e agua
contaminada pode causar sérios danos ao organi®sAMIDORF, 2007).

3.1.1 Herbicida Glifosato

O glifosato (N-(fosfonometil) glicina, ££sNOsP), (Figura 1) € um herbicida sistémico
nao seletivo, aminoacido branco, sem odor, crsialiem formulagdo molecularidsNOsP,
peso molecular 169,1g/mol e é ingrediente ativ&donduf® (MALIK et al., 1989). Pertence
ao grupo quimico das glicinas. Possui solubilidawheagua de 157 pug/L a 25°C e meia vida
no solo de 30 a 90 dias, dependendo do tipo deesdio nivel de matéria organica, sendo
metabolizado a acido aminometilfosfonico (AMPA) eOL(GIESY et al.,, 2000;
JIRAUNGKOORSKULEet al., 2002).
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Figura 1 - Estrutura do composto glifosato (acidfodfonometilglicina) (adaptado de RODRIGUES &
ALMEIDA, 2005).

A toxicidade aguda é considerada baixp&rtencendo a classe toxicologica IV
(RODRIGUES & ALMEIDA, 2005). Os peixes e os invdmados aquaticos sdo os mais
sensiveis a este herbicida e aos outros componéatssus produtos comerciais. Recentes
estudos tém mostrado efeitos adversos potenciaodadufj e seus componentes sobre os
peixes, podendo afetar o metabolismo energéticmegédo de radicais livres e atividade da
acetilcolinesterase (GLUSCZAKet al., 2006; LANGIANO & MARTINEZ, 2008;
LUSHCHAK et al., 2009).

3.1.2 Fungicida Tebuconazole

O tebuconazole (nome comercial Folicur ®5)-1-p-chlorophenyl)-4,4-dimethyl-3-
(1H-1,2,4-triazol-1-ylmethyl)pentan-3-ol (Figura 2¢nm formulacédo molecularigH2,CIN3O
€ um fungicida do grupo quimico triazol com meidavho solo de 20-25dias, utilizado para o
controle de pragas. E classificado como toxico paganismos aquaticos que podem causar
efeitos negativos no ambiente aquatico (BAYER CROESICE LIMITED, 2005).
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Figura 2- Estrutura do composto Tebuconaz{®®s)-1-p-chlorophenyl)-4,4-dimethyl-3-@-1,2,4-triazol-1-

T

N

ylmethyl)pentan-3-ol). Adaptado de www.agrocare.com

Segundo KONWICK (2006), fungicidas de uso corrd@BPS), como por exemplo,
tebuconazole, podem ser definidos como aqueldgipas que estdo atualmente registrados

para 0 uso, geralmente desenvolvidos a partir deesd quimica, e normalmente séo
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utilizados no setor agricola. Ha preocupacédo camla aplicagcdo da CUPS e seus possiveis
efeitos prejudiciais sobre a saude dos ecossistamadicos que podem surgir a partir de
pulverizados ou escoamento superficial, apds esatgahuva.

Um efeito de grande importancia em relagdo aosuposdquimicos, entre eles o
tebuconazole, é quando estes imitam a funcdo e@ndodos tecidos, causado preocupacao
devido aos seus efeitos deletérios no sistema e@nddde varias espécies. Nos mamiferos,
um padrdo similar de toxicidade para tebuconazmeocefeitos pro-feminizacao foi descrita
(SANCHO, 2010).

3.1.3 Inseticida Metil Paration

O organofosforado metil paration (Folidol 600 fahdo por Bayer), tiofosfato de
dimetil — paranitrofenila (figura 3), de formula facular GH;0NOsPS com concentracédo do
ingrediente ativo de 600g/L, é inflamavel e naaasivo. Utilizado no controle de pragas e
insetos em diversos cultivos, com meia vida altamelisperssivel. Normalmente aplicado

por pulverizagdo na concentracéo usual de solu¥;08s0,1%.

Figura 3: Estrutura do composto metil parationf@sfato de dimetil — paranitrofenila). Adaptado de

www.agripec.com.br.

Dentro da classificacdo toxicologica de acordo eoRortaria da Secretaria Nacional

de Vigilancia Sanitaria (SNVS)OI\10 de 1985 esta enquadrado como muito toxico (Radat
Técnico AGRIPEC, 1987). Tem moderada solubilidaseagua e é altamente toxico para
peixes (FERREIRAet. al., 2010). A intoxicacdo por este organofosforadoriec devido a
inibicAo da enzima acetilcolinesterase, fazendo cum@ ocorra um grande acumulo de
acetilcolina, que age em nivel de sistema nervastdra (pois acaba agindo como um
pseudo-substrato ao imitar a forma da acetilcqlipadendo levar a morte por faléncia
respiratoria (HERNANDE#£t al., 1998).
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Em sistemas de cultivo e producédo de peixes, d paetition é utilizados diretamente
nos viveiros com a funcéo de eliminar ou contralacorréncia de larvas e insetos. Deixando
assim os peixes e demais animais aquaticos totsnegpostos a seus efeitos negativos, seja

pelo manejo habitual do produto ou por contaminagidental.

3.2 Jundia (Rhamdia quelen)

O Jundid,Rhamdia quelen (figura 4) da familia Heptapteridade, ordem Sihnifes,
género Rhamdia e classe Osteichthyes, € uma egénissora para cultivo de peixes sendo
encontrado desde o centro da Argentina até o shlélaco, no Brasil esta presente na regiao
da Depressao Central do Rio Grande do Sul (GUENES80). Devido a sua prolificidade,
robustez e bom ganho em peso, a espécie tem didosivamente estudada, tanto em
pesquisa aplicada — como alternativa de producépedees (BARCELLOSet al., 2004b;
SILVA et al., 2006) — quanto em pesquisa basica avalianddsg®fmonais reprodutivos
(BARCELLOS et al., 2001b; 2002), resposta ao estresse (BARCELHCGH, 20012; 2003 e
2006b), efeito de defensivos agricolas sobre si@dgia (SOSGt al., 2007).

E uma espécie capaz de suportar o forte frio derio dos paises do sul da América
do Sul e crescer rapidamente no verdo. Quandwaddia uma densidade de 2 a 4 peixés/m
pode alcancar 600-800g de peso corporal em oitesn&evido a sua prolificidade, robustez
e bom ganho de peso, a espécie tem sido intensiNarpesquisada por varios grupos de
pesquisa, tanto em pesquisa aplicada (alterna¢iyga@blucéo de peixes), quanto em pesquisa
basica (BARCELLOS: al., 2003).

Figura 4: Exemplar de jundi&hamdia quelen.
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Aspectos relacionados a fisiologia reprodutivaesigécie ja foram bem caracterizados
(BARCELLOS et al., 2001b, BARCELLOSt al., 2002). E uma espécie euritérmica. Esse
peixe € omnivoro, com tendéncia piscivora. A mdade sexual é atingida no primeiro ano
de vida. Na natureza, os cardumes desovam em logaisagua limpa, calma e de fundo
pedregoso. N&o apresenta cuidado parental (GO#M&ES 2000).

Sua coloracawaria de marrom-avermelhado claro a cinza ardéd&pode variar a
coloracdo do corpo de acordo com o ambiente guensentra, pois quando colocados em
ambientes claros, o jundia tende a ficar mais obaminverso ocorre quando este peixe se
encontra em ambiente escuro. Um melhoramento genégiste peixe produziu o chamado
jundia-cinza, o qual, segundo alguns criadores@rtemelhor rendimento para a piscicultura
(GOMESet al., 2000; BALDISSEROTTO & RADUNZ, 2004).

Vivem em lagos e pocos fundos dos rios, preferindoambientes de 4guas mais
calmas com fundo de areia e lama, junto as mamgyeegetacdo. Escondem-se entre pedras e
troncos apodrecidos, de onde saem a noite, a pratrralimento Em experimentos com
larvas e alevinos dessa espécie em cativeiro, \alisese uma acentuada aversdo a luz e
busca de locais escuros. O crescimentdR.dguelen aumenta com o incremento da
temperatura. Esse crescimento é bastante pronone@dprimeiros anos de vida. A taxa de
crescimento dos machos € maior do que a das féatéasterceiro ou quarto ano de vida,
quando a situacao se inverte, pois estas passags@cmais rapidamente. (GOMESl.,
2000).

O jundia é uma espécie nativa adaptada a diferemdsentes, pois apresenta bons
resultados em relagéo a criacao principalmenteag8es mais frias. Uma espécie rastica, de
crescimento rapido nos periodos quentes e superta & baixas temperaturas que sao
caracteristicas na regiao Sul do Brasil. O jundi@népeixe que apresenta grande aceitacao no
mercado consumidor, tanto para a pesca quanto @aedimentacdo, tem excelentes
caracteristicas para o processamento industriaRBALLOSet al., 2001; 2003).

3.3 Estresse Oxidativo

Nas ultimas décadas, foram realizadas inUmerasusa@sgpara esclarecer o papel dos
radicais livres em processos fisiopatologicos. Adagdo é parte fundamental da vida

aerbbica e do metabolismo de organismos vivosmassi radicais livres sdo produzidos
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naturalmente ou por alguma disfuncéo bioldgicax€esso de radicais livres no organismo é
combatido por antioxidantes produzidos pelo compalosorvidos da dieta (BARREIRGS
al., 2006).

Ao mesmo tempo, seu consumo é capaz de gerar sdbstdoxicas a nivel intra e
extracelular, devido ao desbalanco existente esuss vantagens e desvantagens. Essas
substéancias toxicas sdo geradas durante o traespmsdlétrons, reacdes enzimaticas, reacdes
de auto-oxidacado, ou ainda, pelo grupo heme deipad, e sdo comumente chamadas de
espécies reativas de oxigénio (EROs), como o asigreroxido (@), o peroxido de
hidrogénio (HO;) e o radical hidroxil (OH) ( HALLIWEL & GUTTERIDGE2007). Podem
reagir com macromoléculas biologicas e produzireeoxidacéo lipidica (LPO), danos ao
DNA e oxidacdo de proteinas (Figura 5), resultamolestresse oxidativo (BARATA al.,
2005; MONTEIROet al., 2006).

O estresse oxidativo € um processo fisiopatologgtacionado ao desequilibrio entre
a producdo de espécies reativas de oxigénio (EROs)a detoxificacdo pelos sistemas
antioxidantes enzimaticos e ndo enzimaticos. Aléssogd esse processo € considerado um
importante mecanismo toxicolégico para muito xedtbos lipofilicos. A exposicdo e os
efeitos de agroquimicos em organismo vivos podemestadados através dos biomarcadores.
Atualmente, os organismos aquaticos estdo contiem@msendo expostos a diversos
contaminantes quimicos e por isso efeitos advgrsdem surgir como resposta aos diferentes
mecanismos de toxicidade destes produtos (BARAT&., 2005).

Oxidagdo de proteina
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Figura 5. Representacéo esquematica de danosreslolusados por espécies reativas de oxigéniesarga

ou ndo de xenobioticos. Adaptado de Nordberger 88Ar2001.
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Uma variedade de poluentes ambientais, dentreoglpssticidas, podem provocar um
aumento na producdo de EROs em diversos organiaqu@gicos, Como 0S peixes, e se 0S
sistemas de defesas antioxidantes forem ineficipata combater as EROs ocorre uma
situacdo de estresse oxidativo (AHMADal., 2000; UNERet al., 2005).

Um bom conceito para estresse oxidativo seria aotado em AHMADet al. (2000),
MARAN et al. (2009) e MODESTO & MARTINEZ (2010), que dizem: éstresse oxidativo
ocorre em situacbes em que ha um desequilibriee exdtrniveis de antioxidantes e pro-
oxidantes levando a uma producéo excessiva de EROde também ser definido como um
desequilibrio entre pré-oxidantes e antioxidantegle a quantidade gerada do primeiro é
maior, ocorrendo assim possiveis danos oxidatiUdER et al., 2006; ALMROTHet al.,
2008). Diversos estudos ja evidenciaram estresgtoso em peixes expostos a diferentes
agrotoxicos (SAYEEDet al., 2003; BAGNYUKOVA et al., 2005; ZHANGet al., 2005;
PEIXOTOet al., 2006; MORAESt al., 2007).

Como ja descrito por Stadtman & Levine (2000)r@dpc¢éo de estruturas quimicas no
metabolismo do oxigénio ameaca a integridade desv&iomoléculas como proteinas e
lipidios (AMESet al., 1993; YLA-HERTTUALA, 1999), e acido desoxirribaciéico (DNA)
(AMES et al., 1993; MARNETT, 2000). Além disso, propde-se questresse oxidativo
esteja envolvido no processo de envelhecimentoto tgnor induzir danos do DNA
mitocondrial (DNAmM) (AMESet at., 1993; CADENAS & DAVIES, 2000; FINKEL &
HOLBROOK, 2000), quanto por outros mecanismos comfluéncia na atividade
antioxidante celular natural (KASAPOGLU & OZBEN,®0 INAL et al., 2001).

As células possuem sistemas de defesa enzimatinds-enzimaticos para proteger
seus constituintes e manter seu estado redox. @uabcées fisiologicas normais, os efeitos
nocivos das ERO séo efetivamente neutralizadosgi&iema celular de defesa antioxidante,
gue geralmente consiste de enzimas e de pequenésuiae antioxidantes (DANDAPAT,
2000).

3.3.1 Marcadores de defesa antioxidante e de danmsdativos

Uma substancia antioxidante, por definicdo, € aguapaz de inibir a oxidagéo ou,
entdo, qualquer substancia que, mesmo presenteaian dbncentracdo, comparada ao seu

substrato oxidavel, diminui ou inibe a oxidacao wdg substrato. Podem teoricamente
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prolongar a fase de iniciagdo ou inibir a fase depggacdo, mas nao podem prevenir
completamente a oxidacédo (JORDAO JUNI@RI., 1998).

Um dos mecanismos das substancias antioxidantgs éoatra os danos provocados
pelos efeitos do processo fisiologico de oxidac@otetido animal. Alguns exemplos de
antioxidantes sao nutrientes-vitaminas e mineeaénzimas-proteinas enddégenas que ajudam
nas reacdoes quimicas. Atuam também na prevencatoelgcas crénicas como cancer e
doencas cardiacas. Na tabela | sdo exemplificddoesacompostos antioxidantes.

Os sistemas biologicos oferecem condi¢cbes favasgyaia ocorréncia de reacdes de
carater oxidativo, devido a existéncia de lipiditsaturados nas membranas celulares, e pela
abundéancia de reacOes oxidativas que ocorrem @urantmetabolismo normal. A
susceptibilidade de uma célula ou de um tecidostresse oxidativo depende de um grande
namero de fatores que incluem a disponibilidade addoxidantes e a capacidade de
inativacdo ou eliminacdo dos produtos oxidativemfmos (JORDAO JUNIORt al., 1998).

Tabela 1 — Componentes do Sistema Antioxidante ffsdta de Jorddo Junior et al., 1998).

Antioxidantes ndo enziméticos Proteinas ligadoras de metais Antioxidantes Enzim#&tos
Glutationa Ceruloplasmina (cobre) Superéxido dismutase (SOD)
Ubiquinona (Coenzima Q) Metalotioneina (cobre) Catalase

Acido Urico Albumina (cobre) Glutationa Peroxidase (GPXx)
Bilirrubina Transferrina (ferro) GST

NADPH e NADH _Mioglobina (ferro)

Flavonéides

Vitamina C

Vitamina E

Betacaroteno

Licopeno

GSH

Tibis ndo proteicos
Em negrito os antioxidantes descritos no texto.

Dentro dos componentes do sistema antioxidantetackra-se neste trabalho a
Catalase (CAT) que é uma hemoproteina que catalisducao do D, em HO e Q e, por
isso, é considerada um dos maiores componentesfelsadantioxidante primaria (GAETANI
et al., 1989). A CAT esta localizada principalmente pesoxissomos da maioria das células
aerobicas e, em animais, se encontram principatmentfigado, rins e eritrocitos. Org&os
como cérebro, coracdo e musculo esquelético coméquenas quantidades da enzima
(HALLIWELL & GUTTERIDGE, 1999). A glutationa-S-trasferase (GST) faz parte de uma

familia de isoenzimas que desempenha um papel famgema resposta ao estresse oxidante.
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E considerada uma enzima de desintoxicacdo porbolegar uma grande variedade
de substratos hidrofobicos e eletrofilicos, comoxesobioticos, por meio da conjugacao
destes com a glutationa reduzida (GSH), formanagugados solliveis em agua, reduzindo
sua toxicidade e facilitando sua excrecédo (WILCBARKER, 1994; VAN der OOS# al.,
2003). A GST é importante na defesa celular mes&w atuando diretamente contra os
radicais livres, pois esta associada a biotransfofim de xenobidticos como herbicidas,
inseticidas e agentes carcinogénicos. A GST tampgmove a conjugacdo da GSH a
produtos enddgenos causadores de danos oxidantes ramicais hidroxil citotéxicos,
peroxidos de lipidios de membrana e produtos deadagéo oxidativa do DNA, visando sua
desintoxicacao (DUDLERt al., 1991; BARLINGet al., 1993).

A Glutationa Reduzida (GSH) é um elemento fundaaieno sistema de defesa
antioxidante, que atua direta ou indiretamente anto® processos biolégicos importantes,
incluindo a sintese de proteinas, metabolismo ®¢#o celular (MEISTER & ANDERSON,
1983) O grupo sulfidrila interage com um radical livrerg formar um radical glutationa, que
dimeriza (se emparelha com outro radical glutadiopara formar a glutationa oxidada
(GSSG). A glutationa oxidada é entdo recicladaugieth) outra vez em glutationa reduzida
(GSH) para reutilizagcdo por meio da enzima glutaticedutase (GR). A GR (E.C. 1.6.4.2)
depende de NADPH como fonte de elétrons, estandssadforma, relacionada com a
integridade da via das pentoses (ou ciclo das peste PC) (KRETZSCHMAR, 1996). A
vitamina C (&cido ascorbico) é hidrossoluvel e tamkage contra as ERO como o @20
OH Participa ainda da regeneragdo da forma reduzidmtexidante da vitamina E
(HALLIWELL & GUTTERIDGE, 2000) e, juntamente com @SH, atua protegendo as
células dos danos oxidantes (NORDBERG & ARNER, 200Icomo antioxidantes nao
enzimaticos.

Os peixes estéo freqiientemente expostos ao imgastBRO porque, diferentemente
dos vertebrados terrestres, 0os animais aquaticosegpostos diariamente a mudancas
sazonais de temperatura e oxigénio ou a mudangasaomalicbes ambientais no seu habitat
natural, tais como polui¢éo, disponibilidade degério, pH, incidéncia da radiagao solar,
entre outros (CHOW, 1991; WINSTON & DI GUILIO, 199ENRIQUEE€t al., 1998). Esta
situacdo é facilmente exemplificada pelos peixesagiga doce, que vivem em ambientes
instaveis como as aguas tropicais (KRAMER, 1987, ABRM, 1990). Como 0s outros
vertebrados, os peixes possuem sistemas de defesasidantes que utilizam mecanismos
enzimaticos e ndo-enzimaticos para combater osciopaas ERO (FRAGA al., 1996).
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Os peroxidos produzidos podem ser quantificadoget@inente por um ensaio de
TBARS (substancias reativas ao acido tiobarbityyicue € acreditado para refletir a
intensidade da peroxidacéo lipidica por meio dantjicacdo de um dos seus principais
produtos finais - dialdeido malénico (LUSHCHAKal. 2009).

3.3.2 Histopatologia

O figado dos teleésteos € um 6rgdo multifuncioeaponsavel pela conversao do
alimento, producdo da vitelogenina durante o cnescto gonadal e desintoxicagdo de
compostos estranhos (STEGEMAN & LECH, 1991). Akkées como vacuolizacdo dos
hepatocitos, deplecdo de glicogénio, inflamac&eragdo no formato dos vasos sinusoides e
podem ser interpretados como respostas ao estaasbiental, sendo, desta forma,
considerados como indicadores histopatoldgicosudéidpde do ambiente (THOMAS, 1990;
KOHLER et al., 1992; TEHet al. 1997).

POLEKSIC & KARAN (1999) exp6em a importancia deuekts histopatoldgicos, em
conjunto a outros estudos, na medida de efeitosletds de pesticidas em peixes. Ja em
outro estudo, onde foi realizada a analise histoddgm jundiasR. quelen) foi observada a
vacuolizacdo nos hepatocitos desses peixes, appshd@s de exposicdo ao herbicida
clomazone na concentracdo de 1,0 my & no periodo de recuperacdo de 192 horas, a
vacuolizacdo foi observada nas concentracdes dé& @el,0 mg ' de clomazone
(CRESTANIet al., 2007).

3.3.3 Aspartato Aminotransferase (AST)

Também pode ser chamada de transaminase glutamatoaoética (TGO)é uma enzima
que catalisa a reacdo: aspartato + alfa-querogtotax oxaloacetato + glutamatsendo
encontrada em altas concentragdes no citoplasmes enitocondrias do figado, musculos
esquelético e cardiaco, rins, pancreas e eritg&cffuando qualquer um desses tecidos é
danificado, a AST ¢é liberada no sang@emo ndo ha um método laboratorial para saber qual

a origem da AST encontrada no sangue, o diagnasi@ausa do seu aumento deve levar em
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consideracéo a possibilidade de lesdo em qualgquetas 6rgdos onde € encontragaeras
(http://www.hepcentro.com.br/exames.htm; FLETCHERI., 1991; SORBEt al., 1999).

3.3.4 Alanina aminotransferase (ALT)

Também pode ser chamada de transaminase glutamicaca (TGP) é uma enzima que
catalisa a reacéo: aspartato + alfa-queroglutargiouvato + glutamatoEstas enzimas sao
liberadas no sangue em grandes quantidades quandarto a membrana do hepatdcito,
resultando em aumento da permeabiliddeiecontrada em altas concentracbes apenas no
citoplasma do figado, o que torna o seu auments mspecifico de lesdo hepatica; no
entanto, pode estar aumentada em conjunto com aeASmiopatias (doencas musculares)
severas (http://www.hepcentro.com.br/exames.htnETRIHER et al., 1991; SORBIet al.,
1999).
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4. RESULTADOS

Os resultados sé@o apresentados na forma de arégtifico. Da mesma forma, os
itens Materiais e Métodos, Resultados, Discusddeferéncias Bibliograficas, encontram-se
no mesmo artigo. O artigo esta inserido na presdissertacdo na exata forma em que foi
publicado.
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Tebummaiale to tebwoonazele. Fish exposed to MP and Teb showed several pathological changes inthe liver, incleding

hepatpcyte degeneration and bile stagnation. The present work reports for the first tme the toxic ity of
ther pesticide MP amd the fungicide Teb in B quelen. and as in ot her works, suggests the relatively lower
liver tootiel oy of Gly for fish, The data presented lenein demdanstrate that subslethal concentrations of MP
and Tels cause chanpes in osddative sress paameters 25 well a5 hepatic cell injuries in B guelen, and that
these paramerers have the potential to be developed as biodndicators of exposune i these agric emicals

& 2010 Esevier Lid. All rights reserved.

1. Introduction

In southem South America, as in other regions of the world, the
common production system is based on integrated plant and ani-
mal cultivation, such as crop and fish production. This diversified
agrcultuml system sometimes implies extreme proximity of crop
areas and ponds for fish cultume and the agrichemicals could enter
into fishponds by different ways since the water might run through
the cultivated areas; as consequence, the pond environment could
be continuously loaded with foreign chemicals (Van der Cost et al.,
2003}, some of these harmful for fish

As reviewed by Cericato et al. ( 2008), in southern Brazil herbi-
cides based on the active substance glyphosate are widely used
The fungicide tebuconaznle (Teb) is used in plant cultumes or as a
wood preservative, and the pesticide methyl parathion (MP}is used
in fish culture ponds to kill the agoatic larvae of predatorny insecis,

* Comespondence to; Leonardo José Gil Barcellos, Untvermdade de Paso Fundao,
Faculdadede Agronamia & Medicing Veterindria Compus L O Postal 11, Maimo 230
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2487

E-muil address Tarcellos@upfhr (LG Harcedke ).
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The glyphaosate formulations ame rapidly dissipated from the surface
waaters, and undergo biodegradaton by soil microflora to form
s-amino-3-hyd mgy-5-methy -4-isoxazolepmpionic add (AMPA)
and COz {reviewed by Glusczak et al. { 2007]). The agrichemicals
in the azole gmoup, induding Teb, are potential endocnine disruptors
because they cause the inhibition of seveml key stemidogenic
enzymes (Kjaerstad ot al, 3008 ] Fish could acoumulate Teb; the
time it takes to reach the maximum conceniration varies from 6
to Bd for Dgniv reric and Omoorhynches mykis, respedively
(Konwick et al., 2006; Sanchezet al, 2008). MPis a “less persistent”
organophosphate insedtidde that is moderately soluble in water
and acutely toxic to ishes (Walton et al., 1997

In our previous works (Cericato o al, 2008, 2009; Kreutz et al.,
2008}, we estahlished the lethal concentrations of these active sub-
stances and demonstrated that sublethal contamination with these
agrichemicals impairs the @padty of fishes o elevale cortisol
levels in mesponse to an additional acute stressor or an injection
of adrenooorticotropic hormaone (ACTH). In addition, other toxdc
cffects of these compounds were verified in some teleost fish,
including R. guefen (Hussar et al, 2004; Almeida et al, 2005;
Gluscrak et al, 2006, 2007; Monteiro et al, 2006; Langiano and
Martinez, 2008; Lushchak et al., 200891
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Exposure o envimnmental pollutants can result in a greater
amount of pro-oxidants than ant-oxidants, in tum resulting in in-
reased reactive cooyepen species (ROS) generation (Abmad ot al,
2000) andfor altering anticcidant defenses (Monserrat et al,
2007 . The disruption of the pro-oxidant-antioxidant balance in fa-
wvar of the pro-oxidants is called oxidative stress. Such situation
oould induce higher lipid peroddation ratios in tissues and oell
damage {(Southhorn and Powis, 1988), and have been proposed
as indicators of pollutant-mediated oxidative stress (Ahmad et
al, 2000}

The antioxidant system comprises a group of enzymes and low
maolecular weight anti-oxidants such as ascorbic acid, reduoed gh-
athione (GEH), and other non-protein thiols { Winston and i Giu-
lin, 1991}, Catalase (CAT} is one of the cnzymes in the first line of
antioxidant defense. CAT comverts hydrogen peroxide into water
and oxygen. In addition, reduced glotathione { GSH}-dependent en-
zymes play a role in both detoxification and antioxidant processes,
The glutathione-5-transferases (G5T) are phase 11 detoxifying en-
zymes that catalyze the conjugation of GSH with a variety of elec-
trophilic compounds. Besides its role as a oo-substrate of GSH-
dependent enzymes, GSH acts as a direct ROS scavenger contribut-
ing to the control of redox status {Cnubben et al., 2001 L Therefore,
the main goal of the present stdy was o determine whether
exposure to MP, Gly, and Teb results in oxidative stressin R, quelen,

An additional goal of this study was to assess the histopatholo-
gical lesions in the liver of & gquelen exposed to sublethal concen-
trations of MP, Gly, and Teb. Histopathological analysis has been
proposed as an effident and sensitive tool for the monitoring of
pollution in water bodies {Costa et al., 2000 )

Another tool for detecting eventual hepatic damage provoked
by exposure to sublethal concentrations of MP, Gly. and Teb is
the determination of the enzymes aspartate fransaminase [AST,
EC 2.6.1.1) and alanine transaminase {ALT, EC 2.6.1.2], which be-
long to the non-plasma-specific enzymes that can be found not
only in blood plasma but also within the tissues of the liver, heart,
gills, kidneys, musdes, and other argans. The activities of these ser-
umenzymes are also nsed as significant stress indicators, and serve
as comventional biomarkers of hepatotoxicity and liver damage
eenerally mlated to changes in the histologicl strucure of the he-
patic tissue (El-Sayed et al., 2007

According Ahmad etal. (2000], biochemical and oxidative stress
parameters as well histopathology are useful biomarkers in agua-
mlture and environmental sk assessment. The combination of
oxidative stress parameters, histopathology and liver enzymes
are very interesting, while measures of oxidative siress ame bio-
markers of exposure, histopathological lesions and liver enzymes
are biomarkers of dfects {Kelly and Janz, 2009).

A promising spedes for fish cultivation in southern South Amer-
ita and other subtropical dimate regions of the world is the bagrid
fish jundia (R guelen), a fish of the Heptapteridae family. The s pe-
des was the subject of a number of research in owr laboratory
focusing on pmducton systems, reprodudion, stress response
and toxicology (Barcellos et al, 2001, 2002, 2006, 2009; Silva et
al., 2006, 2008; Soso et al., 2007 ), and also by other research groups
(Crestani et al, 2007; Glusczak et al., 2007; Cataneo = al, 2008;
Melo et al., 2D08).

Thus, the aim of the present work was to verify whether MP,
Gly. and Teb are potential oxidative stress inducers in R quefen,
and whether their effects could provoke histopathological changes
in the liver of this fish spedes.

2 Material and methods

The experiment was conducted in March and April 2008 at the
fadlities of the Universidade de Passo Fundo, Rio Grande do Sul,

915

Brazil. We used 6G-month-old, mixed-sex jundia, B. quelen (Heptap-
teridae, Teleostei]l, juveniles weighing 1157 +233 g (SEM,
n= 120). The fish were kept in a 6200-L plastic tank prior to being
transferred into experimental tanks under natuml photoperiod,
and were fed twice a day (10:00 and 16:00 h] with commercial ex-
truded food at 5% of body weight (42 crode pmotein,
3400 kcal kg™ DE). The water temperature {26+ 1 °C) and dis-
solved oxygen concentrations (56-75mgL™'} were measured
with a Y51 model 5504 mogepen meter {Yellow Spring Instruments,
USAL The pH values (6.6-7.0) (Bemauer pH meter], total ammo-
nia-N {=0.5mg L™} (colorimetric test}, total alkalinity (60 mg L'
CaC0s), and hardness {65 mgL~! CaCD;) were also measured (all
using colorimetric estsl

2 1. Experimental design

The agrichemicals tested in a sublethal concentration of 166%
of the ICsq aen, as previously determined by Ereutz et al. {2008],
were methyl parathion (0.8 mg L™ of Folidol 500™ ), tebuconazole
(0.88 mg L~" of Folicur 200 CE™}, and glyphosate based herhicide
(121mgl™" of Roundup™). These three agrichemicals were re-
ported a endocrine disruptors of the HPI axis by Cericato et al,
[2008), with direct effects on adrenal cells | Cericato et al., 20097

These concentrations were very plausible to enter water bodies
sinoe MP is used directly in water at concentrations ranging from
025 125 meg L™ (Williams and Jones, 1994}, exceeding the con-
centration of 0.8 mgL™" used in the present study. Gly isalso nsed
directly in water bodies to control aguatic macrophytes at a con-
centration of 100 mgL~" (Monsanto®™, 2003). Even when Gly and
Teb are not used directy in water, they can easily enter water
bodies in small concentrations (121 and 0,88 mg L', respectively]
when leached through rains or accidentally, as postulated by
Soumis ef al, (2003 ).

The experiment consisted of gmoups of B quelen in 12 fiberglass
@nks containing 1000-L chlorne-free, well-aerated tap water.
Caution was taken to maintain a similar sex ratio in all replicates
of all treatment groups, The fishesin tanks #1 to#£3 did not receive
any chemical contamination and were considered the control
group. The water in the other nine tanks was artificially contami-
mated with 16.6% of the Lsq sy of the three agrichemicals tested.
The agrichemicals were previously diluted in water and then
added to the water of the experimental tanks In all tanks, the
stocking density was 2.3 mgl~!, similar to the stocking density
postulated as mon-stressful for R gquelen (Barcellos et al, 2001},
and fish were acclimated to the tanks for a 3-d period before eoper-
imental water contamination. To maintains a density as low as
23g ! four fish were kept in cach fibezlass tank, filled with
approximately 200 L of water. All fish weme sampled the “n™ num-
ber for each parameter evaluated was 12,

After 96h of exposume (or not), all the fish were sampled The
experiment was carried out in a static test design without water
changes and agrichemical replacement. The experiment follows
the protocol commonly used for acute todcity studies ( Kreutz et
al, 2008 } with single exposure to the substance.

The fish in the present study were fed three times duning the
95 h of exposure (at 24, 48, and 72 h after the stant of exposure
to the agrochemicals} at a rate of 0.75% of biomass, To prevent
stress due o the introdudtion of deaning equipment. food residoes
and feces were not removed. The water quality was monitored dai-
ly by determining the DO, pH, and ol ammonia,

22 (hemicok
The agrichemials used were: the fungidde tebuconazole

(2-]2-{4-chlorophenyljethy1]-3 3-dimethy - 1-{1H-1,2 4-triazal-1-
yljbutan-2-ol). the pesticide methyl parathion (O-0-dimethyl

34
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O-4-nitropheryl thipphosphate], and a commercial formulation
containing the herbicide glyphosate { M-phosphonomet hylglycine L
All agrichemicals were obtained commerdally. Acetylthiocholine
(ATC). 5.5dithio-bis{ 2-nitrobenznicacid] (DTMB), bovine serum
albumin, Triton ¥-§00, hydrogen peroxide (Ha0:), malondialde-
hyde { MDA), 2-thiobarbiturnc add (TBA L and sodium dodecyl sul-
fate {505 were purchased from Sigma Chemical o, (5t Louis, MO,
USA).

23 Sampling

Fish were anesthetized by administering buffered (NaHp005)
MS222 (300mgl~"} into the tank After loss of orientation and
complete immobilization, the fish were mptured, and blood sam-
ples (0.1-0.30 mL} were taken from severed candal peduncle using
sterile microhematocrit tubes, The tme elapsed from anesthesia
administration to blood collection did not exceed 1 min The fubes
wre centrifuged ( 3000z, 10min}in a micobematooit contrifuge;
the plasma was collected using 2 Hamilton syrnge, transfemed to
Eppendor tubes, and stored at —25 °C

After blood collection, the Ashes were killed by spinal section
and demapitation, and then dissected for tissue collection. Liver tis-
sue was immediately conserved in Bouins solution or frozenin li-
quid nitrogen, and stored for posterior analysis,

After sampling, all dead fishes were fmzen and then shipped o
the hiological garbage oollector. After the experiment, the contam-
inated water wias kept for at least 30d in Aberglass tanks and then
peroolated in septic ponds: The tanks were then cleaned with mn-
ning water, followed by rinsing with ethanol. Before reusing, the
tanks were filled with water and tested for remaining toxicity by
adding R guelen Angerlings that were observed for at least 5d
Tor martality or behavioral changes.

2.4 Protein deferm mabon

The protein levels were spectrophotometrncally estimated by
the method of Bradford (1976) wing bovine serum albumin as
standard.

2.5 Porameters evaluated

251 Ohidahvwe 5Mes pEnEmetETs

251.1. Thiobarbiturc ood resctive substonce (THARS) level. The
peroxides produced can be indirectly quantified by a TBARS assay,
which is believed to reflet the intensity of lipid peroxidation by
guantifying one of its main end produds - malonic dialdehyde
[Lushchak et al, 2008} This & performed by a malondialdehyde
{ MDA} reaction with 2-thiobarbituric add {TBAL which is optically
measured Tissue samples were homogenized with 10% trichlom-
acetic acid using a motor-drven Teflon pestle and centrifuged at
1000g for 10 min. Liver homogenates (100-400 pl) were added
to 8.1% sodium dodecyl sulfate {5D5), 25M acetic acid (pH 3.4),
and O8% thiobarbituric add; the final volume was adjusted to
20 mL The reaction mixture was placed in a microcentrifuge tube
and inmubated for 30 min at 85°C. Afer cooling, it was cenirifuged
at 5000g for 10 min, and optcal density was determined at
532nm. TBARS levels are o pressed as nmol MDA per mg of pm-
tein, according to Ohkawa et al. (19791

2512 Protem corbonyl ecsay. Liver tssoe was homogenized in 10
volumes (wiv] of 10 mM Tris=HO buffer, pH 7.4, using a glass
homogenizer. The protein carbonyl content was determined by
the method described by Yan et al. (1995), with some modifica-
tions. Briefly, homogenates were diluted to 07-08mgmlL™" of
protein in each sample, and 1-mL aliguots wer mixed with
0.2 mL of 2 4-dinitrophenylhidrazine (10 mM DNPH] or 0.2 mL

HCl 2 M. After incubation ai room tempemture for 1 h in a dark
room, 0.5 mL of denaturing buffer { 150 mM sodium phos phate buf-
fer, pH G.E, containing 505 3%), 20 mL of hepanes (99.5%), and
20mL of ethanol (998%) were added sequentially, mixed with
wortex agitation for 40 s, and centrifuged for 15 min Next, the pm-
tein isolated from the interface was washed bao Hmes with 1 mL of
ethyl acetatefethanol, 121 (v v™'], and suspended in 1 mL of dena-
turing buffer. Each DNPH sample was read at 370 nm in a Femito
Scan spectmphotometer against the comesponding sample ( blank],
and lotal carbonylation was calcolated using a molar extindtion
coefficient of 22 000 M~ cm ',

2.5 1.3 Enrymafic defense antiocident system

25131 Cotokese ossmy. Catalase {CAT; EC 1.11.1.6] adtivity was
assayed by uliraviclet spectrophotometry (Nelson and Kiesow,
1972). Samples of Iiver were homogenized in-a Potter-Elvehjem
glassTeflon homogenizer with 20mM potassium phosphate buf-
fer, pH 7.4 {with 0.1E Triton X-100 and 150 mM MaCl) { 1220 dilu-
tion}, centrifuged at 10000g for 10 min at 4 *C. Briefly, the assay
mixture consisted of 20 mL po@ssium phosphate buffer (50 mbi,
pH 7.01, 005 mL H,05 (03 M} and 0,05 mL homogenate, Changes
in Hy3; absorbance in 60 s were measured at 240 nm. Catalase
actvity was caloulated in terms of pmaol mg~"' protein min~",
251.32 Ghutothiome-5-transferese. The glu@thione S-transfemase
(GST) activity was determmined using the method of Habig et al.
1 1974). The reacton mture consisted of 33 mM Hepes buffer
{pH 7.5), 1.5 mM GSH, § 5mM1-chloro-2,dinitrobenzene, CONME,
and water in a total volume of 1 mL. The conjugation of GSH with
CDNB via GST activity was recorded spectrophotometrically at
340 nm during 3 min. The actvity was expressed as nmol of COINB
conjugate formed min™' mg~" protein.

2514 Non-enzymabc anb-ogdon s,

25140 Ascorbic odd  Ascorbic acid in the brain and liver was
determined at 524 nm. Briefly, bmin and liver samples were
homogenized { 1210 wiv] in 20 TCA and centrfuged at 11 300g
far 3 min. Samples {250 pl} of the supernatant were mixed with
250 pL of water plus 25pl 0.0ZE Z G-dichlorophenolindophenal
and incubated for 1 h at room temperature, After that, 250 pL of
a 2% thiourea and 5% metaphosphoric add soluton plos 250 pl
of 0.Z% dinitrophenylhydrazine in 12 M sulfurc acid were added.
The macton tubes were incubated in a water bath at 60°C for
3 h. Following the incubaton 500pL of 18 M sulfuric add was
added, and the tubes were centrifuged at 500g for 10 min, The
absorbance was read, compared to a standard containing 100 nmal
of ascorhic add. and expressed in pmol g~ of tissue (Carr et al.,
1983)

25.1.42 Non-protein thiok. Non-protein thiols levels were deter-
mined in the liver by the method of Ellman et al. { 1961) Tissue
{100 mg} was predpitated with Tris HCl 50 mM (pH 7.5), followed
by centrifugation at 3000z for 10 min. An aliguot the supernatants
{1.0mL) mixed with 105 trichloroacetic acid were centrifugated
and then a new aliguot of this supernat@ant (400pL) is vsed the
determination with 5.5%-Dithio-bis 2-nitrobenmic acid) 10 mM
(DTNB], Phosphate buffer 0.5 mM (pH 6.E), dstein 0.5 mM and
the reaction was followed at 412 nm. Non-protein thiols levels
were expressed as pmol SH g~ of liver.

25 1.43 Reduced phitwthione {GSH). GSH was determined by the
colorimetric method The total blood sample (50pL) was hemo-
lyzed in 500 pl. water, and 750 pl of a predpitation solution
(LE67 g metaphosphorc add, 0.2g EDTA, and 30g NaOd for
100 mL of distilled water) were added. After this, the mixture
was centrifuged at 11 300g for 3 min. One aliqguot (500 pl) was
drawn fmm the supernatant, and 2 mL of 0L.3M Na,FHO; plus
250 pL of 002% 55-dithiohis Z-nitrobenzoic acid (OTHB] were
added. GEH was mead at 41Znm, compared with a standard
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Thiotarbitunc aod reative subsanes (THARS] arbomd protem, reduesd ghitathone (GEHY), nonsprotem thialx, ascorhic acd, alinme aminotansferas (ALT) aparads
T menTans Erase { AST) in Inver of Bhomdis quelen exposed o subistha] mncenmmanons of methyl-parathion (MP)L glyphosate { Gy} and teboom aon be (Teh) for 96 h

Umt Lontrol MP Cly Teh Shatishcs

THARS nmal THARS Tr.;" Lyl 182 4096 2852025 206 2013 289402 0L Fy = 8200

Carhamy | pratem nmal @rhanyl mg ! protem 997 11034 9613022 101 & 053 113406 OO0, B = 15006
Reduiced ghitathions nmal g proten min 05 1415 2055029 514 057 2074016 OE0M, K =28550
Nom-protem thioks umls'. et b 024 5009 02Fs0a0 028 s 02 L E ER i (G258 o= 06072
Ascarbic add wmel g~ et tisse 096 &+ DG 212s008 194 & 06 2731008 LI, Fy g = 124002
Almine sminotransferase (AIT) LU 140 2497 1672424 175 2578 1382353 08878 K =02115
Asmartate aminoranslemse (AST) 4Lt 111 £ 5586 198 2210 111 21601 M1a3qg 00, Fy o= 14874

liata represent the mean & SEM. (0= 10} Astrrisis indiates difference between groups and mntnol vahues {ANIWVA followsd by Dun nesis temi
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Fig. 1. Hepatic activity of [A) Catalase and (1) glutathione-S-tramsferase (5T in Hver of Rhamadia mislen sxposed to sublethal coneentrations of methyl-parathion (MFL
ghphomte (Cly) and tebumnazale {Teh) for 96 h. 1ata represent the mean & SEM (n= 10} « hdicte; differance between groups and ontml valnes (ANOVA Gillowesd hy

Durmests gest, "Pe 0 05; =F2007}

solution cont@ining 100 nmol of the GSH, and expressed in
nmol mg =" total hemoglobin (Beutler, 1984}

25 2. Hetopatholopical analysis

2521 Desophve approoch For histological examination, fish
wiere killed and liver tissue were emoved immediately to over-
mme autolysis; then they were fixed in Boain's solution { Roberts,
2001 ), dehydrated through graded series of ethanol, cleared in xoy-
lene, and embedded in paraffin. Sections that wem 5-6 mm thick
were prepared from paraffin blocks using a Reichernt microtome.
These sections were then stained with hematoxy in—eosin Histo-
pathological changes were examined under a Leica DMETDO light
microscope.

2522 (Quantmtive agpprmoach Semi-guantitative analysis of liver
histological changes in the control fish and in the R. guefem exposed
to MP, Gly, and Tebwas done on an arhitrary scale of 0 to +++, mel-
ative to how widespread the changes detected were considering
the four fish analyzed by treatment group. Therefore, O represented
mmplete absenoe of lesions, and ++++ the maost widespread { extre-
mely frequent ] lesions or structural alterations. Due to the subjec-
tive natare of the interpretations of the histopathologic dfecs
caused by toxicants, observations were limited to spedhc and
dearly distinguis hable changes,

25 3 Serum [ronsanminases
Hepatic towicity was also monitored by quantitative analysis of
the serum AST and ALT adtivities, which were used as biochemical

markers of liver damage, AST and ALT levels were determined
using UV kinetic met hodology in commerdal kits (ALT /GTP Ligui-
form, @talogue number 74-4/30, and ASTGOT Liguiform, cata-
logue number 75-4/30; Labtest, 5P, Brazil] according to the
manufacturer’s instuctons. Enzyme actvity was expressed in
International Units per liter {IU 17"}

26 Stohstics

The mean +5 EM. of each group was calculated, and ANOVA
followed by Dunnetfs test was used to compare each value against
the control value using the GraphPad InStat 3.00 statistical package
{GraphPad Software, San Diego, California, USA). Statistical signifi-
anoe was acoepted at p <0.05. Hartley's test was camed out to
verily the homogeneity of varianoe, and normality was tested using
the Kolmogomwv-Smirnov test

3. Resulis

Exposume to sublethal concentrations of MF, Gly, and Teb did
not alter the survival rate (100% [or all reatments) of R. guelen.

The water quality pammeters measured in all experimental
tanks did not vary in functionwith the treatment (conirol and agri-
chemical exposure} and were as follows: temperatume, 26 £+1 °C;
dissolved mcygen, 5.6-7.5 mg L™ pH values, 6.8-7.0; total ammo-
nia-M, under to 0.5 mg L™'; total alkalinity, B0 mgL~' Cal0;; and
twotal hardness, 65 mg L~ CalDs.
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Fig. 2. Photomigograph of the hepatic Uxsue of Rhamdia guelen exposed to meth:

jon. tetmnacale o7 ghyphosate{ HE&EL (AT Normal hepati ctimee from cantrol fish,

showing hepatocytes (dnde) simsoid (armow ) ad bile camalicobum (large ammow )L 4= () Hepatooyte degeneration (squane) and neoosis {amows | in fish exposed to

tehucoman e, 800 - (C) Ble stagnation {amow) amd hepalocyte degeneration (square) i fivh expoeed o Ebuomarals 400 (D) D fosed hepatic

wm m fish

exposed to methyl parathion, 100« {E) Hemor hage (amow), mngestion {armow head) and hil e sagnation (arcle) in fish exposed to methy] parathion, 100w _(F) Normal

hepatic tissue from ghyphosate exposed fish, 400

The liver of R. guelen exposed to MP and Teb showed enhanced
TBARS levels, higher than (56% and 59%, respectively] the control
fish {Table i) Gly did not alter TBARS generation in the liver of
R. quelen. The protein @arbonyl content increased (34% when com-
pared to the control fish; Table 1) only in R quefen exposed to
tebuconazole.

R gqueien exposed o MP, Gly, and Teb showed significant de-
crease of CAT activity (52% 48%, and 67%, respectively) when com-
pared to the control group (Fig. 1AL The GST activity in the liver of
fish exposed to MP, Gly, and Teb was sipnificantly ncreased (57%,
46% and 160%, respectively) when compared to the contral group
{Fig. 1B}. As shown in Tahle 1, fish exposed to MP, Gly, and Teb
showed significantly higher GSH concentrations {151%, 4725, and
1305, respectvely, when compared with the control levels). The
non-protein thioks content increased (42% when compared to the
contml fish) only in B guelen exposed to tebuconazole. Ascorbic
acid increased significantly in B. guelen exposed to MP, Gly, and
Teb {121%, 102%, and 1B84%, mspectively, when compared with
the control levels). As shown in Table 1, in MP- and Teb-exposed
fish. serum AST increased significantly, while Gly-exposed hsh
showed serum AST values similar to that in the controls, In terms
of serum ALT levels, MP-, Gly- and Teb-exposed R. gquelen showed
no significant difference from the control group (Table 1),

Table2

Histologia] derations found in the iver of B quels Tollowin g aome exposme (96 h)
to methylparathion (M) ghphasate haxed herhicide (Cly) and teboconazale (Teh)
ar anly to water (), their respecive sages of damage to the dxsae and frequency of
SEEIITETCE.

Alterations Sage C WP Gly Teh
Cellular hypertrophy 1 - - S HHF
Nuclear hypertrophy 1 a HH +H +
i vanales 1 a -5 e FEvey
Nuclear vamunlss ] i - - P
- degeneraion | + + + e ]
Nuclear degeneration n - — * 4
hile m;ﬁm mn & - & ad
Hyperamia ] i} e (i} s
Pylnatic mcks ] [i] + a -+
Hepatocyte neoasis m o a i} =+
Nok: 0 =agment+=farly fequent ++=irequent; +~+=very feguent;
4444 = ewtremeely fregquent.

Regarding the histopathology, fish exposed to MP and Teb
showed several pathological changes in the liver. The most fre-
guent alterations were: diffused hepatocyte deseneration
(Fig. 2D; hile stagnation which was identified as brownish-yellow
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gramules in the cytoplasm (Fig. 20} hyperemia, that is, increased
bloodflow in the liver (Fig. 2E}; and vamoles in the cytoplasm
(Fig. 2B} and nucleus (Fig. 2B} The liver of Gly-exposed R. quelen
did not show any visible histological changes.

Table 2 depicts the quantitative analysis of histological lesions
found in R. gquelen exposed to MP, Gly, and Teh Fish exposed to
Teb presented a higher frequency of histological changes.

4 Discussion

The present work reports for the first time the toxidty of the
pesticide methyl parathion (MP] and of the fangidde tebuconazole
(Teb}in R guelen, and as in other works, suggests the relative low
liver toocicity of gly phosate based herbicides in the same fish spe-
ges [Glsczak et al, 2007} and others (Lushchak et al, 20091

Diespite the induction of an inoease in some non-enzymatic
anti-oxidants such as mduced glutathione (GSH), ascorbic add lev-
els, and alzo in the antioxidant enzyme glotathione-S-transferase
(G5T), both MP and Teb dearly induce a situation of oxidabve
stress in the liver, with a significant increase in lipid peroxidation
{LPOY),

As reviewed by Ahmad et al. {2004), LPO is one of the main pro-
cesses indoced by oxidative stress from xenobiotos such as pesti-
ddes, herbicides, and fungicdes, as has been observed in several
fish spedes. The elevated TRBARS generation in the liver prompted
by the exposure of fish to MP and Teb is a clear indication of
LPO, since it reflects the intensity of lipid perocddation by quanti-
fying one of its main end products - malonic dialdehyde (Lushchak
et al, 2009}, The increased TBARS levels after agrichemical expo-
sure were similar to those observed inR. quelen exposed tothe her-
bicide clomazone (Cresiami et al. 2007). In Bryoon cephalus, MP is
also an oxidative stress-inducing substance, but in contrast to
our results, where the effect was in the liver, in B. cephalus the gills
and white muscle are the most sensitive organs {Monteiro et al,
2006

The ahsence of Cly effect in TBARS generation can be due to the
fact that in the present study Gly not affects some of the ant-oed-
dants measured. The present results indicate that R guelen exposed
to Gly mesist to oxidative stress through other antoxidant mecha-
nisms, preventing an increase LPOL In the present study, CAT activ-
ity was decreased by Gly; thus, the compensatory response might
be due to the extremely high elevaton of GSH content {47 2% high-
erthan the control G5H levels) Despite the absence of Gly-induced
oeidative stress, our data dearly suggest that both G5H content
and GS5T activity might be reliable hiomarkers for Gly exposumne.

Other biomarkers of oxidative stress include xenobiotic-in-
duced oxidative modifications in proteins (Sayeed et al, 2003).
The ROS generated in the axidative stress process are considersd
o be responsible for the formation of @rbonyl groups in proteins
(Oliver, 1987 | Only Teb induced a significant increase in protein
carbonyl content. In agreement with the proposed role of carbonyl
protein as a cellular damage indicator, Teb induced the mom se-
vere hepatic lesions {see Table 2] As in the present work, the expo-
sure of other fsh spedes to agnchemicals resulted inan inorease in
liver protein carbonyl (Parvez and Raisuddin, 2005; Miron et al.
20081

The reduction in CAT adtivity in the liver verified in the present
work demonstrates that MP and Teb induce peroxidative damage
in the liver through the alteration of the levels of this ereymatic
antimetidant. Crestani et al. (2007} also found a reduction in CAT
activity in the liver of R quelen exposed to domazaone. CAT actvity
decreases are reported in a number of other studies of fish expo-
sure o xenobiotics (Pandey et al, 2001; Sayeed et al., 2003; Cre-
stani et al, 2007) correlating the enhanced liver LPO with
suppressed CAT activity.

GST increases after pollutant e posure is an expected response
because GST is involved in the biotmnsformation of several polhi-
tant= (Wang et al., 2008} The G5T increases verified in the present
work were in agreement with the findings of Alves et al. (2002},
who stated that exposure to pesticides can elict pro-oxidant con-
ditions that trigger adaptive responses such as inceases in the
activity of the antioxidant enzymes, and suggests that the detoxi-
fimtion processes were increased. However, confrary to what
was verified in the present work, in some fish the GST is inhibited
by exposure to oxidative stress inducers and toxic substances
({Monteiro o al, 2006; Li at al., 2008; Wang et al., 2009). R guelen
exposed to MP and Teb showed high LPO with high levels of GST
activity. Taken together, these results suggest that an increase in
GST activity is not sufficient to neotralize the oxidative potential
of MP and Teh,

Mo data were found in the literature focusing on eventual Teb
potential o indure aeidative stress and hepatotoddty in fish, De-
spite the lack of information about oxidative stress and the hepa-
oioxicty potental of Teb in fish, padobutrazole another
agrichemical in the azole group, was reported to be an inductor
of oxidative stress in D, reng, disrupting the pro-oxidant-antioxi-
dant balance through the inhibition of CAT (Ding et al, 2009). This
mechanism is similar to what the present study found regarding
Teh. In addition, another azole fungicide, tricyclazole, was recently
found to @use some metabolical changes, and a marked increase
in ALT and AST activity in D. reno (Sancho et al, 2008 ), which
may indirectly suggest a potential of this compound to induce he-
patic damage

The oxidative stress sitnation induced in R quelen liver by MP
and Teb led to significant histological damage, such as lesions, in
liver parenchyma, as confirmed by the increased levels of AST. R,
quelen exposed to MP and Teb showed significantly increased ser-
um AST activity, which serves a5 a corventional biomarker of hep-
atoioxicity (Venkateswara Rao, 2006). Likewise, El-Sayed et al.
(2007) observed a significant increase in AST levels in Nile tilapia
exposed to ddtamethrin. MP and Teb were able to induce enzyme
leakage and, consequently, hepatic damage.

Fathological changes in fish are powerdul indicators of exposure
o environmental stressors. However, studies concerning the ef-
fects of pestidde exposure on tissue histopathology are scame
(Sepid-Dingel et al, 2009} In the present study, MP @used several
cell alterations in the hepatic tissue of R quelen, since the hepatic
parenchyma is a target of the totic action of this molecule and
mare frequently suffers a major incidence of cellular disorganiza-
ton and necmsis, Similar hepatic histologial lesions were also
found in R guelen exposed to 2 4-dichlorophenodacetic add
124-0), clomazone and MP {Crestani et al, 2007; Cattaneo et al,
2008; Melo et al, 2008} and in other fish spedes ecposed to chem-
ical pollutants { Dutta et al. 199 3; Rodrigues and Fanta, 1998; Uguz
ctal, 2003; Sepici-Dingel et al, 2009

The histopathological observations in the present study provide
evidence that MPF and Teb can induce liver histological lesions and
alteratons, and that the elevation of lipid peroxidation and the free
radicals generated in the oxidative prooess are involved in hepatic
cell imjury. Cell damage induced by exposure to toxic substances
was verified by several author in several fish species, induding
jundid (Crestani et al, 2007; Cattaneo et al., 2008; Melo et al,
2008] These authors suggest that allerations occur because the li-
ver is the metabolic center for detoxification, and the presence of
these substances could affect the metabolic process and produce
pathological lesions. In the present work, we verified that both
MFPF and Teb increase the production of reactive oygen species
(ROS) generation, and disruption of the balance between oxidants
and anti-oxidants, The enhanced lipid peroxidation suggests that
ROS-induced oxidative damage in the liver cells can be one of
the toedic effects of MP and Teb. Ina review, Scandalios (2005 pos-



39

42 B, Ferreira ot gl f (hemosphes 70 (2010) 914-821

tulated that enhanoed ROS generation and the conseguent oxida-
tive stress induce malecular damage in lipids, proteins, and micleic
acids, which in turn triggers cellular effects such as damage in the
membrane and organelles. These alterations are reflected in histo-
logical changes and cell death { necrosis |

The present study demonstmates that MP and Teb have a high
oxidative stress-inducing potental in R guelen and that the liver
is 3 sensitive target organ Comparing both mxi@ants, the resuls
show that Teb seems to be the more toxic of the tested substances
and induces severe hepatic lesions. In summary, the data presented
herein demonstrate that the sublethal concentrations of methyl
parathion and teboconazole wsed in agricultural Relds cause
changes in oxidative stress pammeters as well as hepatic cell inju-
ries in R, guelen, and thatthese pammeters have the potential to be
used as bioindicators of exposure to these agrichemicals.
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5. DISCUSSAO

Este trabalho relatou pela primeira vez, a toximéddo pesticida metil paration (MP) e
do fungicida tebuconazole (TEB) em jundi&hdmdia quelen), também sugere a baixa
toxicidade no figado desta espécie dos herbicidhase de glifosato, assim como outros
trabalhos na mesma espécie (GLUSCZ#ldl., 2007) e outras (LUSHCHAK al., 2009).

Mostra também que os efeitos dos agroquimicosdesteausam ndo somente efeitos
deletérios a niveis toxicologicos, mas tambéem aisikistopatologicos.

Este trabalho relatou um aumento dos niveis dexadéintes ndo enziméticos como
GSH, niveis de acido ascérbico e de GST, mostrgonddVIP e TEB provocam uma situacao
de estresse oxidativo no figado Re quelen, com significativo aumento de peroxidacéo
lipidica. A peroxidacédo lipidica pode ser devidoum desequilibrio entre o sistema
antioxidante e pré-oxidante gerado pela toxiciddake herbicidas. A LPO é um dos principais
processos de inducdo de estresse oxidativo pobi@itms (ALVESet al., 2004). A geracao
de TBARS no figado causados pela exposicdo dogpei™P e TEB é uma clara indicacao
de LPO. Crestani et al. (2007) também observarameato nos niveis de TBARS eR
guelen expostos ao herbicida clomazone. A auséncia doefa GLI na geracdo de TBARS
pode ser pelo fato de que o GLI ndo afeta os adaokes medidos neste trabalR.quelen
expostos ao GLY resistem ao estresse oxidativeédrde outros mecanismos antioxidantes,
evitando um aumento de LPO.

Variagbes na atividade de enzimas antioxidantesst@mutilizadas como indicadores
de estresse oxidativo mediado por poluentes (AHMBI., 2000; SAYEEDet al., 2003).
Nosso estudo observou, éingquelen, uma diminuicdo na atividade da CAT, quando expost
ao GLI, a resposta compensatoria pode ser devidleveacdo dos niveis de GSH. Nossos
dados sugerem que o conteldo de GSH e atividad&sSIE podem ser confiaveis
biomarcadores para exposicao a glifosato. GST tengdpb importante na protecdo dos
tecidos contra os efeitos de xenobidticos (MONTEKR@I., 2006; FERRAREt al., 2007).
Modesto & Martinez (2010) observaram aumento naidaidle da GST em figado de
Prochilodus lineatus apés 24 e 96 horas de exposicdo ao Rothdup

Apenas tebuconazole induziu um aumento significatia carbonilacdo de proteinas.
Como o papel da proteina carbonil € ser um indicddadano celular, o TEB esta dentro dos

efeitos esperados, pois induziu graves lesdes ibapatNosso trabalho estd de acordo com
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Parvez e Raisuddin (2005) e Miron et al. (2008 também descreveram um aumento da
proteina carbonil em outras espécies de peixesé@analipostos a agrotoxicos.

A reducédo da CAT verificada neste estudo demomsteaMP e TEB provocam danos
de peroxidacgéo no figado, os resultados de nossedas vem de encontro aos demonstrados
por Crestani et al. (2007), que também encontranaia na atividade da catalase no figado de
R. quelen expostos ao clomazone. GST tem funcéo importamf@otecdo dos tecidos contra
os efeitos de xenobioticos (MONTEIR®al., 2006; FERRAREt al., 2007). Os efeitos dos
poluentes com relacdo a atividade desta enzima sieim inconclusivos, pois mostram
inducéo, ndo alteragdo ou inibicdo (BALLESTER@SI., 2009). O aumento de GST apds
uma exposicao a poluentes € uma resposta espprmslaa GST esta envolvida no processo
de biotransformacéo de diversos poluentes. O auntenGST verificado nesse trabalho esta
de acordo com Alves et al. (2002) que informa gyeosicdo a pesticidas pode provocar
condi¢des pro-oxidantes que desencadeiam respmdpativas, como aumento da atividade
de enzimas antioxidantes. Ao contrario do que éoificado neste trabalho, em alguns peixes
a GST é inibida por exposicdo a indutores de esresidativo e de substancia toxicas
(MONTEIROE€t al., 2006, Llet al., 2008).

N&o foram encontrados dados na literatura sobi@ssiyel potencial de tebuconazole
de induzir estresse oxidativo e hepatotoxicidadepeires. Apesar da falta de informacdes,
outro agroquimico do grupo azol, foi relatado cdnuuctor de estresse oxidativo €manio
rerio, interrompendo o equiibrio pro-oxidante-antioxidamtieavés da inibicdo da CAT
(DING et al., 2009).

O estresse oxidativo depende da intensidade e&tudiestresse aplicado, bem como
da suscetibilidade da espécie ao composto expostue pode levar ao aumento ou inibicdo
de enzimas antioxidantes. A situagdo de estressatwo induzido no figado dB. quelen
por MP e TEBlevaram a lesfes histopatoldgicas significantesioctesfes em parénquima
hepatico, confirmado pelo aumento dos niveis de. A& €xposicao ddR. quelen ao MP e
TEB aumentou significativamente na atividade de A§Ulle serve como um marcador
biolégico de hepatotoxicidade. Este aumento tamii@nverificado em tilapia do Nilo
expostos a deltametrina por El-Sayed et al. (2007).

Alteracdes histopatolégicas resultam de uma vadedie mudancas bioquimicas e
fisioldégicas no organismo, que podem levar a fodoage lesbes nas células, nos tecidos ou
6rgéos (HINTON & LAUREN, 1990; HINTONt al., 1992). As alteracdes histopatolégicas
em tecidos de peixes sdo biomarcadores do efeitexdasicdo aos estressores do meio

ambiente.
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Alguns autores sugerem que as alteracées podeftaresm mau funcionamento dos
varios sistemas organicos dos peixes (ORéIAl., 2003). DESAIlet al. (1984), relataram
distirbios nos cordbes dos hepatocitos, rupturandenbrana celular e vacuolizagéao
plasmatica no figado deOreocarpius mossambicus, ap0s exposicdo a inseticidas
organofosforados durante cinco dias.

As lesdes encontradas no figado dos animais asostmeste trabalho podem ser
devido ao fato de que o figado é o 6rgéo alvo dexdieacdo dos agroquimicos usados. O
contato a doses de MP neste tecido causou vatieages celulares. Lesdes similares
também foram descritas eR1 quelen expostos ao &cido 2,4- diclorofenoxiacético (2,4-D)
clomazone e metil paration (CRESTA#Ial., 2007; CATTANECet al., 2008).

Durante o periodo de experimentacdo pode-se olisemadificacbes no
comportamento dos peixes amostrados, como nadiceri&targia e apatia (FERNANDEZ-
VEGA et al., 2002). Miron et al. (2005) relataram alteragdesomportamento efR quelen
quando expostos aos herbicidas clomazone, quirclera metasulfuron metil em

concentracdes proximas dadgl
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6. CONCLUSOES

O parationato metilico e o tebuconazole possuewaéte potencial de inducédo de
estresse oxidativo emRhamdia quelen, evidenciado pelo aumento significativo de TBARS,
enquanto o glifosato ndo alterou a producéo de TBAR figado dos jundias. O conteudo da
proteina carbonil aumentou somente nos peixes togas tebuconazole.

Jundias expostos ao parationato metilico, ao telarude e ao glifosato apresentaram
uma significativa reducdo da atividade da enzim@lase, quando comparado ao grupo
controle.

Jundias expostos ao parationato metilico, ao telarde e ao glifosato apresentaram
um significativo aumento da atividade da enzimatagiona-S-transferase (GST), quando
comparado ao grupo controle.

Os jundias expostos ao parationato metilico, aaucmtazole e ao glifosato
apresentaram maiores concentracdes tanto de GShtoqda &cido ascorbico quando
comparados aos peixes controle, enquanto o contdadotidis nao-protéicos aumentou
somente em peixes expostos ao tebuconazole.

Peixes expostos ao parationato metilico e ao telazabe sofreram alteracdes
histopatolégicas no figado como: degeneracdo difiem hepatdcitos, estagnacéo biliar,
hiperemia e vacuolos no citoplasma e nudcleo;

Os peixes expostos ao parationato metilico e aactetazole tiveram a atividade da

AST aumentada, enquanto nenhum efeito foi veribioaa relacdo a enzima ALT.
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