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RESUMO

O nivel transcricional de CYPIA em organismos aquaticos € utilizado como biomarcador para a
presenca de contaminantes ambientais (por exemplo, HAPs). A indugio de CYPIA no peixe
Ciprinodontiforme, Jenynsia multidentata, foi avaliada utilizando f-naftoflavona (BNF) para
identificar tempo de indugdo, o efeito do anestésico tricaina-metano-sulfonato (MS-222) e o uso
de nadadeiras para analise. A exposi¢io em agua a 1pM BNF causou indugio de CYP/A4 em
branquia e figado em todos os tempos de exposi¢do (1-96 h; p<0,05) e comparado ao grupo
controle com DMSO. Niveis de CYP/A sdo conhecidos por mostrar uma resposta rapida (2-6
dias), mas nossos resultados sdo, provavelmente, um dos primeiros que mostram que 1 h é tempo
suficiente para causar esta resposta. A indugio de CYPIA mais elevada foi atingida em primeiro
lugar no gonopodio (4 h) e depois em branquia e figado (24-48 h e 24 — 96 h) indicando a
presenca de um padrao temporal de indugdo em diferentes orgios . A utilizagdo de um método
ndo-letal em peixe, consiste na exposi¢io in vifro de 1uM BNF de nadadeiras excisadas durante
4 h, que resultou em um elevado nivel de indugio nas nadadeiras caudal e anal (~49 vezes ¢ ~69
vezes, respectivamente) em comparagio com o controle (DMSO), os quais foram ainda mais
elevadas do que a indugdo observada na exposi¢do inm vivo do peixe (~11- e ~10-vezes,
respectivamente). Os resultados trazem perspectivas para o uso de testes in vifro em
ecotoxicologia. Ndo houve influéncia da MS -222 no procedimento anestésico (imersdo dos
peixes em 100 mg.mL" por 2-5 min) sobre os niveis basais de CYP/A ou na capacidade do
CYPIA ser induzido por 1luM BNF, dando suporte ao uso de MS-222 nos peixes em
experimentos semethantes. Os resultados dao suporte para o uso de J. multideniata como
organismo modelo para futuros estudos toxicologicos em ambientes aquaticos da América do

Sul.

Palavras-chave: CYPIA; Peixe, Jenynsia multidentata, poluigdo; tricaina
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ABSTRACT

The transcriptional level of CYP/A4 in aquatic organisms is used as a biomarker for the presence
of environmental contaminants (e.g. PAHs). The CYP/4 induction in the ciprinodontiforme fish
Jenynsia multidentata was evaluated using f-naphthoflavone (BNF), to identify the time of
induction, effect of the anesthetic tricaine methane sulfonate (MS-222) and using of fins for
analysis. The waterborne exposure to 1uM BNF caused CYP/4 induction in gill and liver in all
exposure times (1-96 h; p<0.05) comparing to DMSO control group. CYP/A levels are known to
show a rapid response (2-6 days), but our results are probably one of the first showing that 1 his
enough time to cause this response. The higher CYP/A induction was first reached in the
gonopodium (4 h) and later in gill and liver (24-48 h and 24-96 h) denoting that a temporal
pattern of induction is present in different organs. The use of a fish non-lethal method, consisting
of an in vitro 1 uyM BNF exposure of excised fins for 4 h, resulted in a high level of induction in
tail and anal fins (~49-fold and ~69-fold, respectively), comparing to control (DMSQO), that were
even higher than induction observed in the in vivo fish exposure (~11- and ~10- fold,
respectively). The results bring prospects to the use of in vitro tests in ecotoxicology. There was
no influence of MS -222 anesthetic procedure (fish immersion in 100 mg.mL™' for 2-5 min) on
the CYPIA basal levels or in the CYPIA capacity to be induced by 1 uM BNF, supporting the
use of MS-222 for the fish use in similar experiments, The results give support for the use of J.
multidentata as model organism for future toxicological studies in aquatic environments in South
America.

Keywords: CYPIA; Fish; Jenynsia multidentata; P AH; tricaine
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1. INTRODUCAO GERAL
1.1. O ambiente aquitico e os contaminantes organicos

Aguas de regimes naturais ou artificiais, permanentes ou temporérios, doce,
salobra ou salgada constituem mosaicos de diferentes formas e ecossistemas
dindmicos (Neiff, 1999). Tais dreas mantém uma apreciavel biodiversidade,
especialmente, as de agua doce, que estdo entre os habitats mais ameacados do
mundo (Saunders et al, 2002). Esses ambientes apresentam estabilidade e
diversidade as quais estdo condicionadas, primeiramente, pela hidrologia e pelo fluxo
de materiais (Neiff, 1999).

Os ambientes aquéticos sfio considerados receptores finais de contaminantes
liberados no meio ambiente e com isso estdo susceptiveis a agio de poluentes pelo ar, os
quais acabam alcan¢ando os corpos d’agua através da deposi¢do atmosférica, além do
escoamento pela precipitagdo (Thurman e Trujillo, 1999). Uma vez no ambiente, 0s
contaminantes podem sofrer uma combinagio de processos que podem afetar o seu
destino e até mesmo suas propriedades dentro do ecossistema. Algumas substincias
potencialmente toxicas, e/ou os metabolitos provenientes de sua biotransformagio,
podem persistir no ambiente por longos periodos (Costa et al., 2008).

Em ambientes aguaticos, os contaminantes podem passar por processos de
assimilagio e transformagio, e de transporte e transferéncia. Nestes dois Gltimos
processos, ¢ possivel determinar a distribui¢do temporal de um contaminante a partir de
medi¢des de pardmetros ambientais da agua (Costa et al., 2008). Além disso, processos
como volatilizacdo e deposi¢io umida, sor¢ao (adsorgdo e dessorgdo), precipitacdo e
sedimentacio sdo comuns em meios aquaticos (Shaw e Chadwick, 1998; Holt, 2000).
Essas areas recebem contaminantes organicos provenientes de diferentes fontes de
emissdo, tais como descargas de efluentes domésticos, industriais, lixiviacio de
pesticidas em locais de agricultura (Forstner e Wittmann, 1981) e outras atividades
humanas (Siroka e Drastichova, 2004). Dentre esses contaminantes, estdo os
hidrocarbonetos arométicos policiclicos (HAPs), que siio compostos quimicos
constituidos basicamente de carbono e hidrogénio, possuindo anéis aromaticos. Os HAPs
tem ganhado importancia, especialmente pela potencialidade carcinogénica, teratogénica

e mutagénica de alguns compostos (Aas et al., 2001).
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A introducgio desses contaminantes pode ocorrer de forma natural no ecossistema
através de queimadas e atividades vulcanicas ou por fontes antropogénicas de liberagio
de HAPs que incluem descargas e derramamentos de petréleo, geragdo de energia
elétrica a partir de biomassa orginica, esgotos urbanos e industriais, incineragio de lixo,
aquecimento de casas além da produgéo de carvio e asfalto (Albers, 1995).

Os HAPs migram mais rapidamente através das dguas e apresentam toxicidade
crdnica significativa além de penetrar facilmente na cadeia alimentar e em alguns casos
sdo degradados lentamente (Nakhla et al., 2003). Tanto a acumulagdo destes compostos
como a sua biotransformagéo em moléculas mais toxicas (bioativagdo) pode afetar a
sande do ambiente e dos organismos expostos (Grisolia, 2005; Fleming et al., 20006).

Em fungdo da elevada persisténcia nos sedimentos, grande parte dos PAHs €
considerada estavel. Porém, os processos naturais capazes de ressuspender os sedimentos
sdo responsaveis pela liberacio e redisponibilizacdo de contaminantes para o ambiente e
a coluna d’agua (Reible et al., 1996), colaborando, dessa forma, para o transporte desses
compostos a outros locais pela hidrodindmica (Geffard et al, 2003). A existéncia de
PAHs na coluna de agua pode ter efeitos muito negativos para a biota, como por exemplo
em ovos e larvas de peixes e crustaceos, particularmente sensiveis aos efeitos da
contaminacao (Lyons, 1998).

Devido ao carater lipofilico, os PAHs apresentam grande facilidade de atravessar
membranas celulares, ocasionando o actimulo em diferentes tecidos (Eisler, 1987). Diante
do exposto, e em fungio da abundincia e toxicidade a biota, determinados PAHs sdo

considerados contaminantes prioritarios (USEPA, 1995).
1.2. O municipio de Rio Grande e a poluiciio aquatica

A cidade do Rio Grande, localizada em zona estuarina da Lagoa dos Patos no
extremo sul do Rio Grande do Sul, é conhecida pelo seu potencial portudrio e registra
elevados indices de hidrocarbonetos principalmente proximos a postos de combustiveis,
refinaria e a 4rea portuaria (Garcia et al, 2010). A ocupagdio urbana apresenta
particularidades, especialmente em fungdo do desenvolvimento do municipio ocorrer
proxima a Lagoa dos Patos, considerada uma area de interesse ambiental para pesquisa e
conservagdo. Os hidrocarbonetos de origem antropica presentes nesses locais estdo
relacionados 4 queima de combustiveis fosseis, langamento de produtos petroliferos nao
queimados e a emissao de lixo doméstico e industrial (Medeiros et al., 2005).

12
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O setor secundario é predominante na economia da cidade, sendo denominado
polo industrial-portuario-viario. O Porto de Rio Grande caracteriza-se por ser o maior do
Estado do Rio Grande do Sul e apresenta importancia regional, dentro do Mercosul. No
Brasil, esta entre os portos com maior movimentagido de cargas (Garcia et al., 2010).

Assim como na maioria das cidades da América Latina, o esgoto ndo € tratado
adequadamente na cidade e acaba sendo depositado em estudrios, rios € oceano.
Ademais, em Rio Grande ha uma refinaria de petroleo na regido do estuario e muitas
industrias de fertilizantes, que contribuem para o escoamento desses contaminantes
(Medeiros et al., 2005). A poluigdo orginica das aguas vem sendo estudada (Kantin,
1980; Almeida et al,. 1984) e os altos niveis de PAHs totais tém sido evidenciados no
entorno onde hi a liberacdo dos efluentes da refinaria presente no municipio, da
distribuidora de combustiveis e na area portuaria, mais precisamente no denominado
Porto Novo (4430, 11780 e 8780 ng.g" de sedimento, respectivamente) (Medeiros et al.,
2005).

Além disso, trabalhos tém mostrado que os sedimentos de determinados setores
do estuario da Lagoa dos Patos apresentam teores altos de Oleos e graxas, notadamente
na regido citada anteriormente, incluindo Canal de Acesso e Superporto (Baisch, 2000;
Baisch et al., 2000). Tais problematicas somadas a alta atividade de navegacio presente

no municipio, sdo responsaveis pelas emissdes de PAHs (Garcia et al., 2010).

1.3. Biomonitoramento e o uso de peixes como biomonitores

Inicialmente, estudos envolvendo monitoramento tinham o enfoque voltado para
a detecglio de contaminantes em compartimento abidticos de meios aquaticos, na coluna
d’agua e no sedimento (Van der Qost et al., 1996), em seguida, a avaliacio era feita pela
presencga de contaminantes em elementos bidticos (Schmitt et al., 1999; Watanabe et al ,
1999). A vantagem de avaliar as respostas bioldgicas como indicadores de degradagio
ambiental em comparacio com medic¢des fisicas e quimicas da agua € que estas apenas
registram o momento da coleta e dessa forma, seria necessario um grande nimero de
dados para um monitoramento temporal eficiente (Pratt € Coler, 1976).

O monitoramento biologico pode ser passivo ou ativo. No biomonitoramento
passivo ha técnicas de avaliagBes em campo, onde sdo analisadas as comunidades. Ja o
ativo inclui a exposicdo de organismos realizados em laboratdrio com condighes

controladas (Resh e Jackson, 1993). Atualmente, os estudos vém utilizando organismos-
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modelo, que sdo classificados como indicadores, sentinelas e monitores, com o proposito
de monitorar ecossisiemas e analisar os efeitos dos contaminantes nos organismos
{Beeby, 2001).

Segundo a defini¢do, espécies indicadoras apontam alteragGes nas estruturas
populacionais (presenga e auséncia da espécie) causadas por determinado impacto. Os
organismos sentinelas sdo usados para realizagio de analises quimicas, com o proposito
de verificar as concentracdes de contaminantes biodisponiveis na biota. E, por fim,
organismos monitores sdo aqueles que indicam efeitos internos ao serem expostos a
contaminantes, tais efeitos podem ser bioquimicos e histoldgicos, por exemplo (Beeby,
2001).

O biomonitoramento proporciona instrumentos para a identificagdo da presenca
de poluentes capazes de causar danos ao ambiente e a saude humana (Silva et al., 2003).
Ha trés principais casos que necessitam dessas ferramentas. Primeiramente, em situagdes
onde haja suspeitas de que existam espécies nativas ameagadas. Em segundo lugar,
quando ha problemas para a saude humana em relacdo ao consumo de organismos
possivelmente contaminados e por fim, quando existir o interesse em conhecer a
qualidade ambiental (Silva et al., 2003).

No entanto, em situagbes onde o monitoramento seja utilizado somente para
determinar os niveis de contaminagio presentes na dgua, esse processo acaba sendo
considerado insuficiente para classificar a qualidade de um ecossistema aquatico. Assim,
no intuito de avaliar o destino dos elementos toxicos em um ambiente aquatico, €
importante realizar o biomonitoramento através de medidas de doses internas na biota
{Van der Oost et al., 1996). Para isso, diferentes estratégias vem sendo desenvolvidas
para detectar e prevenir impactos de poluentes em ecossistemas aquaticos (Silva et al,,
2001).

O uso de vertebrados em biomonitoramento ambiental origina resultados os quais
permitem um julgamento abrangente das condigdes de um ambiente impactado, visto que
hé respostas distintas entre os organismos. Para obter bons resultados, os protocolos para
obter tais respostas diferem e por esse motivo devem ser especificos para cada grupo a ser
estudado, assim, € necessario que haja uma padronizagdo antes das amostragens
definitivas (Qliveira Ribeiro et al., 1999).

Nos ambientes aquaticos, 0s peixes sdo considerados aliados importantes no
acompanhamento da qualidade da biota, servindo como biomonitores por apresentarem

mudangas na taxa de crescimento e maturagio sexual, como na estrutura populacional
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na presen¢a de contaminantes, (Fragoso et al., 1998; Schulz e Martins-Junior, 2001).
incluindo PAHs (Xue and Warshawsky, 2005).

Todos os animais possuem enzimas de biotransformagdo. Em vertebrados, tais
enzimas estdo presentes em altos niveis no figado. Por exemplo, o complexo citocromo
P450 (CYP), que converte contaminantes orginicos lipossoltiveis em metabolitos
excretaveis soliveis em agua (Livingstone, 1991). Os processos de biotransformacao de
contaminantes em peixes vém sendo alvo de estudos (Ortiz-Delgado et al., 2002; Rees
et al., 2003; Kilanowicz et al., 2009).

Dentre as inimeras ordens de peixes, os Ciprinodontiformes recebem destaque
como biomonitores modelos (Clark e Di Giulio, 2012). Essa ordem possui uma
diversidade de familias comportando cerca de 400 espécies descritas (Lévéque et al,
2008). Alguns sdo conhecidos por seu pequeno tamanho e por serem abundantes, além
disso, sdo capazes de tolerar elevados niveis de toxicidade ambiental (Burnett et al,
2007; Bosker et al., 2010; Clark e Di Giulio, 2012). Diante dessas caracteristicas, o uso
de espécies como, Jemynsia multidentata, Phalloceros caudimaculatus, Poecilia
vivipara, Poecilia latipinna e Fundulus heteroclistus, tém sido sugeridas recentemente
em estudos ecotoxicoldgicos (Zanette et al., 2009; Ferreira et al., 2012; Dorrington et
al, 2617)

No Brasil, algumas espécies de Ciprinodontiformes sdo abundantes (Betito,
2006; May et al, 2007) e portanto poderiam ser utilizadas em estudos em
ecotoxicologia. Uma espécie representante desta ordem, pertencente comum da familia
Anablepidae, é o peixe Jenynsia multidentata. Tal espécie ocorre do Rio Negro, na
Argentina até o estado do Rio de Janeiro, no Brasil (Ghedotti, 1998), sendo facilmente
localizada em todas as épocas do ano no extremo sul do Rio Grande do Sul (Mai et al.,
2005). Esta espécie, conhecida também popularmente por barrigudinho, € eurihalina
secundaria de agua doce, podendo ocorrer em corpos d’agua doces ou estuarinos (Vieira
et al, 1998). Possuem tamanho pequeno, sendo que machos podem atingir até 6cm e
fémeas podem atingir 12 cm (Garcia et al., 2004), e possuem tolerancia a mudangas nas
condigdes de salinidade/temperatura o que torna essa espécie um organismo-modelo
promissor em estudos em campo € em laboratorio (Mai, et al., 2005; Betito, 2006). O
héabito alimentar é omnivoro, ingerindo vegetais de fundo, como diatomaceas epifitas e
restos de vegetais em decomposigdo, além de poliquetos e anfipodes (Betito, 1984; Mai

et al., 2006).
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S3o individuos de facil identificagio com corpo alongado, o ventre arredondado
com coloragdo escura no dorso e clara no ventre, possuem manchas escuras, curtas e
estreitas ao longo das laterais do corpo (Garcia et al., 2004). I uma espécie vivipara,
apresentando dimorfismo sexual externo entre machos e fémeas e habitam areas
poluidas e ndo poluidas (Hued e Bistoni, 2005) (Fig.3).

Determinadas espécies de Cyprinodontiformes, incluindo o J multidentata,
possuem adaptacGes pouco usuais entre os teledsteos, além da viviparidade ja
mencionada, ha modificagdes morfolégicas entre machos e fémeas, a principal delas € a
modificacdo da nadadeira anal dos machos em um fino e alongado é6rgio copulatdrio,
com raios unidos formando o denominado gonopédio (Rahayu et al | 2013). Trata-se de
um 6rgdo rigido, com tamanho maximo de 10 mm e com capacidade de regeneragio

(Betito, 2006).

Figura 1. Desenho de Fémea (&) e macho (&) de Jenynsia multidentaia (Anablepidae).

A seta indica o gonopodio (Fischer, 1999).
1.4. Biomarcadores ambientais

A necessidade de avaliar as alteragdes causadas por contaminantes sobre os
organismos levou ao uso dos biomarcadores. Biomarcadores sio alteragdes bioldgicas que
ocorrem a nivel molecular, celular e/ou fisiolégico em drgios, tecidos e células de
organismos que expressam os efeitos toxicos causados por contaminantcs (Walker et al., 1996).
Os biomarcadores moleculares e bioquimicos refletem alteragées em niveis mais baixos

de organizagdo bioldgica (Huggett et al, 1992) podendo antecipar a degradagio das
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populagdes e ecossistemas (Rand et al., 1995) (Fig.1). Dessa forma, a fim de aprimorar
o monitoramento ambiental, o estudo pode ser realizado por meio dessas ferramentas,
que foram originalmente utilizadas no campo da medicina humana para detectar
patologias (Zanette et al, 2009). Biomarcadores moleculares possuem uma rapida
resposta, e portanto, sdo capazes de indicar os primeiros sinais de estresse ocasionado
por contaminantes (Adams, 2002). O uso de biomarcadores esta ganhando espago em
programas de monitoramento, e tornando-se de alta importdncia no campo da

ecotoxicologia (Huggett et al., 1992).

DANO:
f Ecossistema
1
f Comunidade
\

1
Lo Populagio

EXPOSICAO AO POLUENTE .
Organismo

J Sistémico (drgao)
Tecido

Celular

Sub-celular (organela)

1
l Molecular

Figura 2. Representagio esquematica da ordem sequencial de respostas a poluentes

dentro de sistemas biolégico (Arias et al., 2007).

O uso de biomarcadores possui grande potencial para complementar as
metodologias atuais de determinacgio dos impactos causados por poluentes ambientais, €
pelas analises quimicas convencionais (Shugart, 2005). Além disso, € possivel
determinar, de acordo com a dose ou tempo de resposta, o alcance da disfungdo que o
contaminante pode produzir (Huggett et al., 1992).

Os organismos realizam a metabolizagio de muitos contaminantes, sobretudo no
figado (Klumpp et al, 2002). A eliminagio de um contaminante pode ser realizada por
excregdo da substincia original ou daquela que sobreu biotransformacao (Van der Oost et
al., 2003). A biotransformacdo é um conjunto de alteragdes quimicas que 0s compostos

sofrem no organismo, geralmente por meio de processos enzimaticos, a fim de tornar os
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compostos mais hidrossohiveis e assim, de mais facil eliminagido (Azevedo e Lima, 2003;
Schlenk et al., 2008a). Entretanto, com a biotransformacéo, algumas substancias tém sua
toxicidade alterada, podendo tornar-se mais toxicas aos organismos, como ¢ observado

para certos PAHs (Van der Oost et al., 2003; Schlenk et al., 2008a).

1.5. O biomarcador Citocromo P450 1A (CYP1A)

Dentre as familias de enzimas responséaveis pela metabolizacdo de poluentes e
outros xenobicticos, pesticidas e PAHs (Nelson e7 al, 1996), uma das principais, no
que se refere a versatilidade catalitica ¢ a superfamilia citocromo P450 (CYP)
{Parkinson, 2001). A atividade elevada de algumas isoformas pertencentes a esta familia
pode indicar a exposi¢do dos organismos a contaminantes, e por ainda, indicar o risco
da contaminacio ambiental (Stegeman e Hahn, 1994). Em peixes, CYPs sdo
principalmente encontrado no figado, rim, cérebro e intestino, bem como em outros
orgaos (Bucheli e Fent, 1995). A exposicio dos organismos a poluentes organicos pode
ser verificada pela determinag@io dos niveis de CYPs nestes organismos (Wang et al.,
2010; Ferreira et al., 2012).

CYP ¢ uma superfamilia de hemoproteinas que possui inimeras isoformas que
estio presentes em altas concentragdes no figado, ainda que sejam encontradas em
outros tecidos (Nakajima e Aoyao, 2000). Uma das fungdes de CYPs ¢ a de transformar
moléculas lipofilicas em compostos mais polares, os quais podem ser eliminados do
organismo com maior facilidade (Busby et al., 1999). O prefixo CYP ¢ empregado para
indicar o sistema Citocromo P450 sendo classificados dentro de familia e subfamilias. O
numero apos o prefixo CYP indica a familia (CYP1), enquanto que a letra apos este
nimero indica a subfamilia (CYP1A). O ultimo numeral da nomenclatura designa a
isoenzima especifica, dentro de uma dada subfamilia (ex.: CYP1A4) (Audi e Pussi,
2000). A medicdo dos niveis da isoforma CYP1A € considerada uma das mais
importantes no monitoramento da poluigdo em ambientes aquaticos para contaminantes
como hidrocarbonetos policiclicos aromaticos (PAHs), bifenilos policlorados (PCBs),
dioxinas (TCDD) e alguns pesticidas, por ser fortemente induzida por estes compostos
(Machala et al., 1997).

CYPs catalisam o metabolismo de numerosos xenobidticos e certas isoenzimas
da familia CYP1 em peixes (CYP1A, CYP1B1 e CYPI1C1) so altamente induziveis por

certos contaminantes ambientais (Jonsson et al, 2010; Gao et al,, 2011). A indugédo de
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CYP1A € um biomarcador de exposi¢do classico a substancias agonistas do receptor
AH (AHR; receptor de hidrocarbonetos aromaticos) em mamiferos, aves e peixes
(Honkakoski e Negishi, 2000).

O f-nafioflavona (BNF - 5,6 benzoflavona) é um PAH derivado sintético de um
composto natural de flavondides, e possui a capacidade de induzir um forte aumento nos
niveis de CYP1A e causa efeitos diferentes sobre os outros membros do sistema de
monooxigenases CYP (DiGiovanni, 1990). Além de BNF ser um forte indutor de
CYP1, é um composto nao-genotdxico, € parece nao ter como alvo a indugio de outras
familias de CYP (Tto et al., 1996). Esse composto sintético é um potente agonista da
proteina receptora de hidrocarbonetos aromaticos (AhR) e induz CYP1A sem produzir
efeitos adversos. Por outro lado, PAHs como o benzofalpireno e PCB126 possuem o
mesmo efeito sobre o receptor AhR e CYP1A, porém sdo altamente toxicos (Ferreira et
al,, 2012).

O mecanismo de indugéo transcricional de CYPIA ocorre através da ativagao do
receptor AhR. Quando a proteina AhR se liga a estes agonistas, o novo complexo
formado AhR-agonista move-se para o niicleo e liga-se a um elemento de resposta a
xenobiéticos (XRE) na regido promotora de certos genes, e entdo ¢ desencadeada a
ativagdo transcricional dos mesmos, dentre os quais se destaca o gene CYPIA. Tal
ativagio génica causa um aumento na expresso e atividade da enzima CYP1A, e na
metabolizagio/bioativagio de compostos organicos (Nebert 1989; Safe e Krishnan,
1995).

Portanto, a inducgio do CYPIA é uma resposta sensivel a exposi¢io dos
organismos a determinados compostos quimicos, como os PAHs. Ha a liberagdo da
proteina hsp90 e esse complexo se liga a outra enzima, a hidrocarboneto aril nuclear
transferase (ARNT) e com isso ocorre a transferénciapara dentro da célula (Stegeman e

Hahn, 1994) (Fig. 3).
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Abreviaturas: AhR ( 3= de Hi i@to Aromdtico):; HSP90 (Proteina 90): PAH (Hidrocarboneto Aromitico
Policiclico); XRE, (Elements de Resposta a Xenobidtico); ARNT (Hidrocarboneto Aril Nuclear Transferase): RHAm
(Acido Ribonucléico Mensageiro).

Figura 3. Desenho esquematico do mecanismo de indugio do gene CYPIA na presenca

de hidrocarboneto aromatico policiclico.

Estudos com espécies de Ciprinodontiformes, Fundulus heteroclitus, Poecilia
vivipara e Jenynsia multidentata, evidenciam que os niveis de transcrigio génica de
CYPIA sdo alterados em fungio da exposi¢do a contaminantes organicos (Elskus et al.,
1999; (Ferreira et al, 2012). Além disso, pesquisas realizadas com peixes de outras
ordens como por exemplo, salmdo (Salmo salar) e baiacu (Takifugu obscurus)
evidenciaram a inducio de CYP/A4 em diferentes 6rgdos (cérebro, olhos, branquias,
gonadas, corago, intestino, rim, figado, misculo e pele) (Ress et al., 2005; Kim et al.,
2008). Os valores maximos de indugdo da transcrigao génica de CYPIA podem variar
dependendo do tempo de exposi¢io ao composto e do 6rgdo analisado em questio (Kim

et al., 2008).
1.6. Anestesia e o uso de biopsia como método nio-letal

O surgimento da bioética em 1971, e o reconhecimento da sua necessidade nos
campos da ciéncia da vida, sdio eventos que se destacam no empasse entre 0 avango

tecnoldgico e as reflexdes morais. A necessidade de uma conciliagdo entre essas duas
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vertentes € evidenciada por meio da crescente procura por novos conhecimentos e
metodologias alternativas na experimentagio animal (Azevedo, 1998).

A experimentacdo animal permite o desenvolvimento do conhecimento biolégico,
do bem estar do homem e dos animais. Diante dos avangos nesta area, 0 conceito € a
utilizagio de espécies-modelo desperta grande interesse, por possuir capacidade de
aprofundar a pesquisa, a fim de evitar ou diminuir o sofrimento dessas espécies. Isso
acarretou o estabelecimento de inimeras normativas (Minteer e Collins, 2005). A fim de
prever os potenciais efeitos de determinados compostos e procedimentos, a utilizagdo de
animais em experimentos, envolve a responsabilidade pelo bem-estar animal (Ilar, 1996).

No Brasil, a referéncia a utilizagdo de animais na realizagio de pesquisas e
atividade de ensino foi implementada no ano de 2008 a Lei n°11.794, denominada Lei
Arouca. Essa lei foi pormenorizada pelo Decreto n® 6.899/09, a qual estabelece que ¢
responsabilidade das Comissdes de Etica Institucionais ao Uso de Animais (CEUA)
controlar as atividades de ensino e pesquisa que estejam acontecendo nas universidades
(Oliveira et al. 2013).

Entre os principios éticos especificos para assegurar o bem estar animal, além de
possibilitar 0 minimo de manipula¢do, areas de alojamento especiais para o proposito
(Tomas e Garrido, 2006) e reduzir o nimero de animais utilizados numa determinada
experiéncia (Russel ¢ Burch, 1992), hd a questdo do uso devido de anestésicos nos
animais de experimentac@o (Paton, 1993).

A anestesia € definida como o estado biologico reversivel de indugdo por um
agente externo que resulta na perda parcial ou total da sensibilidade e do controle
neuromotor (Summerfelt e Smith, 1990). A tricaina metano-sulfonato (MS-222) tem sido
um dos anestésicos mais usados nos procedimentos experimentais em animais aquaticos,
especialmente em peixes, desde o seu surgimento em 1967. A elevada solubilidade desse
anesiésico torna-o apropriado para a sua utilizagio tanto em agua doce como em agua
salgada (Ortuno et al., 2002; Coyle et al., 2004; Maricchiolo e Genovese, 2011). Os
efeitos da tricaina sao controversos, alguns estudos demonstram nenhuma relagio entre o
peso corporal € o tempo de indugiio e a recupera¢do, enquanto outros sugerem que tal
relaco é existente (Houston et al, 1976; Zahl et al., 2009). Além disso, ha relatos de que
a MS-222 pode interferir em certas enzimas de biotranformagdo de contaminantes
ambientais, como por exemplo o citocromo P450 (Topic Popovic et al., 2012).

Em peixes, o processo anestésico pode ser dividide em quatro fases (I-IV) com
suas respectivas caracteristicas: (I) sedacio leve com ligeira perda de reagio visual e
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estimulos com frequéncia respiratéria normal, (II) narcose em fase de excitagdo pode
preceder um aumento da frequéncia respiratoria, profundidade da narcose com perda
total de equilibrio, (11I) fase com maior diminuicio da frequéncia respiratoria e perda de
atividade, indicada para procedimento cirtrgico e (IV) colapso medular com perda total
do movimento seguido por parada cardiaca (Brown, 1993; Coyle et al., 2004).

Em geral, a analise da expressdo de CYPs requer amostras biologicas destrutivas
(letais), como por exemplo, brinquias e figado em peixes, o que para populacdes
ameagadas implicaria diretamente em impactos para a espécie (Ress et al., 2005). A fim
de minimizar esse efeito o uso de biopsias ndo-letais sdo consideradas alternativa em
diferentes grupos animais. Em mamiferos marinhos esse método é usado retirando
pequenas fatias de pele ou gordura (Garrick et al,. 2006; Miller et al., 2005). Em peixes
ha estudo utilizando métodos in vifro com linhagens de células hepaticas de truta-arco-
iris (Oncorhynchus mykiss) (Billard, 2004) e relatos de técnicas sub-letais para estimar
niveis transcricionais de CYP em brinquias de salmio (Salmo salar) (Ress et al., 2005).
Porém, estudos que tenham utilizado métodos nao-letais para analise de biomarcadores,
usando peixes-modelo sul-americanos de pequeno porte ainda s3o escassos, ou
inexistentes, na literatura.

Uma ciéncia que envolve essas importantes vertentes, bioética e o uso de
anestésicos em experimentos, € chamada Ecotoxicologia, a qual estuda os efeitos das
substdncias, naturais ou sintéticas, sobre 0s Organismos vivos, animais ou vegetais,
terrestres ou aguéticos, incluindo a interago das substdncias com a biota (Zagaito e
Bertoletti, 2006). Essa area de pesquisa surgiu como uma ferramenta no monitoramento
ambiental, baseada geralmente na resposta dos organismos a determinados compostos
(Azevedo e Chasin, 2003).

No presente trabatho verificamos os niveis de indugéo orgéo-especifico do gene
CYPiA de J. multidentata frente ao PAH indutor # -naftoflavona em diferentes tempos
de exposigio a fim de determinar as combinagdes tempo/drgdo que causam indugio
maxima do gene. Avaliou-se também o possivel efeito do anestésico tricaina nos niveis
de indugiio do gene alvo e estabeleceu-se a utilizago de técnicas ndo-letais que poderio

ser utilizadas em biomonitoramento em estudos de campo.
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2. OBJETIVO GERAL

Avaliar diferentes aspectos da induc#o transcricional do biomarcador CYPI4 no
peixe Jemynsia multidentata como: resposta temporal, efeitos da administragdo de
anestésico € uso de biopsia de nadadeiras, para fins de biomonitoramento da

contaminagdo por contaminantes organicos.
2.1. Objetivos especificos

e Verificar os niveis de indugio Orglo-especifico do gene CYP/4 em
Jmultidentata pela 1yM do indutor f-nafioflavona (BNF) nos tempos de
exposi¢do 1, 2, 4, 8, 24, 48 e 96 horas;

e Avaliar o efeito da aplicacdo do anestésico tricaina-metano-sulfonato (MS-222)
nos niveis de indugdo do gene (C'YP/A em nadadeiras dorsal, caudal e anal
{gonopdodio) de J. multidentata, bem como, em 6rgdos classicamente usados em

ecotoxicologia, como figado e branquia,

e Verificar o uso de um método nédo-letal de biopsia de nadadeiras dorsal, caudal

¢ anal (gonopddio) de J.multideniata para andlise do biomarcador CYP/A4;
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Abstract

The cytochrome P450 1A (CYP1A) evaluation in fish is used as a biomarker of
exposure to organic contaminants such PAHs, PCBs and dioxins in the aquatic
environment, Waterborne exposure of fish and biopsied fins to the prototypical aryl
hydrocarbon receptor (AHR) agonist beta-naphthoflavone (BNF; 1 pM) was
employed to characterize different aspects of CYPIA4 induction in the South-
American guppy Jenynsia multidentata. The CYPIA induction in gill, liver and anal
fin (gonopodium) was elicited in the first hour after fish waterborne exposure to
BNF, and remained after 2, 4, 8 24, 48 and 96 h, comparing to control (DMSO
vehicle; p<0.05). The organ-specific temporal pattern of induction was marked by an
earliest peak response in fin than liver. The CYPIA levels reached a peak in
gonopodium at 4 h (~ 34- fold control) and maximum levels in liver from 24 h to 96
h of exposure (~50- fold control). CYP1A4 basal level and induction to BNF exposure
were not affected by the chemical anesthetic procedure (fish immersion in 100
mg.mL™" tricaine MS-222 during 2-5 min) in gill, liver, gonopodium, dorsal and tail
fin (p<0.05). The use of a non-lethal assay consisting of an 4-h exposure of small
pieces of biopsied fins to BNF, caused high CYPI4 induction in tail and anal fins (~
49-fold and ~ 69-fold, respectively), but not in dorsal fin, comparing to control. This
is possibly the first study showing that 1-h waterborne exposure to an AHR agonist
compound is sufficient to cause C¥PIA4 induction in fish organs and fins, which
could be important information planning fish bioassays and biomonitoring studies.
The results give support for the use of the widespread J. multidentata guppy as
model organism for future toxicological studies in aquatic environments in South
America. The study also establishes the use of MS-222 anesthetic procedure for fish
use and in vitro assays with biopsied fins as an alternative non-lethal method in
future experiments assessing CYP1A4 biomarker in fishes.

Keywords: CYPIA, Fish; Jenynsia multidentata, PAH; tricaine; pollution
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1. Introduction

Aquatic ecosystems are significantly impacted by organic contaminants such
polycyclic aromatic hydrocarbon (PAH), polychlorinated biphenyls (PCBs) and
dioxins (i.e. TCDD) that are potential carcinogenic, teratogenic and mutagenic
compounds (Aas et al, 2001). The induction of cytochrome P450 1A (CYP1A)
biomarker in fish has been extensively used in monitoring and ecotoxicologial
studies (Whyte et al, 2000) and often measured using enzymatic assays (i.e.
ethoxyresorufin-O-deethylase; EROD), western blot protein detection (Bucheli and
Fent 1995) and immunohistochemistry (VanVeld et al. 1997). The CYP1A induction
occurs via aryl hydrocarbon receptor (AHR) activation in vertebrates such mammals,
birds and fishes (Hahn, 2002). Recently, the analysis of CYP/4 mRNA levels in fish
using reverse transcription followed by real time PCR (RT-qPCR) have been
evaluated and suggested as a promising tool for biomarker analysis (Pina et al. 2007).

The CYPIA mRNA transcript level is primarily abundant in liver, but could
be also measured in extra-hepatic organs where it is also strongly induced by organic
contaminants such PAHs, PCBs and dioxin (Zanette et al., 2009; Jonsson et al.,
2007). In addition, fish fins could be targets for CYPIA promoter activation by
organic chemical exposure, as demonstrated using GFP transgenic fish models (Ng
and Gong, 2013; Kim et al, 2013) and histological immunolocalization (Zodrow et
al., 2004). The possible advantages using C¥P/4 biomarker evaluation in fish fins
remains poorly explored. The CYPIA peak of induction by contaminants occurs in a
time-dependent manner in different organs of fish (Kim et al, 2008), thus it is
important to understand this pattern in order to choose target organs and optimal
exposure times to use in ecotoxicological studies and to understand toxicokinetics of

compounds as well.
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The biomarker analysis in classic organs used in aquatic toxicology, such as
gills and liver, requires the destructive sampling (lethal), which could possibly
endanger fish populations (Ress et al., 2005). In order to minimize this effect,
nonlethal sampling methods, including removal of tissue without a major aggression
to animals could be an alternative in different animal species (Schmitt and
Brumbaugh, 2007). It could be expected that CYP1A activation in external epithelial
organs could respond rapidly to waterborne exposure, comparing to hepatic, as it has
been suggested using gill filament-based EROD assay (Jonsson et al, 2002), and
similarly it could be proposed the use of fins for analysis in order to develop non-
lethal biopsy methods.

The tricaine methanesulfonate (MS-222) use as a chemical anesthetic
emerged around 1967 and has been widely used in fish experimentation in both
freshwater and saltwater environment (see Popovic et al. 2012 for a review). Reports
on the possible influence of MS-222 in the cytochrome P450 activity are conflicting
(Popovic et al, 2012). The evaluation of MS-222 influence on CYPI/A4 biomarker
response and the influence in other biological responses is required for the ethical use
of fish as a monitor species.

Cyprinodontiforme fishes that are widespread in aquatic environment, such
the North American killifish Fundulus heteroclitus, and the South American guppies
Poecilia vivipara and Jenynsia multidentata, are potential species to evaluate the
CYP1A biomarker (Elskus et al., 1999; Dorrington et al., 2012; Stacke Ferreira et al.,
2012, respectively). The guppy J. multidentata (Cyprinodontiformes, Anablepidae)
occurs from Rio Negro, Argentina to Rio de Janeiro, Brazil, is euryhaline specie and
a promising model organism for biomonitoring studies in South America (Stacke

Ferreira et al., 2012). The fish has unique characteristics among teleost, such as

36



10

11

12

13

14

15

16

i

18

19

20

21

22

23

24

23

ovoviviparity and sexual dimorphism with the modification of the male anal fin as a
thin and elongated copulatory organ denominated gonopodium that possess
regeneration capacity (Turner, 1947; Offen et al., 2008). The study of gonopodium in
fishes, and the gene expression evaluation in this organ, has been suggested as
important tools for endocrine disruptor evaluation ir ecotoxicology (Brockmeier et
al., 2013). As far as we know any study has investigated the possible CYPIA
induction in gonopodium, and the possibility to develop biopsy non-lethal
toxicologial assay using this fin.

In the present study, the time-dependent and organ-specific CYPIA response
to beta-naphthoflavone (BNF) exposure was evaluated in J. multidenta. The possible
influence of MS-222 anesthetic procedure in those responses was also investigated
using in vivo and in vitro (biopsied fin exposure) approaches aiming to give support
for the use MS-222 as anesthetic in fish experimentation. The study also contributes
with the comprehension of CYPIA responses in fins, in order to develop non-lethal
biopsy methods. The results presented give support for the use of J. multidentata as
an alternative model organism for ecotoxicology studies in the South American

environment.

2. Materials and methods

2.1. Animal collection

Male J. multidentata fish (3-5 cm length; 0.5-2.5 g whole body weight; n =
150) were collected in a watercourse from an uninhabited area 15 km away from the
closest district Balneario Cassino (Rio Grande, RS — Brazil; 32°17°48.36”S e

52°16°01.96”0) in August 2013 and November 2013 to be used in the experiments
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described in the sections 2.2 and 2.3, respectively. Identification of males was
verified by observing the gonopodium morphological dimorphism. Acclimation was
done for seven days in the laboratory before the beginning of the experiments. The
fish were maintained in dechlorinate water, at 24° C, salinity 5, 12 h light / 12 h dark
photoperiod, constant aeration and fed twice per day with Alcon BASIC® MEP 200
Complex. The procedures were approved by the Animal Care and Use Committee at

the Universidade Federal do Rio Grande (FURG).

2.2. Time-dependent CYP/A induction to BNF

Male fish (n = 84) were divided to make 14 experimental groups with n = 6
fish each (1 fish per liter), and maintained in similar conditions as mentioned in the
section 2.1. BNF (Sigma-Aldrich, Germany) dissolved in pure DMSO was added in
seven experimental groups to make 1 pM BNF and 0.002 % DMSO final
concentration in the aquarium. BNF and DMSO concentration were chosen based on
previous experiments with zebrafish (Jonsson et al., 2007) and putterfish (Kim et al.,
2008). DMSO was also added in seven experimental groups in equivalent volume to
make 0.002 % DMSO (control groups). BNF and DMSO were replaced in the
exposed and control aquarium, respectively, every 24 hours. Fish from BNF and
control groups, were euthanized putting the fish in the ice followed by cervical
transection 1-, 2-, 4-, 8-, 24-, 48~ and 96- h after the first addition of BNF dissolved
in DMSQO or DMSO alone. Gill, liver and the anal fin (male gonopodium) were
dissected and immediately preserved in RNA later ® (Ambion) according to the
manufacturer’s instructions.

Total RNA was isolated with Trizol reagent (Invitrogen) and reversed

transcribed to cDNA using the High-Capacity ¢cDNA Reverse Transcription Kit
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(Applied Biosystems). Specific CYPIA and f-actin primers pairs (forward 5'-
CATGGGCAGTGATGTACCTTGTGG-3’ and reverse 5-
GGAGTTCGATCCAGACCAATTTGC-3" for CYPIA and forward 5'-
AAAGCCAACAGGGAGAAGATGAC-3’ and reverse 5-
GCCTGGATGGCAACGTACA-3" for f-actin, IDT Integrated DNA Technologies)
were designed based on GenBank nucleotide sequences EF362746 and EF362747,
respectively. The real-time PCR conditions for those CYPIA and f-actin primers
were tested and established before (Stacke Ferreira et al., 2012).

Analysis were performed in duplicate using GoTaq gPCR Master Mix kit
(Promega) and a 7300 Real-Time PCR System (Applied Biosystems) using the
program: 50 °C for 2 min, 95 °C for 2 min and 40 cycles 95 °C for 15s and 60 °C for
30s. The E ™" method was used to calculate the relative transcriptional level in the
experimental groups according to Schmittgen and Livak (2008) using f-actin as a
reference gene. The threshold used for Ct inference was fixed as 0.2 ARn
(fluorescence normalized by internal ROX dye) for all runs. Since no differences in
the transcriptional levels were observed between control groups from different
experimental times all values from control groups were pooled (n = 42) and the mean
value was used as a calibrator to evaluate the CYP/A4 induction to BNF in different
exposure times. The CYPIA fold induction to BNF was represented as the ratio
between BNF exposed compared to control. The data from all groups were
logarithmically transformed in order to attend the ANOVA assumptions of normality
and homoscedasticity and differences between groups were determined by one-way
ANOVA followed by Tukey-HSD post hoc test for unequal number samples

(p<0.05).
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2.3. MS-222 effects in J. multidentata CYP 1A responses

Male fish (n = 24) were transferred to four 6 L aquariums (n = 6 per
aquarium) and maintained in similar conditions as mentioned in the section 2.1, but
without giving food. BNF dissolved in pure DMSO was added in two aquariums to
make 1 pM BNF concentration and 0.002 % DMSO in the aquariums (BNF exposed
groups). DMSO was also added in the other two aquariums in equivalent volume to
make 0.002 % DMSO (control groups). BNF exposed and control groups were
maintained in those conditions during four hours. Euthanasia was performed in the
fish from one of the BNF exposed group aquariums, and one control group aquarium,
by submerging the fish on ice during one minute followed by cervical transection. In
order to evaluate the effect of MS-222 in the biomarker responses, the same
procedure was performed with the other one of the BNF exposed and control groups
that stayed for four hours in the experimental conditions, but euthanasia was
preceded by anesthesia using MS-222. The MS-222 anesthetic procedure was done
according to Popovic et al. (2012) by putting the fish in a non-lethal 100 mg.mL™"
MS-222 solution during ~ 2.5 minutes. The anesthetic effect was checked by
visualizing the loss of swimming activity and equilibrium.

The gonopodium, tail fin, dorsal fin, gill and liver were dissected from the
four experimental groups immediately after the euthanasia procedure. Organ
preservation in RNA later ®, total RNA extraction, cDNA synthesis, and gPCR was
performed as described in the item 2.2, Data were logarithmically transformed in
order to attend the ANOVA assumptions of normality and homoscedasticity.
Statistical differences in transcriptional levels was carried out using one-way
ANOVA followed by the Tukey’s post hoc test (p<0.05) in order to compare the

CYP1A transcriptional levels in the four experimental groups.
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2.4. CYPIA responses using non-lethal in vitro assay with biopsied fins

For the in vitro experiment, six beakers were previously kept with 100 mL of
0.002 % DMSO, dissolved in dechlorinated water, as control groups, and six beakers
were kept with 100 mL of 1 pM BNF dissolved in DMSO (making 0.002 % DMSQO
in the final volume of the beaker) as BNF exposed groups, before the fish’s fins
dissection.

Male fish (n = 20) were euthanized by direct submersion in ice during one
minute followed by cervical transaction. The gonopodium, dorsal and tail fins were
dissected (~ 4 mm”) with vannas scissor. Dorsal fins were immediately placed into
two beakers (n=10 in each beaker), that were previously kept as control and BNF
exposed, respectively. The same procedure of fin in vitro exposure was made for tail
and anal fins, totalizing six experimental groups that did not receive anesthesia (three
control and three BNF exposed groups).

In order to test the possible effect of MS-222 anesthesia in the use of the fin
in vitro experiment, male fish (n=20) were anesthetized with MS-222, and
euthanized by submerging the fish on ice during one minute followed by cervical
transection , as previously described in the section 2.3, and the dorsal, tail and anal
(gonopodium) fins were dissected (~ 4 mm? tissue). Dorsal fins were immediately
placed into two beakers (n=10 in each), that was previously reserved as control
(DMSO) and BNF exposed, respectively. The same procedure was made for tail and
anal fins, totalizing six experimental groups with fins of fish that were anesthetized
before the dissection (three control and three BNF exposed).

All the 120 fins used in the in vitro experiment were collected after 4 h in

DMSO or BNF. Organ preservation in RNA later ®, total RNA extraction, cDNA
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synthesis, and qPCR was performed as described in the item 2.2. Data were
logarithmically transformed in order to attend the ANOVA assumptions of normality
and homoscedasticity. Statistical differences in transcriptional levels was carried out
using one-way ANOVA followed by the Tukey’s post hoc test (p < 0.05) in order to

compare the CYPIA transcriptional levels in the four experimental groups.

3. Results

3.1. Time-dependent CYP14 induction in response to BNF

The waterborne exposure to 1 uM BNF caused the induction of CYPI4 in all
analyzed J. multidentata organs (gonopodium, gill and liver) and all exposure time
tested (from 1 to 96 h) comparing with control (DMSO vehicle; p<0.05). The earliest
exposure time tested of 1 h was sufficient to induce CYPI4 in all tested organ: gill,
liver and gonopodium (~ 4-, ~ 3- and ~ 6- fold control, respectively; p<0.05) (Fig.1).

The CYP14 induction in gonopodium of fish exposed to BNF reached a peak
at 4 h (~ 34- fold control; p < 0.05) and decrease after 8 h of exposure, comparing to
other BNF exposure time groups (p<0.05). The CYPIA4 level in liver of fish exposed
to BNF showed moderate induction in the earliest experimental times of 1, 2 and 4 h,
comparing to control (~ 3- to ~ 7- fold control), but was most strongly induced in the
later times of exposure tested, between 8 and 96 h (from ~ 30- to ~ 50- fold control;
respectively, p<0.05; Fig. 1). The CYPIA level in gill of fish exposed to BNF did not
elicit a clear peak of induction comparing the different BNF exposure times among

then, although the high fold-induction was observed at 48 h (20-fold control).

3.2. MS-222 effects in J.multidentata CYP A responses
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The anesthetic procedure with MS-222 did not produce changes in the
CYP1A4 transcriptional level, in both the basal levels and in the capacity of the gene
to be induced by BNF, in all organs analyzed (anal fin, dorsal fin, tail fin, gill and
liver) (p>0.05; Fig. 2). Fish that was not anesthetized showed CYPIA induction in all
organs analyzed after the 4 h waterborne exposure to 1 yM BNF, comparing to
control (p<0.05; Fig. 2). All tested organs and fins from fish that were MS-222
anesthetized showed significant CYPIA induction to 4-h exposure to 1 pM BNF,

comparing to control, excepting the dorsal fin.

3.3. CYP1A responses using non-lethal in vitro assay with biopsied fins

Excepting in the biopsied dorsal fins from fish that were not anesthetized
with MS-222, 4-h exposure to | pM BNF caused induction in the CYPIA
transcriptional levels in all organs analyzed (anal fin, dorsal fin and tail fin)
comparing to the control groups (p<0.05; Fig. 3). The MS-222 did not produce
changes in the CYPIA transcriptional level, in both the basal levels and in the
capacity of the gene to be induced to 1 pM BNF, in all organs analyzed (p<0.05; Fig.
3). The organ with the highest relative induction was the gonopodium (~ 69- fold; p

< 0.001; Fig. 3) followed by the tail fin (~ 49- fold; p < 0.05; Fig.3).

4. Discussion

4.1. Time-dependent CYPJ/A induction in response to BNF
The CYP1A enzyme has a central role in the biotransformation of toxic
substance and its induction in fish is used since the 1970s to investigate organic

contamination and risk assessment i the aquatic environment (Payne, 1976). The
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CYPIA possess a rapid response in the mRNA transcriptional level after waterborne
exposure to PAH (few hours) that precede the increasing in the protein CYP1A
levels (Kloepper-Sams and Stegeman, 1989; Levine and Oris, 1999; Kim et al,
2008). The CYP1A response to chemical exposure has been investigated in several
fish species (see Sarasquete and Segner, 2000 for a review) and there are reports of
CYP14 induction to 24-h waterborne exposure to 1uM BNF in the liver of pufferfish
Takifugu obscures (~ 11- fold control), guppy Poecilia vivipara (~ 22- fold) and
guppy Jenynsia multidentata (~ 185 - fold) (Kim et al., 2008; Stacke Ferreira et al,
2012). Similarly, the present study found high values of fold induction in gill, liver
and anal fin (~ 20 -, 50 - and 34 — fold, respectively) after 24-h BNF exposure,
supporting the use of the South American .J. multidentata as monitor specie for AHR
agonist contaminants in the aquatic environment. In addition, all the exposure times
tested from 1 h to 96 h, elicited this CYP74 induction in those J. multidentata organs.

The J. multidentata CYP1A induction was noticed after 1-h BNF waterborne
exposure, by ~ 4-fold in gill, 3-fold in liver and 6-fold in the gonopodium, comparing
to control (p<0.05). This is possibly the first study showing that CYPIA response
using RT-qPCR in fish hepatic and extra-hepatic organs could occurs after merely 1-
h exposure, and this information could be useful to develop practical and rapid
assays for environmental risk assessment using J. multidentata. Contrasting to our
study, the shortest exposure time of 6-h BNF waterborne exposure tested by Kim et
al. (2008) was not sufficient to induce CYPIA4 in hepatic and most of the extra-
hepatic putterfish organs (excepting gill and brain). Chung-Davidson et al. (2004)
also found that trout CYPIA responses did not occurs in the first 2-h in the brain after
BNF injection. However, Kloeppersams and Stegeman (1989) found that the shortest

time tested of 6 h after BNF injection, is enough time to induce CYP14 mRNA levels
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in the killifish Fundulus heteroclitus liver, agreeing with the rapid response found in
J. multidentata organs. The differences found in those studies could be associated
with the phenotypical (i.e. body size) and phylogenetic distances among those fishes.
It is important to note that environmental model fish F. heteroclitus is equivalent in
size and from the same order than J. multidentata (Cyprinodontiformes), that could
help to explain the similar patterns of responses in those two fishes. The putterfish
(Tetraodontiformes) and trout (Salmoniformes) are separated about 195 and 290
million years ago from Cyprinodontiformes, respectively (Steinke et al.,, 2006). It is
also possible that those differences in the time-dependent CYPIA4 induction patterns
could be related to distinct biotransformation capacities in different fishes and
organs, for example by differences in biotransformation enzymes such the activity of
ABC (ATP-binding cassette) efflux transporters (Dean and Annilo, 2005).

The CYPIA induction in gonopodium of fish exposed to BNF reached a peak
at 4 h, preceding the peak between 8 h-96 h that was observed in liver, while gills did
not elicited a clear peak of induction, comparing different exposure times.
Gonopodium is a copulatory organ formed from a lengthening of the anterior anal fin
(Ogino et al., 2004) and this is possibly the first study showing that CYP/4 is
strongly induced by AHR agonists, in this fish organ. The primary fin contact with
the water, comparing to liver, could be the explanation why the peak of induction
was first observed in gonopodium. The anal fin constitution supports its capability
for CYPIA induction, since it is rich in epithelial cells (Ogino et al, 2004) and
immunohistochemical analysis shows a very strong positive CYP1A staining in
endothelial and epithelial cells of tilapia fish exposed to contaminants (Bainy et al.,
1999). The use of gonopodium has great perspectives to develop non-lethal organ

biopsy procedure for the study of organisms in contaminated areas because it is an
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organ with confirmed capacity for regeneration thus its use could be proposed to be
used in toxicological assays (Turner, 1947; Offen et al., 2008).

The CYPIA response to BNF did not fall after reach the maximum induction
in gill and liver, and remained at the highest levels until 96-h exposure. Kim et al.
(2008) found different results, with a fall in the CYP/4 induction from 24-h to 96-h
BNF exposure. It is possible that the differences observed by Kim et al. (2008) are
related to BNF biotransformation, elimination or decay in water. In our study the
water containing BNF was renewed every 24 h, which could be an important factor
for the maintenance of CYPIA induction, and BNF concentrations in water,
contributing to the differences between those studies. Different from gill and liver,
gonopodium did not retained the same CYP1A induction after the peak at 4-h BNF
exposure. It was possible to confirm that even at 96 h the CYP/A response system
was maintained active in gill and liver, which is important for biomonitoring studigs

since the response remains active if the compound is present in the water.

4.2. MS-222 effects in Jmultidentata CYP14 responses

The fish immersion for 2.5 minutes in 100 mg.mL" tricaine MS-222 did not
altered the CYPIA basal level and the transcriptional induction after 4-h BNF
exposure, comparing to control. The absence of MS-222 anesthetic influence was
similar in the in vivo and biopsied organ in vitro BNF exposures. This is in
agreement with a study with Rainbow Trout showing that cytochrome P450 content
and activity in responses to injection with the AHR agonist BNF (100 mg. Kg™) was
not altered by a previous tricaine immersion in 50 mg.L" (Kleinow et al., 1986).
Thus, it could be concluded that tricaine does not influence significantly the CYP1A

in the protein and transcriptional levels as well.
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The strong CYPIA inductions by 4-h BNF exposure that was observed in
liver, gill and fins (anal, dorsal and caudal) are consistent with the literature,
particularly considering the liver (Elskuss et al, 1999; Wang et al., 2010; Stacke
Ferreira et al., 2012). Gill is also an important target organ for water pollution studies
and MS-222 absorption and elimination occurs by diffusion through the gill
membranes (Wayson et al., 1976). Studies have reported that this anesthetic causes
impacts on circulatory changes in the secondary lamellae as vasodilatation (Soivio
and Hughes, 1978), but apparently this effect does not influence the levels of CYP/A
transcription. We did not find studies in the literature involving the effect of
anesthetics on expression of CYPIA in fins, and probably this is the first study to
shows the absence of MS-222 effect in this organ. Therefore, we showed that MS-
222 could be used in J. multidentata for anesthetic procedures, and does not interfere

in the responses of this biomarker.

4.3. CYP1A responses using in vifro assay with biopsied fins

The use of biopsied organs could serve as alternative non-lethal procedures to
environmental risks assessment. Among the analyzed organs, the tail fin and
gonopodium showed the highest levels for CYP/A4 induction after 4-h in vitro
exposure to the AHR agonist BNF (~ 69- and ~ 49- fold, respectively). Although the
gonopodium is a modified fin its histological composition is different from the other
fins analyzed because epithelial cells are abundant (Kuntz, 1914; Zauner et al., 2003;
Ogino et al., 2004), while the other fins (tail and dorsal) show a dermal skeleton
(similar to that found in scales). Additionally, as the tail fin also presented high
levels of CYPIA induction, it brings prospects for the use of this organ in

toxicological tests without the need to cause death or injury to the animal. In the
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zebrafish, the tail fin regeneration occurs within 4 days after amputation (Geraudie et
al., 1995; Poleo et al,, 2001). The ability to regenerate the dermal skeleton in model
fishes is getting attention by the study of molecular mechanisms underlying growth
and regeneration (Zauner et al, 2003). Probably, regeneration in Jenynsia
multidentata is similar to other fishes, providing positive perspectives for the use of
non-lethal methods for biomonitoring using this specie. Studies could be conducted
to determine the total regeneration time and the influence of contaminants in the
regeneration in J. multidentata.

The response of the biopsied fin assay with dorsal fin was not successful,
since CYPIA was not induced in the non-anesthetized fish and weakly induced by
BNF in the MS-222 anesthetized fish. Those unexpected results with dorsal fin could
be related to the difficulty to dissect the organ, small size and the different tissue
constitution comparing to the other analysed fins. In a study with the rainbow trout
Oncorhynchus mykiss, the dorsal adipose fin shows only a moderate induction of
CYPIA after exposure to benzo[a]pyrene (Brzuzan et al., 2007). It is also possible
that the MS-222 causes the down-regulation in the CYP1A4 basal levels, idea that is
supported by the difference found in respect to all the other three experimental
groups. In fact, the idea that MS-222 could cause a moderate decrease in CYP1A,
denoted by EROD activity, was reported before (Kleinow et al., 1986).

Both in vitro and in vivo assays were used to assess environmental exposure
to PAHs through the evaluation of CYP/A (Willett et al., 1997; Fent and Batscher,
2000; Whyte et al., 2000). In vifro studies generally use cell lines and not the tissue
from biopsies and non-lethal studies. The use of the biopsied fin method presents
short term response and easy handling that can facilitate the biomarker evaluation in

the laboratory and field.
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5. Conclusion

The time-dependent CYPIA induction to BNF exposure was evaluated in
different organs of the guppy Jemynsia multidentata. This is possibly the first study
showing that 1-h waterborne exposure to an AHR agonist compound can be
sufficient time to cause CYPI4 induction in liver, gill and fin of fish. The use of the
anesthetic tricaine MS-222 did not influence CYPIA responses in fish, which is
important information considering the growing necessity of anesthetic procedures for
the ethical use of fish in toxicology. Short exposure time are sufficient to cause
CYPIA induction in biopsied tail fin and gonopodium analysis using an in vivo BNF
exposure, or an in vitro BNF exposure of biopsied fins, represent a promising
application in ecotoxicology by developing non-lethal procedures using fish. The
present study provides important information for the use of the South American

guppy J. multidentata for toxicological studies.
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Figure captions

Fig. 1. CYPIA transcription levels in gill, liver and gonopodium of Jenynsia
multidentata after 1-, 2- 4- 8- 24- 48- and 96- h exposure to 1 pM beta-
naphthoflavone (BNF; n = 6) or DMSO vehicle alone (Control; n = 42). CYPA fold

induction to BNF relative to Control is denoted by numbers above the bars. CYPiA
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levels are represented as mean + stdev calculated as E ' using f-actin as reference
P g
gene. Equal small letters represent absence of difference in a given tissue (one-way

ANOVA followed by unequal-N HSD post hoc test; p < 0.05).

Fig. 2. CYPIA transcription levels in the gonopodium, dorsal fin, tail fin, gill and
liver of Jenynsia multidentata 4-h exposed to 1 uM beta-naphthoflavone (BNF) or
DMSO vehicle alone. White bars represent fish that were not chemically
anesthetized and gray bars represent fish that was anesthetized with 100 mg.mL"
tricaine MS-222 prior to the euthanasia and dissection. CYPJA fold induction, in
respect to control, is denoted by numbers above the bars. CYPIA levels are

ACL ;
" using f-actin as reference gene.

represented as means + stdev calculated as E
Differences between bars were determined by one-way ANOVA followed by Tukey-

HSD (n=6; p<0.05).

Fig. 3. CYPIA transcription levels in gonopodium, dorsal fin and tail fin that were
biopsied from Jenynsia multidentata and 4-h exposed in vitro to 1 pM beta-
naphthoflavone (BNF) or DMSO vehicle alone. White bars represent fish that were
not chemically anesthetized and gray bars represent fish that was anesthetized with
100 mg.mL" tricaine MS-222 prior to the euthanasia and dissection. CYPI4 fold
induction relative to control is denoted by numbers above the bars. CYPIA level is
represented as mean * stdev calculated as E A using p-actin as reference gene.

Equal small letters represent absence of difference (one-way ANOVA followed by

Tukey-HSD; n=6; p < 0.05).
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