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Parte 1



RESUMO

O Diuron (3-(3,4-Diclorofenil)-1,1-dimetilureia), herbicida derivado da ureia, induziu
tumores uroteliais na bexiga de ratos Wistar apds dois anos de exposicdo a alta
concentracao (2500ppm). Estudos sucessivos de nosso laboratdrio sugeriram que a
concentracdo intermedidria de 500ppm na ragdo poderia ser citotéxica e
potencialmente cancerigena ao urotélio de ratos. A proposta deste estudo foi avaliar
as alteracGes uroteliais induzidas pela exposicdo subcronica e cronica (20 e 84
semanas, respectivamente) ao diuron na concentragdo de 500ppm. Cento e trinta e
dois ratos Wistar machos foram distribuidos em grupos controle ou diuron e
avaliados apdés 20 ou 84 semanas de exposicdo. Os rins e as bexigas foram
processados para analise histoldgica, as bexigas para andlise de microscopia
eletrénica de varredura e para avaliacdo da expressdo dos genes Gpc3, Ugtla6,
Nfe2l2, Tgfbl e Gstm1 por RT-PCR quantitativo em tempo real. Apenas apds 84
semanas de exposi¢do, a incidéncia de hiperplasia simples foi significativamente
maior na bexiga urinaria (10/18) e na pelve renal (23/25) nos animais expostos ao
diuron quando comparado aos do grupo controle (2/22 e 9/30, respectivamente).
Em ambos os periodos de exposicdo, o diuron induziu diminuicdo de expressdo do
gene Gpc3, envolvido na proliferagcdo celular, e aumento de expressdo do gene
Ugtla6, relacionado com o metabolismo de xenobidticos. A expressdo do gene
Nfe2l2, relacionado ao estresse oxidativo, aumentou apenas no periodo de 20
semanas. Neste estudo, embora na 202 semana a concentrag¢ao de diuron 500ppm
tenha se comportado morfologicamente como nivel de efeito adverso nao
observavel (NOAEL), as alteragbes na expressdo génica mostraram perturbacGes
relacionadas a proliferagdo celular, estresse oxidativo e metabolismo de
xenobidticos. Nossos resultados sugerem que a exposicdo dietética ao diuron
500ppm por um longo periodo foi citotdxica, suficiente para a indugdo de alteragdes
transcricionais e para o desenvolvimento de hiperplasia urotelial, podendo ser
considerada como o menor nivel de efeito adverso observavel (LOAEL) para
exposicdo cronica em ratos.

Palavras-chave: Diuron, bexiga, urotélio, hiperplasia, citotoxicidade,

expressao génica.
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REVISAO DE LITERATURA

1.1 CARCINOGENESE UROTELIAL: EPIDEMIOLOGIA E ENSAIOS IN VITRO E IN
VIVO

A relacdo entre exposicdo a agentes quimicos e o desenvolvimento
de cancer de bexiga é reconhecida desde 1895, quando o médico alemao
Rehn verificou que trabalhadores da industria de corantes expostos a aminas
aromaticas possuiam maior risco para o desenvolvimento deste tumor
(Dietrich & Dietrich, 2001). Sabe-se que o aparecimento desta doenca esta
relacionado também a outros fatores e.g. tabagismo, exposicdo a
componentes ambientais e ocupacionais, fatores genéticos e estilo de vida
(Crawford, 2008; Burger et al.,2013). O Instituto Nacional do Cancer (INCA)
estima que no Brasil, no ano de 2018, 6.690 homens e 2.790 mulheres
desenvolverdo cancer de bexiga. Neste cendrio, os modelos experimentais de
carcinogénese urotelial in vivo e in vitro podem auxiliar na identificacdo de
fatores de riscos (Oliveira et al., 2006; Cohen et al., 2007), modos de acdo
cancerigeno (Meek et al.,, 2013; da Rocha et al., 2014) e, também, na
caracterizacdo de marcadores associados com o desenvolvimento dessa
neoplasia (De Graff et al, 2011), subsidiando medidas de intervencdo para a
reducdo de sua incidéncia e contribuindo para definicdo de prognosticos.

Ainda que os testes in vitro permitam a avaliagdo do potencial
toxicoldgico de substancias quimicas de forma rapida e acessivel (Liest et al.,

2014), possuem limitagGes relevantes, principalmente relacionadas com o

14



Revisdo de Literatura

metabolismo e farmacocinética da substancia teste (Coecke et al., 2006;
McMullen et al., 2018). Além disso, os testes in vitro, quando realizados com
monocamadas de células, ndo reproduzem a complexidade real de um
organismo bioldgico, pois o desenvolvimento neopldsico in vivo depende dos
tecidos e células adjacentes, como células mesenquimais, elementos
vasculares e matriz celular (Hartung & Daston, 2009; De Graff et al., 2012).
Por isso, embora vdrias alternativas in vitro de toxicidade dérmica e ocular ja
sejam utilizadas para fins de regulamentacao, ainda nao existem alternativas
in vitro adequadas e aceitas para os outros orgdos/sistemas e.g. sistema
urindrio, gastrointestinal e cardiovascular (McMullen et al.,2018).

Substancias quimicas conhecidamente cancerigenas para os seres
humanos, quando testadas adequadamente em animais de experimentacao
mostraram resultados positivos para a avaliagao do potencial cancerigeno em
pelo menos um dos protocolos propostos por agéncias como a OECD
(Organisation for Economic Co-operation and Development) (Faustman &
Omenn, 2008). Apesar do esforco empregado pelos pesquisadores no
desenvolvimento de testes toxicologicos alternativos (Sparrow et al., 2011;
Liest et al., 2014; McMullen et al.,, 2018), os bioensaios conduzidos com
animais de experimentacdo ainda sdo amplamente utilizados pelas principais
agéncias regulatdérias do mundo fornecendo informacgdes importantes sobre
o modo de agao, doses de referéncia e principais efeitos bioldgicos induzidos
por um agente quimico (McMullen et al., 2018).
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1.2 DIURON

O diuron [3 - (3,4-diclorofenil) -1,1-dimetilureia] (CAS 330-54-1) (Figura 1)
€ um herbicida derivado da ureia amplamente empregado em diversas
culturas agricolas como cana de acucar, algodao, café, frutas citricas, uva,
cacau, alfafa, aspargos, entre outras (Roque & Melo, 2000; USEPA, 2003;
APVMA, 2005). Devido suas propriedades fisico-quimicas, possui elevada
persisténcia no solo, podendo permanecer no ambiente por até um ano, o
que possibilita sua dispersdao por lixiviacdo, contaminacdo de ambientes
aquaticos e de fontes de abastecimento de dgua (Field et al., 2003; Okamura
et al., 2003).

Figura 1: Férmula molecular do diuron

|
BOW!
CHs

Em estudo de carcinogenicidade, ratos Wistar de ambos os sexos
alimentados com diuron na concentracdo de 2500ppm durante dois anos
apresentaram aumento das incidéncias de papilomas e carcinomas uroteliais
na pelve renal e bexiga (USEPA, 1997; lyer, 2002). Consequentemente, o
diuron foi classificado pela U.S. Environmental Protection Agency como

“provavel cancerigeno para a espécie humana” (USEPA, 1997).
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Estudos experimentais mostraram ultraestruturalmente presenga de
células inchadas representando degeneracao celular no urotélio da bexiga de
ratos apos um dia de exposicdo ao diuron 2500ppm (da Rocha et al., 2012) e,
a partir de 15 semanas, altera¢des uroteliais mais proeminentes como
hiperplasia simples, focos de necrose e aumento do indice de proliferacao
celular (Nascimento et al., 2006; da Rocha et al., 2010; |hlaseh et al., 2011;
Cardoso et al., 2013; Fava et al., 2015).

O diuron é um composto ndo genotdxico, ou seja, a indugao de lesdes
uroteliais pela exposicdo a este herbicida ndo esta relacionada com processos
de interacdo com o DNA (lyer, 2002; USEPA, 2003; APVMA, 2005; Nascimento
et al., 2006, da Rocha et al., 2010). Altera¢des na composicdo da urina como
pH, presenca de precipitados e cristais também nao fazem parte do processo
de toxicidade induzido por este herbicida (da Rocha et al., 2010).

Apds ingestdao, o diuron é absorvido pelo sistema gastrointestinal e
extensivamente metabolizado e excretado na urina (lyer, 2002; da Rocha et
al., 2014). Assim, o modo de acdo (MOA) pelo qual o diuron induz lesGes no
urotélio do rato a altas doses envolve ativacdo para metabdlitos tdxicos,
principalmente N-(3,4-dichlorofenil) ureia (DCPU) e em menor quantidade
4,5-dichloro-2-hidroxifenil ureia (2-OH-DCPU) que concentrados na urina
induzem citotoxicidade, degeneragao celular, esfoliagao e necrose seguidas
de hiperplasia regenerativa e eventualmente formagado de tumores (da Rocha
et al,, 2010, 2012, 2013, 2014). Em humanos, um relato de abuso de ingestdo
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do diuron, o principal metabdlito presente na urina era o N-(3,4-diclorofenil)-
3-metilureia (DCPMU), seguido de pequenas quantidades de DCPU e de 3,4-
dicloroanilina (DCA) (Boven et al., 1990). A avaliagdo in vitro da toxicidade
desses metabdlitos mostrou que o DCA, uma amina aromatica que tem como
orgaos alvos figado, rim e bexiga, era o metabdlito mais reativo para as células
uroteliais humanas (1T1) (Valentovic et al., 1997), enquanto que nas células
uroteliais de ratos (MYP3), o metabdlito que apresentou maior toxicidade foi
o DCPMU (da Rocha et al., 2013). Embora o DCA seja o metabdlito reativo
formado no homem em menor quantidade apds a exposi¢ao ao diuron, ndo é
possivel excluir a hipdtese de que esse composto possa induzir o
desenvolvimento de lesGes uroteliais importantes em individuos expostos

continuamente a altas concentragdes.

1.3 DOSE-RESPOSTA DO DIURON: ALTERACOES TRANSCRISSIONAIS:

A avaliacdo do perfil global da expressao génica de células uroteliais da
bexiga de ratos expostos por sete (07) dias pela racdo ao diuron nas
concentracbes de 60, 125, 500, 1250 e 2500ppm mostrou uma evidente
separacdo entre o grupo de alta concentracdo (2500ppm) com os de baixas
concentracdes (125ppm e 500ppm). Essa relacdo de dose-resposta culminou
com um aumento do numero de genes diferencialmente expressos na maior
concentracdo, a de 2500ppm (lhlaseh-Catalano et al., 2014). A maioria desses

genes tem sido relacionados com fungbes de interagdes célula-a-célula e
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desorganizacao tecidual, eventos criticos importantes para o
desenvolvimento da carcinogénese urotelial (Sanchez-Carbayo et al., 2003) e
possivelmente associados com as alteracdes morfoldgicas induzidas pela
exposicdo ao diuron neste periodo (Ihlaseh-Catalano et al., 2014).

A relacdo dose-resposta também foi observada apds 20 semanas de
exposicao, quando o perfil de expressdo génica das altas doses (1250ppm e
2500ppm) apresentou-se diferente daquele expresso nas concentracdes
menores (60ppm e 125ppm) e no grupo controle (lhlaseh et al., 2011). Nesse
periodo, as concentracdes de 1250 e 2500ppm induziram alteracdo da
expressao génica que incluiam efeitos sobre o metabolismo de aminodcidos,
lipidios e maior resposta ao estresse oxidativo possivelmente associadas a
sustentacdo da hiperplasia urotelial observada nesse periodo (lhlaseh et al.,

2011).
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1.4 ALTERACOES DA EXPRESSAO DOS GENES Tgfb1, Gpc3, Ugtla6, Nfe212
e Gstm1 APOS EXPOSICAO A DIFERENTES CONCENTRACOES DO DIURON

Estudo anterior realizado por nosso grupo, em que ratos Wistar
machos foram expostos a diferentes concentragdes de diuron (60, 125, 500,
1250 e 2500ppm) no periodo de sete (7) dias mostrou que 74% dos genes
diferencialmente expressos em 500ppm também estavam alterados em
2500ppm. Digno de nota, o fator transformador de crescimento beta 1
(Tgtb1) foi considerado o mais relevante regulador da resposta transcricional
desses grupos, tendo sido responsavel pela regulacdo da expressdo de 125
genes (17,5%) no grupo 2500ppm (lhlaseh-Catalano et al., 2014). Contudo,
ndo houve alteragao na expressao desse gene apds 20 semanas de exposicao,
sugerindo que sua funcdo estd relacionada aos processos de toxicidade
precoces induzidos por este herbicida (Ihlaseh et al., 2011).

As proteinas codificadas pelos genes Tgfb estdo envolvidas em varios
processos biologicos como: regulacdo da proliferacdo celular, resposta
imune, crescimento, diferenciacdo, angiogénese e apoptose (Narayan et al.,
2005; Kajdaniuk et al.,2013). Devido a sua alta complexidade, o exato papel
dessas proteinas no desenvolvimento cancerigeno ainda ndo foi
completamente elucidado. Enquanto alguns estudos demonstram
associacao positiva entre o aumento da sinalizacdao do Tgfb e a supressao do
crescimento tumoral através da indugao de apoptose (Al-Azayzih et al., 2012;

Wang et al., 2018), outros sugerem que o aumento da expressao de vias de
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sinalizacdo desse gene pode contribuir para a progressao tumoral através de
mecanismos como inducdo da transicao epitelial-mesenquimal e aumento de
motilidade, invasividade e metastase de células cancerosas (Amatangelo et
al., 2012; Geng et al., 2014; Zhang et al., 2016). De modo geral, a importancia
do gene Tgfb em carcinomas uroteliais humanos tem sido amplamente
descrita na literatura (Tzong-Tyng et al., 2008; Al-Azayzih et al., 2012; Olfat-
Shaker et al., 2013; Geng et al., 2014). Essas informacdes sugerem uma
provavel associacdo entre a inducdo de alteragGes transcricionais reguladas
por Tgfbl detectadas nas células uroteliais de ratos expostos ao diuron por
sete dias (lhlaseh-Catalano et al., 2014) com a degeneragdao celular
visualizada a microscopia eletrénica de varredura apds o mesmo periodo de
exposicdo (da Rocha et al., 2012; Fava et al., 2015).

O gene Glipican 3 (Gpc3), proteoglicano ligado a superficie
exocitoplasmatica da membrana celular por um eixo glicosil-fosfatidinusitol
(GPI), esta envolvido no processo de proliferacdo celular e, possivelmente,
na inducdo de apoptose (Gonzalez et al., 1998; Cano-Gauci et al., 1999). Em
mamiferos, as proteinas da familia glipican podem ser classificadas em seis
(6) subtipos diferentes (Gpcl-Gpc6) (Filmus et al., 2008; Fico et al., 2011).
Evidéncias in vivo indicam que as principais funcdes dessas proteinas estdo
relacionadas a regulacdo de fatores de crescimento de fibroblastos e
sinalizacdo de vias Wnt e Hedgehog (Filmus & Capurro, 2013). O aumento
e/ou diminuicdo da expressdo do gene Gpc3 tem sido associado a diversos
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tipos de tumores e.g. mama (Tascon et al., 2016), colangiomas (Man et al.,
2005), mesoteliomas (Murthy et al., 2000) hepatocelulares (Saber et al.,
2017), embriondrios como neuroblastoma, meduloblastoma e tumor de
Wilms (Saikali & Sinnett, 2000) e de célon (Foda et al.,2015). Essa variacdo
de expressdo do Gpc3 em diferentes tumores ocorre provavelmente devido
ao fato desse gene comportar-se em alguns tecidos como uma proteina
oncofetal (ex: intestino e figado), expressando-se apenas na fase embriondria
e tornando-se silenciada nos tecidos adultos normais, podendo, entretanto,
reaparecer durante a transformagdo maligna tumoral (Filmus et al., 2001;
Xylinas et al., 2014; Foda et al., 2015). A expressao da proteina Gpc3 também
foi descrita em carcinomas uroteliais e escamosos na bexiga de humanos
(Gailey et al., 2013). Estudo prévio em nosso laboratério mostrou diminuicdo
de expressao do gene Gpc3 no urotélio de ratos expostos a diferentes
concentrac¢des de diuron no periodo de sete dias (125, 500 e 2.500ppm) ou
20 semanas (60, 125, 1.250 e 2.500ppm) (Gomide et al., em submissao).

O processo de metabolizacdo do diuron ocorre por desmetilacdo,
hidroxilacdo do anel aromatico, N-oxidacdo, declorinacdo e conjugacdo com
acido glicurénico (APVMA, 2011). As reacdes de conjugacdo com o acido
glicurénico ou com a glutationa representam importantes vias de
biotransformacdao em mamiferos com principal objetivo de facilitar a excre¢ado
de compostos lipossoluveis tornando-os moléculas mais hidrofilicas
(Rowland et al., 2013; Ouzzine et al., 2014). Em ratos, as enzimas UDP-
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glicuronosiltransferases (Ugts), responsaveis pela catalisacdao da reagdo de
conjugacdo de substratos tdxicos com o dacido glicurénico, podem ser
separadas em duas familias de genes: as Ugt1 e as Ugt2 (Bock & Kohle, 2005;
Klaassen & Watkins Ill, 2012). De modo geral, alteracdes de expressdo e/ou
polimorfismos nos genes da familia Ugt1 foram descritos em diversos tipos
de tumores humanos (cdlon, estbmago, figado e bexiga) (Strassburg et al.,
1997, 1998; Giuliani et al., 2001, 2005). Particularmente, a baixa regulacao
do gene Ugtla6 esta relacionada com maior susceptibilidade ao
desenvolvimento de cancer de bexiga em humanos (Giuliani et al., 2005;
Sundararaghvan et al.,2017) e em camundongos (lida et al., 2010). A baixa
expressao desse gene também foi observada nas células uroteliais da bexiga
de ratos apds exposicdo ao diuron 60 e 125ppm por 20 semanas (lhlaseh et
al., 2011).

As glutationa-S-transferases (Gsts) constituem uma superfamilia de
enzimas de Fase Il com importante papel na protecao do organismo contra
substancias quimicas potencialmente téxicas como pesticidas, agentes
antitumorais, poluentes ambientais, entre outras (Hayes & Pulford, 1995;
Kang et al.,, 2013). Em humanos, as enzimas dessa familia podem ser
distribuidas em cinco classes diferentes: a, mu, t,  ou ¢, cada uma delas
tendo um substrato de ligacdo especifico (Hayes & Pulford, 1995). Gendtipos
nulos ou polimorfismos do gene Gstm1, importante membro da classe mu
envolvido no processo de detoxificacdo de varios agentes cancerigenos
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foram associados a diversos tipos de tumores humanos tais como os de
mama (Chirild et al., 2014), estbmago (Meng et al., 2014; Gu et al., 2014),
pulmdo (Pan et al., 2014) e bexiga (Garcia-Closas et al., 2005; Lukas et al.,
2017). Além disso, estudo conduzido por nosso grupo detectou um
aumento de expressdao do gene Gstml nas células uroteliais de ratos
alimentados com diuron nas concentragdes de 1.250 e 2.500ppm por 20
semanas (lhlaseh et al., 2011).

Enquanto alguns estudos mostram auséncia de relacdo entre a
expressdao diferencial e/ou polimorfismos dos genes Gsts e o
desenvolvimento de cancer de bexiga (Matic et al., 2013; Safarinejad et al.,
2013), outros afirmam que gendtipos nulos do gene Gstml estdo
diretamente relacionados ao aumento do risco para o desenvolvimento de
tumores uroteliais (Lukas et al., 2017) e que a diminuicdo da expressao esta
associada a maior susceptibilidade de progressao para carcinomas uroteliais
musculo-invasivos em humanos (Kang et al., 2013). Apesar das enzimas Gsts
nao participarem diretamente do processo de metabolizagdo do diuron, elas
desempenham importante papel na protecdo do organismo contra o estresse
oxidativo (Hayes & Pulford, 1995; Aquilano et al., 2014). Isto é relevante, uma
vez que a inducdo de lesdes uroteliais induzidas pela exposi¢cao ao herbicida
diuron ocorra também devido as interagdes das espécies reativas de oxigénio
(EROS) com as células epiteliais (lhlaseh et al., 2011). Neste contexto, é
importante ressaltar que o estresse oxidativo exerce duplo papel no
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desenvolvimento cancerigeno; favorecendo o desenvolvimento tumoral pela
instalacdo de danos diretos em macromoléculas (ex: lipidio, proteina, acidos
nucléicos) e por induzir vias que promovem a carcinogénese (Klaunig et al.,
2010) ou ainda, exercendo supressdao tumoral pela inducdo de apoptose
de células neoplasicas (Mena et al., 2009, Shibata et al., 2010) e protecao
do organismo contra o desenvolvimento de metdstases (Moon et al., 2014).
Neste cenario, destaca-se a atividade do fator de transcrigao Nfe2l2,
importante regulador de genes com fung¢des detoxificantes contra EROS
(Reszka et al., 2014), envolvido no processo de regulacdo de enzimas de Fase
Il (ex: Gstm e Gst) (lida et al., 2007). Mutagdes simultaneas dos genes Nfe2/2
e p53 em camundongos resultaram em aumento significativo da incidéncia
de carcinomas uroteliais induzidos quimicamente pelo N-butil-N-(4-
hidroxibutil) nitrosamina (BBN; CAS: 3817-11-6) (lida et al., 2007). Em seres
humanos, a importancia desse gene foi também descrita em tumores de
pulmdo (Bauer et al., 2013), estbmago (Kawasaki et al., 2015) e bexiga
(Hayden et al., 2014). Corroborando esses dados da literatura, ratos
alimentados com diuron por 20 semanas nas concentrag¢ées 60, 125, 1.250
e 2.500ppm apresentaram aumento de expressdo de transcritos
relacionados ao estresse oxidativo mediado pelo gene Nfe212 (lhlaseh et
al., 2011).
De modo geral, a diminuicdo da sintese e/ou da atividade de
proteinas com fung¢des associadas a detoxificagdo de substancias quimicas,
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como as das enzimas UDP-glicuronosiltransferases (Ugts) ou glutationa S-
transferases (Gst), esta relacionada com aumento de susceptibilidade ao
desenvolvimento de carcinomas uroteliais. A reducdo da atividade de
enzimas detoxificantes ocasionaria elevada disponibilidade de compostos
reativos na urina, permitindo maior interacdo com as células uroteliais,
proporcionando um ambiente favoravel para a instalacdo de citotoxicidade
e desenvolvimento de lesdes (lida et al., 2007, 2010; Sundararaghvan et al.,
2017). Considerando as fung¢des protetoras do Nfe2l2, supde-se que
variacOes da expressdo e/ou mutacOes desse gene poderiam interferir na
susceptibilidade ao desenvolvimento de lesdes induzidas quimicamente
e/ou na resisténcia a xenobidticos em geral.

As principais fungdes dos genes discutidos acima estdao resumidas e

ilustradas na figura 2.
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- - Importante regulador de genes com fungdes
Descrito em  carcinomas detoxificantes envolvido no processo de

urn.)teli.ais human.os e/ou em Nfe2i2 regulagdo de enzimas de Fase Il (ex: Gstm e Gst)
\onass de experimentacdo

.\&Jgtia Prote¢do contra o estresse oxidativo, relevante
~ AlteracBes de expressdo devido a uma possivel associagdo entre a
apos a exposi¢do ao diuron producdo de espécies reativas de oxigénio

(EROS) e a inducdo de lesdes pelo diuron
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glutationa sdo importantes vias de biotransformacdo dos mutactes podem resultar em alteragtes

/ mamiferos = objetivo facilitara excre¢do de compostos fisiolégicas importantes capazes de

interferir ~ na  susceptibilidade  do

Diminuigdo da sintese e/ou atividade de proteinas com fungdes associadas desenvolvimento de doencas induzidas

a detoxificacdo de substincias quimicas = ambiente favoravel para a quimicamente efou na resisténcia 2
instalacdo de citotoxicidade e desenvolvimento de lesdes uroteliais devido exposi¢do a xenobidticos em geral

a elevada disponibilidade de compostos reativos na urina e aumento da
interagdo com as células uroteliais

Figura 2: Resumo grafico das principais funces dos genes escolhidos para andlise. O resumo grafico é uma forma concisa de resumir e
exemplificar contetdos, seu uso tem sido incentivado por revistas importantes area de toxicologia (Toxicology : fator de impacto (Fl)
3,58; Food and Chemical Toxicology Fl: 3,77). Nimero de acesso dos genes (ID): Tgfbl (59086), Gpc3 (25236), Ugtla6 (113992), Gstm1
(24423), Nfe2/2 (83619)

1.5 DOSE-RESPOSTA DO DIURON: ALTERAGCOES MORFOLOGICAS

A relacdo de dose-resposta apds a exposi¢ao ao diuron ocorre tanto
na inducdo de alteracdo de expressdo génica (lhlaseh et al., 2011; Ihlaseh-
Catalano et al., 2014) como nas incidéncias de alteracdes morfolégicas
(Inlaseh et al., 2011; Cardoso et al., 2013). A avaliacdo da exposicdo as
concentragdes de 60, 125, 500, 1250 e 2.500ppm de diuron por 20 semanas
mostrou a microscopia eletronica de varredura (MEV), que a incidéncia e
severidade das lesdes uroteliais induzidas pelas concentracdes de 1250ppm e
2500ppm eram as mesmas. Mais intrigante do que isso, a concentracao
intermedidria de 500ppm foi capaz de induzir alteracdes uroteliais

potencialmente neoplasicas e.g. necrose, esfoliacdo e hiperplasia em 50% dos
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animais expostos (Cardoso et al., 2013) sugerindo que o potencial citotdxico
e cancerigeno dessa concentracdo ndo pode ser descartado. Ainda,
considerando essas alteracdes como efeito adverso para este nivel de
exposicao, pode-se considerar a concentracdo de 500ppm como a de menor
nivel de efeito adverso observado, a LOAEL (Cardoso et al., 2013).
Corroborando esses achados, o cdlculo da dose de referéncia (benchmark
dose) do diuron para efeitos apicais mostrou que a concentracdo necessaria
para o desenvolvimento de hiperplasia urotelial na bexiga de ratos Wistar
apds 20 semanas de exposicdo é de 22mg/kg/dia, valor proporcional a
500ppm (Bhat, 2014). Estas observagbes mostram que, mesmo em
concentragdes inferiores a 2500ppm, o diuron mantém seu potencial de
citotoxicidade urotelial e proliferacao celular regenerativa.

Nos estudos de carcinogenicidade quimica, a utilizagdo concomitante de
diferentes métodos de analises (ex: morfologia, imunohistoquimica e
biologia molecular) que possibilitem aos pesquisadores relacionarem
alteracdes moleculares com as modificacdes morfoldgicas sdo de extrema
importancia para a elucidacdo dos mecanismos de acdo das substancias teste.
1.6 JUSTIFICATIVA

O desenvolvimento de lesdes uroteliais a MEV em ratos expostos ao
diuron 500ppm em ensaios de média duragdo de 20 semanas (Cardoso et al.,
2013) e o comprometimento de vias moleculares associadas ao cancer de
bexiga em ensaios de curta duracdo de 07 dias (Ihlaseh et al., 2014), levantou o
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questionamento sobre o potencial citotéxico e potencialmente cancerigeno
desta concentracdo ao urotélio de ratos. Apesar do papel de elevadas
concentracoes (1.250 e 2.500 ppm) do diuron na instalacdo de citotoxicidade e
desencadeamento de processo hiperpldsico relacionado a carcinogénese
urotelial estar bem estabelecido, ndo had na literatura estudo cronico e
subcrénico que avalie o potencial de carcinogenicidade e a inducdo de
alteragdes transcricionais relevantes ao desenvolvimento da carcinogénese
urotelial para a concentracdo de 500ppm. Isto é relevante, pois
estaconcentracgdo é cinco (5) vezes menor do que a referida na literatura como
cancerigena. Portanto, evidéncias de carcinogenicidade para essa dose
causariam impacto direto na definicdo de doses de referéncia (LOAEL), e
consequentemente, na avaliagao e administra¢ao do risco deste herbicida, pois

o LOAEL estaria muito préximo do NOAEL atualmente aceito, que é de 125ppm.
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1.7 OBJETIVOS DO ESTUDO
v" Avaliar a expressdo dos genes Tgfbl, Gpc3, Nfe2l2, Ugtla6 e Gstml
apos 20 ou 84 semanas de exposicdo ao diuron 500ppm.
v’ Verificar se a exposi¢do cronica ao diuron 500ppm por 84 semanas seria
capaz de induzir lesGes neoplasicas.
v' Comparar a relacdo entre a alteracdo da expressdo génica e o
desenvolvimento de lesdes uroteliais nos diferentes momentos

experimentais.
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1.0 ABSTRACT

Diuron (3-(3,4-dichlorophenyl)-1,1-dimethylurea), a substituted wurea
herbicide, induced urothelial tumors in the urinary bladder of Wistar rats fed dietary
concentration of 2500ppm in a two-year bioassay. Successive studies from our
laboratory suggested that the concentration of 500ppm could be cytotoxic and
potentially carcinogenic to the rat urothelium. This study evaluated urothelial
changes induced by 500ppm diuron in a medium and long-term study (20 and 84
weeks respectively) in rats. One hundred and thirty-two male Wistar rats were
allocated to control or to 500ppm diuron-fed groups and evaluated after 20 or 84
weeks. Urinary bladder and kidney histology and scanning electron microscopy of the
urinary bladder were performed. The expression of Gpc3, Ugtla6, Nfe2l2, Tgfbl and
Gstm1 genes was evaluated by real time quantitative RT-PCR. After 84 weeks of
exposure, the incidence of simple hyperplasia was significantly increased in the
urinary bladder (10/18) and kidney pelvis (23/25) in the diuron group when
compared to control (2/22 and 9/30) respectively. In both experimental periods, the
Gpc3 gene expression, involved in cellular proliferation, was decreased and the
Ugtlab gene expression, related to xenobiotic metabolism, was increased in the
diuron group. The expression of Nfe2/2 gene, related to oxidative stress, was
increased only in the 20-week exposure. In this study, although the concentration of
500ppm behaved morphologically as no observable adverse effect level (NOAEL) in
the 20-week exposure, the gene expression alterations showed urothelial
perturbations related to cell proliferation, oxidative stress and xenobiotic
metabolism. The long-term 500ppm diuron dietary exposure is cytotoxic, able to
induce urothelial hyperplasia and gene expression changes, and therefore, it may be
considered as the lowest observable adverse effect level (LOAEL) of exposure in rats.

Keywords: Diuron, urinary bladder, urothelium, hyperplasia, cytotoxicity,

gene expression.
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2.0 ABBREVIATIONS

BMD, Benchmark dose

CPD, Critical point dried

Gpc3, Glypican 3

Gstm1, Glutathione S-transferase mu 1

LD so, Lethal Dose, 50%

LM, Light microscopy

LOAEL, Lowest observable adverse effect level
NOAEL, No observed adverse effect level
Nfe2l2, Nuclear factor, erythroid 2-like 2
MOA, Mode of action

gRT-PCR, Real time PCR

SEM, Scanning electron microscopy

SH, Simple hyperplasia

Tgtb1, Transforming growth factor beta 1 gene

Ugtla6, UDP glucuronosyltransferase family 1 member A6
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3.0 INTRODUCTION

Diuron (3-(3,4-dichlorophenyl)-1,1-dimethylurea) is a substituted urea
herbicide used to control weeds in many agricultural crops (e.g., fruit, cotton,
alfalfa, sugar cane, wheat, and soy) (lyer, 2002; USEPA, 2003) and in
uncultivated surfaces including roadsides, railways and parks (Oturan et al.,
2008).

Diuron has low acute toxicity when administered by the oral, dermal or
inhalation routes, the oral LDso for rats is approximately 4000 mg/Kg body
weight (b.w.), value proportional to 100.000ppm (USEPA, 2003; EFSA, 2005).
This herbicide was classified by the United States Environmental Protection
Agency (USEPA) as a “known/likely” human carcinogen based on a 2-year
bioassay (0, 25, 250 and 2500ppm) that demonstrated increased incidences
of urinary bladder carcinomas in male Wistar rats after dietary exposure to
2500ppm (111mg/kg/day) (USEPA, 1997; Iyer, 2002). In that long-term study,
the no observed adverse effect level (NOAEL) for carcinogenicity was set at
250ppm (10mg/kg/day).

Diuron is a non-genotoxic compound (lyer, 2002; USEPA, 2003,
Nascimento et al., 2006; da Rocha et al., 2010). The mode of action (MOA)
postulated to diuron induced urothelial carcinogenesis after exposure to high
concentrations involves cytotoxicity by toxic metabolites (mainly DCPU and 2-
OH- DCPU) as evidenced by swollen cells, necrosis and exfoliation, followed

by regenerative cell proliferation, hyperplasia, and eventually urinary bladder
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tumors (da Rocha et al., 2013, 2014).

The establishment of threshold doses in toxicological studies has been
recognized as one of the essential components of risk assessment and it is
essential to the consistency of the substance regulation (Bevan and Harrison,
2017). In the diuron carcinogenicity study, few dietary dose levels were
evaluated (25, 250, 2500ppm), showing adverse effects in the epithelium of
the urinary bladder only at the highest dose of 2500ppm (lyer, 2002). Due to
the large gap among the concentrations used in that study, our group
performed a 20-week medium term study which demonstrated that the
transcriptional changes (lhlaseh et al., 2011) and increase of incidence and
severity of urothelial simple hyperplasia (SH) induced by 1.250ppm were
similar to 2.500ppm (Cardoso et al., 2013). The biological functions associated
with the gene expression changes induced by these concentrations were
related with effects on amino acid metabolism, lipids and greater response to
oxidative stress (glutathione and xenobiotic metabolisms), alterations
possibly associated with diuron cytotoxicity and sustentation of urothelial
hyperplasia (lhlaseh et al.,, 2011). Furthermore, decreasing of gene
expressions related to xenobiotic metabolism such as nuclear factor,
erythroid 2-like 2 (Nfe2/2), UDP glucuronosyltransferase family 1 member A6
(Ugtla6) and glutathione S-transferase mu 1 (Gstm1) has also been linked to
a greater susceptibility to the development of urinary bladder cancer in

humans (Sundararaghavan et al.,2017).
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The scanning electron microscopy (SEM) evaluation in 20-week period
showed that the concentration of 500ppm also induced severe urothelial
changes, characterized by areas of necrosis, exfoliation and urothelial cell
hyperplasia in 5/10 rats (50%) (Cardoso et al., 2013). The NOAEL for this study
was 125ppm of the diet (Cardoso et al., 2013). Bhat, 2014 using the calculation
of benchmark dose (BMD) for apical events showed that after 20 weeks of
diuron exposure the concentration necessary to the development of
urothelial SH in the urinary bladder of Wistar rats was 22mg/kg/day,
proportional to 500ppm. These results suggest that even at concentrations
lower than 2500ppm, diuron maintains the potential for urothelial
cytotoxicity and regenerative proliferation.

Interestingly, in a short-term experimental seven days study, changes in
urothelial gene expression induced by 500ppm were similar to those
described in 2500ppm (lhlaseh-Catalano et al., 2014). Of note, the
transforming growth factor beta 1 gene (Tgtb1), involved in several biological
processes such as regulation of cell proliferation, immune response, growth,
differentiation, angiogenesis and apoptosis (Narayan et al., 2005; Kajdaniuk
et al.,2013), was considered the most relevant regulator of the transcriptional
response of these groups (Ihlaseh-Catalano et al., 2014).

Another important gene, the glypican 3 (Gpc3), involved in the process
of cell proliferation and, possibly, the induction of apoptosis (Gonzalez et
al., 1998; Cano-Gauci et al., 1999) showed decreased expression after seven
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(07) days and 20 weeks of exposure to different diuron concentrations
(Gomide et al., in submission).

The report of transcriptional and morphological changes induced by
500ppm of diuron raised concerns about the role of this lower concentration
for carcinogenic activity. Furthermore, evidence of cytotoxicity and potential
of carcinogenicity for 500ppm diuron could impact in the risk assessment,
since it is fivefold lower overall than the carcinogenic concentration of
2500ppm and, very close to the currently accepted NOAEL of 250ppm (lyer,
2002).

Therefore, the purpose of the present study was to evaluate the
development of lesions in the urinary bladder of male Wistar rats exposed for
20 or 84 weeks at 500ppm diuron, and to compare the transcriptional
expressions of the Tgfbl, Gpc3, Nfe2l2, Ugtla6 and Gstml genes between

exposed and non-exposed animals at each evaluation moment.

4.0 MATERIAL AND METHODS

4.1 Animal exposure and sample collection

This study was approved by the Committee for Animal Experimentation
of the UNESP, Medical School, SP, Brazil, Protocol No. 1090/2014. One hundred
and thirty-two four weeks old male Wistar rats were obtained from the
Multidisciplinary Center for Biological Investigation (CEMIB, UNICAMP,
Campinas, SP, Brazil). Animals were housed in polypropylene cages (four

animals/cage) with metallic grill covers, corncob bedding and maintained in a
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room at 21 + 3°C, 50 + 20% humidity and a 12h light/dark cycle, with the light
changing at 0700 and 1900h.

Diuron (CAS No. 30-54-1, Sigma Chemical Co., St. Louis, MO) was mixed
with powdered commercial diet (Nuvilab, Nuvital, PR) at a final concentration
of 500ppm. Following two weeks of acclimation period, the animals were
weighed and randomized into four groups that were allocated to either 20 or
84-week exposure - when the experiment was interrupted in order to
maintain a reasonable number of surviving animals for each analysis. Groups
with 16 animals each were assigned to the 20-week experiment: group 1 (G1)
Control basal diet, and group 2 (G2) 500ppm diuron. Groups with 50 animals
each were assigned to the 84-week experiment: group 3 (G3) Control basal
diet and group 4 (G4) 500ppm diuron (Figure 1). Tap water and food were
provided ad libitum.

Water and food consumptions and body weights were determined at
the commencement and every other week during the experiment. At the end
of each experimental period, the rats were euthanized under anesthesia
(ketamine 80 ml, 90 mg/Kg and xylazine 2%, 10 to 13 mg/kg intraperitoneally,
i.p.), then opening the abdominal cavity and severing the inferior vena cava.
All the rats were euthanized between 8:00 and 11:00 AM, one from each
group, alternated and non-fasted overnight. The urinary bladders were
processed for morphological analyses by light microscopy (LM) and scanning

electron macroscopy (SEM) or for gene expression analyses by real time PCR
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(gRT-PCR). The number of rats used in each analysis is described in the
respective procedures listed below.

For morphological analyses, the urinary bladder was exposed, injected
through the urethra with Bouin’s fixative in situ, removed and immersed in
the same fixative. After 4 hours of fixation, the urinary bladder was cut mid-
sagittally and rinsed in 70% alcohol. One-half was processed for LM and the
other half for SEM evaluation by standard procedures (Fava et al., 2015).

For RNA isolation, the wurinary bladder was exposed, injected
transurethrally with 1 ml of cold RNase-free PBS (Applied Biosystems, Foster
City, CA), everted on a glass rod to expose the urothelium, gently shaved and
the urothelium transferred to 1 ml of TRIzol solution (Invitrogen Corporation,
Carlsbad, CA, USA). The whole urinary bladder was also immersed in the
TRIzol, briefly vortexing and kept for 10 minutes at room temperature. Then,
the urinary bladders were removed from the tube; the TRIzol solution was
placed in liquid nitrogen, and finally, stored at -80 °C. The remaining urinary
bladder tissue was fixed in Bouin’s fixative and evaluated for the extent of
removal of the urothelium. The removal efficiency was graded according to
the percentage (%) of epithelial cells remaining per bladder strip: <5% — grade
0; 5-10% — grade 1; 11-50 % — grade 2 and >50% — grade 3. Only samples with
grades 0 and 1 and with intact basal membrane were used in subsequent RNA

isolation steps, as previously described (lhlaseh et al. 2011).
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Kidneys, liver and spleen were also removed, weighed and immersed in

10% buffered formalin, and processed for routine histopathologic evaluation.

4.2 Morphological analyses

4.2.1 Light Microscopy (LM) analyses of urinary bladder and kidney pelvis

Following fixation, one half of the urinary bladder from each animal was
cut longitudinally into four strips, embedded in paraffin and stained with
hematoxylin and eosin (H&E) for histopathological examination. The urinary
bladder sections were analyzed by two observers using a conventional optical
microscope (Olympus Optical Co., Ltd., Japan) for the occurrence of
proliferative lesions, particularly SH. The simple hyperplasia in the bladder or
kidney pelvis epithelium was classified as mild when there were 4-5 cell
layers, as moderate 6-8 cell layers and severe when more than 8 cell
layers(Cohen et al., 2007). For LM documentation, the slides were digitalized
using Pannoramic MIDI (3DHISTECH Ltd.) hardware; the images were
captured by Pannoramic Viewer software (1.15.4 version) and saved in BMP
format. The number of animals evaluated by urinary bladder histology was:
G1l: n=12, G2: n=08, G3: n=22 and G4: n=18.

The kidney pelvis histology was performed on all rats including the
animals submitted to the gene expression evaluation: G1 and G2: n= 16 each
group, G3: n=30 and G4: n= 25.

4.2.2 Scanning Electron Microscopy (SEM) analyses of urinary bladder

For detection of superficial urothelial changes, SEM analyses was
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performed in animals of both experimental periods G1: n= 10, G2: n= 08, G3:
n=06 and G4: n=06. For this propose, the half of the urinary bladder for SEM
examination was critical point dried (CPD) (Balzers CPD-020, Bal-Tec,
Wiesbaden, Germany), mounted on aluminum SEM stubs and placed in a
sputter coater (Bal-Tec SCD 050) to be coated with a thin layer of gold. The
SEM analysis from the 20-week study was performed using a scanning
electron microscope (Carl Zeiss Model EVO LS15, Germany) at the Department
of Physics of UNESP’s Bauru School of Sciences, Sao Paulo, Brazil. The SEM
from the 84-week study was performed in a Quanta 200 Scanning Electron
Microscope (Fei Company, Hillsboro, Oregon, USA) in the Electron Microscopy
Center at the Institute of Biosciences, UNESP, Botucatu, Sao Paulo, Brazil.

The urothelial alterations by SEM were classified in five categories:
normal urothelium and slightly altered mucosa are included in Classes 1-3,
and progressively more altered mucosa in Classes 4 and 5 (Cohen et al., 2007).
The SEM and LM analyses were performed by two evaluators in agreement,
being the second evaluation performed blindly in relation to the knowledge
of the treatment group.
4.3 RNA extraction, cDNA preparation and real time PCR

The total RNA from the urothelial cellsimmersed in TRIzol was extracted
and purified using the RNeasy Mini Kit (Qiagen, Valencia, CA- cat. No. 74104).
Purified total RNA was eluted in dH20 and its concentration was measured
using an Epoch spectrometer (Epoch, BioTek Instruments, Inc., VT, USA). The
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cDNA was obtained from the samples using the High Capacity RNA-to-cDNA
Kit (Life Technologies, Grand Island, NY, USA) following the kit instructions,
and was submitted to qRT-PCR in a StepOne-Plus™ Real-time PCR System
(Applied Biosystems, Grand Island, NY, USA).

A singleplex reaction was performed using TagMan Gene Expression
Assays (Applied Biosystems, CA, USA) for the quantification of Tgfbl
(Rn00572010_m1), Ugtla6 (Rn00756113_mH), Gstml (Rn00755117_m1),
Nfe2l2 (Rn00582415 _m1) and Gpc3 (Rn00516722_m1) gene expressions. The
Actb (Rn00667869_m1) gene was used as endogenous control to normalize
gene expression levels. The qRT- PCR reactions were run in duplicate and the
normalization of the results was performed used the The 2724 method (Livak
and Schmittgen, 2011). The number of animal used for gene expression

analyses was G1: n=4, G2: n=7, G3 or G4: n=08.
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4.4 Statistical Analysis

Body and organ weights, water and food consumptions were compared
between the experimental groups using the t test. The incidences of urinary
bladder lesions by LM and SEM were compared by the Fisher exact test. Gene
expressions were compared by the non-parametric Mann—Whitney test. The
gene expression correlation was analyzed by the Pearson's correlation
coefficient and the Kaplan-Meier survival curves were compared by the Log-
Rank test. Differences were considered significant at p<0.05. The statistical
analyses were performed using GraphPad InStat -[DATASET1.ISD] and

Statistical Analysis System (SAS) V. 9.3.
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5.0 RESULTS

The diuron-fed animals had survival rates similar to the controls, i.e.,
G1: 100%, G2: 100%, (20 weeks), G3: 60%, and G4: 52% (84-weeks)
(Supplementary Figure S1). Therefore, the mortality of diuron-fed animals
was probably due to natural causes of this strain of rats (Bomhard et al., 1992)
and was unrelated to the treatment. The incidences of spontaneous tumors
in those rats are described in Supplementary Table S1. Due to autolysis, the
urinary bladders of these rats could not be analyzed.

The decrease in the body weight gain compared to control was around
6% in both experimental periods, indicating that the diuron concentration
used in this study did not influence the body weight. In general, no differences
were observed in organ weights neither in water consumption by animals
from diuron groups compared to controls. However, the rats fed diuron for 20
weeks (G2) showed a reduction of food consumption compared to control
group (G1) (p<0.05). This reduction in food consumption did not influence the
body weight gain neither the levels of the diuron intake, and it was probably
due to palatability of the substance (Table 1).

The relative kidney and liver weights were similar to the control groups
(Table 2). The mean relative spleen weight of the animals exposed to diuron
(G2 and G4) was significantly increased compared to the respective controls
(G1 and G3) (Table 2). It is well known that herbicides derived from urea can

induce methaemoglobinaemia, a condition caused by elevated levels of
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methaemoglobin in the blood, related with splenomegaly, congestion in splenic
red pulp, and depletion of the splenic white pulp, conditions widely recognized
as diuron-induced (Wang et al., 1993; USEPA, 2003; APVMA, 2005; Domingues
et al., 2012; Cardoso et al., 2013).

The effect of diuron 500ppm on mRNA expressions of Tgfb1, Nfe2l2,
Ugtla6, Gstm1, Gpc3 genes in the urinary bladder epithelium of rats exposed
for 20 or 84 weeks is depicted in Table 3. Independently of the exposure time
length, the expression of Ugtla6 was increased in the diuron-treated groups
(G2 and G4) compared to the respective controls (G1 and G3). The expression
of Gpc3 was reduced after 84 weeks (p = 0.02). Although not statistically
significant, there was a trend for decreased expression of this gene on the 20-
week exposure (p = 0.07).

The increased Nfe2/2 gene expression was observed in diuron group
(G2) only in the 20-week exposure period. In both experimental periods, a
positive correlation was observed between Nfe2/2 and Gstml gene
expressions. No difference between the groups (G1 vs G2 and G3 vs G4) was
observed in the Tgfb1 and Gstm1 expressions.

The urothelial morphological changes induced by diuron exposure are
described in Table 4. No histological lesion was observed in the urinary bladder
from the 20-week exposure animals (G1 and G2 groups). In the 84 week, the
animals fed diuron (G4) showed increased incidences (p<0.05) of urothelial SH

in the urinary bladder (10/18) and kidney pelvis (23/25) compared to their
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respective controls (G3) (2/22 and 9/30) (Figure 2). The SH was severe in the
bladder epithelium of two (2) rats and in the kidney pelvis of one (1) rat, and
moderate in the kidney pelvis of 13 rats. In general, the urothelial
morphological changes observed in the kidney pelvis were similar to those seen
in the urinary bladder. By SEM, although no significant, the incidence of
ultrastructural urothelial changes was increased in the diuron treated G2 (3/8)
and G4 (4/6) when compared to their respective controls G1 (1/10) and G3

(2/6), regardless of the exposure time (Figure 3).
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6.0 DISCUSSION

Urothelial transcriptional changes after seven days (lhlaseh-Catalano
et al.,, 2014) and hyperplasia after 20 weeks induced by 500ppm diuron
(Cardoso et al., 2013) have raised concern about the potential carcinogenicity
of this dietary concentration in long-term experimental studies. The present
study represents the longest period of exposure in which the transcriptional
and morphological effects induced experimentally by 500ppm diuron
concentration has been evaluated.

In this work, in the 20-week diuron fed animals, the LM did not show
proliferative changes in the urinary bladder and by SEM, a low incidence of
ultrastructural urothelial changes was seen. The increase in incidence and
severity by LM after 84 weeks of diuron exposure showed that even at
concentrations lower than 2500ppm, as 500ppm, diuron maintains its
cytotoxic potential and induces the development of hyperplasia and
regenerative proliferation. The presence of moderate/severe urothelial SH in
the urinary bladder and kidney pelvis in diuron-fed animals after 84 weeks of
exposure and SH characterized by class 5 in the SEM suggests a progression
of the lesions over the time. This hypothesis has been supported by the
absence of severe lesions in previous studies with higher concentrations of
diuron (1250ppm, 2500ppm) after 15 or 20 weeks of exposure (Nascimento
et al., 2006; da Rocha et al., 2010; Cardoso et al., 2013; Fava at al., 2015) and

the absence of lesions at 20 weeks in the present study.
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The postulated non-genotoxic carcinogenic MOA for diuron in the rat
urinary bladder is metabolic activation, cytotoxicity with consequent
regenerative proliferation leading to hyperplasia and ultimately tumors (da
Rocha et al., 2014). The necrosis induction by diuron exposure appears to be
related to several signaling pathways, including stress-related genes such as
those that control Nrf2-mediated oxidative stress response, glutathione
metabolism and xenobiotic metabolism (lhlaseh et al., 2011). Molecular
perturbations in these functions were also found in our study, specifically, in
the Nfe2l2 and Ugtl1a6 genes expression, which are related to oxidative stress
and xenobiotic metabolism pathways, respectively.

The importance of proteins with detoxification activities such as UDP-
glucuronosyltransferases enzymes (Ugts) or glutathione S-transferase (Gst) in
the development of urinary bladder cancer has been widely described (Lukas
et al., 2017; Sundararaghavan et al., 2017). In general, the decrease in the
synthesis of these proteins is associated with increased susceptibility to
development of urothelial carcinomas. Then, an activity reduction of the
detoxifying enzymes could increase the availability of reactive compounds in
the urine, allowing greater interaction with the urothelial cells, providing a
favorable environment for cytotoxicity installation and induction of lesions
(Lukas et al., 2017; Sundararaghavan et al., 2017). The present study showed
an increase in the Ugtla6 gene expression in the diuron-fed animals,
regardless of exposure time, probably due to the greater need for xenobiotic
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metabolism.

Gstm1 is a gene involved in the glutathione metabolism pathway.
Gstm1 negative genotypes have been reported in patients with urinary
bladder cancer (Lukas et al., 2017). This gene was over-expressed after 20
weeks of exposure in the carcinogenic concentration of 2500ppm diuron
(Ihlaseh et al., 2011). However, in the present study, no difference was
observed in the Gstm1 expression after 20 or 84 weeks of exposure. This
absence of Gstm1 expression changes in the rat urothelium suggests that
500ppm diuron was not enough to induce alteration after 20 weeks of
exposure, and that this gene was not involved with urothelial lesions diuron-
induced after 84 weeks.

The Nfe2l2 is a gene involved in regulation of genes with detoxifying
functions against ROS (Reszka et al., 2014). This is relevant because the
oxidative stress can contribute substantially to the development of urothelial
carcinogenesis (Whongsiri et al.,2018). In a previous 20-week experiment, the
increased expression of transcripts related to oxidative stress mediated by
Nfe2l2 was observed with all diuron concentrations 60, 125, 1250 and
2500ppm (lhlaseh et al., 2011). In this study, we also observed an increase of
Nfe2l2 gene expression only after 20 weeks of 500ppm diuron exposure. This
observation suggests that the alteration in the expression of this gene may be
related to intermediate transcriptional changes induced by this herbicide and
there must have occurred an adaptive response of the urothelium between
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the 20th and the 84th week. There was also, a positive correlation between
Nfe2l2 and Gstm1 gene expressions, regardless of the exposure time. This was
already expected since Nfe2/2 is an important regulator of Phase Il enzymes
(lida et al., 2007).

Previously, Ihlaseh-Catalano et al. (2014) reported that Tgfb1 was the
most significant predicted upstream regulator of the transcriptional response
observed in 500ppm and 2500pm diuron-exposed groups after seven days of
dietary exposure. However, the expression of this gene was not altered in
animals fed diuron at 60, 125, 1250 or 2500ppm after 20 weeks (Ihlaseh et al.,
2011). The Tgfb1 product is a multifunctional cytokine related with urothelial
carcinomas in humans (Olfat-Shaker et al., 2013) and is involved in biological
activities such as cell proliferation, growth, differentiation, production of
extracellular matrix components, and chemotaxis (Kajdaniuk et al., 2013).
These biological processes appear to be related only to the early urothelial
changes induced by this herbicide. Consistent with lhlaseh et al., 2011
findings, we also did not observe alterations in Tgfb1 expression after medium
and long-term diuron 500ppm exposure.

Finally, Gpc3, a gene involved in the cell proliferation process and
possibly in the induction of apoptosis (Gonzalez et al., 1998; Cano-Gauci et al.,
1999), was downregulated after seven days (125, 500 and 2500ppm) and 20
weeks (60, 125, 1250 and 2500ppm) of diuron exposure (Gomide et al., in
submission). In the present study, we also observed decreased expression of
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this gene in both experimental periods. Although, this decrease was not
statistically significant at the 20-week period, there was a trend towards the
significance (p=0.07). The decreased expression of this gene in previous
studies at all diuron concentrations after seven days or 20 weeks of exposure
(Gomide et al., in submission) and also, in this work after 20 and 84 weeks of
diuron 500ppm treatment suggests that this transcriptional change is related

to diuron exposure, regardless time or concentration.
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7.0 CONCLUSIONS

The present data documented transcriptional and morphological
urothelial changes induced by diuron 500ppm after 20 or 84 weeks of
exposure.

The persistence of the chemical stimulus for longer period was
necessary for the development and increased severity of the lesions. This
time-response relationship was also observed in the Ugt1a6 gene expression,
which was more up-regulated at 84 weeks.

Changes in the Tgfbl gene expression appears to be unrelated to
diuron-induced cytotoxicity in 20 or 84 weeks. The absence of alterations in
Nfe2l2 expression at the 84t week suggests that an adaptive response of
urothelium occurred between the 20t and 84t week of diuron exposure.

The early termination of the experiment in the 84 week (19 months)
did not allow evaluating the two years of carcinogenicity study of 500ppm
diuron concentration but showed the progression of the lesions.

Our results suggest that a long-term 500ppm diuron dietary exposure
was cytotoxic and able to induce urothelial hyperplasia and gene expression
changes, and, therefore, this concentration may be considered as the lowest
observable adverse effect level (LOAEL) for long exposure in rats. These
findings are relevant to the risk assessment of diuron due to the proximity of

500ppm diuron concentration with the currently accepted NOAEL of 250ppm.
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Table 1: Mean of body weights and ingested level of food and water during the experiment and estimated dose of diuron.

Body weights (_g)

Consumption

Experimental Groups Water Food Diuron
periods P Inicial Final Gain (ml/rat/day) (g/rat/day) (mg/rat/day)
+ +
G1 254+16 579+40 325476 39 26 B
20 weeks (16)" (16)
G2 252+13 558+35
+ a
(16) (16) 307189 39 25 12
G3 205+ 13 638+ 40 433439 32 2 _
84 weeks (50) (26)
G4 204 +2 614+ 86
"
(50) (30) 410+23 33 26 13

1 Effective number of animals; Values are expressed as mean %S.D., t-test (p < 0.05).

G1: Control group, G2: Diuron 500ppm group, G3: Control group, G4: Diuron 500ppm group.

2 Different from control.

Table 2: Final body weights, liver, kidney and spleen absolute and relative weights of male Wistar rats exposed to

diuron at different experimental periods.

Experimental

Absolute weigths (g)

Relative weigths (g)

periods Groups N Final body weigth (g) Liver Kidneys Spleen Liver Kidneys Spleen
20 weeks G1 16 579439 17.4+1.4 3.410.4 1.240.1 3.00.2 0.6+0.0 0.2+0.2
G2 16 558+35 17.9+1.5 3.510.4 1.4+0.12 3.210.2 0.610.6 0.3+0.2°
84 weeks G3 26 6381 40 16.9+2.8 3.5+0.5 1.610.4 2.710.4 0.5+0.1 0.210.1
G4 30 614+ 86 17.4+2.5 3.610.7 1.8+0.5 2.910.4 0.610.1 0.3+0.1°

N : effective number of animals; Values are expressed as mean 1S.D., t-test (p < 0.05).

G1: Control group, G2: Diuron 500ppm group, G3: Control group, G4: Diuron 500ppm group.

2 Different from control.
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Table 3: mRNA expression of Tgfb1, Nfe2l2, Ugtla6, Gstm1, Gpc3 genes in urothelial cells of Wistar rats after 20 or 84 weeks of diuron 500ppm exposure.

Experimental G N Relative expression mRNA

periods roups Tgfb1 Nfe2l2 Ugtlab Gstm1 Gpc3

20 weeks Gl 04 1.3(0.4-1.7) 1.0 (0.7-1.3) 1.0 (0.8 -1.3) 0.8 (0.8-1.7) 1.0 (1.0-1.1)
G2 07 1.4 (1.0-2.3) 1.4 (1.1-1.8)>¢ 1.5 (1.0 -2.5)° 1.7 (0.8-2.6)¢ 0.7 (0.4-1.3)

84 weeks G3 08 1.0 (0.8-1.3) 1.1(0.5-1.6) 1.0(1.9-0.7) 1.0 (0.7 -1.6) 1.1(0.4-1.5)
G4 08 0.9(0.4-1.2) 0.9(0.2-1.7)¢ 2.5(0.4-3.1)° 1.2 (0.3-2.7)¢ 0.8 (0.4-1,0)°

N : effective number of animals; Values are expressed as median and Interquartile Range., Man-Whitney test (p < 0.05).
G1: Control group, G2: Diuron 500ppm group, G3: Control group, G4: Diuron 500ppm group.

2 Relative expression - 27(-AACt) according (Livak & Schmittge , 2011)

b Different from control.

€ Pearson correlation (Nfe2/2 and Gstm1) R: 0.653 and P: 0.003

4 Pearson correlation (Nfe2/2 and Ugtla6) R:0.9111 and P: 0.001

Table 4: Effects of 500ppm diuron dietary exposures on the urothelial mucosa of urinary bladder and kidney pelvis of male Wistar rats at different
experimental periods.

. Incidence and severity of SH® in urinary bladder Urinary bladder classes of increased severity of Incidence of SH® in kidney pelvis mucosa 2
Experimental . .
eriods Groups mucosa ? urothelial alterations (SEM)2<

P N mild moderate severe total N 1-3 4 5 Total (4-5) N mild moderate severe total

20 weeks G1 12 0 0 0 0 10 9 1 0 1 16 1 0 0 1
G2 8 0 0 0 0 8 5 1 2 3 16 5 0 0 5

84 weeks G3 22 2 0 0 2 6 4 0 2 2 30 9 0 0 9
G4 18 8 0 2 10¢ 6 2 0 4 4 25 9 13 1 23¢

aValues expressed per animal, Fisher’s exact test (2-tail) (p < 0.05).

G1: Control Group, G2: Diuron 500ppm group, G3: Control Group, G4: Diuron 500ppm group.

b Simple hyperplasia, minimal (4- 5 cells layers), moderate (6 — 8 cell layers), severe (more than 8 cell layers) (Cohen et al., 2007).
Classes 1-3: normal urothelium, Classes 4-5: increased severity of urothelial alterations (Cohen et al., 2007).

d Significantly different from control (p < 0.05).
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13. FIGURES
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Figure 1: Experimental design

Figure 2: Histology of diuron SOOppm exposure animals (A) Urinary bladder showing severe
simple hyperplasia (more than 8 layers) (arrow) 40x, (B) kidney pelvis moderate (6 to 8
layers) simple hyperplasia (arrow) 20x.
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Figure 3: Scanning electron microscopy: (A) Normal urothelium of control group in 20 weeks
study (600x), (B) Urothelial exfoliation of diuron group after 20 weeks (300x), (C) urothelial
hyperplasia of diuron group after 20 weeks (300x) and (D) 84 weeks (365x).
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Figure S1: Kaplan-Meier survival curves by log-Rank test (p=0.36 not significant)
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Table S1: Site of spontaneous tumors in rats that died during the experiment:

Animal group N Week of experiment Tumor site Histopathology

500ppm diuron 01 68 Lung Abscess

Control 01 72 Left Kidney Mesenchymal tumor

500ppm diuron 01 74 Liver Hepatocellular carcinoma
500ppm diuron 01 74 Mouth Abscess

Control 01 75 Peritoneum Low grade myxedematosus fibrosarcoma
500ppm diuron 01 80 Liver Hepatocarcinoma

500ppm diuron 01 80 Intestine Adenocarcinoma

The mortality of diuron-fed animals was unrelated to treatment, but to the natural causes in this strain of rats (Bomhard et al.,
1992). N: number of animals.
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Tabela 1: Mortalidade e taxa de sobrevida de ratos Wistar expostos ao diuron no periodo de 84 semanas:

DATA DA SEMANA CONTROLE CONTROLE TAXA DE DIURON DIURON TAXA DE
MORTALIDADE DE NUMERO MORTALIDADE SOBREVIDA NUMERO MORTALIDADE SOBREVIDA
ESTUDO EFETIVO DE N (%) EFETIVO DE N (%)
ANIMAIS=50 ANIMAIS=50

03/11/14* 1 50 - 100 50 - 100
10/12/14 49 1 98 50 - 100
22/12/14 48 1 96 50 - 100
20/04/15 25 48 - 96 49 1 98
28/06/15 34 48 - 96 48 1 96
14/08/15 41 47 1 94 48 - 96
24/08/15 43 47 - 94 47 1 94
28/08/15 43 47 - 94 46 1 92
19/09/15 46 47 - 94 45 1 90
24/09/15 47 47 - 94 44 1 88
19/10/15 51 46 1 92 44 - 88
22/10/15 51 45 1 90 43 1 86
03/11/15 53 45 - 90 42 84
27/11/15 56 44 1 88 42 - 84
11/01/16 63 44 - 88 41 1 82
22/01/16 64 43 1 86 41 - 82
01/02/16 66 43 - 86 40 1 80
08/02/16 67 42 1 84 40 - 80
15/02/16 68 42 - 84 39 1 78
19/02/16 68 42 - 84 37 2 74
22/02/16 69 42 - 84 36 1 72
15/03/16 72 41 1 82 36 - 72
22/03/16 73 41 - 82 35 1 70
24/03/16 73 40 1 80 35 - 70

74



Apéndices

28/03/16 74 39 1 78 35 - 70
01/04/16 74 39 - 78 34 1 68
06/04/16 75 37 2 74 32 2 64
08/04/16 75 36 1 72 31 1 62
29/04/16 78 35 1 70 31 - 62
02/05/16 79 35 - 70 30 1 60
09/05/16 79 33 2 66 27 3 54
18/05/16 80 32 1 64 27 1 54
23/05/16 81 32 - 64 26 - 52
29/05/16 82 31 1 62 26 - 52
06/06/16 84 30 1 60 26 - 52

TOTAL 84 30 20 60 26 24 52

N= Nunero de animais, *Data inicio do estudo: 03/11/2014
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Tabela 2: Concentracdo de RNA (ng/ul) extraido das células uroteliais de ratos Wistar expostos
ao diuron por 20 ou 84 semanas:

Identificacdo da . Contaminagao por Concentracao de
Grupo experimental )
amostra proteinas® RNA ng/pl®
02 G1 2,09 991,69
06 G1 2,06 985,05
20 G1 2,06 561,26
19 G1 2,06 346,06
39 G1 2,04 488,27
40 G1 2,08 796,33
44 G1 2,08 566,43
48 G1 2,07 499,26
51 G2 2,10 863,26
61 G2 2,04 672,19
66 G2 2,07 671,82
68 G2 2,06 615,13
70 G2 2,05 689,50
79 G2 2,05 723,85
90 G2 2,04 203,82
92 G2 2,07 692,73
104 G3 2,01 693,23
108 G3 2,07 274,03
112 G3 2,09 1027,16
116 G3 1,80 493,23
119 G4 2,08 451,87
123 G4 2,10 979,63
127 G4 2,06 332,03
131 G4 2,06 395,95
132 G4 2,06 288,43

2Valores de referéncia para uma amostra livre de contaminagdo de proteinas — aproximadamente 2,0.
®Para a obtengdo do cDNA a concentragdo das amostras foi uniformizada.
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Tabela 3: Média de peso corpdreo de ratos Wistas expostos ao diuron 500ppm por 20 semanas:

Peso corpéreo (g) * DP

Grupos

S1 S2 S3 S4 S6 S8 S10 S12 S14 S16 518 S20
Gl 205,3 257,1 300,7 347,7 401,6 444.,6 475,6 504,9 531,25 543,25 556, 25 573,1
DP +13,38 +14,40 +28,88 +16,31 +16,76 +19,97 +24,84 +25,63 +30,24 +33,31 436,33 +40,12
N 16 16 16 16 16 16 16 16 16 16 16 16
G2 203,6 257,6 303,5 342,8 394,3 432,7 466,37 486,1 511, 06 515,0 535,62 555,6
DP +20,34 +19,70 123,86 +25,40 27,56 +30,61 +30,55 +34,69 +28,91 31,762 +32,32 +28,63
N 16 16 16 16 16 16 16 16 16 16 16 16

Valores expressos em média + Desvio Padrdo (DP); teste t Student; (p<0,05); S. (semana do experimento),
G1: Grupo controle; G2: Grupo diuron 500ppm; N: nimero de animais.
2 Diferente do controle

Tabela 4: Consumo de dgua de ratos Wistar expostos ao diuron 500ppm por 20 semanas:

Consumo médio de agua (ml) £ DP

Grupos

S1 S2 S3 sS4 S6 S8 S10 S12 S14 S16 S18 S20
Gl 32,00 32,60 39,35 40,70 38,31 40,68 41,67 40,64 43,14 46,21 36,81 38,79
DP +0,52 13,34 +1,77 +3,08 +1,94 13,56 4,37 +3,93 +2,60 +3,99 +1,26 12,68
N 16 16 16 16 16 16 16 16 16 16 16 16
G2 32,90 37,60 40,48 41,5 39,15 38,17 40,21 39,34 40,32 46,18 34,96 36,31
DP +0,972 +1,362 +1,53 +1,76 +1,60 13,70 +1,10 12,14 +2,582 +4,95 +2,362 +1,292
N 16 16 16 16 16 16 16 16 16 16 16 16

Valores expressos em média + Desvio Padrdo (DP); teste t Student; (p<0,05); S. (semana do experimento),
G1: Grupo controle; G2: Grupo diuron 500ppm; N: nimero de animais.
2 Diferente do controle
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Tabela 5: Consumo de ragao de ratos Wistar expostos ao diuron 500ppm por 20 semanas:

Consumo médio de ragdo (g) £ DP

G
rupos S1 S2 S3 sS4 S6 S8 S10 S12 S14 S16 S18 S20

Gl 23,43 25,35 27,76 27,5 27,32 27,48 25,65 26,73 26,14 23,60 26,81 27,81
opP 0,72 +0,99 +1,13 +1,37 0,82 +0,25 1,10 +1,8 £0,53  +0,62 0,78 +1,03
N 16 16 16 16 16 16 16 16 16 16 16 16
G2 21,54 24,98 26,95 25,43 25,32 24,89 22,64 23,39 25,10 23,70 25,29 26,28
DpP 0,392 +0,62 10222 10,36  +0,93°  +1,012  +1,022  +0,36° 0,96 2,83 10,812  +0,88°
N 16 16 16 16 16 16 16 16 16 16 16 16

Valores expressos em média + Desvio Padrdo (DP); teste t Student; (p<0,05); S. (semana do experimento),
G1: Grupo controle, G2: Grupo diuron 500ppm; N: nimero de animais.
2 Diferente do controle
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Tabela 6: Média de peso corpéreo de ratos Wistar expostos ao diuron 500ppm por 84 semana

Peso corpdreo (g) £+ DP

Grupos
S.1 S.3 S.4 S.5 S.7 S.9 S.11 S.13 S.15 S.17 S.20 S.25 S.29 S.33 S.37 S.41 S.46 S.49
G3 253,0 329,5 367,0 388,3 415,7 447,7 472,0 496,7 512,16 519,0 546,9 562,6 582,4 588,9 601,5 621,83 636,2 637,4
DP +13,8 +17,4 23,0 +27,6 +28,3 +31,1 +35,0 +38,2 42,9 42,1 +45,1 47,4 49,8 52,5 54,5 59,6 +60,0 61,7
N 50 50 50 50 49 48 48 48 48 48 48 48 48 48 48 48 47 47
G4 249,3 322,8 355,0 375,5 406,7 427,6 457,5 482,5 501,6 510,0 537,8 548,9 573,1 579,8 582,5 593,0 591,6 615,1
DP +14,6 +17,9 +17,2° +22,52 +20,9 +33,52 +32,22 +32,32 39,6 +40,2 45,7 47,0 52,0 55,0 +68,0° *724° 496,92 71,3
N 50 50 50 50 50 50 50 50 50 50 50 49 49 49 48 48 46 44
Peso corpéreo (g) £ DP
Grupos
S.54 S.58 S.62 S.68 S.71 S.75 S.80 S.84
G3 650,2 656,4 665,1 666,5 655,5 639,9 634,8 651,8
DP +60,7 67,5 71,6 81,2 84,7 +100,3 +112,1 +78,8
N 45 44 44 42 42 39 34 30
G4 624,2 626,9 631,0 622,22 633,1 638,0 621,2 633,9
DP +78,5 +85,3 +96,8 +100,4 + 86,6 +86,5 +108,3 +83,9
N 42 42 42 37 36 34 32 26

Valores expressos em média + Desvio Padrao (DP); teste t Student; (p<0,05); S. (semana do experimento),

G3: Grupo controle; G4: Grupo diuron 500ppm; N: nimero de animais.
N(numero efetivo de animais por grupo)? Diferente do controle
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Tabela 7: Consumo de dgua de ratos Wistar expostos ao diuron 500ppm por 84 semanas:

Apéndices

Consumo médio de agua (ml) + DP

Grupos
S.1 S.3 S.4 S.5 S.7 S.9 S.11 S.13 S.15 S.17 S.20 S.25 S.29 S.33 S.37 S.41 S.46 S.49
G3 36,05 41,6 41,5 36,5 33,31 34,5 32,8 31,3 31,0 30,3 30,8 29,0 36,0 28,8 28,9 30,9 28,9 29,0
DP +4,4 6,1 6,2 +3,0 2,8 2,8 +3,3 +3,3 +4,3 +2,6 +3,7 +2,6 +4,4 +2,6 +2,2 +3,0 +2,6 +4,4
N 50 50 50 50 49 48 48 48 48 48 48 48 48 48 48 48 47 47
G4 36,1 38,4 38,3 37,8 32,6 34,2 33,9 31,1 31,0 32,2 30,5 29,0 36,1 30,0 38,4 27,6 28,5 30,0
DP +4,3 +4,7 +4,5 +3,4 +4,22 +4,0 +4,2 +2,9 +3,4 +4,2 5,5 +4,4 +4,3 +3,6 +4,0 3,22 +3,6 +4,4
N 50 50 50 50 50 50 50 50 50 50 50 49 49 49 48 48 46 44
Consumo médio de agua (g) + DP
Grupos
S.54 S.58 S.62 S.68 S.71 S.75 S.80 S.84

G3 28,1 29,6 32,5 29,5 26,5 34,71 31,50 34,10
DP 4,4 3,6 +4,1 +3,6 3,9 18,56 +10,65 +10,05

N 45 44 44 42 42 39 34 30

G4 29,6 32,4 34,5 30,6 29,6 37,06 31,62 33,27
DP 6,4 15,7 8,5 6,7 15,5 +7,80 18,99 15,73

N 42 42 42 37 36 34 32 26

Valores expressos em média + Desvio Padrdo (DP); teste t Student; (p<0,05); S. (semana do experimento), N (NUmero efetivo de animais por grupo)

G3: Grupo controle; G4: Grupo diuron 500ppm;
a Diferente do controle
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Tabela 8: Consumo de ragao de ratos Wistar expostos ao diuron 500ppm por 84 semanas:

Apéndices

Consumo médio de ragao (g) + DP

Grupos
S.1 S.3 S.4 S.5 S.7 S.9 S.11 S.13 S.15 S.17 S.20 S.25 S.29 S.33 S.37 S.41 S.46 S.49
G3 25,4 36,8 36,7 34,6 27,7 25,7 25,0 24,3 26,5 25,2 25,6 24,9 23,7 24,4 25,4 24,6 25,6 24,6
DP +1,2 +1,9 +1,9 +3,3 5,4 +1,2 +2,1 +2,9 +2,9 +2,6 +1,1 2,5 +1,6 +1,8 +3,5 +2,0 +1,5 2,7
N 50 50 50 50 49 48 48 48 48 48 48 48 48 48 48 48 47 47
G4 23,8 34,4 34,3 32,9 26,4 25,0 24,9 25,3 25,6 25,4 24,0 24,2 23,3 27,9 27,0 26,8 24,5 25,1
DP +0,7° +1,32 +1,32 +1,5 2,1 2,2 +2,7 2,3 +2,4 +1,9 +2,1° +1,6 +1,5 +7,8 +3,0 +2,8° +3,0 2,1
N 50 50 50 50 50 50 50 50 50 50 50 49 49 49 48 48 46 44
Consumo médio de ragdo (g) + DP
Grupos
S.54 S.58 S.62 S.68 S.71 S.75 S.80 S.84
G3 25,6 23,5 24,3 23,2 21,5 22,35 22,52 25,44
DP +2,6 +2,5 +2,0 +1,6 +2,1 +5,58 +3,19 +4,85
N 45 44 44 42 42 39 34 30
G4 24,9 27,0 23,5 22,3 22,4 25,71 22,43 22,88
DP +3,9 +4,82 +4,8 +4,5 +3,4 +3,12° +3,79 +7,09
N 42 42 42 37 36 34 32 26

Valores expressos em média + Desvio Padrdo (DP); teste t Student; (p<0,05); S. (semana do experimento), N (Nimero efetivo de animais por grupo)
G3: Grupo controle; G4: Grupo diuron 500ppm.
2 Diferente do controle
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Anexos

CERTIFICADO N° 1090/2014-CEUA

CERTIFICAMOS que o Projeto de Pescuisa (Protocolo CEUA 1090/2014) Expressio de genes criticos no
urotélio vesical de ratos wistar expostos cronicamente so Diuron, 3 ser conduzido por Rafasla Marono Fava, orientada pela
Prof® D Mara Luiza Cotrim Sartor de Olivelra, Co-orlentada por Merielen Garcla Nascimento, ¢ colaboracio de Ama Pauls Fesragut
Cardoso, Jodo Lauro Viana de Camergo ¢ Mitschet Sanches da Rocha, esté de acordo com o Consalho Nacicnal de Controle de
Experimentaciio Animal - CONCEA, com a ressaiva dé que os “ratos” s3o provenientes de Biotério Comvencional, sem condicles de
atestar 2 Sanidade dos mesmos.

CERTIFICAMOS, ainda que foi autorizada a utilizacio de “96 ratos”, Caso seja necesséria a ulilizagBo de mals
animais deverd ser comunicado a esta CEUA.

Projeto de Pesquisa aprovado em reunido da CEUA em 31/07/2014

Kl .1

Cotons Mo ho Pebo. I, samnma

Prof, Adjunto Katashi Okoshi Kieber Messias de 0
Presidente da CEUA Secretario da CEUA

Dt Rubibs Jursor, av . Botwosty -6 2 CHP 18 816-070 Foou: (14) 3850-1008°3600- 1500 e-mai secreluon az.tﬂ....& unwap Be
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&%  Universidade Estadual Paulista -

unesp Faculdade de Medicina de Botucatu < Vo
“+

Distrito Rubi@o Junior, s/n” - Botucatu - S P,
CEP; 18.618-970
Fone: (14} 3880-1608/3880-1609
o-mail secretaria’ kieber@tmb unesp be
INSBILICR e Facuidace de Medica awws da Potee oo Osets = 30 de 280459 Comessdo de Eca no Uso de Animats
Botucatu, 11 de junho de 2015 Of. 26/2015 - CEUA

llustrissima Senhora

Prof2, Dr2, Maria Luiza Cotrim Sartor de Oliveira
Departamento de Patologia da

Faculdade de Medicina de Botucatu

Em relacgo ao Projeto de Pesquisa (Protocolo CEUA 1090-2014) Express3o de genes criticos
no urotélio vesical de ratos wistar expostos cronicamente a0 Diuron, conduzido por Rafaela
Marono Fava, orientada por Vossa Senhoria, coorientada por Merislen Garda Nascimento,
provado em 31/07/2014, informo que as alteracbes solicitadas foram AUTORIZADAS, ficando
na seguinte conformidade:

TiTuLo
Titulo alterado: “Estudo de carcinogeniddade do diuron: Alteracbes morfoldgicas e
transcricionais induzidas no urotélio de ratos Wistar”

ANIMAIS
Inclusdo: Foram adicionadas 36 ratos wistar 3o projeto, provenientes do CEMIB-UNICAMP,
totalizando 132 animais.

Ao final da execucdo do projeto € necessdrio enviar o “Relatdrio Final de Atividades™

Atenclosamentz,
) por=cs

Prof. Dr. Guilherm m Moreira de Barros
Presidente da CEUA
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e Universidade Estadual Paulista
unesp Faculdade de Medicina de Botucatu :L. . ,ﬁ"‘:a," /
.

Dstrito Rubido Junicr, s/n” - Boticatu <SP

CE®: 168 615670

Fon& (14) 386016006/3850-1608

omall sacretana kieber@fmb uneap br

fonthida na Fecubdage S Weddo o siesess s Possris da Doastae of 30 e 200485 v“..'xmzb;(i\n dn Etica no Uss de Anmais

Botucatu, 01 de setembro de 2016 OF. 25/2016-CEP

Tlustrissima Senhora

Profa. Dra. Maria Luzia Cotrim Sartor de Olivelra
Departamento de Patologia da

Faculdade de Medicina de Botucatu

Prezada Profa. Maria Lulza,

Em relacdo ao Treinamento: (Protocolo CEUA 1193-2016) “Treinamento para
extracdo de RNA urotelial de ratos Wistar machos”, coordenado por Vossa
Senhoria, conduzido por Rafaela Marono Fava, informo que foi AUTORIZADA 3
exXecucao do mesmo, na sequinte conformidade:

MODELO ANIMAL | Ratos Wistze
' QUANTIDADE ' 10
PESO 300 qaf;aﬁ
IDADE 20 semanas
VIGENCIA ' 31/01/2017

Ao final do treinamento & necessaric enviar o Relatdrio Final de Atividades para a
secretaria da CEUA.

Atenciosamente,

o
Prof. Dr. Guitherrr tanio Morelra de Barros
Presidente da CE
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Gres da Clgncla em Aniessis de Laborstorio — CEME

vt armuabio el Couned For Labarstory Animal Sclnge

ICLAE Hetworh Wambiar fad Promatlon of fnlimal Quaity In Resasrih
£ Tl 4w i

Uniswrsidads Estadual de Campinag - UNITAMP .I‘
ﬂ' Cepbra Multdissglinar pars nvesdigegas Ell;lll;-ml:ln:l l‘ . AN

(Wi, = L0

Prof. Dr'. Maria Luiza Cotrim Santos de Oliveira
CPF: 033.004.168-55

UNESP

Botucatu - SP

Atestado de Saude Animal

Atestamos gue os Ratos | 1II'i machos) da linhagem HanUnibcWH provenientes da Divisao de
F'm-:luqan de Animais SP.F | | Specific Pathogen Free ) deste Cenfro, pertencam 3 categora
sanitaria S PF. e apteaenlam—ﬁe sentos dos agentes patogénicos pesquisados pelo
laboratorio de controle de qualidade sanitaria. Informamos que os mesmos encontram-se livres
de outros agentes infecciosos capazes de causarem riscos a salde humana. A validade deste
Atestado consta da data dos Ofmos testes do progRma de moniorizacac sanitaria,
rotineramente realizados pelo Laboratoro de Controle de Cualidade Animal - C. I

Cbssndagan - O estado sanfaro dos animals retirados do CEMIE nesta data serd manikdo =2 0s
mesmas forem acondiconados am Squipamentio adequado & o MEsmo nao for violado durants o

. A Insfitulgdo recepiora deverd oferecer infra-esTumra e condigies adeguadas para 3
manuiengao de animals da Categora Sanitara Ivres de agentes palogénicos espedficados [5.PF.),
dlojfando oF animaks em equipamenios 2oy salas doladas de skema de bamslms de
Eantana. Toma-se Necessanio mans|n cometo @ 3 esenilzagdo de todo maleral wilzado na moina
COMDC r3ga0, maravalhatcama, bebedounss, Sgua, galolas, tempas, & oulos.

{*) Data dos ultimos testes de monitorzagao sanitaria realizados em Setembro de 2014,

Campinas, 14 de outubro de 2014

||' &
— q-l I' A of
r Prof.Cr.Rowlison Gilol
Direfor Bo Centro Mullklisciplinar para
Or. Sanla Cano Momebelo Rachisl Investigagio Sloktgica
CRMV-ZP: 4452 - Middica Weternana CEMIEINICAMP
E-mail : sonlacmncamib.unicampor E-mail: direioriaghcemin. unkamp. b

s Cinon de Junbs, 330 - Chiade Universbbng Zekerine Yar - Barbs Gerads — OB 1300830710 - Campinas - BF
FonaTe: |19 352H-TEED - Unbemidads Esladual de Campinas — CHPJ £80088 4250001 -33
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UNICAMP netp:iwww.cemib, unsoamp. be

Prof*, Maria Luiza Cotrin
CPF 039.004.168-85

CNPJ- 48.031.918/0019-53
UNESP

Botucatu - SP

Atestado de Saude Animal N°361/2016

Atestamos que os Ratos (37 machos) da linhagem HanUnib:WH, provenientes da Divisao de
Producéo de Animais S.P.F. ( Specific Pathogen Free ) deste Centro, pertencem a categoria
sanitaria S.P.F. e apresentam-se isentos dos agentes patogénicos pesquisados pelo laboratorio
de controle de qualidade sanitaria. Informamos que os mesmos encontram-se livres de outros
agentes Infeccicsos capazes de causarem riscos a saude humana. A validade deste Atestado
consta da data dos ultimos testes do programa de monitorizacace sanitaria, rotineiramente
realizados pelo Laboratorio de Controle de Qualidade Animal - C.Q.S.(*).

Observacao - O estado sanitéric dos animais retirados de CEMIB nosta data sera mantido se os mesmos
forem acondicionados em equipamento adequade e o mesme nao for violado durante o tramsporte, A
Instituicdo receptora devera oferecer infra-estrutura ¢ condicoes adequadas para a manutencio de
animais da Categoria Sanitaria livies de agentes patogénicos especificados (5.P.F.), alojands os
animais em equipamentos e/ou salas dotadas de sistema de barreiras de protecao sanitaria. Torna-se
necessdrio manejo correto @ a esterilizacdo de todo materlal utilizado na retina como: racao,
maravalha/cama, bebedouros, dgua, galolas, tampas, ¢ outros,

(*) Data dos Gltimos testes de monitorizagdo sanitaria realizados em Setembro de 2016.

Campinas, 10 de outubro de 2016.

Y o

Prof Dr Rovilson Gillol Y A
Oiretor do Centro Multkisopinar. para Dr. Michel Vaz de Oliveira
KiSetgeoha EXERVICH CRMV-SP: 16353 - Médico Veterinaric

CENIB/UNICANP

: ’ E-mail . mchelvaz@gmail com
E-mail: dirstoriad@camib.uricamp. or = R az@gmail

Aua Cncn da Junho, 230 - Cidede Universtiaria Zeferino Vaz — Bardc Geradddo — CEP. 13085670 - Campinas - &9
Fone/Fax [16) 382176452 - Univarsidade Estadual 46 Campings — CNPJ 48.068.425800001.33
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Apresentagdo do trabalho em eventos cientificos



Anexos

XVI Jornada Cientifica de Toxicologia
Agrotoxicos: Ambiente e Saude

CERTIFICADO

Certificamos que o trabalho ESTUDO DE CARCINOGENICIDADE DO DIURON: ALTERAGOES
MORFOLOGICAS INDUZIDA NO UROTELIO DE RATOS do(s) autor(es) FAVA, RAFAELA MARONO (FMB);
SALES, BIANCA CAMARGO PENTEADO (FMB); E PONTES, MERIELEN GARCIA NASCIMENTO (OUTRAS);
BENEDITO, OSVALDO LUIS (FMB); SOUZA, NATHALIA PEREIRA (FMB); SANTOS, ISABELA POSCIDONIO
(FMB); VACCARI, CAROLINA (FMB); IHLASEH-CATALANO, SHADIA MUHAMMAD (OUTRAS); DE CAMARGO,
JOAO LAURO VIANA (OUTRAS); DE OLIVEIRA, MARIA LUIZA COTRIM SARTOR (OUTRAS) foi apresentado,
durante a XVI Jomada Cientifica de Toxicologia, realizada no Espaco I1BB de Eventos da UNESP, na categoria

Poster. )
(" Botucaty, 23 de agosto de 2017. \/ = I
'Prof. Dr. Cesar Martins Profa. Dra. Valéria Cristina Sandrim
Diretor do Instituto de Biociéncias Supervisora do CEATOX
- =)
L]
AN ceqQieXx
unesp s St s
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Centro de Culbura e Eventos da Universidade
Federal de Goids (UFG)

08 a 11 de Outubro de 2017

XX CONGRES SO
BRASILARO DE TOXCHOGA

2017 b

AS LS TRALONG DA TOUCOLOG A SO LIOWO 10
TATA LMIRIDO MAL TTUL) § IUTTNTVE.

CERTIFICADO

CERTIFICAMOS que o trabalho
DIURON CARCINOGENICITY STUDY: MORPHOLOGICAL CHANGES INDUCED IN THE UROTHELIUM OF RATS
de autoria de Rafaela Marono Fava Fava, R. M. 1; Sales, B. C. P. 1; Nascimento e Pontes, M. G. 1; Benedito, O. L. 1; Souza, N. P. 1;

Santos, |. P. 1; Vaccari, C. 1; Inlaseh, S. M. 2; de Camargo, J. L. V. 1; de Oliveira, M. L. C. S. 1_, foi apresentado na forma ORAL durante
0 XX CONGRESSO BRASILEIRO DE TOXICOLOGIA, realizado de 08 a 11 de outubro de 2017 em Goiania-GO.

Goiania, 11/10/2017

- o—a a8 o Wnnna
Prof. Or. Luiz Carlos da Cunha Prof, Dra. Danielle Palma do Oliveirs
Presidete do X0 ChTen Prevdente ds S0
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World Toxicologic Certlflcate

Pathology Congress

April 21st to 26th 2018

This is to certify that

Rafaela Fava, Bianca Sales, Osvaldo Benedito, Isabela Santos, Carolina Vaccari, Shadia Catalano, Nathalia Pereira de
Souza, Jo3o Lauro Viana de Camargo, Maria de Oliveira

presented the poster entitle
Urothelial Changes Induced by 500ppm Diuron Concentration in a Long Term Exposure

at the World Toxicologic Pathology Congress, April 21-26, 2018 at the International Diffusion Center of the
University of Sao Paulo, Sao Paulo, Brazil.
Y aci- Lo

e ;

Rosy lara Maciel de Azambuja Ribeiro Maria Lucia Zaidan Dagli
Scientific Committee Organizing Committee

Y

Organization and Support Sponsors
MONSANTO

ISP & © QCNPq Apapese  aNDer P i
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EX 55 - CELL PROLIFERATION IN THE
KIDNEY PELVIS OF RATS EXPOSED TO
DIURON OR SODITM SACCHARIN

BENEDITO, O. L. I FAVA R M I
NASCMENTO E PONTES, M G L. DE
CAMARGOJ.LV. L DECLIVERAML.CS. 1.

1 Nucleo do Avaliaglo do Impacto do Meio Ambieate
Scbre a Saade Humaza (TO.

ad e cell
peoliferation mate = the kidnoy pelvis of male Wistx
ns $d 710ppm NaS o dzzea 2500ppen for shert o
Tismes amalyzed = this study were obtained Som 2
pronious experiment (Fava ot al, 2015) in which forty-
rwo male Wit rats wars allocasd % three growps of
14 anizals cach that were fod control diet or diet wath
NaS 710ppm or duroa 2500ppm. After wevea dyys o
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were  processed fex &
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Volume 2 / Suppl. 2 /2017

d&wren goup, the 15-weak LI was less than the 07-day
LL despim e ocourwmce of Iyparplastic reaction,
suggesting az adwpthe process afer ]lohnpd
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\a&“cnm&nnhhsbmrdmdn
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i 2 suscepehle a the wrimary bladder to chemzcal
modes of acticn.
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PIBIC- 1294752015-7, TOXICAM.
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EX 56 - DIURON CARCINOGENICITY STUDY:
MORPHOLOGICAL CHANGES INDUCED IN
THE UROTHELIUM OF RATS

FAVA| R M 1 SALES, B. C. P. 1: NASCDMENTO
E PONTES, M. G. 1; BENEDITO, O. L. 1; SOUZA,
N. P. 1; SANTOS, L P. 1. VACCARL C 1
DILASEH S. M 2; DE CAMARGO, J.L. V. 1. DE
OLIVERAMLCS. L

1 Naxcloo de Avaliaglo do Impacto do Mo Axieeate
Scbre 3 Seade Humam (TOXICAM),

]
Anexos

92



Anexos

Premiagdo: 3° melhor trabalho apresentado na forma de poster — CEATOX

XVl Jornada Cientifica de Toxicologia
Agrotoxicos: Ambiente e Saude

CERTIFICADO

Certificamos que o trabalho ESTUDO DE CARCINOGENICIDADE DO DIURON: ALTERAGOES
MORFOLOGICAS INDUZIDA NO UROTELIO DE RATOS do(s) autor(es) FAVA, RAFAELA MARONO (FMB);
SALES, BIANCA CAMARGO PENTEADO (FMB), E PONTES, MERIELEN GARCIA NASCIMENTO (OUTRAS),
BENEDITO, OSVALDO LUIS (FMB); SOUZA, NATHALIA PEREIRA (FMB); SANTOS, ISABELA POSCIDONIO
(FMB); VACCARI, CAROLINA (FMB); IHLASEH-CATALANO, SHADIA MUHAMMAD (OUTRAS); DE CAMARGO,
JOAO LAURO VIANA (OUTRAS); DE OLIVEIRA, MARIA LUIZA COTRIM SARTOR (OUTRAS) foi premiado com o
3° lugar, durante a XVI Jornada Cientifica
de Toxicologia, realizada no Espaco IBB de Eventos da UNESP, na categoria Poster.

( . Botucatu, 23 de agosto de 2017. \/ 2 : |

Profa. Dra. Valéria Cristina Sandrim

'Prof. Dr. Cesar Martins
Supervisora do CEATOX

Diretor do Instituto de Biociéncias

'v»:"‘
s/ \ cCeQrex
unesp St do Sivttostss
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